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Structural Design For Medical College In Dura

Prepared by
Maha Kahder Hamdan Jannat Abd al-rasol Nemer
Sara Hamza Al-haj Zainab Khalid Hasani
Sara Abd-alnaser Jawabre
Palestine Polytechnic University -2018
Supervisor

Eng .Sufian Al-Turk

Abstract

The idea of this project can be summarized by preparing Medical College In Dura.
Which consists of all facilities that should be available in any College .

The project is consists of nine floors, and the total area of the building is 18000
meter square, the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD
(2014), and we studied some old graduation projects, and the project will include
detailed structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements based on the
prepared design.

God grants success
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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.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = 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.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

W(c = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

&= strain of compression steel.

p = ratio of steel area..

Xl



25
25
26
27
31
33
36
43
48
56
60

(2018/2017) 4sl LAl Al JAUA & g piall Sia 1) J gl
Laddtusall 3 gall Lo g3l ZALSY)
sl Aall JlaY)

DIN1055-5 ¥l 258l e lalaie) Ll o g de

ol e (e g HY) G B Jlaal
Check Of Minimum Thickness Of Structural Member
Dead load calculation

Dead load calculation of Rib (R1)

Dead Load Calculation of Solid slab (S1)
Dead load calculation of Beam (B, G59)
Dead Load Calculation of Flight
Dead Load Calculation of Middle Landing
Dead Load Calculation of Main Landing

X1

Y2

A
AN
vy
¢y
4-1
4-2
4-3

4-5
4-6
4-7
4-8



Yo
AR
V'Y
VY
V¢
Yo
V1
VY

YA
14
Y.
Y\
Yy
Yy
Y4
Y.
Y
Y'Y
Yy
Yy
Y¢

32
35
37
42

47
49
55
56
57
57
58
61
62
65
66
68

JSEY) upgh

\JJJZ\..'\:\JA‘;\_)&;M cﬁyd\il:)l.:
Basment 3 Y kil
Basment 2 &Y bl
Basment 1 &Y ladudll

oY) Gl 58y Jausdl)
Js¥) Gaall a8y dasudll
S sl sy L)
G sl Gy L)
&l il Y el
Gl ildall 51 sl

48 ) Alladdl dgal
Al el dga) Sl
A adl A giad) dgal 4l
48 ) Ay siall dgal Sl
gLV Cua G lall e 2L il
a3 asall L) Cas g Sl e ZL il
a5l slail il Cuanl) il agall
aa) gl sl Culd Adaaall Chlasall
sl gl sl
saac Y &) 5l
ol laa
2 e (b

Topping Load.

Statically System and Loads Distribution of Rib(R1)
Shear and Moment Envelope Diagram of Rib (R1)
Statically System and Loads Distribution of Solid Slab(S1)
Shear and Moment Envelope Diagram of Solid Slab(S1)
Statically System and Loads Distribution of Beam (B,G59)
Shear and Moment Envelope Diagram of Beam (B,G59)
Stair Plan
Stair Section
Statically System and Loads Distribution of Flight
Statically System and L oads Distribution of Flight
Shear and Moment Envelope Diagram of Flight
Statically System and Loads Distribution Of Middle Landing
Shear and Moment Envelope Diagram of Middle Landing
Statically System and Loads Distribution of Main Landing
Shear and Moment Envelope Diagram of Main Landing
Stair Reinforcement Details

X1

)Y
Y.Y
Yoy
£.Y
oY
1Y
VY
AY
4.¥

VoY

AR
YYY
AR
Ve
Yo Y
iy
Yoy
VALY
4.y
Y..¥
YyY
Yy.y
yy.yv

4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

4-10

4-11

4-12

4-13

4-14

4-15

4-16

4-17



69
70
74

75
75
76
80
86

Stair Reinforcement Details
Column section
Column Reinforcement Details

Shear Wall
Shear Diagram of Shear Wall
Moment Diagram of Shear Wall
Foot Section
Foot Reinforcement Details

XV

4-18
4-19
4-20

4-21
4-22
4-23
4-24
4-25



£ 9yl KTy




Lzl b Aalia) ) o e 5 dueal 2 e iy Fusig)
Flaall 3l 5 ol M)y Lin sl iS5 o glall Gl 3 ol 5 RSl g JAT) adiiions (31 3 i)

L4 el o) LS alladl (e Jaad 1 3as o) Ao ) o8 La e dpiaall dniglld

4 llaal) liial gally sllaal) (Suall yid 65 cailay (a3 Al duigl) oo Lo pad Sl Adia g

aJJJL}AS..jj MLA\QL‘:}MM\&: M‘theﬁgﬂ\ﬁ@M‘wM‘j
(i 5 Uals ) alee dalii ) A& Jladl)

A3 a5 g (38 ye dash as 2 4l ) dile a1 e B (i g aenay (e g8 (uigall
O sp odigal) Jlaidl U @lin ol als L Aige dias 8 a5 Caie Cnd il pany (e
Anglall an 5 ¢l ys Ostaad) Jlaall el o Jstaa e Y o 1 et

gl Cilaal

AUl Calaaty) ) Blia g 08 0 6<0 o allaS) amy 113 e Juls
& ccalalad Ll sl:: 3.:\.\1.&.\\]\ 5)41_'\&: @)}3} -&-\\J‘ e\.&.ﬂ\ )LJJA\ GJL: E)Aﬂ\

Adlia) Al jealiad) agenas e 5 il
Al cllall 8 Ll 50 3 ) e glall a5 (ks
(553 Ja) e L a5 LAY apaaill gl s alasiind 5



4 Sl ALY jualinl pead SLEY) araaill g Jilaill b g 5 il 138 A1
. 320V 5 bae V1 5 el Jie A0LEY) pealiall e jeaie JS Jilad i Jlaall 138
dale eV (ms 321 a4l o 3001 il agana s ool i &5 (a5 4ale Aadl S Jlaal) ypaay
sz AY  leaaal & Gl AgLEY) pabiall dnll cllabiall Jee plis &5 (e
2l s ) ) EY) Ses e g s pial)

Juaill 3 8 elly Lo Cua cdaih ALY Aalil Lo g g el 3] Jaall jeaiy

. (ACI-318-08) 4aliaall 2Ly aseaill 3 S el 2 5S dlaic )
(Atirl2, Safe, Etabs, SAP2000 ) Jis ALY aaaill g Jalaill zal y aladiul
. Microsoft office Word , Power Point , Excdl , Autocade

Aaadal) Jady -

&l g lerdll Ca sl Jady -

(siall BLEY) pealiall Ca g Jady -

ALy pualiad Sl apanaill 5 bl ; -
S gl 5 gl -



Cilaal aa Lgdl 5ig 4 jlaxall a5l (e Lina (e 2SED @ll g 4 jlanal) cillabaadll dul 0 (
a5 ) Lt 3 s sall Gl JLaS) 5 clgale da 30U 4y jlamall Cdpanill 481S o) ya) e g 5 piiall

alinl) 038 w51l V1 A aall 5 Sl Alisy) (
O dale 5 galaB¥) Cailall Biny 5 & suin sall (5 jlerall apanaill pa andaiay ¥ IS5 Clac Y

Lo 55350 Jlaadl 5 ALEY) aliall Jias (

aaliadll h\mﬂ\ GA‘ By (5

(- )R (-)




. lgal sl




A Glay) M &) B ) dia A o ¢ eandl 138 B2y Cand A 5 Anig) aglall ol 5 laall s
Natoe daald )l ) sea (s gua Juadl ) o 5eSI Bln (e ) gall o3y JETE o jlal 52 g dual gal (liall 3k
AR Zahall s3¢d Jlaa (pe 4 48 5 L

Jlaall il sa (e (5 lanall dbl 4aa 5 Laa Waa g5 daiasi ¢ IS5 238 5a 5 (85 jlanl) il 2635
¢8I 5 DA e e LS g 2 ol a6V azadi W B jlaadl (8 Ldie (i 3 gaa g Jayl s ale i 08 UK
Claliall (o paall Ul (a3 28 Ll pe ) J gaadll (amy i i Al juaall  Aaliadl At Al () 5S35 8 Aaill

Leliald aa Jeldii g Lelias Laie

c.q‘cl:.ﬂ\a&deYUJM\u}AWCLﬁBJQé!gﬂﬂnﬂg}scjl;j\w&:\m‘fud\Jm.ﬁj

LIS Tolaie ) dpuaigll 4uS 55 8 aall aaing 25 ) gun s 2] 3320 e Aayl e g Abaie ja¥) d8ia b Ll

4 ey Sy A adatii g o yas Bl S o) 5 ¢l o) gal JS (855 Sia s oS alatia wia (S5 e
bl JSAIL Lehals )b (a5 Y

s o Yl ot cans JaS e o jlad) o Jis Jalje s2e e o8 el Liie (Y mpanatll lee )
clllaiall 5 cailda gl Baiad Slie W) Gaey 25 Liial) JS8 ppan Als jall o3 (8 oy Cun (5 lanall aranall
a1 g e ) Hall (Gaias Caagy el pal ol a5 g om dam ol 138 L) alas Lelal e 3 dalisdll
Jaxll 5 48 jally Ay sl 5 5,UY) Aul o Liayl dilaall o8 a5 ) slaall 5 Baac V) a8l 50 2pani g 4y slhadll
Al ol) ldlaiall e b e

S ALY apeaill dlee Tag 3l ) seay Leal A5 g lerad) apeaill As je e el any
e Ll 25 )5 Lale Al 5l Aaliaall Jlaall e lolaie) Lpailiad s A5LY) juabial) slal aaa3 ) Congs
Al a8 e s b)) ) ealiall 228

JMAY) 3 s 1 Leie laad saal Ao Glall LK dae jal Onhals A gy il
bl 55 el Iadadll e 5 Bl i A L3l 5 sl o) sall e Ll )
glaill yyghuiy mOlal 8 deluys Al 5 LpenlSY) hadill el Claliia) el b 4 apeail
il el

LSV Claddl) aai o juatly any ol Mol U jae o cadall LIS j50 0 48 @i Y Lea

abal) HLIST Gy ot Tl 2381 IS Sy bl o glal) sllac Y lSa adly Caymy SIS 2ay
Lol Laglaii ax - Gl lall LIS (ST ¢ pean ja Cpad o lally ullall a5 55 5 dplall o slall sllac Y (lSa 4l 5
il Ciladd M 5 Cu s aidad (he Jalil) Lea sebas HpanalSY) Hadill ani Cagion SalSia
Lee 5b calitg d daall &sall)



a8l clly (Blat o) g AT Ay 4 iall 2 ol el a8 gall Al yo iy A g 5 e ] arenall
&b 7 o aaailly Lilidle o Aaildl) jualiall Glal Cuny diliall S sailad) Aaliall g g8l) il of i) el
i) asanall Gail sl g Calls

da yiiall G Y1 el g 55 (g cadgall pualic (e dale 5,88 ellac) Cany Ul
o) Dlasa g @.;A\}BASLJ\ CLUM olail c:\.L::\;a“ g_\\_\d\ &\.ﬁ)\ c&g;d\ QLQASI\}&J\}&SL}

Jiall

-

o R e5n g sphall £ ) o35l

-l g LS g oty (B3

A sl Al G gia

b haiema

Hibrmm

Al Hifra

5" .

b N Farss pr 4 g

¥ alualy, ) Bawom o

[Ty —
rmeli © heckpainis
& Frospi hom b1
@ O Towsr
Purm| ok Poa
L] Bl Bl

Rl mic

L]
Y
E B Vil [asindary

hren A
dpal
&l

"ol By Ascs

[ [T
‘ s Ml B

? 2% 1
— Hicmeien

."i_'.

