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Supervisor: Eng Inas Alshwaiki

Project abstract

The idea of this project is summarized in the structural design of the
architecture college in Hebron — Wadi Alhariya in Palestine polytechnic
university because there is real need for this structure in the university
to improve this specialization and to inform students that their
university cares about the student and his needs, that help him to be
creative and being an active architect, All of that come with providing
the building with all general facilities that should be available in any
optimum college that will be ; lecture halls, supervisor offices , drawing
hall, library, theater, restaurant, and also the building contains stairs
and elevators that make the movement of building users more easier
and faster. The project is a college consists of five floors with
approximate area of ground floor equal 2500 m? and the area of floor
gets smaller than floor under it to give the design the beautiful
architectural type on this unique building.

The structural design will be according to ACI-318 code ,and to the

Jordanian code of loads, and this project contains structural loads

analysis for vertical and horizontal loads, and structural design and
details each single member in the building.
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system for topping

section in one way ribbed slab

Rib geometry

loading of Rib 13

Moment Envelop of rib 13

Shear Envelop of rib 13

Beam Geometry

Load of beam

Moment Envelop for Beam

Shear Envelop for Beam

Two way ribbed slab

Reinforcement of two way ribbed slab
One way solid slab

Slab geometry

Slab load

Moment and shear envelope

Location of column 85
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List of abbreviation:

D, : Dead load.

L.: live load.

W,: factored total load.

L. clear length of member.

d: thickness of a layer.

v: unit weight of material.

M,,: nominal moment.

M,: factored moment at section.

f< - Compression strength of concrete.

f,: specified yield strength of non-prestressed reinforcement.

p: ratio of steel area.
&s. strain of tension steel.
@: strength reduction factor.
V. nominal shear strength.
». factored shear force at section.
: nominal shear strength provided by concrete.
: nominal shear strength provided by shear reinforcement.
.. area of steel.
A,: area of shear reinforcement.
b: width of compression face of member.
by: web width.

d: distance from extreme compression fibers to centroid of tension
reinforcement.

h: over all thickness of member.
P,: nominal axial load.
P.: factored axial load.

S: spacing between bars.




IV Jacadl
al)

. £ 9l )
| A 8al
L
& - )11
. £ 9al R |
.& .&JJM\J\M -
Syl 4 . :
Alliia 3 gaa B
. calalical 5
. -1
£ 5 pial |
b J gl 3
.
-1

. J
‘ -
' parad) i)
.‘
H 8
-1




fatial) J5¥) Juail

cd i) 1-1

H!Mduﬂ\&\_}wy\wﬁ‘)—ys:\_cw&ﬁ cH_SQ\u\‘)_sj\Q\_jgrﬁd_.«uw_a
Dl 5 o)V Jlae) daga (b5 Bl s 8 Gl A ulad dage (e Giaa il il
O8I 18 8 e g ailaas A Lge sl Al il pall

L) a5} (Led oS penil 5 Y (e aSLET 52 1 lad g dilasas & sy

Gl o 4l s oS) (Y1 pae ad) Jiy ol (lai s allasas bl O (08 5 Aagee Aaa Dl e i Lia
gl sda Jatey of las¥) N (s a3 cclBlSaY) s ol pally gl 4 pasly oSl 1o
oY) Slae ) Jal e iKY

ngh (S aalailld cladinall AAS 8 S celaial o ad adaill (L8 (5 AT Aals g
35y Laa i ) yal i) Claainall 8 ozmg Hea i 2 iy dla gkt g Claainll
L€y W 5y 0S A panl 4 adeilld can el Gy oSl o 30 gl dlall 03 g b S dpcliia
O s ma Al B LAY 5 AU Ly g anbail) jaalae adlia ol Lidle 8 Laps Y cla JIS3)
Gl ) s dlais adas vl I n Aelaia¥) 5 Lol Al Adae g by s

) A fela s abadl 1l Gl s s Sl

G g sa soall syl aadaig Y Aales ) yum Gl Apadedll KU G 2 Lia (s
Alaal) 4y iy g a8l ) 43 acy A 4aDls adedll maal

IS A aial s i pemall i) Bl Ale a5 (3l (g 58l 3y aad) JS85 il Bkl 534 il

A8y 5030

gl Jah Liacaas cile LYl Auain yied Lasale 5 L) g g il 138 areaiad

A ylaal) el tall Al oy Al Auaigdl tad Caa abaa e Ll S 4l YY) )

A WY ol il A8 e W) e o Al Lgilipdat g ol el ¢ ) o) A8 anal il
Al aslal) Cag oyl s J3Y s ml (e Al <l il DS LeBle 5 Al



http://ar.wikipedia.org/wiki/%D9%87%D9%86%D8%AF%D8%B3%D8%A9_%D9%85%D8%AF%D9%86%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D9%87%D9%86%D8%AF%D8%B3%D8%A9_%D9%85%D8%AF%D9%86%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D9%87%D9%86%D8%AF%D8%B3%D8%A9_%D9%85%D8%AF%D9%86%D9%8A%D8%A9

fatial) J5¥) Juail

e Al bl 4l Y 5 a5l aal) A1 LY paealll Jya gyl 13 5
Y areaill ) Uie 5 5 die el 285 el oS ) A adldl) Ol i) 8 ada 8 Gl S 0 3 aals
1 aalas o -3 Sl ¢ ulaiald LS g Anala At (e 06l o Lal YLaSiul (5 laall A

50l Uimalad alall laa 315 il b sl

Y o sall At Aaald & aall g 4y jlenall Auaigl) (e A liae GV s g 5yl Jadi 2
Lo 5 die aie Joany L ALY g 5l 5 By siall (pe 4 die 2l uigll ¢ 3ol o) Lo
O-San Vs cangd (iia Joae (8 dunigll agal e gl (e (a8 (e o g () gling
W g5 A dbiaall Ay jlanal) 5 A inall duigh o) yal o das Iy V) el il () Jgaaasl
Joan ¥ IS il ol sacld e

& so-iall e JsY) 6 3l a8 (gl 8 alaiall Jodadll (ulad (Ao g g il ol jad cay

5S4 JLiA) (e p g dall A slial) o) 32Vl sl a5 g g Siall Aadia (3loie 4shaay (5311
& sl Gy a8 lId a5 g Silia g g g el 5588 m ye o o Y55 hadl) o8y g g -l
Aalall ol Lalia Lo 55 Baae ) @358 o (e s Aciana g a5 5 Ll g a5 1 jlanae
shaalgelaibsate gap b Lo g dledl jab Gl shll clage dul 2 o8 Al iy s 4 lend)

Ao e 5 dlaan gl ualal

8aacly ) smun (e o 3h L S0 WL & paill o 5 5 e (Slose (b g 5 pmiiall ALaShy L o (e g
alulad

Slgall S Gsbais V) plaill ad i Vg caga g gy 5t g g el (O () Lia i

ol (e o3y Amaall sl S (e iy Jlael Jla s iy <))y e A g 5ssal)