Applae il Rpmnidh e foie - Jevosal e
ARKLI
OIS & RE Una
WSS TN DT




b gall dsaal -

D adsall JLAAY dalall Jag )

ol Ao i Jy oY) Akl 81 il (<G a5 Y < 3By () lid) adlee )
@l jals g oo bdl cleas Lo giiay ) cllud) @lly ) e g il 4a gy aili )8 ey 8 aclid e
UAJ\JQB\M@WL@em&M}ebd\é}aﬂ\@ud\&néﬁ\ﬂbda&\w

Diliy ¢ ale JS8 (Al peal) goadll dpilly (i )Y @ g A 53 G palitg A) i) a0 adsall 4 jaa
C oY) A gy Flall Al o g ¢ ) Aida g e 1 sal
45al dge ) 5 At 1 (3l Al o 4 oy () culad) ¢ CBlal sall 4Sd,
Dl e Hall elaall e L sial Cua (e i ¥) dapls ge iaady A1 Cailall g

2\..\.\:1.43';?‘ c@&»c&g&:&ac gjw‘t@c}j}ube\M &M\@M\M&M\@M\L@\

L) 3 ge Aue gig ¢ osbin) A el addl o la iy (i )W) aekad e bl o2 ils 4
s o) Lhle s ) g ddamall  Slald)  deadil)

e gl AS p - -

S )l palini) 3 s Ll haa 33b l A REE Alledl) Z LI ) e (e
leadsal L Akl JUael Alesa ml a0 A sl Ansiall Z Lo ) (i e LS i jall (3labial
o Al UL Gl (e Aadl) el Bl g ¢ Al Sl iy palaaly Leale Cagd A all LI Gl8 A1 aal)
Al 2L Al Lo g LSl Yaina o gel) Jaat 3 ¢ el ST Lelaaty Ll sha ) (g JliE (il
&l Jead AL aledll 2L S

An i g st e Al uadlld (el Jalas 3 degall el sall (e 2Ll 5 Guadill AS e Al 50 )

S| Gle Jpanll 8 daalidlng o 4y all dihid) e dle 2815l & shull (e ahlen ae Guadd) olad i)
oo oS il ZL ol il ASlgiiall A8 daS (pe JWED 5 oLl Al (A dpeedl) dBUD (e (Sae 8
Zhol Ll sle) je aad Al ALY JSel e by el o) poa o s (8 dea axi gd Sl

e s Flias Glid Hhlay Jxieas laa Jlay il 4l Gojny (o) phal Fliay il 150 Flia
Ol UYL Gl Lad W el aall e andl s 3 gladl Aald) clatdacidll s (o jloaill G cplits Wy jaa



Cun QY Alidla (o o i3 )5 Al jaad) Ailaial (s bl G 5 glie Jublocd

Lsi ( - ) omlegslsEl s
Lsle Golsh Al (e S5 das O g s iall ¢ 5Shy
putly (381 yall 03gd (5 jlamall a5 53l s45 Basement
asanail 138 Gl shall en G Jilal ade 5 agdadlly
- Basement (3) - -
. ( +0.45 )
A e 5 il ad e Gl 1 (S

(- ) A Gmase g LS

_____ T T e

TP
I
I
I
I
i
I
I
i =]
| = :
| , o — TH
1 r i i
l _________ I———\. — —-— { f.i o \._\

=_3 e e

e I a |

- = o
=1 -
e et 7 o——— =
.Basement (3) ()




-:Basement (2) - -
( +4.00 )

¢ gl cllall 4d e oAyl (alSa sae 5 ¢ dale Clalea OS5
(- ) DS b e o LS Gutlaas ¢ LIS

—~——_
- & - - --\--\"'-\_‘_\\-‘ -
e
i "
L
i
]
\.
kN
—— L [}
: \
] 1
= JET & . I_ ,
== 1.1 1*'
1 = ok
: | ] 11 b
-
[ P
- Ll o it EES
ﬂ Ly
1 = m | I | [ =
kst Cawt
f L4
T S—
r i T
1 S
= - e
o s
1 - e o
S 9 i
1
=y - 3
3
k| g
i
T il | B 2
3

.Basement (2) 1(3-)

10



-:Basement (1)

: ( +7.80 )
48 5 yismaSll e 5 A aill Gliell e 5 O palaall Cleld 5 calsa OsSh
(- ) dSaE b mn e s LS skl el
0 d ] !,,_
i i .
: [ ’ . .
__T__ B [ — i
s - *a-- ——
— 0| B - "
\%‘F‘
E ety
E -
.Basement (1) 1 (4-)

11



: ( +7.80
anll il Sy Ay el JRay LliSh (ilSay aladV) elug ) iy Jiae e
(-) 8 Gmase s

3 - -
e
==
= - ks
o T
1 P = N T =
- E | = = P
. ; i = il S:I—L—d..
= = 3 S AR

¥ -
s )l..Jl Q;ﬂLJl

12



2070
SFomaS e s OBy 8 pde iiSe 5 Ay il Anell il y Glales 5 G paladl Cleld (g
(=) Srnse s

( +7.80 )
OS5

| Bl

o y—

JolJl gl L

13




2070 (+7.80 )
3gmaS yiida g Al Gl jida g o e g A ) Al (iSa (e OsSh
(-) s s LS dphll cllalld ¢

i
é - !
iR 1
s
1 -
4
e
pe=
J s 1
o ; [
s o A
=
lf: P
| = = = T
g ==
e s
e E =g Pl
- - = bl

- - — L
—_—
—ta

i wolal galbll

14




2070 (+780 )
SomaS it g Al Gl i g 0 e g A il Al (iS4 (4 OsSh
(- )OS b rinse sa LS Al il 4d e 5zl aSa3 e 5 7 s s ke

|
all 1
L " :
- Tl [ i -
1
4 . —
| - it
s, s i
1l — Al Gasllat
- g —_——
-

15



: ( +7.80 )
zox 5 aale Cldes 5 Gl pualae Gleld 5 dpnla Gl Hita s (5 5l s Ay yall Aell CilSa (4 OS5
(- ) JSall b range s LS

1
=
n _h -i 1_-*
e s {
,{ o — #H - g e s e s = PR,
] T ’ E T
:1 -t | _.._-
A LIE -
I = ' h L - -
’ - - i = I o
- : = "‘-\_ ] |
B - . ]
1 "Ha -
: : el pJl gaillal
! gl pl gl
[ i
CEE | -
Fes

16



(

( +7.80

- ) IS b g ga LS

O5S%

il pay
. - . i = ;
= = {}| =
= F—
o 1 g i [ I ] - -
£t | s
" §E = -
1= < )
4 - R o = e
i L -
1 = B ? = :
] —
| _.' = i v} ap a
| 1 ..
B, o | i A o =
" ] ' =
1 N
3T
i_ "
Tl =
-

17




- algal gl

L (R ALl i f gal sl - -

A el JSU a5 55 Addles

[
fninmn

1 I'II'IHFI'I'IH%'IFI'I'I I'IITI'IT

‘T
)

¥
| &

i

il

[

g;“‘.-.‘:’.)

b ek

| =i

E Il
: e
mrnIAnnaArnInnArpIrnnIrn

aa

l‘!i
=)

i

- & 2
L R R
NENITANACATANACAICR
]
LI

.

|

¥

A e ———
p =l
1 =

(R IR N i

Al Al dgaigh (- )

18



A jlaral) Jg)

An g Adlad dgaldl - -
Wb By g oAl cud Al jelialiled gk o

&t N -
l.....*i = H- == =
&1 — =
T8 g =

= =
.

=

i
I
m,

i

K
-

i

g

. B

0

.I,.“ — .E:
— B
= ;
¥ . = :
“E : ' afﬂqﬁ'— :
=
-

-

19

Vg Blledd dgaigh: (- )



1o -

e

|

all (g

:\.u
)

21
n"'

:\.u
LI

2 g

Lo

.o
3

vl | MRV
WM LY
i

O T BT LT .=_.._=..f i Hﬁ_ LT, 5_7 QR JrArCACLnr

VI W S g o) Nl

-)

siad) dga gll: (

20



ey

Ad ) Ay siad) Agal gl - -

A lenal) JSU a5 55 Jlan L ek

ﬁ

Tt

&

0

MR RART T ANAN T IAARE T Ann

BT
L

."11“

Tu

]

fi

:

LAl

|

Y

= =T = P =

= HfEle—=——— =

E E T

E o #}

"
1]

Ihﬂﬂﬂ1ﬂﬂ|['ﬂﬂﬂﬂﬂ11ﬂﬂHﬂffﬂﬂﬂﬂh11ﬂnﬂﬂfﬂ1Hﬂ11ﬂﬂ

A ) Ay gial) dgal sl: (

21

-)




48y 5l O JRE Al gen 9 A il Sy sl o
L Aaly i lee )i ) o8 ali) aseadll g

Dl gl sy
A5 el Rl s
I g Py
Ll o i U s s sl Jand
. il glaall dall Sl ) saall Jasall sa s 880 Jaad)

22



15

. Y azanall) (pa hagd)
. Y azaail) Jal e

C dleal) e jLay)

| iall 45 gSal) ALER) pualind)




ALy yualiall Al jal LY Calall QY (e Y Ay lerall Lalill (e g 5 el Al j any
Lere Jualnill 43aS 5 el e ddabisall JlaaW) drgada Al j0 oy Capn Lia lina g Lgdua g
BY) cailal) o) s e cilillaie asen (oily LS azenaly