Lie oSy agly catdda o il diallh oy yig agialhe g pgaaina ) ga S () pein (o el gl
o) AN o e




fatial) J5¥) Juail

s £ 9l <l 3-1

- A0l Calaa Y adas ) Ulea g 08 65 o Caaall 138 JS) amy Jals

Ay o yaalic ay )i s Adliaal) o sldiall Coulial) SLGY) QLI sl e 50l )
Al 5 lenall Lapdadiill ae ity Ly cillaladdll e

& s piall 8 Akl ALY pualiall agenat o 5 yal) Y

O Al Al pall oLl gt po ad il il aglaall A8S by 5 cadagi e 5 padl) Y
A e il ) gea sl Jal (e diliaall i) DA

e S LY el el pladiul &) ¢

il 8 Liga 5 O Sy il Aabiaall Al i) JSU Gl e Jalaill e 35080 0
Aol all oL Ligand 53l ) 5 dakisdl)

Ay sing Ll Alasy) Jdaill g aveail) Jlae (8 s aa je dliag ¢ 5 i) aay O Sy ella g
Adlidg g de gile YA (e

D g gomiall Al lia 4-1

e ad Sl A S ARl ASY) palisll ases aeai Jpa Giall R g sunge sy
Clae Y15 Sl Jie 433y paalial) e jaie JS Jolad g Jiaall 138 5 (5l 5k
Caiad oy W) Lgasaa o (a5 Lgale 4a8) o) Jlaa¥) asantiy b pue 5 ) swall g3 0¥
& somdall 1aa 7l Ay Al iyl aliall A bl il bl Jae o (s alodiall Glall e

o2l s A ) BY) s e




fatial) J5¥) Juail

s £ g pdal) ACdia agaa 5-1

S Galiadll LA Janll a3 g da 8 A8yl A alill e g g pdiall 13 gl (el oa,
S i) Al e g e adie JUA e 2015-2016 Ll Al Al e J sV
A deadll b Al g 5y g

(ACI-318-08) 4dliaall AsLiay) mrabaill & S ya¥1 3580 slaie ] )
Y asaaill g Qb el alasial Y
.Microsoft Office Word Jic s Al el ¥

(b9 Jguad Al o £ g pdiall 120 (¢ giny
Js¥) Suadll -9
Adlaal g Candl A5 5 Aalad) dadial) Jady

1 A Juadl) -

g s all (5 jlerall Caa sl Jady

tEIE Juadl) ¥

el ALY ealiall Caa s Jaddy
) Juadl) -8

ALY yealiall LIS asaail 5 (sl
s el Juadl) -0

Slia gill g i)




& s -l Calaal ae Ll 555 3 jlazall ) sil) (o Lgagdl @ldd g 4 jlanall cilaladall 4l 50 ()
Akl sy el ladl

e ac YIS Hialiall o2 s a5 53 a1 A0V g el A5 Sl Al i) 5 aliall Al (Y
Clall 3Say 5 e s gall (5ol anall apaaaill 4 e paban Y IS G a1y sl
e dale 5 galaiy|

el o e 4pliany) juabiall Jdady sl e 3 55 5all Jlaa¥) yaas (Y

ol il e 5Ly ALY jealiall apaal (¢

el Al g 5 il 7 ] gl o Al AALASY) aliell Ahdul) il daladdll Slad] (©
Al QA8 5 JalSall

& 58l Jaall Jal el e Laladall (1-1) Jsaall




40234l

JsY) Jaadll




s Sanall Caa gl S Jaail

g.m Jadl)

g taral) Cia )

Aardal) 1-2
Eosdall (o dale daal 2-2
£l pdga 3-2

Lpuall palic g 4-2




s Sanall Caa gl S aadl

c dardall 1-2
Sl A BIA OF A oa do ceand) 1 Bagly sl Ay danigll agdall Gl B jleadl e

Juzadl ) CaseSh3ln (e an sall shgy JEIE okl sa gl gal Gliall Gl G2 lusy)
AR Ladall 03g] Jlaa (e ) 48 5 e Maisn Aaald Jll jgon (a5 ) gumn

135 Jlaadl o) sa (pa (5 jlanall i) 4ua 5 Lan Lad 85 2aias ¢ S8 5 4 505 (8 5 jland) Consal 136
Ol a5 g 2l ol an GV s Vs el (8 ladie (ol agan g ol i ale S 08 JSU S
(23 38 Uil a2 ) Jgamll (mny Ui 5 Al el g Adabisall dualite Al () 5S35 28 Al 5 ¢ 1) 5 JLal

Leliald aa Jelaii 5 Lelan Laie cilaldall (o aaall Ul

cimall el 3l JS 35 ) jSia san oS alitie aia JSE e LIS Talaie | dpuigh) 453 3 8 el adiay
pditiall JRL Lealii Jl a5 Y A ey RS i A el g A3 Ll S ()

s yor Vgl s can s JaST e o jlad) iy s Jal et e o8 e o) Liie (Y aseail) Bl
cailda )l 3aiad Hlie W) s 35 Lindl S5 aaad Als pall o388 Al Cus (g lerall arenalll
Gitnd Cangy Al jad ol w358 (5 m Cun sl 13 oL as Lelal (e ) Adliaal) cilllaiall
3 Aulyo Lyl dulend) 038 8 Afiy ¢ slaall g Baac Y] a8l se daaiy 4y gllaall sl el il

Akl sl cldlaiall (e W e 5 Jasll 5 4S jall 5 4 sl

S ALY areail) lae 128 il L) ean Lead A5 5 lerall aranaill Al ja (e elgiV) any
oy il 5 Lgale 2280 51 Adliaall Jlaa¥) e lalaie ) lpeaibiad 5 Aplaiy) pualindl slaal apasd ) Caags
Leale avanaill o pall Ay 3l 1) &5 e s Ol ) jualiall o2 e Ll




s Sanall Caa gl S aadl

P g ol O dale daal 2-2

Gl 13 g s il 1agd dalay Chaa s S of WY e3lhl A uSEl S5y g e 6l G
O s aainall 85 jlandl j50 Juded sa anoall il 1A L) g lal) Caagl)
Clabial Lgy gl ard il diall g Alall oy 855 Jay ity s aiale 5 08 a5 leall
Jaid 8 janl) Jlna iy s Ailin Al i) bl 5 o) s i ol G135 Ay sina 5l il
L 15015 oyl a1 e ) el Al ] 3 (e Ailitn YL ae