LB e o5 05Li) ol yeall & 5 mdiall Apiliall A5LisY) jualiall HLia) ALEY) apeail) callaty LS
Ay ) assliatll e Jailai s ol inall 55 g adl 1 i )l Sle Wi

- AdY) asanalll (e dagd) -

ol gl 5 Y e de gana i Cun (anll lpadany o aaiad AlalSie dlae LAY avanail]
=Sl il e oa il ol s At s el Caagdl Giag Liia &5 A Lili g

3l dgadal) il prill o glia s JIsaY) aaes (8 Ol sl 055 Eua 1 (Safety)
Al 46l Ja Lasall el (e 528 ) 3483 a5 2 (Economicaliusbaidy) 4dsil)
Sl s S L) 3 Ja 6 L o(Serviceability) - - . -
el pendiie (Gt o) Leild (e 1) T sagd) ) il s
I apanaill e Jalaall -

-1 Ay avanalll Jad ja -

ittt Ol o ) ALY ppactl) Jaa o (g

g (o el gl ALYl deas g g 5 phall daph Cus (e g 5 pdall 451 Al Lo
Lul) ALy Jadll Jee &3 g 5 puiall Laalaic )y Ca g Al oLl o) o apaay Aaliaall 4 s
e dad giall 0 W1 Aag¥l s HUaill 13g]

Sl s, yal)
a3 Al ALy HUaill (@ g (38 5 Jaade JSi | aanaill & Jiam
Janaalii 5 dpuad 11 cile Unill 5 43881 Jalsall as ) Caum (e 43 A 301 ALY Jaualiil) Jae 5oyl

el das 3y 8

16



b LS o s Adliae ) il ) el L Gy A JleaY) s

- ddd) JLalr - -

M\L@uuj&sﬂ\w}\)aw@m\u)}ﬂuc Al Jlal) &
il }\ Sl d\.ac\d\jl.@ﬁ)u;hﬂ\_\h\ﬂ\ bl RIS Adlia) el aY ALyl & gall g laiall Cua
@Luy\faﬂ\qw\:ﬁmd)awtﬁmusﬁ} el ol adly S A8
L& sl (A Aaadiial) o) gall due il BT (- ) APEPIA|

2 sall Ao il 23S (- )

(KN/m?)

22

16

25

10

Ol B W|IN| -

23

1.00 kN/m?= (Partition )

—Agall Jlaal) - -

eV Y (GalA SIS S jaine b ) sy 1 gall 5 ladall G e o ) Jlaa) b
G.sml;d}\;;uﬁuj\mcabq;};}wgm\ﬂwk‘_;sdu;‘ﬁ\mw alial g ¢ Olaxall

SOV S g sl saasdl g g g il 8 Al Jla) (- )

KN/ AlA3ILY) dayds
5 il 1
3 2

W (-)

17



i) Juaal) - -

el Jlaad 5 2l 0 5 7 S Laiall e i il dpmgadall < puail) e i G Jlaa) Jadii g
Dl Cua (e aliaT _a gl il Jakua (e AUl Jleall s A Y
b S s Al Jlaa¥) (e Te 3o L liie) (Ko

Lz Jual - - -

Ll i s o o) i ) sl il e A 5 5 s Jaal
. ﬁbb\&:\;wwf} . LW\&@J\)@)@QL

Gl i) (e panll 5 b j@:fg}‘gémm \

Lils yelay 12 5 ¢« 4889) Ly )l 5 58 ad e J asli(DIN 1055-5) 280 Ao i
b L gl (- ) iy Jsanll alaiuly s ¢ A Al b

Height Above the surface(m) | 0to8 | >8to20 | >20to 100 | >100

Wind Speed (m/sec) 28.3 35.8 42 | 45.6

Wind velocity Pressure (KN/m2) 0.50 0.80 11| 1.30

DIN 1055-5 20 e kel ol By deyu (=)

VZ
1600

q

*

:oie_\:\;

T e e e gl )l e~ Saaliall laaall (wind  velocity pressure) g
(KN/ m2) ddamal)

. (m/sec) ol apaaill de Lyl 1V

18



o Al Al 5 inal) i) Cam n aall e 2Ll L5 IS g

mh% g=i3 l-.hrﬁ-i':

W % :
. 7] g=rr en el
| a—-ﬁf

/ wam :

/ : ' o

/ B0 ;é/i/-; lj'—'ﬂ‘.ﬂ BN
Large +0 00= :}fé g=0.5 RN/ |
ary enter —

Wind wvelocily pressure gfkN /nt)
|

Bl Cus e Flaall e 2L il () gl Cua e Glad) e Ll Ll (-)

4 ddanl)

alasiuly laagaasd iy
obndS Gl e 35l 3 5 ) mdas (e Ladd) plas jl 3ab Jglan DA e Codes
L) e L 358 A (o5l A paa

(Y bl S e 13 sale ) s e o855V a7z B Jleal dad S Jsaad)

(H)
(KN /MV2) ()
0 h < 250
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h—812.5)/ 250 2500 > h > 1500

(-

19



ol M 5 ) mhas e il gL ) apaaT day g Giladl & B Jaal Jgaa I Taliiul
: ( 893)

h— 400
400
_ 893-400
400
s, =1.23(KN /m2)

Leie ity jaaall G,V cilidal 4l 48 jal) Al )5 4081 13) Jia)
MJ&AUM&JJ}M\;&,Jbﬁcy‘u&udmy‘clﬁhﬂu\um}c
(0 g dais Alaiaall ) i) (e Juliil) Ul 5 ciiaa Jla 8 YU Sl

d;\uaem Lg.ﬂ\ L@J@L&.\Y\

2 jdagw gl aiai s e (Serviceability) Juainll el dsa™oo g0 .
(Cracks) (Deflection)
dlaall algill 5 JSE o

Alanl) ) JLEAY) -

Led i Jlae ) maen Ln (sins ¢l sall A guall il pall Jae(ine (5 ALEY) Al all G
iy oy 550 gion 55 sl sty sl olgall 5 sl y 5 Al 33 8 pell LS, G83le

Al Jaad 55 e Jpmall 5 LY Gerigal) 4 i Lo LT, Lesle oLl
(siall Slulud aanatl 4 331 (Bearing Capacity)

L ol 4 g€al) AuiLEN) pualial) -

: lo Aadl 5l Jlaa¥) o sl Lgazany e adali 40053 jualic de gane e dile Sl () 3
DA pealiall ¢ 5 phall (g sing 5

20



g1 sl alaaial iy 48 4y jlesall Cilallaiall el 8 Adliaal) Clladl) (ge daadl o g g1 T ki

e e

.(One way ribbed slab)
.(Two way ribbed slab) lai¥) Cld cuaall Claie
.(One way solid slab )
(Tow way solid slab) olai¥) @il dieaall Cilakall
.Flat plate

(One way ribbed slab) -

Leal gl (e i (e (S5 23l 03 (8 laial) paad 8 Aeditondl) (3l el saa)
(- ) JSAl 8 (e s LS aal g oladly bl (555

S g vib plab Shrinkinge B Temperatuer Bars —

il Block | 17 am } —

21



(Two way ribbed slabs) ¢malai¥) <l uasd) .-

& daall w358 a5 el bl ) o Cus (e CAlEAT L3S 5 il 5Sall (e ABJL) 45
(- ) JSal (8 ek LS paalai) (8 cuac 5 (i sh Lei s Clua die o s Slaladl) sea

Helaw Block | 17 em

colath cuaall 33 (=)

:(One way solid slab) - -

=(-) Ll JlaadU ) IS i ja ) (3halial)

22



: (Two way solid slabs) ¢matasy) .-

13 Dasadl) sadall aakiind G laiall e ST 5 sl Jaall) culS Jla 8 andiius
B ki Ll ld g cladall (e g 5l 128 anenai ) e salll 2 @ll e 5 clgia glia
(- ) IS (S daia e cpalat g oot Il ¢ 5 g G S

ey Gl aadll Gl (2 )

:Flat plate - - -

.FlatPlate - ( - )

23



qm:w;i@tﬁl@@w@wd&ﬁ)&@w\gq;ﬁgjwwG\Jﬂ\

(=)

Staircase

Tempreatuer & Shrinkage Bars

il Can Baee Y ) lae V) e Rad) gl Jlaa¥y) Jay o i nall 8 dpuld jualic o g

. (Rectangular) -
. (T-section) -
.(L-section) -

24



6 58 Aaglial SIL s sall (e 1l ol A glial Y1 apaal) s bl 5505
& 5ol g Cradial ) el g1 G (- )

Dl el s ) guaal) ) a8l (e Jlea) Jii Cum Liiall (8 i ) 5 oailid] puaic b
oan asaal Cngd il g oy seaie 08 Glld el il ) &5 s Y a5
aanaill d Lgxe Jalaill Cam (e e 53 520e Y selgale Axdl sl Jlea¥) w5555 5 e 5,06 )5S

.(short column) 3_usdll 33 ¥ -
.(long column) L shall 3aecy) -

25



A . C L AN e gt e s dalll gl ki) ol (g lanal) JSEN) G e Ll
() g Al 5 Al

Lo o el & 3aliall (iany A Ula s caeliaall O pan g e Sl Ca daa Al 0l ol o
Jlan dais Laiall Ll (im ey 8 Al 48Y) (adl) (5 8 A glia gl ) jon Ada g5 ¢ Aalal) oaa
L g1 el (A Cpaalatia cpaladl 3L A58 e g el Ol paa L S ) Adla) bl s J Y
(- ) S el b s () (K

26



abiall 4818 aranat (e elg i) day oy Lpasana o W) cliiall oy die ety fay Le O oo cluloY)
358 JSa e 45 ) ALdadl o) jaad) s saee Y1 (e Jlaa¥) Jiiy il o 685 Cua ¢l 8 ALy
-:QJ:\LQS&\)B?EAGGAG‘;A}

(Isolated footing) -
(Compound footing) -
(Strip footing)ak »& il -
Lele Al gl Jlea¥) Leboni s 58 5 2 5l g gl L 13 5 Ailise ) 5if (p0 busasl alasiis) oy o g g

— Maires Bars

Tquars Fookig -

S ————
( =)
(Expansions Joints) -
+ b LS sl 2308l el 58y (5 sl Ailusall 2383 Sy
s g Jal s LS Alinall 3haliall b .
[ ]

5 &Y Jal se il e W) cpa 3V b i cilildl sda sab ) (S s @

27



Al Cay ) ¥ g Aol dadl IS AT Gla A Jlee | Als .
DA (e elsall o s giiad de DU cildabia) 34 5 Jucal il Gy lilisall

galadia) ol Al G gulad) ) -

AutoCAD (2014) for Drawings Structural and Architectural .
.Microsoft Office (2010) For Text Edition .