ALY dixpay (Al 5 AE 5 dpe L) o glall 5 Adudall g Al 5 udill ale 5 & )l

aramaill g iaall il 5 ¢ ) pend) Japdadiill g paal) Jag dads VL aa 485 5 A80e 135 jlanlls
i@l 5 3 ) gally 3O AN (e are il A s jo 8 g anall e sllaall ¢ Jala
oSay g 5 Sl Jiaia s JalS ) pai am g Joad (el loaiall cilphad) Jdaid i il
83 5 sall lalall 5 2 Nl 5 A xpadally & 5 diall Jay 5y g A llaad) 5 Aadll 5 Adls oll il L V)
e OLSall (peadiwall (ulll Glaliial aa )55 areaill (e dulie A2 dlag) 5 dshially
el o slod aaail ds a sl 5 A jlaradl coldadadidll g cila s M) dlae) Lcasi ale coay LS
s2a e la e o5 lanll 200K e o) Gia ceLal 3 ly) g AaSal &g Aia 3 Jglaall dlael
IS5 ) gae lae s Lbil 8 laall o aalid g8 5o et 85 Sl Apaal) ) Sl

ety dpelaia) il L )l oda o) G (anadill 13gd A 0 lialall 5 38 jall

Baa=ta Axiledd

Gia () ALaYL Galsh el e el (5Sh Gm Bjleall A0S e e Bl gyl
Joai i AT sl b alingy il e el 2 Gkl Gaay Sl dg sl
ad Gl Gl e silda S Al J8 Cima e 30 3302500 (Mo () Gl daliw
il 13 e Jaeall (5 lanal) el cliy

5I0Y) Al 5l a e M A ety a il all il eliy Ga pr il il el e S e (g 4y
J)J..AL;_\JAS\@JSA_SJ cL_J‘).QLSLS}(a_’.LA}:X__A&jMM\M\ﬁ\}ﬁ)ﬂﬂ\jﬁﬁ@&\@&}
Jsma sl s i sallde yu sl g b a2 ad il il 84l 1 AS all aclaan s ANy

oﬁcykbés%yﬂ\@&@gﬁﬂﬁjcww



http://ar.wikipedia.org/wiki/%D9%81%D9%86
http://ar.wikipedia.org/wiki/%D9%81%D9%86
http://ar.wikipedia.org/wiki/%D8%B9%D9%84%D9%85
http://ar.wikipedia.org/wiki/%D8%B9%D9%84%D9%85
http://ar.wikipedia.org/wiki/%D8%AA%D8%B5%D9%85%D9%8A%D9%85
http://ar.wikipedia.org/wiki/%D8%AA%D8%B5%D9%85%D9%8A%D9%85
http://ar.wikipedia.org/wiki/%D8%AA%D8%AE%D8%B7%D9%8A%D8%B7
http://ar.wikipedia.org/wiki/%D8%AA%D8%B4%D9%8A%D9%8A%D8%AF
http://ar.wikipedia.org/wiki/%D9%85%D8%A8%D8%A7%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D9%85%D8%A8%D8%A7%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%86%D8%B3%D8%A7%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%86%D8%B3%D8%A7%D9%86
http://ar.wikipedia.org/wiki/%D8%AA%D8%B4%D9%8A%D9%8A%D8%AF%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D8%AA%D8%AE%D8%B7%D9%8A%D8%B7_%D8%A7%D9%84%D9%85%D8%AF%D9%86
http://ar.wikipedia.org/wiki/%D8%AA%D8%AE%D8%B7%D9%8A%D8%B7_%D8%A7%D9%84%D9%85%D8%AF%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%AE%D8%B7%D9%8A%D8%B7_%D8%A7%D9%84%D8%B9%D9%85%D8%B1%D8%A7%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%AE%D8%B7%D9%8A%D8%B7_%D8%A7%D9%84%D8%B9%D9%85%D8%B1%D8%A7%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A3%D8%AB%D9%8A%D8%AB_%D8%A7%D9%84%D9%85%D8%AF%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A3%D8%AB%D9%8A%D8%AB_%D8%A7%D9%84%D9%85%D8%AF%D9%86%D9%8A
http://ar.wikipedia.org/wiki/%D8%AA%D8%B5%D9%85%D9%8A%D9%85_%D8%AF%D8%A7%D8%AE%D9%84%D9%8A
http://ar.wikipedia.org/wiki/%D8%AA%D8%B5%D9%85%D9%8A%D9%85_%D8%AF%D8%A7%D8%AE%D9%84%D9%8A
http://ar.wikipedia.org/wiki/%D8%AA%D8%B5%D9%85%D9%8A%D9%85_%D8%AF%D8%A7%D8%AE%D9%84%D9%8A

s Sanall Cona sl S Sl

s E ol g 3-2

ol 295 ol aY) s an e il 13 a (5 S ol cag g 5 e ol aBse sl aie
el Bae Janii A all o2 5 laa adgall Al 5o g Gl (g g yiall A O Claladi Y
G Ll dihaial) 6 L )l dagda g olail g diaiall A aliall AMal) ¢ i) jaadl a8 sall ; Lganl

Nelant laia g 4 yill daa aghy a )Y Al e sala Al

35 b i) A dailas (pe Ay siall Agal) 8 Lgale & o iall AaBY da Al yin )] Aadad oS
O a9 aiipdcan o JIAN A e a8 G ¢ Gulaualh SLISE g A aada cailag el

o

oY Aahil 4 a5 ) sea 1 (1-2) IS

s ga ) dakd dalua 1-3-2

e 5ie 15000 ss g sl LB da yiall (m )¥) dakd Aalise 3l

10



s Sanall Caa gl S aadl

: ghsal) Jid) qilaaad 2-3-2

Aaalall el YlaSinl el & S Cun Aadal) e Ay 8 ()Y dadad )

& s dal) ana g dalie ae dpuliiall ()Y dalie Y

bl Jas 5 sl clilae 8 sl 138 5 Algud) o )W) dagala Y

Azl gl el daph ge dunlite Aahiall daph €

Al o s e B ddhaiall Cua SNl e 2l 0

Al 8 30k | yaie ) e Jasg dslaidl 8 aa ge s jlare glb asagaae 1
JS

s sl B rllg uadd) AS 8 3-3-2

AU Gaa 3l el Jglat 8 A agall Jalsall e L s ua 3N S A 0 )

Adhiall e ale a8l ¢ ghaull e dilens ao aedllolad il dagig lgd s e

el pLl o A aasl) A8 (e g Sae j28 5 ST e Janll ddaalidlng o A il
A5l A el ZBULY aS e i)

O I PP TON [ S RNPNP S S WS | IPENRIPS Jyvt Wy WX | [ S WY S I ¥ WP
S dmgaraa i) inall e uanlly 2l 5 lel sa qand LS J S e
.w\icuy\}%}@\gw\ M\L})ﬁa‘;&

11



Ul Jaadl)

6 larall Caa gl

ol

)

a9

£ 9 duall palic

b —iae O 5-S
a=e e 2500

K]
il 13 e e

5 il s 3l sh el (e

-
¢ A
0 e

alls 4

Y
Q.

.

Ciaaa

daliwe Js

¢

J

i K e

Is

bl

B+

PR E WA

Cila sladll

c

sl pladl sl + (2-2)

il

12



s Sanall Cona sl I Jaadl

ol A8 al (K5 3 jlanall jualiall Cimy b L

+ 4884 Jblcal) a9 1-4-2

: Ay gudll (gl hag 1-1-4-2

G yidia g5z el (Ao Gildall 13 (5 stian s Ly )8 4 je e 309 4 sl (3ilds daliss a1
laaiud acade (S s cleben g gdae e (5 siag 5 ¢ o,V Gildall as

4
{
ey L

sl 3 : (3-2) JSl

13



s olerall Cua gl S Jaail

p V) @bl ey 2-1-4-2

U e e GLLI 138 (o siays (a5 o yo i 2570 (V1 Gildall daline oL

. 5l shll

SHEGG

0000, 8

2 ¥ 28 00008
ISl (SRR VR GRS

S0 B0 OO O oo |3
GG B G D === ]

’i-
ks

Chh Chgh b 01
5,43, B G0 O

a Y Gl ; (4-2) Jsa

14



s Sanall Caa gl S Jaail

: JoY¥) Gl iy 3-1-4-2

sl art ) iSa e Galdall s (5 ping 5 Ly 8 g ge e 2425 Y Galdall Aale gl
ol ) el 5 alaall ey )yl Aol s Ay 5 Sl S g il 5 e (il
e e gyting Luayl 0 Gl i naSs hgal (o (s pting ey A iSay (o ydiall 0 31Sa

cSlelen 5 Jausll 48 52 5 0 A3

JsY Gl ; (5-2) Jsall

s Al Gl iy 4-1-4-2

15



s Sanall Caa gl S Jaail

pnall) ) e (e Galdall e (g gtiag g el )8 a e 330 2115 (AU (gldall Al a1l
Slalldaaieds o o sging Laa 5 cdulra s Cilalan s Qo 48 52 5 0 343

(SAl Gl : (6-2) J<a)

+ Gl d,\l.h.“ “@ay 5-1-4-2

16



s Sanall Caa gl S Jaail

el Gy i€ o Ll 13 (g g iny s ey 55w ye ie 1686 il (3Ll Aalse 4 L
il gl iida s <l yaalaall el o jall el g A Sl il il g iSa
clabaal) ) 2EaYU gl aall il glaall adis ida s sLid) o pa Lun sl iS5y sidia 5 332 aiall

Sl g

) ) ; (7-2) S

) Gl ey 6-1-4-2

17



s Sanall Caa gl S aadl

cplen g pdaa g oo ) iS4

&l Gl : (8-2) J<al)

: clgal sl ciay 2-4-2
La ke ()5S of o cllgal ) G daa) 5SS cilgal b (5 lara (udiga sl alaial )
mewdﬁbu‘fwgg_d\&c jad cﬁb\@\}ﬂ\wﬁweu\

18



s Sanall Caa gl S Jaail

La e g cchlaal il g uliall ¢ gl gy “_11_;393\&)}3 g A0t wal) Al gall S e dgal 4l
l@a\;ﬂ\w’du;)ﬁ‘sﬂ\da\)ﬂ\w

s Alledd) dgal o) dina g 1-2-4-2
Cliall 5 3 jaldall el 5l oy QS (e oy dgad gl oda 3T jalda (o jlasall g lauy) aas
Al sl LSl 5 Lgan s Wllea TLanlda La s cilal ) o gliial)

sLidl 8 a3l 5 aall e el o i Ly grand) A8y yha g Laniiaaall o gall g 557Ul
LA AN bl

d

b, BB T L 1 | £
Aalladll dgal g £ (9-2) sl

s A8 ,d dgal gl ciay 2-2-4-2
(pnmdal 5 JoiS 5 S ja Lallae | 13 5 Capuliall Cadlial 5 cllaa) il edai Liayl dgal gl o2a 8

sl b la s aall o ead) At Cua L raa i 45y yha g dandiuall o) sl g 55 Lazagl
A Al el

_—E it e ot
— o S e T e S
R e T e

AL dgal gl (10-2) Jsal
p Ansial) dgal gl cina g 3-2-4-2

19



s Sanall Caa gl S Jaail

Jleall 55l uliia 5 aeliie JC i Haaliall e de gema chnadl il 8 cilgal ) LS
pad asan g A 3l o) 3 Al s el GO Ay Claad il aai g gl ol o2 gl (5 jlaxall
Cdga) sl A jlaxall de g Mg Jlaall oyl pualial)

A i) dgal g ; (11-2) g4

: A A dgal gl ciua g 4-2-4-2
il 5 5 LIl laad ) 3 S 8 T Uk (5 janall g 1ay) dai dgal gl sda b Lia
CAgalsll Llles Tl la gy codlal Al o sliiall

elidl 8 rla g saall G meall ai G Lein meadl A8y 5y deadiisall 3 sl ¢ 5 Liall
A Al eyl

i S .
el ¥ — —
——

Hik M a8 B A8
oo oooon| )

A a5l : (12-2) Jsal

p sinall 84S al) Ciua g 3-4-2




s Sanall Caa gl S Jaail

D il A AS el cina g 1-3-4-2

mtfﬂ\}a_s‘);‘\ci_ﬁd}@__d\}uuy‘ﬁu\feﬁ%cgabd\dﬁjc)bd)ﬂ\dm
2aa g A€yl b A s Al g IS8 sanall sl (g sl ) J gl 8 Laa s
criadl Y ALl

s il JANAS al) Ciua 9 2-3-4-2

i Al IS ) 5 S G calal il dn i i LaS 5 gh o haall J AL AS ally 5-aiy Laid
Jenti Ca iaall 8 (Slalsae (8 (5S35 ) 5oV 5 Al el e laadll 5y 5k (e (3 shal)
ol IS8y (el Ja08 () Sl e Lgia g iy Jalae Gash (e i () 481 A8l Lyl
siall 8 el G i) dpaal e el il

21



s Sanall Caa gl S Jaail

il JR12AS al) maia s (A-A) e : (14-2) JSal)

il Jal A jall cea gy (B-B) e : (15-2) JSal

L.L 0o ["
- u
| 00 | & . .
v * W 13

22



Sy Caa sl Gl Jaadll

S} Jaadll

(ALY cua gl

Asrda) 1-3

(AN araail Giaa 23

(Jand) 43y kg Jalatl) g 4y i) i pall - 3-3
Aglaad) ) J53Y) 4-3

Ll gilg ) 5-3

Al ) yaliadl 6-3

Aaddiical) Ay gulad) mal )t 7-3

.(Ribs) ‘7‘1-‘495“ § add) (pa Z\.'\g& psaai  8-3

23



LY Caa gl G Jadl

cdardal 1-3

& s o-ball Ll danal 3 ) sall ) 9S54 JalSin Caa g @llin )5S o) a5 e Y
adl e aad dda e () Gl Ly doay AU J5Y) Galaadll (e o LgiiV) axd o 5Ll ol yall
(iY) apaaill As e 2 gealall 5 & 5 e (6f 2i8 A e Al Jal jall

et ) AL AL @Y A el e A ST alad e Ay, aliall of gial
Ja¥ g s el Lgdde Jaidy i) Al iy) J Sl aaad (e 0y ¥ 13T (L) 58 5 age dle
Gind Gy yaliall o2 gl Aalisall &1 oY) ay <l e Joead @13 g i) ualiall HLsial
s ols ity de gia gall A jlamall cilaladiall ae oyl are ) &l il cplalall
Lia Y Leapansai s Lgra Jalxll aip s il g g piiall 5 58l AL iiy) yiabinll Sl lia g ol
Ay g ol 1 8 (JalS i) apanial ) J sl Joal e g g pdiall 128 253y