.Excel .

Atir 12 .

. Safe 2016 .

. Etabs2016 .

Found .

SPcolumn .

28



ealdd) uadl)

Slna gil) 9 gilidl)

Jdadia Yoo
gad Yee

Llua gl Yoo

87



Sla il g zaladl)

-2 dadia Vo0
A A A KU ALLEY Alany) cilaladiall o 4 jlazall cillaladl)

sl pead a iyl 138 aaiiy oLl dlee Jageadll poaial 55 (3o 5 b IS Al cillaladal) olae
(_fu.aﬂ iyl ae)w\ M\

-zl Yoo

:\.SJALAUB‘)_\Aﬂ . @LLQ&A@}%\JS&JM\&QT‘)AGUJS;}L)\L;!L&J!M}‘&_&LJS&QHA&
s sl Egagandll el
Lanalall (5 98l il s a8 sall Al 5 aally Adnsaall Lpaplall Jal gall ¢ O AT g A il 2l e

el ) gl 5 il Ay Al AELESY) ealindl (p day 5l A8 ¢ ALY aanail) < shad aal (g
V) G ol Anmall oy ylall 38T e cananaill 488 48 jaa 5 3 siie JSG Lgapanai] pualiall oda 45 a3 o
A0OKN/M? (i il Jasi 5 5y dualall doil) |
Liiall JS5 5 daglal Ty as cilaial) (0 5 . (Ribbed Slab) -

Glac ) Cildie e ddleld SiST g3 580 Tk ¢ Ll cun 3halie 8 (Solid Slab )

S g oodall 1 Lgaddin o8 gl mal pBac Sllia
ALY jealiall Alaiall cila gu )l Jaal &l 5 - AUTOCAD (2014) .a
ALyl yualiall ALY dilaill 5 aeaill =ATIR b
7V ALs Gl 5 (gl LUK Jia g g pliall (o Adlida o) 3ol 8 adadin < Microsoft Office XP .c
psaaill 288) jall J glaad) slac
(Y Jleal¥) 358 e il g 5 il a8 Aeadiosall Aall Jlaa¥)
O e A S A1 5oty LeIA (o sy ) usigh Gl A cpnmall L Cnaty o gy ) il (e

(925 aia S g @ g pdiall (8 duda yind



Sla il g zaladl)

- Ql,.uaﬂ\ y_o

prralaai s Jllad s Jaald (e Lgd Le IS5 A0LESY) o jlliall dmlal Liagd (Baexiy a5 (A oS 50 & 5 il 13 (S 3
Sk Lalady gl el 5 330G 258 ol Jali cilaa sill (40 Ao gana @2 O - Aadll o34 SR e - Lis 355 Cus

@LL Sa cJ)uA

LY Al aad e olill o) e LA A Cany g jlerall Cillaladial) Z8S Gugats Bandi aly O Cany dgladl i
s a5 VA (a e sl A i Jand B g 4 i g o sall o ALl il slaa i (ho Als all 020 8 2

3gd) o, ae ALl Saiil) o (38 5Ly Baac Y1 ALalal) Gl jandl &8 g ypaa oy Gld ey ki) Sl ala
0585 Sy aludl Al Al Gl e (San L3 ST e Jpanll Alajall o3 (3 AEY) Gatigal) sl
i) o e 5 IOV Jleal daslia (8 aas Lad Lgaladias &3 ¢ nall oladl A8S 3 alaiie 4nd ol aliiie JS50 Ae ) 50

-

sy

41 Jo



Chapter 4 structural analysis and design

A

Chapter Four

Structural Analysisand Design

4-1 Introduction

4-2 Design method and requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping .

4-5 Design of OneWay Rib Slab (R1).
4-6 Design of One Way Solid Slab (S1).
4-7 Design of Beam (B,G59).

4-8 Design of Stair (Stair#4).

4-9 Design of Column (C,151).

4-10 Design of Shear Wall (SW,16).
4-11 Design of Footing (F11).

4.12 Design of Strip Footing

4.13 Design of Basement wall
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Chapter 4 structural analysis and design

4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and
others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which
can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m?®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

4-2 Design M ethod and Reguir ements

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v Strength design method: -

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.
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Chapter 4 structural analysis and design

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.
v' Code:-

ACI 2008
UBC
v Material:-

Concrete:-B300

, 2
fc'= 30N /mm*(MPa) - circular section

but for rectangular section ( f¢=3070.8=24MPa
Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm?2 (MPa) ).

v" Factored loads:-

The factored loads for members in our project are determined by:-

Wy=12D_ +16L, ACI-code-318-08(9.2.1)

4.3 Checkof MinimumT hicknessof Structural Member:

MinimumThicknessofNon prestressedBeam or One-Way Slabs UnlessDeflectionsare Calculated.
(ACI 318M-11).

Table (4.1): Checkof Minimum Thicknessof Structural Member.

Minimumthickness( h)
Simply One end Both end
ST supported Continuous continuous A
solid one way
slabs L/20 L/24 L/28 L/10
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Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

For Rib :-

hminfor(one end continuous)=L/18.5=4.42/18.5=23.9cm
hminfor(both end continuous)=L/21=5.1/21=24.3cm
hminfor(one end continuous)=L/18.5=3.65/18.5=19.7cm
Takeh =35cm

27 cm block + 8 cm topping = 35cm

ForBeam :-

hminfor(one endcontinuous)=L/18.5=8.45/18.5=45.7 cm
hminfor(one endcontinuous)=L/18.5=5.8/18.5=31.3 cm

Takeh =60cm

4.4 Design of Topping
v' Statically System For Topping :-

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

1|.|ﬂ|u|li,.i'

» 40 cm -

Fig 4.1: Topping Load.
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v' Load Calculations:-

Dead L oad:-

Table(4.2): Dead Load Calculation of Topping.

LiveLoad :-
L, =5 KN/m?

L, =5 KN/m?x1m=5KN/m
Factored Load ;-
Wy = 1.2 x5.47 + 1.6x5 =14.56KN/m

Check the strength condition for plain concrete, eM, > M, where g = 0.55
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My=0.42A f Sm(ACI 22.5.1, equation 22-2)

@M, =0.55%0.42x1x+/24 x1066666.67x10~7 =1.21KN.m

2
M, = % = 0.194KN.m (negative moment)

2
M, = % =0.097 KN.m (positive moment)

oMp>> My = 0.194 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage™ 0.0018 ACI 7.12.2.1
As = pxbxhygpping =0.0018 x1000x80 = 144 mm?®/m
Step (s) is the smallest of:

1. 5h =5x110 =550 mm ACl 10.54

2. 450mm.
3. $=380 ? —2.5C = 380 % —2.5.20 = 330mmcontrolACI 10.6.4
. 3

Take@ 8 @ 200 mm in both direction , S= 200 MM <Snax =330 mm ... OK

4.5 Design of One Way Rib Sab (R1)

Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .

DW 2 LOCIT. e+ e e, ACI(8.13.2)

NS B5 W o oeeeeeee e ACI(8.13.2)

Select h=35cm<3.5*12=42 cm
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tf = Ln/12250Mm ... ACI(8.13.6.1)

Select tf=8 cm

v Material :-

= concrete B300 Fc' = 24 N/mm?

=  Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =520mm

= Bw=120 mm

= h=350 mm

= t=80mm

= d=350-20-10-12/2= 314 mm

v' Statically System and Dimensions: -

Ssomecr w Unlke:meisr,cm
M7 AT M EART WY n @s?
K
A &) = al
Bl - ) Vg - 2
At L] ,om and e IR L @ an
I £.¢ R | | ( =y
CRELE EXEEN EREE T
o .
P A LR ~
i |
Lall! k] nn i A,
i a.¥ ! A '
=
| 2.
a3 | |
Lir.
A
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[TTET T IET T

Fig 4.2: Statically System and Loads Distribution of Rib(R1).

v" Load Calculation:-

Dead Load:-

Table (4.3 ): Dead Load Calculation of Rib(R1).

Dead Load /rib =4.79 KN/m
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Live Load:-

Live load = 5 KN/M?

structural analysis and design

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

K/

% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)

be For T- section is the smallest of the following:-

b =L/4=310/4=775cm

by =12+ 16t =12 + 16 (8) = 140 cm

b. = be < center to center spacing between adjacent beams = 52 cm.

Control
b For T-section = 52cm .
Moment/Shear Envelope (Factored) Units:kN.meter
Momsnis: spans 1% &
5.7 -2E.
206 22 211
g4 o158 : P 7 580
R 18 112 13,17 4131 14 T TR
143 S ovse Sk S les L
[ lz; | ! | \\ "-'-ff [ ~ l-" J(El II | b I-'f/-1|'5! |ih" l l il K’E';:TI | '\\_l |
@ EEETEE Y A o, 2ot 0T, .
. _ap A dzs A 058 . 0:23 '
o = s — A =, i
L SRl .5 141 123 Mo
203 203
1.88 2.82 | 232 2.3Z 2 2,35 236 | 235 | 2.35 2.8% i88
Moment/Shear Envelopes (Factored) Units:kMN meter
Shear
-0 :
@ 252 -2r.2 26.2 -2
234 - s - 0 15, - e // 20.7
- ) o il 13.5 -
< - -~ - ; ’
e bt —— . 4t ’ bt -
L ./.- T I i I _,.-/ P v 1
P - - < /.f P
I 146 A n A .
an.7? - - 7 ..-"f 20. & 16.3 7 zaa
i | 282 374 25.5 :
304

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R1).

v" Moment Design for (R 1):-
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Design of Positive Moment for (Rib1 ):-(Mu=20.3KN.m)

Assume bar diameter g 12 for main positive reinforcement

i |'|

Check if a>hs to determine whether the section will act as rectangular or T- section.

Mt =0.85. . b,. by (d — L)

B

=0.85 % 24 % 550 x 80 x 284—? % 10" =219 KN.m

M,2 ﬁ = “L;' 203 22, 55KN.m , the section will be designed as rectangular section

W|thbe =550 mm.