& 9 piall 43 Sl ALisY) jualiall Coa g

p (AN araalll ciaa 2-3

Landigll Al sl e (e gl e o Jpanll g g5 e 5 ALY mpaaill G plall Caagll )
g Jeaiy o L Lagaa s sl by eV e D)D) Gl i) maeal iy Ablasyl
Aada o Ll cd gl i Ay il e ol 5odladl Jlaa¥) ol s adde Zadl gl JlaaYl
AaLaBY) A Ble ) o g 4l gl l25Y)
aliall ALY adaliall aranad sa Lic g e 8 4 aladll a3 52 ALY apanail) (8 13¢5
Jleal 230a1 5 ((American concrete institute)(ACI318 M-08) < e¥) 25811 (gakaty dAlalal)

Aoall Jlaa¥) aaal 53 )Y o U alasind 5 «(U.B.C-97) alasind aiwsd J Y 30

& 5yl ALSie A cillalaiie sl 5 Ale a5l (o il Caliad] o i ine e el

24



LY Caa gl G Jadl

_Um\ﬂu\ﬁb\fwmy‘fw\wg\(u@mj

e 5,08 ALasy) jualiall akalia Ll e 4iiss &5 o( Factor of Safety ) gle¥) dale (0
Lo Aali) gy 5 (o 581 Jand

ol S o Al 4y lie adalia g olall 3 e (3o bk (1o Lgiiad 21y (Cost) 4l (Y
Alal (e adiiuie 63l

ailyhs gl aiaida w (Serviceability) sl il dadaaga s (Y
6 J—exall 5 Baidll e Tl 55l (Cracks) sl caias 5 (Deflection)
(il

Landlagilaall o gl 5 JSa (¢

sdand) 48y yha g Jalail) g 4y plail) cilad pal) - 3-3

4_'5&_);‘H.q_.aﬂ\jd_)hﬂta_)&meuy@egﬂ\g%ijjgﬁg)u\@\Jﬂ\)@
aliall A oy Gl (Jdatill clilee (a0 0S0 La Jocadl ) J g o) S LeDIA
sl araaill ) Jsmasll i JS o dadl gl Jlaall agaady o s JS G Al iy

Apsliall Jeall 45, jla 5 aY

Al aal) il LAY 4-3

Clagnid o) ya) oa Sl g g e g avamaiy aldll o 4 50U A leal) il jLsia¥) aal e
M\M}@};‘\bw\uwuﬂj cL@yJL@M\y}L@mB}JMMLJﬂ]
Glaed g alaely A il 8 GLASL) g8 Jany @l1D 21 5 el aa gl A i) 4 il

Lgale G 50U 4 i) clia sad Jard a8 gl ol (e A paiusall el 220 5 ¢ 5 50

-0 Gl LAY sl (e Lealiag ‘;ﬂ\ G.:a\:\ﬂ\ ?M (s

e il ulall ezl jlafey el e Lgale dadl gl Jlae S A il Janitsd jlaie
Al g 5 o adiag Al 5 Apaliiuy) dpuladl () jasdl

25



Sy Caa gl Gl Jadl)

s el Jlaall 5.3

—ie b o) (lglaail i) e iy g Ll e 53 i) (5 5l A sane o Jlaa)
Jaa) il dlee 8 U 6 0¥ ddle 480 Lln angy Jlaa¥) e ) 5 Baad iy
) G s Joaail) a8 abina) Aol iy) paaliall SLEY) areaill e Ll ey
(1-3) JS-l 5 cama Jalaill A58 5 L) e o8l it sas e Jaa¥loda o dea JS
(siall (8 Jlaall JEGl 44 pa oy

-2 Alls Lada () e B jigall Jlaal) cisiaall (Sang

: Wiy «(Main Loads ) dsui ) Jaalitlv’
.(Dead Loads —DL ) 4wl Jlea¥) -)
{(Live Load —LL ) &=l Jueay) ¥
Al Jlaayloy
-1 (Secondary Loads ) (3udiball s ) 4438 Jaalilv’

)=l il el aa aill gl Al Glall e il QLS e Jai
sl Jal b 5855 JNA (e eV cpay b Al aiady Gl A il sl scaa )

P
Span 1 e

Column

Span 3

Jlealy) Juaml ; (1-3) sl

26




Sy Caa sl Gl Jaadll

s Al Jlaa¥) 1-5-3

Cating e o 3sVLS (Apilall ge) Al aliall o35 oo Ladhy Aadlil) Jlaal) a
A JlaaYl ol viatg (g gd AW, aliall o 5l of Ll A G ol 5 Y1 o) o Lge) gil
Oloralla il o838y 83 a A (598 e AUl il (5 581 ol ¢ iaall (e ol s
maalinll 8 Laddi el ) sl ClEUES 5 alasl DA (e JlaaVl 028 38 jra iy g Slie dgalii )
ALy
5 el 0 as g danat ) A5l alS Losal A glal) ol 551 Cay el 138 paa Jaa
o—inall A gdard 8 daadial) 5 jlaall 5o 3eall ol e g ccilia Y1 Jlacl 5 da Jlall Gl jaall
A gall JSV e il LAY i g3 (1 -3 ) Jsaall s A sanall 539 53 sl 5 ez il (s

,‘"_,,_'mj‘Y\ 6 sall s Jlaa¥l 2 € Caa deadiid)

ALY ealiall 8 deadidl) ol pall de i) AU s (1 -3) Ison

4 5il) ABESY (Weight) (KN/m®) salli(Material) i) oB
24 L\(Tile) ]
4iien) 45 sall(Mortar)
Je_lI(Sand)

¢ siall i) o shll(Hollow Block)
4aludl 4l All( Reinforced Concrete)
4alal) Al All(Concrete)
5_ladll (Plaster)

( a<kall) 4 53YI(Backfill )

-2 daal) Jlaal) 2-5-3

b

PV laniwl 5l i alinall @V laniwl aSay calel i) 540y Lgd (a3l JaaY)
(2 -3) Jsaadls ¢ S samill Jlaals 338 pall gde jgall Jlaal¥lelld 8Ly lgias 3a
2\,3;3\ dLA;Y\ O

-1 (JUlS Ledsial (Say

Land) e i a3l i) Leae Wiy a3 3eaY) Jie &Sl Jlaal ()

27



Sy Caa gl

S Jasl)

A O gall g Aidiall yee ASEEWY) YY) s Al 1S B jeall
e Ml gl gl 8 D i) alaat ) DAL Ca Bia s s ala 31 Jaal (7

Aaladl e &l 5 eyl

ol Jte Lodinall 35 A ds ya 883 5 50 () 5-S3 i) Jlaa¥) a2 iil) Jlaal (€
) Sl g diall