My 20.3=10°
= - = - = 0. Mpa
"™ phd? T poxs50x2a4E 0.508 Mp
F 420
m=——, = = 20.6
085/, 0.B5%24
1 IR 1 23 20.6x 0,508
p=— 1— 1-—""H2 =— 1—- 1-——"—"— =0.001225
m 420 2.6 G20

Asreq = p.b.d = 0.001225 x550%284 = 191.35 mm*

Check for Asmin:-

As min= \/(;)(bw)(d)ACI -318(10.5.1)

Nen:
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min=

(150)(284) =124.2mn?

As min= %(150)(284) =142mm?’ controls
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ASreq= 191.35mm? >Asyin= 142 mm*  OK

Use2 812 Asprovided= 226 MM>>Ag equires= 191.35 mm?.... Ok

L150=40=20=({2x12)
1

S=

=66mm=>=>d,=12=>25 mm OK

Check for strain:-

A aa e £
- s fy = 226Ax420 — 8.46 mm

0850 /- DBES=550=24
x=-2 =52 — 995 mm

By 0BS5S

d—x 284 —995
£. =0.003 —— =0.003 ———— =10..0826 = 0.005 0k
x 9.95

Design of Negative Moment for (Ribl ):- (Mu=-15.8K N.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps— = = 320 — 20 — 10 — = = 284 mm

My 15.8x10°%
= — = - = 1.45 Mpa
" phd? T 0ox150x2842 p
Iy 420
m=—"—; = = 20.6
085/, 0.B5%24
1 LR 1 23 20.6x 1.45
p=— 1-— =2 = 1— 1 -2 =0.00358
mn FA iR
420 20.6 az0

Asreq = p.b.d = 0.00358x150x284 = 152.5 mm?
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Check for Asmin:-

Jic
()

Asmin=

207y (BW(A)ACI-318 (105.1)

Nen
4(420)

As min= (150)(284) =124.22mn7
.14
A =——(bw)(d
s min (fy)( w)(d)

A's min= %(150)(284) =142mm?’ controls

ASreq = 152.5mm?® >Aspin= 142 mm*OK

Use 2 810 A provided= 157 MM*>Agrequired= 152.5_mm?>.

structural analysis and design

.. Ok

L50=40=20=(2x10)
1

S= =70 mm >d, =10 > 25 mm

Check for strain:-

As j 157420
= — =21.55 mm
0850 /- DB5=150=24
i 21.55
X=—= = 25.35 mm
By 0.85

284 — 25.35

=0.003 kil =0.003
Es =0 x 25.35

v" Shear Design for (R 1):-

V, at distanced from support=23.3 KN

OK

=0.030 = 0.005

Ok

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

1.1

Ve== f’b,d ==+24 x 150 X 284 X 10"* = 38.26 KN

&
2V =0.75x38.26 =28.70 KN
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0.5 9V, =0.5x28.70 =14.35 KN
050V <Vi <oV

Case (2) for shear design, minimum shear reinforcement is required (A,, ,,,1), €xception for
Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups )#8 @ 250 mm , A, = 2 x 50.24 = 100.48 mm®.

2:50.3
.25

A, =

= 401.92 mmzlmstrip

4.7 Design of Beam (B,G59)

v' Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
v' Section :-
= B =80cm
= h=60cm
= d=600-40-10-20/2= 540 mm

v' Statically System and Dimensions: -
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Geometry Units:mater.cm

C.55% C.o57
1
I:: :
Lt pe ::I
.C_-'!'_ 4 8¢ i I'.'IE y -:-54 63
s | by
m -
a2
T
ATA
Loading
indd QroUD . 1
_Dwod joad - Senvice i, kM rrmter
-0 ] 389 e
+ A i : i :I
| £ i 245 L4 i
LIy ko - Sardce Lo} fmetens” | 20,1 04 GROD0
=3 ] ] ns
1 X i i i i i i i i i k L] ' i i i
T (1 | 248 1l

Fig 4.6: Statically System and Loads Distribution of Beam (B,G59).

v" Load Calculations:-

From Rib1

The maximum support reaction from Dead Loads for R1 upon B,G59 is24.73 KN,
The distributed Dead Load from the R1 on B,G59.
DL =(24.73/0.55) = 44.96 KN/ m

Self weight of beam = 14.95 KN/ m
DL =44.96+14.95 =59.91KN / m

From Rib2

The maximum support reaction from Dead Loads for R2 upon B,G59 is23.65KN,
The distributed Dead Load from the R2 on B,G59
DL =(23.65/0.55) =43 KN/ m

Self weight of beam = 14.95 KN/ m
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DL =43+14.95 =57.95 KN /m

Live Load calculationsfor Beam (B.G59):-

From Rib1l
The maximum support reaction from Live Loads for R1 upon B,G59is 15.41KN The distributed

Live Load from the Rib 1 on B,G59.

LL =15.4/ 0.55= 28.01 KN/m.
Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =28.01+4=32.01KN/m

from Rib2
The maximum support reaction from Live Loads for R2 upon B,G59is 15.12Kn The distributed
Live Load from the Rib2 on B,G59.
LL =15.12/ 0.55= 27.5 KN/m.

Nominal Total live load =5 * 0.8 = 4 KN/m

Total LL =27.5+4=31.5KN/m

MomentiShear Envelope (Factored) Units:kN.meter
Moments: spans 1o 2
4381
-8 o~ A2
. 1838 ™~
I et — =
kI ] t06y1 0k b e
a2 2858
212 ; 118 Il | 3 | 118
_Fhear
-4055
2938 _— 2619
167.1_—"|
— TV
2617 Y|
4121

Fig 4.7: Shear and Moment Envelope Diagram of Beam (B,G59).
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v" Moment Design for (B,G59):-

Flexural Design of Positive Moment for (B,G59):-(M u=285.8K N.m)

Determine of My max
d =700 — 40 -10 — 20\2 = 640 mm

—3:1‘ . 640 = 274.28
X = sd=5 = 28 mimn
a=TB.x =124.7 #+0.85 = 233.14 mm
Mnma= 0.85=f! =a*b(d- = ) 0.85*24*233.14*800*(640-233.14/2 ) *107= b= 1991.57KN.m

@ Mnpax = 0.82* 1991.57 = 1633.08KN.m >285.8KN.m .

Design as singly reinforcement

" T Bhd?  09x800x6402 oo Pd
m= I = 420 _ 20.6
05/ 0ESx2d
p:ﬁ 1— 1-— 2-;’:?;! - gnl,[-i 1— 1 _w = 0.00236

= p.b.d = 0.00236x800x640 = 1208.32 mm?

ChGCk fOI’ Asymin:'
ASpin = (b )(d) = 24 27 _*500*640 = 933.14 mm?
(fy) 4*420

ASpmin = (b )(d) = 1'—*500*640 1066.67 mm?Controls

(fy) 420
A= 1208.32 mm?

Use 4g 20 Bottom, Asprovided= 1256 MM*>Asequired= 1208.32mm?... Ok
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Check spacing :-

__ BOD-40+2-20-(4%20) _

S =155mm>d, =20 =25mm OK

4

Check for strain:-

Asfy _ 1256%420

= P = = 32.32 mm
0.85h [ DBS=B00=24
=== 232 — 38.02 mm
By 085
d—x 640 — 38.02
£, =0003 —— =0.003 —————— =0.0475 = 0.005 0k
X 38.02

Flexural Design of Positive Moment for (B,G59):-(Mu=278.2K N.m)

M, 278.2%10°
= = = = 0.943Mpa.
P 0.9%B00x640
f 420
m= —% = = 20.6
nESf) 0ESx2d
1 2R 1 w206 0.043
p=— 1-— 1-—— =— 1—- 1——""———— =0.00229
m 420 20.6 420

As = p.b.d = 0.00229x800x640 = 1172.48 mm?.

Check for Agmin:-

_fc _ £*500*64o _ )
ASmin = W(bW)(d) = 4*420 =933.14 mm
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ASpmin = ﬂ(bW)(d) = £*500*640: 1066.7 mm?Controls
(fy) 420

A= 1172.48 mm?

U% 4ﬂ2080tt0m, Agpro\/ided: 1256 mm2>A§requ|red: 117248 mm2 Ok

Check spacing :-

_ 700-40+2-20-(4+20) _

S= =155mm >d, =20>25 OK

4

Check for strain:-

Asfy  _ 1256x420

= ;= = 32.32 mm
0es5h 1 DBES=B00=24
= i =22 _ 38 mm
By 085
d—x 640 — 38
£. = 0.003 5 = 0.003 BT = 0.0475 = 0.005 0k

Flexural Design of Negative Moment for (B,G59 ):-(Mu=321.8K N.m)

Rn= ) = 1.09 Mpa
T @hd?  09x800x6402 P
- Iy = 20 _ 506
.85 Ic NESx24
_ 3 5 _ZmRy _ 1 . _ ZX206X109 _
P= 5 1 420 0.6 1 1 420 0.00266

As = p.b.d = 0.00266 x800x640 = 1361.92mm?

Check for Agmin:-

f !
Asmin = Y1 (bw)(d) = Y24 *500%640 = 933.14 mm?
4(fy) 4*420
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14
Amin bw)(d
S (fy)( w)(d) = 220

A, =1361.92mm?Controls

— %500 * 640 = 1066.7 mm>Controls

Use58 20 A s provided= 1570 MM*>Asrequired= 1361.92... Ok

Check spacing :-

Bl0=40+2=20= (520}
4

S=

=150mm>d,=20>25 OK

Check for strain:-

As fyr 1570=420

a= — = =404 mm
0es5h 1 DB5=B00=24
=2 =% _ 4753mm
By 085
d—x 640 —47.53
£, =0003 —— =0.003 ——=——— =0.0374 = 0.005 0k
x 4753

v" Shear Design for (B ,G59):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (A, i), Reinforcement.

Use stirrups (2 leg stirrups ) 210/ 250 mm , A, = 2 x79 = 157 mm?

V,=296.4 KN

fc'b, d == V24 %500 =640 = 261.28 KN

® V=0.75*261.28 =195.96 KN
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® Vsmin= 0.75 (%) *bw *d =0.75* (%)*500*640*10'3 =80 KN Controls
) fc’
® Vsmin =0.75 (%) *hbw*d= 0.75*(1£64) * 500 * 640*10°° = 73.48 KN
® Ve<Vu £ Ve + @ Vsmin
195.96<296.4 < 275.96...... not satisfied
Cases 1&2& 3isnot suitable
Case 4:-
ve =< fc'b, d=-v24 = 500 =640 =522.55KN
Ejl:i“r_ + v.a',:n:n 1 = L, E Ejl:vr_ + i‘:.a"')
0.75(261.28+ 106.67)<296.4< 0.75(261.28 + 522.55)

275.9<296.4<587.87

shear reinforcement arerequired

Use 2 leg @ 10
As =157 mm?
296.4
Vs=Vy-V,.= o 261.28 = 133.92KN
g Aufpd _157+420+640 .
©w, 13392=1000
d 640
Rpne 5 ¥ = 320 mm control

or Smar = 600 mm

Use2leg @ 10 @250mm
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4.6 Design of One Way Solid Slab (S1).

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

v" Sabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):

= fromACI-318-08 table (9.5a)

Min h( deflection requirement ) > :

49
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- For simply supported one-way solid:

L 545

— =——=27.25m
20 20

For One way solid slab ,will use thickness of slab 35 cm.

v' Statically System and Dimensions:-
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Geometry Units:meter.cm

1 2
1
A e
BRI
A
0z 52 L3
(= {
i 545 |
25|
o
SOA
Loading
N group na 1
103
545

Load fecbors. 1.20, 1.2001.60,0.00

Fig 4.4: Statically System and Loads Distribution of Solid Slab(S1).

v" Load Calculations:-
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Dead Load:-

Table (4.4): Dead Load Calculation of Solid slab (S1).

LiveLoad:-

LL=5KN/m .
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Moments:  spans Tio 1

1.68 B3 1.69
I 1 1
Shear
316
-78.9
| /
e
Reactions
Factored
[l i
[ T T 1

DeadR  26.12 26.12
LiveR  13.52 13.52
MaxR 3964 964
MinR 26.12 2512
Service

DeadR 21.77 277
LiveR B.45 B.43
MaxR 30,22 30,22
MinR M7 s

Fig 4.5: Shear and Moment Envelope Diagram of Solid Slab(S1).

v' Design of dab:-

Assume bar diameter@10 for main reinforcement.

10
d =350 —20 = 325 mm
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e For shear:

check whether thickness is adequate for shear:

Vume = 28 9KN/1m strip

1
Ve = 6¢O.75¢ fc' *bw =d

= 2%075% 24 +1000 =325 = 199 KN \ 1m strip
~@Ve = -+199 = 99.5 KN / 1m strip

1 :
Vinae S > @Vec — No shear reinforcment is required

For positive M oment:

Mu = 33.5KN.m /m

m = fy - = 420 = 2059
0.85* fc 0.85*24
RN = Mu /f
b *d?

R 33.5%10 °/0.9
1*(0.325 )2

p == (1- h-2m-Rn )
m fy

- 1 ‘- \/1_2(20.59)(.35)
20.59 420

= .35 N/mm? (Mpa)

) =0.0008<r . =0.0018

Minimum Reinforcement A 'S min...(ACI- 318M-08 — (10.5.1) )

. _r . *b*h _ * * _ 2
As min =" min =0.0018*1000*350 = 630mm (control)
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= Use ®12/15cm , Asprov = 753.98 mm2/m

step ( s) is the smallest of :-

<380 (Eji:') _25%C,

<380 * (520) —2.5% 20 =380 * ( r—n
jlll-._ j‘ 420

)= 2.5 * 20 = 330mm

280 280 280
< 300(F) =300 * (T): 300 * (5--i2{|

¥ 3

) =300 mm (control)

<3*h=3*350=1050 mm
<450 mm.
S =150 mm = Smax = 300 rnim

~Use @12 @ 15 cm in main directions.

Temperature and Shrinkage :

>p =0.0018

ASmin=r  *b*h =0.0018*1000*350 = 630mm’ (control)

Use ®12 @ 150 mm

55



Chapter 4 structural analysis and design

4-8 Design of Stair (Stair#4)

i

1
i

Fig 4.8: Stair Plan.

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

1- Design of Flight (1):-
v' Determination of Thickness:-

hmin = L/20

hmin = 3.1/20 = 15.5 cm
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Take h=20cm

The Stair Slope by 8 = tan™( 17/ 28) =31.26°

Dead Load For Flight For 1m Strip:-

Table (4.6): Dead Load Calculation of Flight.

LiveLoad For Landing For 1m Strip =51 =5KN/m

Factored Load For Flight :-

Wy = 1.2 x12.24+ 1.6%5 =22.69KN/m
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22.6KN/m

s 35.35KN

30KN

.-"'L 0.775

Fig 4.11: Statically System and L oads Distribution of Flight.

Momenta:  epana 1 f0 3 1
e ———
— f

H'\-\-..__ ) _ﬂ_f,,_
BEE Tm—— T =8
1.55 158 LY 1.68 | 1.5 |
! ] ! =
Shear _
-36.3 -38.3
."_'*,f.,
L
.,-F""-FFF#-
g
J'fﬂ_ﬂf
H i — | |
-
.J_.o-""
s
358 358

Fig 4.12: Shear and M oment Envelope Diagram of Flight.
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v" Design of Shear for Flight :- (Vu=36.3KN)

Assume bar diameter g 16 for main reinforcement

d =h- cover —f—‘;—' =200 — 20 —‘—2“' =172 mm

Ve=: fc'b,d == 2v24+1000 172 = 140.43 Kn

a

® V.-0.75* 140.43 = 105.32 KN> Vu = 36.3 KN...... No shear reinforcement are required

v' Design of Bending Moment for Flight :- (Mu=80.3KN.m)

My BO3x10%
" andE T nowi000wi7EE 3.01 Mpa
I 420

=—2 .= = 20.6
nesf  0Bsx24
1 2R 1 2w 20.6x 201

p=—1- 1 - —F =— 1—- 1——"—— =0.00779

m 420 0.6 420

A req = p.b.d = 0.00779 x1000x172 = 1339.88 mm*/m

As min= 0.0018*1000*200 = 360 mm?/m
ASreq = 133988 mm2>Ag’min:360 mmzlm

Check for Spacing :-

S =3h =3*200 = 600 mm
280

S =380*(z——) — 2.5*20 = 330
E* 420

S =450 mm

S=330mm ......... is control

Use 216 @ 150mm A provided= 1340 MM*>Asrequired= 1339.88mm?... Ok
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Check for strain:-

_ Asfy 0 1340m420
0.850 f]  0.85x1000%24

= 27.58 mm

_ o _ 2758
Hy (.85

= 3245 mm

d=c¢ 172 —32.45
£, =0003 —— =0008 ——=——— =0.013=0.005 .... 0k
C 32.45

v Lateral or Secondary Reinforcement For Flight :-

As req= As min =0.0018*1000*220 = 360 mm?

Use 210 @ 200 MM _As provided=.395 MM>>Asrequired= 360mm?>... Ok

2- Design of Middle Landing :-

v' Deter mination of Thickness:-

hmin = L/20
hmin = 420/20 = 21 cm

Take h=25cm
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v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table(4.7): Dead Load Calculation of Middle L anding.

LiveLoad For Landing=5*1=5KN/m

Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6%5 = 17.65KN/m

Factored Load From Flight :-

Wi = #: % = 2357KN/m
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23.57KN/m

23.57KN/m

/

; TP

ST AT

/

7

Fig 4.13: Statically System and L oads Distribution Of Middle Landing.
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Moments: spans " fo 1

H —1
124~ 113
N -
-"\—n_\_‘_\_\_‘_‘_‘_‘_‘_-_ _._._._'_'_'_'_'_._,.n-'—'_
| 1.95 1 1.05 |

Shear
58,
-66.9 __—]
_/—‘JF’/'—FF
i —-—'—'d_ﬂ_f |
1 ——— T
_.--"'ff
_.I-'_l_'—‘-ﬂ-'—._
—
£6.4

Fig 4.14: Shear and M oment Envelope Diagram ofMiddle Landing.

v" Design of Shear:- (Vu=67.1KN)
Assume bar diameter g 16 for main reinforcement
d =h- cover ——?_E =250 — 20 —‘—; =222 mm

V, = [_l JFch, d == l V24 1000 =222 = 181.26 KN

[

®* V.-0.75* 181.26 = 135.9Kn> Vu = 67.1KN...... No shear reinforcement arerequire

v' Design of Bending Moment :- (Mu=71.1KN.m)

Assume bar diameter g 16 for main reinforcement

d =h- cover ——?_E =250 — 20 —‘—; =222 mm
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My 71.1=10%
" phe? T nox1000x222E p
f 420
m=—— = = 20.6
085/, 0B5x24
1 ZanLR 1 2% 20.6% L6
p=—1- 1—— =— 1— 1——""——— =0.00397
m 420 0.6 420

Asreq = p.b.d = 0.00397x1000x222= 881.34 mm?

As min =0.0018*1000*250 = 450mm?
Asreq = 88134 mm?......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
280

S =380*(z——) — 2.5*20 = 330
E* 42{]

S =450 mm

S=330mm ......... is control

Usegl6@200mm _Asprovided=_1005 MM*>As; equires= 881.34mm?... Ok

Check for strain:-

_ As fy = 1005420 2069 mm
0856 0BSx1000x24
o= =2 =2434mm
Hy 065
d—rc 222 —24.34
£. =0.003 =0003 ————— =0.024 = 0.005 ...... 0k
C 24.34

L ateral or Secondary Reinforcement For Landing:-

As reg= Asmin =0.0018*1000*250 = 450 mm?

Use 28 @ 100 MM ,Asprovided= 502.4 MM>>Asequires= 450 mm?... Ok
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3- Design of Flight (2):-

v' Determination of Thickness:-

hmin = L/20
hmin = 420 /20 = 21 cm
Take h=25cm

Factored Load From Flight :-

WrL1 30
Wia = = = 19.35KN/m
L 1.55
ALALS S SN P 7y P P Py W L SN LA Wi Y
‘ 19.35 KN/m *
17.65 KN/m | , 17.65 KN/m
! ut AN ZRN RN PN \\/ r\|/ s R Y P

S A PV, W
B

71.45 KN 71.5KN

7 a2 > i
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Moments; spans Tto 3

v" Design of Shear:- (Vu=55.8 KN)

Assume bar diameter g 16 for main reinforcement
d =h- cover —‘—'_f =250 — 20 —’—: =222 mm
Ve=+y/fc'h, d == +v24 «1000 =222 = 181.26 KN

®* V.-0.75* 181.26 = 135.9Kn> Vu = 55.8 KN...... No shear reinforcement arerequire

v" Design of Bending Moment :- (Mu=63.1K N.m)

Assume bar diameter g 16 for main reinforcement

d =h- cover —‘—'_f =250 — 20 —’—: =222 mm
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My 63,1105
= - = - =142 Mpa
" phe? T nox1000x222E p
f 420
m=—— = = 20.6
085/, 0B5x24
1 ZanLR 1 2w 20.6x 142
p=—1- 1 - —F =— 1— 1——"—" =0.0035
m 420 0.6 420

A req = p-b.d = 0.0035x1000%222= 777 mm?