Aoall Jla) (2 -3) dsaa

SAadalt g AL S T Fd

F R Eis B L o S ey
e
5 “al S JN asvh - PO
e Slas S S LI S | A A
A fs g s plat 4o , b SO cta=— U, Aadach
7.0 =
A10) & & Y A e By SATIN REFEY N
FAEN . e SI24 S S O SAJSSN
7.0 _u-_‘n..;:_,.'_‘_;"'-
A65) .+
T R Al A ez
80 .
g
A Al D, oA
45 S0 -t . Sy .5
A ol L AN,
2.0 s0 —t D Ay B A
ety maml AT
- *» £
36 S0 2slie J93 Py fiadly
A0
R
as 3o A gty et
——
e S
a7 a0 P L Py L DY
A e SN

—o i) Jlaal) 3-5-3

Az W) @l gl Jleal s o Bl Jlaad Jaiiiy Al ol gl e Aailll Jaal

ol Jealy | adisall 5 jlaidl il e s e Yiaal jiad Jlaa¥) sda 5 iy il Jlaal
a1 50090 s Cumy Lggal &8 ) Aalwall 3o 5 o 2 atady coladVI 85 ke () 5K
o Jeaa¥loda aaai 8l gle o diny il 5 alially s gaalll #L il de ya 2 aaiy 4y el
N ALY el 138 Al sy Adapmal) i e wailly Al ga g ¢ iaall g L&Y 5 eyl

& sl ddle Ll s Al dalse

-2 ol Jlaal 1-3-5-3

28



Sy Caa gl Gl Jadl)

~:(3-3) i Jsaall pladiuly 5 )Y mhan e gl Y A jae A e Sl Jleal Clas (S

oY) s e el Y1 Bl Jleal 3ad (py (3-3) Jsas

i) o8 (KN /m2)(Snow Loads) zstll Jleal (M) alb (h) oo phw oo Ladal) gl
0 250>h
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h—812.5)/ 250 2500 > h > 1500

- gl Jleal 2-3-5-3

ol de o e alaie W) a3 2l Jleal spasils ¢l e 4380 6 68 S5 Zlll Jlea]
iy ey aibla) Cua (e and ey ()Yl o Liiall gl ) iy s Sl (5 geadll
) sinall 3 s Fage Jlea) oda Cinpal 885 (il ol adi o a8 g 8 dudi Liidll 25a g
Ole sl (pe i ) Basaall bl iy 5 U35 aY) o) sall el gl aladiuY) Cun 3 53Y)

i e lela )

-2 VY Jlaal 3-3-5-3

e L) (e ag e ads8 ) g5y dliall e 55 d @y 4ol ) Jlaal e 3 jlae 4
A3 ed adl) (558 a5 A Y (5 el Lalg o T a e g QLN a5 a B aall ag sl
Gl Jdall dshie o Hlaie V) Cpoen Jea¥ odn a5 (Lbiall 853 5a sall Gadll Gl sy
(UBC-97) alasiul 2ty Cagw Jlaal¥l s agaaily (L1 31 ada s Lgal (o A ilaiall s2a

-0 aaadl) g (ELSY) Jlaal  4-5-3

29



Sy Caa gl Gl Jadl)

SJ\)AJ\QLAJJLJN.;\MM@L&);“Hhﬂ\uﬁb&\}.ﬁmd&u\_ﬁd\_ﬁ;\@}
ol ol Joal b 55 A e e Cpes Jlaal o2 280 a5 il J b DA
sl Jala

Leale a8l gl Jlaay) da slaad saal g saa oS Lae Jant ) 200L0Y) aliall (e de sane cllia
B ua_ﬁ\ Oloaa cc\‘)fﬁ\ 3aacVl c‘))_u;“ 62\:\.11__»:‘);3\ AL}L_LM\ ‘)_.\a\_ud\ 0l o ?__h‘ O—e 9
sl 8 ALY jualiall lauz 5 (3-3)¢(2 - 3) oSl 5 el

ASLEY) paliall apia 8 sy 1(3 - 3) Jsal

30



LYl Caa sl A Joadll

(Al Al ) ) cilaiad) 1-6-3

Jaa¥) s Bt M g8l J & e 3 ol 8l Al sy 5 aliall e b jlae CilaGall
O3 bV g o paalls 5 suwall J e Sl 8 4 Ldall Al syl bl ) Lgale 5 55l
e

o At el e o (53115 a8 ) Al She 5 A Le inen JS 2 Eall
o)W eded b Ladd s A8l gl

-2 (Solid Slabs ) Aieaall cifaial) 1-1-6-3
~tlaa g (el ) g sl 10 aiy

.(One Way Solid Slabs) aalg sladl b Liaaal) cilabal) (9

one way solid slab

main reinforcment

. A;‘J bl;ﬂ.} Alainaa baic (4-3) JS..:J\

(Tow-Way Solid Slabs) ¢saladl & dieaaall cilaial) (¥

two way solid slak>

main reinforcment

et Laas sk +(5-3) JSal

31



LYl Caa sl A Joadll

-: (Ribbed Slabs) 4& jiall ci)tial) 2-1-6-3
- led el ) a8 de il Colaial)
-:(One Way Ribbed Slabs) )5 sladl 3 48 jial) cisial) (1

Al ) gun ol B saune L sl oS5 8 Clalise ddazi 3 Ledie Chlaall 028 a0
i) e g sl 138 e gy (7-3) JSEI Liagl 5 canl 5 olat) 842 jiall Culaial) peaa gy

Cne vaay rib slab —. Shankage & Temperatuer Bar's —

/
Holiow Block { 17am ) —

alsolad) dde il cilall 1(6 -3) Sl

One-way ribbed slab

Aa) g oladl 842 jiall Cilaiall alagy) 26 2(7-3) JSall

32



LYl Caa sl A Joadll

-: (Tow Way Ribbed Slabs) ol 8 48 jiall cisial) (2

Clilie 565 Lo Lald Lot 5 5S0 claludll Alla 3 22208 aladl L8 42 jad) cliall
el 8 de jiall Claall e 5 (8-3) JSEN 5 cpalad¥l Jlea) Jai Cua oy jlEia  gadl)

Rib (1)

Hollows Block ( 17 em )

Steel Bar's

Two—way nbbed slab

omlatl 8 e e 1(9-3) ULl

: (Flat Plate ) 4atawall cladl) 3-1-6-3

((10-3) JSill 8 mase o LeS 63 pile aac ) o aiind il dlaw ld Gaaladly A3 4
L5 pilie 32ae Y ) Leie Jlaaly) Jais Cua dalatia ja 48y e de ) ge 3aac Y il 1Y) e

33



Sy Caa gl G Jadl

.Flat Plate : (10-3)Jsall

-: (Beams) uswall 2-6-3

Ale A le 5 guadl s diaad) Claall g lac V) (e Jlaa¥) Ji 8 dulad 40000 jualic 4
~1oed Al AN ) gl s dbu A gl o) g5l Gang Glaia g (12-3)¢(11-3) GOSN 5 cdinna g
Baial) £ L)) (5 by Lee L)) ()5S Cumay 33811 JAla il ) suad) (e 3 ke - 13 ) gamsall ) suadl (1

gl e S) e i) () 5Sy (Al ) guad) @5 (e 3 ke -:( Dropped Beam ) dkilull ) suad) (2
sl 5l (Down Stand Beam) (liwdl Gaalai¥l aal A el (oo 2030 ¢ 3all 510 g 333l
(14-3) J8& 8 iy WS oL —section , T-section _swall o3a caus Cusy (Up stand Beam)

.......

cantilaver

— | =
[cantilewer beam
L_bearing beam

sl g g (s (an adata (11-3)JS4

34



LYl Caa sl A Joadll

sl gl sl pand sl 36 U85 (12-3) S

A Gl e DU ) (A seall anding

Al Al AL e il abiead) Liad lggle Lailad) Jhead] Lol o) ol ) gl a5 )
gl

3ee M eVl Jgha Jili5 Y

lgararai (S daliay gt ¢ o JS ¢l 3al () Gl 5l clalisall @l Al Al DL s -
_gabaﬁ\ @Lﬂj‘ﬂw@mﬂ

Jpasll 32ac ¥l 5 ) guuall oy (Frame) <Y Jsria Janl @lld 5 Lgiany @smS{\ by yi o€

Lo ] ol Jpnalds e 0 (13-3) S5 € sl (3 elini¥W) o5 e o 558 Judl e

_ starter bars upper reinforcament upper addtional support reinforcament |/ | ]
- for the next floor N
1 L LI
"‘“.'lv{w“ngu‘lllul]lIH [ | l|||| ||,||H.||}
AR R AR AR | | .‘ I £/
A W
i\ \

I [ 1T I
LT || { I I | | |

14 | IR Y I | |
LI L A | UL S =

R——— - = =4/

NP ',‘ g
baam stirups " end of ‘short’ beam-span rebiar /,
iower reinforcemant f =

end of beam-span rebar

el bl Gl £(13-3) 0220

35



Y Caa gl

S Jasl)

3 gauall g AdaBlLl) ) guall 1(14-3) JSil

-: (Columns) 3=¥) 3-6-3
(Dl Ll ) guadl g laial) (e Jlaa¥) J8 (8 i ) eainll saac ) e
O5S Cuns Lpasanal aag AN (el iy Jaal) J8 (A (g PLi) eaie 68 Sl
O s e oed 3ae Y gl ) Al dgale Aadl 5l Jlea) st 5 J e 3,08
c_LAAS‘ 9 (é).l‘.ﬂ\ E Jalatieall Leia 3 e d\&&\ 32acY) &L\s.d} cﬁ,uﬂ\ Bm%’\j a).uasj\ 3ac )
Apila Al Lgiad deadinal) salall dapde s (e 3aee DU AT Cagial @llia g S yall 5 aasall
Al il 3aae V) G lecl) Jaualds o 3 (16-3) JSall 5 cdgadall g daeall g
G sa La Lgiad JSAN G (e de gile gd anall 138 8 Aeainaal) 3aee V) ) dsilly Wl

Baec ) adalia (e dae (15 -3) S G s S Alilaiine (5530 5

g g R ' .
11 1 !

| SA275577 | 1 \ ,/ - ]
e Y (e dilise g1 53 akalia :(15-3) dSﬁJ\

36



Sy Caa gl Gl Jadl)

st et

|
! I L p—
r v area =
| | soar
| i -
L 4 " 4
b3 T N
| P = B
i NS K
| EE
| 4
4
4

Ly
* "

le=all
Ser 2508/10

A i1l 5 Ary yall saee Y (8 elil) Jaualii £(16-3) JSAl

-: (Shear Wall ) uall ¢ 2> 4-6-3

Ao glial ol JS8 axaiin s Leale 28151 A388Y) 5 40 el (5 8 &5 Alals A0lis) pualic a
3 ool sda s o(shear wall) g=dl) s oantis I3V 2LV 8 Jie 4@Y) JaY)

@
(17-3) JSal 8 oy LS (A8Y) (5 8l A glia o LeieliS (o 3 3 i 3l (g (il

1aY) Al daslia o Jani WS Leal) A ssial dand 1 o) 559 daat e o)) jaadl ol Jasi
G A glill 38 e o Adlasall (5583 (Gl Ble ) e ae cpaladl) 8 W 68 cangy g Liiall Ll ety A
S Lo B aall JEI S s g olail IS 3 il ) o 41K

s 58l e sliall ) Gl s e W JiT5 o sall A58 Q5 ol aied ZES 0l el eda S5 o)
LS il bl Ga o il seladl 0y g ol a0l s Ol el iy Y
(18-3) sl

37



S Jasl)

o AR RS s
~ 1T

-

il ¢ laad bl Jaalds 1(17-3) J<a

-: (Expansion Joints) il Jual s 5-6-3

s 20 Jual s dualall g lia 81 5 JSEY) iy i 5 Sl 48Y) alag¥) 3 il JiS 3 23
VSN JladY a slaaS Lt Hal ciliiiall Jidas vie 5 Tae aajall Jual sdll ()55 885 dagaa Jucal 8

Lo Aalal) Claa il 5 el 33V (any Jaal 5l o3gd 5 il 3150 Jal gilly (ol gal) o3 e
@ sball bl a5 A Jaal sl 038 Jua o e Liinall 4S8 5 ) ja 200 Jual 8 aladial sy

sdlaic ) aila 138 51 31 40 (e ST Liiall (i pe S 13 2aaill Juald auza g 2y saladl 5 clgd) 3ia) 50
,a\.’éﬁ.\lﬁ&jaﬂa\lbgqyoiQjaaﬂgmcwgﬂm}‘t})&d\g

38



Sy Caa gl Gl Jadl)

(2.5-5cm) on daldl e 5SS S
-: (Foundations) clulud) 6-6-3

Oe sl ol Lgapanal o V) (Ll oLy die s fag L Jsf o lulal) of e a2l
all AP jualiall C Ja gl dala bl et s o all (8 A0LEY) jualial) DS aaal
& ysmeall J J855 5aal) e Zad) gl Jlaa¥) ol clgile Zadl gl Jlaa¥Wls o)) 5531 48 jaad s ¢ ,Y1
Lal 5 aall dpall Jlan¥) Jand e Jg3mme sl S0 5 2 (I il (W1 il 5 5 ) )
o2 OsSis el Jals Al Jlaa¥) Laail s Y30 z 5Bl 5 #L) e daslill ASaliall Jlaay)
& 55 2an3 Al a8 sall drgada g Lgale dad) gl Jlaa¥) e el g el el Juall & Jleal)
b e L 050 38 Ll ddline o)l (e bl aladinl a8 giall (e s cdandial i)
0588 OIS s 33 58 & 53 13 5 (Shallow Foundation) sl Gl s s oY)
Bomas 5l Add clulal ol (19-3) IS 8 LS dliadio ao ) 8l cilulud i dday 5 ae ) 8 il

Aladiall Glulul) ol Jualii 1(19-3) sl

S e s sl oo @Y Adaal) Bl ik ) Ll Jlead Ja A 1l JA0s e K6 S

Leall ¢ salll 2 Cus (Deep Foundation)gsesl ouball ¢ sill 138 ey dang )i 48y ylay Cilalal)