As min =0.0018*1000*250 = 450mm?

Asreqg =777 Mm......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
280

S =380*(z——) — 2.5*20 = 330
E* 42{]

S =450 mm

S=330mm ......... is control

Usegl6@200mm _As provided= 1005 MM*>Aq; equires= 777mm.... Ok

Check for strain:-

_ Asty - 10055420 _ 54 69 mm
[.BESH Ic 0BS5S 1000 =2 4
=2 =25 _ 9434 mm
By .85
d—c 222 — 2434
£, = 0.003 =0003 === =""7 —0.024 >0.005 .....0k
c 24.34

L ateral or Secondary Reinforcement For Landing:-

As reg= Asmin =0.0018*1000*250 = 450 mm?

Use 28 @ 100 MM ,Asprovided= 502.4 MM>>Asequires= 450 mm?... Ok
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4-9 Design of Column(C,28)

v’ Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel  Fy = 420 N/mm?

v Load Calculation:-
Service Load:-

Dead Load =1239KN
Live Load =224 KN

Factored L oad: -
Py=1.2 x1239+ 1.6x224 =1845.2 KN

v Dimensions of Column:-

Assume rg = 0.01

f *Pn=0.65x0.8x Ag{0.85 fc (1-rg) + rg* Fy}
1845.2=0.65x0.8x Ag{0.85*28 (1-0.01) + 0.01* 420}
Ag=127817.2 mm2

Assume Rectangular Section

b =600 mm

h=127817.2/600 = 213 mm

Select h =500 mm

50

60

Fig 4.19: Column section
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v" Check Slender ness Par ameter : -

Ku g4 1o MI_y
r M 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 = \/% =0.3h .o For rectangular section

Lu=44-0.6=3.8m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.60 m)

Ku g4 1o M1 49
r M 2
_1x38 5110
0.3x0.60

Column Is Short About Y-axis

e about X-axis (h=0.50m)

MU gy ML ACI —(10.12.2)
r M2

138 5533522

0.3x0.50

Column Is Long About X-axis
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v Minimum Eccentricity:-

_ Mux
Pu

structural analysis and design

min ey =15+ 0.03 x h =15 + 0.03 x500 =30 mm = 0.03m

ey = 0.03m

M agnification Factor :-

d_=—CM -1 0and <1.4
Pu

1 -
0.75 P,

Cm =06+0.4 M1)20.4
M 2

Cm =06+04*1=1>0.4

2
p - PYEL
(KLu)
E.l
El =04 g
1+b,

E, = 4700./fc’ = 4700 x +/28 = 24870 .6Mpa
_12DL  1.2*(1239)

b, 08<1
Pu 1845.2
3 3
| _bxh’_060x050° oo
12 12
El - 0.4 x 24870 x 0.00625 _ 34 54MN.m?
1+0.8
> %3454
p, =P =% _236MN
(1%3.8)
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1

d, = =1.11 >1.0and <1.4

~ 1845 .2
0.75 * 23600

v" Interaction Diagram:-

ey=e,, xd,=0.03x1.11=0.033m

& _00_ 05

h 0.6

g _600-2*40-2*10-16 _ 3
600

From the interaction diagram chart

fromchart A9-b for% =0.75—>rg=0.01

fromchart A9-c for% =09—->rg=0.01

then for % ~08-rg=001

Select reinforcement
Ast=rgx Ag = 0.01x500* 600 = 3000mm’

Select16f 16 with As = 3216mm? > Ast = 3000mm? .

v" Design of the Stirrups:-

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

spacing <16 xd, =16x1.6 =25.6 cm
spacing <48 xd, =48x1.0=48 cm
spacing <40 cm

Usef 10@ 20 cm
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2108,
=20
\ 19 52
10 @102
3 * : |
o L0 10
A2
- )
B "
i {]
L=t

Fig 4.20: Column Reinforcement Details.
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4.10 Design of Shear Wall (SW,16)

973234

324,543

415.6455

S00.7188

B54. 3084

4125

Fig 4.22: Shear Diagram of Shear Wall.
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2818.84
. 4660.83

6863.99
t ! 9412.58

12335.1

15599.11

L. 18954.71

Fig 4.23: Moment Diagram of Shear Wall.

v' Material and Sections:- (From Shear Wall 16)

=

=

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?
Shear Wall Thickness ~ h = 30cm

Shear Wall Width Lw =3.9m

Shear Wall Height Hw =39.6 m

v" Design of Horizontal Reinfor cement: -
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D Fx=Vu=762.6366 KN

The critical Section is the smaller of:

llv - ﬁ =1.95m...Control
2 2

h_W = ﬁ =2.2m
2 2

storyheigh(Hw) = 4.4m

d=0.8xLw=0.8x3.9=3.12m

5 —
E:IL‘:IH!LII = ﬁé fr_"hd
= 0.75 = 0.833 = /24 = 300 = 3120 = 2865.9KN > V, = 762.6366KN

I is the smallest of :

1 — 1
1-E= 5 f.'hd = é\/24 *300 = 3120 = 764.240KN
2— V. =027 f'hd+ L 0.27+/24 = 300 = 3120 + 1950 L 1238.47KN
e =027 fo al, 4+3900 '
_ 01 402
3— ¥ = 005 f + T hd
. Vi 2z

— 0.05v24 + 220 504 L3120 =372.134 KN........ Control

20.95

18954.71 —15599.11 M, — 15599.11
4.4 T 44-1095

= M, = 1746757 KN.m

M, 1, 1746757 3.9 20,05
V, 2 7626366 2

Vc=372.134KN
0.75*372.134=279.1KN <Vu = 762.6366 KN Needs reinfor cement
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@ =vc+ 0vs = vu

@ = vs=vu-0 = vc

Vs=vu/® — vc
Vs=762.6366/0.75-372.134= 644.71 KN

Ay ws 64471

sw fyd 42003120

=0.00049mm?/ m

- Maximum spacing istheleast of:
Lw = 3900 =780 mm
5 5
3*h = 3*300 = 900mm
450 mm ....... Control

Take r =0.0025

Try 810 (A; = 78.5 mm?) two layers

hSy 3005
§,==209.33mm

- use@10@200 mm in tow layer

v" Design of Vertical Reinforcement:-

- =[o.0025 +05 25— 2L 00025 ]*300

Lw Eyeh

A [0.0025 +05 25-22 _7__ 00025 ]*300

39 200300
S,
Try 812 (A; = 113.1 mm?) two layers

=0.88

21131 _
5 - .

S5,=257 mm
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- Maximum spacing istheleast of :

L_W: M =1300mm
3 3

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

- use@12@200 mm in tow layer

v" Design of Bending Moment:-

3900 B .
Ay = Sag +2+113 = 4407 mm
_ Ag fy, 4407 420
W= IR F’ 3900-300 24 066
B
o= m =0
c W+ a 0.066 +0

I, 2w+085f, 2=0066+085=085

i

®M, =0 05A,f,L,(1+ AT,

a7

= 0.077

structural analysis and design

=009 0.5%4407 #420 *3900(1 + 0)(1 —.077) =2998.27 KN < 17467.57 KN.m

So we need boundary

As (add)= (17467.57-2998.27)/(0.9*420%3120)= 122 cm
As(@dd)+ T« = 122+0.0025%50*30 = 125.75¢m2

Use 26 25 in each boundary .
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4.11 Design of Footing (F8)

v’ Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v’ Load Calculations:- (From Column C125)
Dead Load = 5046Kn , Live Load = 1439.5Kn

Total services load =5046 + 1439.5 = 6485.5Kn

Total Factored load = 1.2*5046 + 1.6*1439.5 = 8358.4Kn
Column Dimensions (a*b) =90*80cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400Kn/m2

/
|
aah #1008 M0cm i i
4 44 3. ! I
& ' . R
| . L il
o T e = ¢
et et R ) | 1| | | s e e s e s r
18025 L=a8s | NN "
i o -
8IS =i 85 | -4
___._!._
1 ] = r
10 172 95 173 10
10 425 10

445

Fig 4.24 :Foot Section.
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Assume h =100cm

O et aiion = 400 —18%0.25 — 25*1.1= 368 kn/m2

v Area of Footing :-

Pt
A= =

qnetfal low

Assume square Footing
Breq=4.19m
select b =4.25m

v’ Bearing Pressure :-

qu = 8358.4 /4.25*%4.25= 462.75Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h =100cm , bar diameter g 25 for main reinforcement  and 7.5 cm Cover

d =1000 - 75 — 25=900 mm

8
2

Ei_d ¢L

VU :qu*

4.25=0.80

Vu =462.75 « 0.9 =4.25=1622.5Kn

79



Chapter 4 structural analysis and design

fve=f %* fo*b, *d

f Ve = 0.75*%*\/28 *4250 *900 = 2530 Kn

f Vc = 2530 KN > Vu =1622.5Kn
Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 462.75[(4.25* 4.25) — (0.9 + 0.9) * (0.8 + 0.9)] = 6942.4Kn

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

fV_f—( jrbd
fv, =f. (b - erd
fv_f—rbd

Where:-

Column Length (a) 90

c= =—=1.125
Column Width (b) 80

b, - Perimeter of critical section taken at (d/2) from the loaded area
b, =2*(90+90) +2*(90+80) = 700cm

as = 40 for interior column
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v, =f. 11+ 2 |t b,d =%*(1+Lj* 28 * 7000 *900 = 11575.16Kn
6" b, 6 1.125

*
f Ve =f 2 W 1. b d= 0.75 (40 500 + 2)* 28 *7000*900 =14882.35Kn
b /d 7000

fV, =f —\/ bd_0375*J_*7ooo*9oo 8334.11Kn

®Vc =8334.11Kn>Vu= 6942.4Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

B=n1 4.25=01.58

FR=qu= = [, =462.75* *4.25=3392.5

Mu = 462.75*4.25*1.725*1.725/2 = 2926 Kn.m

My 2926x10°

N pBdZ T DOw4rs0we00E 944 Mpa
I 220
m=—1— = =17.65
nesy!  oBsx2g
1 2R 1 P 17.65% 04
p=— 1— 1——T"= =— 1— 1-="""27 =0.0023
m 420 17.65 420

Asreq = p.b.d = 0.0023x4250x900 = 8797.5 mm?

A min = 0.0018*4250*1000= 7650 mm?
As,req>As,min
Asreq=8797.5......... is control

Check for Spacing :-

S =3h=3*100 =300 cm
SR —) - 25*75=192.5 cm

S= 380*(

S=45cm ......... is control
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Use 18 @25 in Both Direction, Asprovided= 8835.7MM>>As; cquired= 8797.5 mm>... Ok

Check for strain:-

Asfy _ BBIS.THAZO0

= ;= : = 36.7 mm
0.85h [ 0.85=4250=28
C=—= 87 = 43.17 mm
Hy  QBS
d—rc 900 —43.17
£, =0003 —— =0003 ———=— =0.059 = 0.005 ...... 0k
C 4317

4- Design of Dowels:-

Load Transfer In Footing :-

®Pn.b = ®(0.85 fc'A, x \/%)

A;=90*80=0.72 m?
A, = 4.25% 4,25 = 18 m?

\/E:\/E:5>2................\/E: 2
A 72 A

®Pn.b=0.65x (0.85 x 28 x 720 x 2) = 22276 .8Kn
®Pn =22276 .8 > Pu =8358.4 .......... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65 x (0.85 x 28 x 720) = 11138 .4Kn
®Pn =11138 .4 > Pu = 4804 .944 kn.......... ok

No Need For Dowels
As,min =0.005 * Ac = 0.005 * 900 *800 = 3600 mm2

Use 22825, A provided= 10799.2 MM*>As; equired= 3600mm?... Ok
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5- Development Length In Footing :-
Tension Development L ength In Footing :-

Far "
Ldp g = —# = Felstt « db> 300mm
d i

Ktr =0 Nostripes

25 239.7
ch =175 +? =875mm Orch = — =119.85 mm

ktr + ch4 0487523

= s =35>25
ktr+cb o5
dh 7
Ly poq = =+~ 2228 4 25 = 714.35 mm> 300mm
L0 avalable = ————— -75= 1600 mm
LdT avaitaple = 1600 mm >|'.Id.,.e.q, =714.35mm........ OK

Compression Development Length In Footing :-

_ D.24eFyedB

LdCreq— T> 0043*Fy*dB >200mm
Ldereq= "2 = 467.23> 0.043*420%25= 451.5 >200mm

structural analysis and design

LdCavaitable= 1000 — 75 — 25 — 25 = 875 mm >Ldcreq= 467.23 mm ........ Ok
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Lap Splice of DowelsIn Column :-

Lsc =0.071x fyxdb = 0.071x 420 x 25 = 745.5 mm > 300 mm

elect Lsc =800 mm

1T

ARS8
08
L
d: -
1]
L]

{73

10
5]

i, 168 4 - 17 3

W=
o
o

w

Fig 4.25 :Foot Reinforcement Details.
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structural analysis and design

4.12 Design of Strip Footing

L oad Calculation:
From rib (28)

DL=5.87*8 = 46.24 /0.52=88.92KN/m

LL=4.01*8 =61.69 KN/m

Self weight of wall= 25*0.2*%4.4*5=110 KN/m

DL(service)= 88.92+110 = 198.92 KN/m

DL (factored)= 238.7 KN/m
LL(service)= 61.69KN/m

LL (factored)= 98.7 KN/m

Assume h =50cm

Ohet_aliow = 400 —18*0.25 — 25*.6= 380.5kn/m2

Area =(198.92+61.69)/ 380.5= 0.68 m2 (per meter length of wall)

A=b*1 —> b=0.68m —> take b=1m

)

Cid

rr

P
#

M 0, 15 -~

Ly e
¥ rad

Plan
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Depth of footing and shear design :
Pu = 238.7+ 98.7 = 337.4 KN/m

qu= 337.4/1 = 337.4 KN/m2
one way shear :

VU= 337.4%1%(0.5- 0.2/2- d)
fv, =f %\/ f'h,d= .75%@ *1000*d

let@Vc =Vu

d=0.274 m

assume cover 75 mm and steel bars @18
h= 274+75+18 = 367

take h = 500mm

Design of Bending Moment :

D= 500-75-18/2 = 416 mm

Mu= 337.4*1*0.4*0.4/2= 26.992 KN.m

My 26.992x10%
= - = - =.173 Mpa
"™ phe? T nox1000x416% p
f 420
m=——, = = 20.58
085/ 0B5x24
1 ZanLR 1 2% 20.58%.173
p=— 1— 1-——T=— = 1- 1——""°- =0.00041
m 420 20,58 420

Aqreq = p.b.d = 0.00041x1000x416 = 172.08 mm?

As min = 0.0018*1000*500= 900 mm?

As req<As min

Asmin=900......... is control

Use 4918, Asprovided= 1016 MM*>Ag min= 900mm?>... Ok
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Check for Spacing :-

S =3h=3*50 =150 cm

S=45cm ......... is control
Maoab #1083 0cm B -
L W o=
— ———3 ..‘;,-’E
ungh BIB8 1S isrrsasanases) T b
= ——]
Wesh #VEO1Som | L |
I [ e
| | B
- - U=Hook | * R TR N Erhl T W TS SR
1) U=Shope #10825cm L=ddfom ... (DlU=5hope ®10015cm L=170cm
Section A1-A1
-
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4.13 Design of Basement wall

L oad Calculation:
¥ = soil density = 18KN-m?,
@ = angle of internal friction = 30°.
LL=5 KN/m* .
Thickness = 30 cm, cover = 4cm .
The design will be for 1m width .
Neglect the axial load, since its low value
gl = soil pressure = Ko=y = h.
g2 = surcharge pressure = Ko=LL.
Ko = soil pressure coef ficient at rest = 1—sin@.
So,
Ko=1-sin® =0.5.

KN
g1 =05+18+88=792—.
Il

KN
2=05+5= 25,

Factored Load :-
qlu =79.2+1.6 = 126.72 KN/m*
g2u =25%16 =4 KN'/m*
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v' Statically System and Dimensions:-

]
| T ow
£ g

L
I}.SEI 4.05 IﬂJE 405 ) I[!.Z]EI
| | 4'4 1 I 4.4 | 1
I I
3,
J040.
AA
Loading
Jroug no. 1
ead load - Service Units; kN.meter
9.2
i R e S
Y Y Y A
44 4.4
Live loag - Service Loac factors: 1.20,1.2001.60.0.00
s 4% 4y ]

Statically System and Loads Distribution of Solid basement wall(S1).
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Moments: spans 1io 2

-124.7

| D.32|2,35 |
! I

i \ n.il'sit'ha ———

1.76 130.8 2.64 .08 i 1.32

Shear

-176.5
-153 .1

435-164

! | | o |
| | / a
a5.4
1137

106.8

155.8

Moment /Shear Envelope

Design of Positive Moment of wall (130.6 KN.m) :-

Design for positive moment Mu =130.6 KN.m .

14
d =300 —40 —— = 253 mm.

2
_ Mu 1306
MH—E—W—MS.llf{N.m
Mn =105 14511 = 106
Rn= VP =1OOO¢2532 = 2.267 Mpa.
B Fy 420
M= 85+fc 085%24 2088
g . 2 Rnem |o L . g | 2r2207-20588
m Fy 20588 420

=57=10""
Asreq = psbs=d =57 =107 %1000 # 253 = 1442.1 mmZ m. ....control.
Asminv = 0.0012 = b = h = 0.0012 = 1000 = 300 = 360 mm*/m.
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. & V24
Asmin  forflexture =0.25= ;; =bw =d =0.25a=420a=1000a=253

= 740.68 mm*/m.

. 14 1.4
Asminforflexture = 75 =hw=d = 220" 1000 = 253

=843.3mm*/m....control.
For inside wall Select@14@10cm = 1539.38 mm? > 1442.1mm?=.
For outside wall Select@12@10cm = 1130mm*® > 843.3mm?~.

Design of Positive Moment of wall (14 KN.m):-

Design for positive moment Mu =14 KN.m .

12
d =300 —40 — — = 254 mm.

2
_Mu_14_
n—ﬁ—®—15.55f{ﬂ.m
Mn =105 1555 = 10°
Rn =37 ~1o00=2542 024 Mpa
B Fy 420
M= G085+fc 085%24 2088
1 2¢Rnsm 1 2 s 24 20588
pe=ns lm tr— Toomes” 1T 1220

=57=10"
Asreq =p=bsd =57 10" %1000 = 254 = 146 mmZ~m
Asminv = 0.0012 = b = h = 0.0012 = 1000 = 300 = 360 mm*/m.

. & V24
Asmin  forflexture =0.25= ;; =bw =d =0.25a=420a=1000a=254

= 740.68 mm</m.

, 14 14
Asminforflexture = 75 =hw=d = 20" 1000 = 254

= 846.67mm?2/m ....control.
For inside and outside wall Select@12@10cm = 1130 mm? > 846.67mm?=.
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Design of Negative Moment of wall (124.7 KN.m) :-

Design of negativemoment Mu =124.7 KN.m .

14
d =300 —40 == 253 mm.

C Mu 1247
Mn=10° 13855 = 10°
Rn = hedZ =1000$2532=2.164Mpﬂ.
N Fy N 420 N
M=085+fc 085+24 2088
1 2=fn=m 1 2%2164+20.588
p=gs = o= “oses” 17 1™ 420

=545=%10""
Asreq =p=b=+d =545+10"%=1000 =253 = 1381.169 mm* m. ... control.
Asminv = 0.0012 = b= h = 0.0012 = 1000 = 300 = 360 mm=/m.

Asmin  forflexture =0.25 /e bw=d =025 24 1000 =253
smin  forflexture =0. Ty w=d =0. 220

= 740.68 mm</m.

Asminforflext . bw=d = 14 1000 =253
sminforflexture =5 el =g

= 843.3 mm*/m ....control.
For inside wall Select®@14@10cm = 1539.38 mm* = 1381.169mm?=.
For outside wall Select®12@10cm = 1130mm*® > 843.3mm?~.

Design of shear force:-
d =300 — 40 — 8 = 252mm

1 — 1 — 3
Eﬂ"ﬁ.‘=0.75#és fc=bh=d =O.75#€#\/25310003252#10 #=1575KN.

@Ve =1575 = Vu=1531.
No shear Reinforcement is required and thickness of wall is adequate enough.
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But horizontal Reinforcement due to Cracking:
Asregh = 0.002 = b = h = 0.002 = 1000 = 300 = 600mm=/m.
For one side As = 300mm*/m.

Select for one side horizontal reinforcement @10@25cm = 316mm* = 300 mm?

0T1E L=460 T.B. J10Tle L=460 T.E.
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