GIa) ) e salll 5 AN ()Y mlas e il Gaslill Aalla Ak e Jgeasl) e Laie
Al A1 a5 W) Jie Guadill Alliall mdadl e Jseaall s € Glaed ) 4 53l

39



Sy Caa gl Gl Jadl)

_compostt element |

(sl (b Ll ) sl Gamy ety a1 D JS£(20-3) JS
Aaiiall Clulull e dilise £ 5Y mdudll daa a3 55 488 muia g &5 (19-3) JSal b
Lgalasin) oy 1)) Adlisdd) Clulal) o) 5l G adalia e sy dlea¥) 36 (e 5 5Le(20-3) JSill
wtaall A

-:(Stairs) g/, 7-6-3

8 ikl Gl JEY) e Jasaal ALY 5 g lexall yuaiall (e 5 e z1aY)

o) Al g chas) gl A all gl ) Jiad 3 ysua cleld ) ) Guldall o6 ) 4 oy Cua )

slal e de e gl s IS Lie 5 e 8 Lealadind ai5 canl g oladl 8 ddanaa 3ake o jliiely Ll
T G ) Jaaldli a3 (21-3) S ¢ 5 pial)

40



Sy Caa gl Gl Jadl)

bl Jaalii ) A8LaYU = 5l 8 s g8 adaie 1(21-3) JSE
-: (Retaining walls) 4wy o) j2ah 8-6-3

O Jstad o grzn (e Gl il 138 (e iy Los Ledla (2l olall g ol il dnatl Jail gl o2 33
Aol Jlead 4 glial dpaliiny) () jaadl aaai s ¢ laadl 1aa & a3 of (s

e g5l b a5 Ganll e ol dgalall sl dabiall Dl Al e alEaY) Gl aall 2 o) Say
s leia s (22-3) JSall 8 LS dpaliiny) o)) saal)
(gravity walls) W) (e adiad Al dpdlall s @

. (cantilever walls) 4 sisll ol sl o

.(braced walls) 4ecxe &) j2> @

DIFFERENT TYPES OF RETAINING WALL

Gravity wall Piling wall Cantilever wall Anchored wall

GRAVITY PILING CANTILEVER ANCHORED

i) gl aad) e Adlida gl il £(22-3) Sl

-2 dasiicial) Ay gulad) gl ) 7-3
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Chapter 4 4

Structural Analysis & Design

4-1 Introduction.

4-2 Design method and requirements.
4-3 Determination of Slab Thickness.
4-4 Design of topping.

4-5 Determination of Factored Load
4-6 Design of Rib.

4-7 Design of Beam.

4-8 Design of two way ribbed slab.
4-9 Design of solid slab.

4-10 Design of column.

4-11 Design of stair.

4-12 Design of isolated footing.

4-13 Design of combined footing.
4-14 Design of basement wall.

4-15 Design of shear wall
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4-1 Introduction:-
The project consists of several structural elements that will be designed according to the ACI
code and by using the finite element method using much of computer software such as “ATIR”
and “SAFE” to find the internal forces, deflections and moments for the all structural element in
order to design them.
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 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?®.
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4-2 Design method and requirements:

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

4-2-1 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.

4-2-2 Factored loads:

The factored loads for members in our project are determined by:
Wu=12DL+16LL ACI-code-318-08(9.2.1).

NOTE:

fc'=24 Mpa....(we assumed B300 to be used).
fy=420 Mpa.
fyt=300 Mpa , will be used at design and calculations.

44



4-3 Determination of Slab Thickness :-
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Figure (4-1): Ground Floor Slab.

According to ACI-Code-318-05, the minimum thickness of non prestressed beams or one
way slabs unless deflections are computed as follow:

hmin for one-end continuous = L/18.5

=615/18.5=33.2

hmin for both-end continuous = L/21

=545/21 = 29.7
The controller slab thickness is 33.2 cm.

Select Slab thickness h= 35cm with block 27 cm & Topping 8cm.

Figure (4-2): section in one way ribbed slab.
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4-4 Design of Topping:-
Dead load of topping :

Table (4 — 1) Calculation of the total dead load for topping.

Dead load from: Sxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Topping 0.08x25x%1 2
Interior partitions 1.5x1 1.5
> 6.04

Live Load = 5 KN/m?. (for College)
qu=12DL+16LL
=1.2*6.04 + 1.6 * 5 = 15.25 KN/m?. (Total Factored Load)

Statically system for topping :

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

ribs .

Figure (4-3): system for topping.

Mu = WU*L?/12 = 15.25*0.4%/12
=0.2 KN.m.
Mn = 0.42/ (fc")* b * h? /6
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* 2
= 0.42 ﬂ*w — 2.19KN.m .

¢*Mn=0.55*2.19 =1.2KN.m.
d*Mn=1.2>Mu=0.21 KN.m.

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided according ACI 10.5.4.

For the shrinkage and temperature reinforcement:-
p =0.0018

As = 0.0018*1000*80 = 144 mm?/m.

Try bars ®8 with As=50.27 mmZ.

Bar number n=144/50.27 = 2.87.

Take 3 ®8/m with As= 150.8 mm?/m strip or ®8@300 mm in both direction.

But maximum step is the smallest of:-

1- 3h=3*80= 240mm. (control)

2- 450 mm.

3- 380*280/(2*420/3)-2.5*20= 330 mm.
300*280/(2*420/3)= 300 mm.

Take®8 @200 mm in both direction.

4-5 Determination of factored Load :-

4-5-1 Determination of Dead load:-

3cm tile
2c¢m mortar

10cm sand

2c¢cm Plaster

Ribbed Slab

Figure (4-4): section in one way ribbed slab.

Take the unit width (be) = 0.12+0.4=0.52 m.

e
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Table (4 — 2) Calculation of the total dead load for one way rib slab.

Dead load from: dxyx1 KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.03*0.52*22 0.343
Coarse sand 0.07*0.52*17 0.619
Topping 0.08*0.52*25 1.04
RC Rib 0.12*0.27*25 0.81
Block 0.4*%0.27*9 0.972
Plaster 0.03*0.52*22 0.343
Interior partitions 1.5*%0.52 0.78
D 5.27

Nominal Total Dead Load =5.27 KN/m of rib.

Nominal Total live load =5 * 0.52 = 2.6kN/m of rib.

4-5-2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*5.27 = 6.32 KN/m.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m.

4-6 Design of Rib 0-13

Geometry Units:meter,.cm

A A

3.85 .0.8 \ 5.45 ) 0.8 \
T

6.15

465 C 6.25

6.8

Figure (4-5): Rib 0-13 geometry.
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Loading

Toad group no. 1
Dead load - Service

Units:kN,meter

[E L[ [l T ] T T [ [ [T fl []

Figure (4-6) : loading of Rib 0-13.

Moment/Shear Units kN meter

Envelope (Factored)

menis:
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133 7%
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41.
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Figure (4-7) : Moment Envelop of rib 0-13.
S
[ _Shear
-37.8
- -29.3
8.3
14.1 17.9
25.4 24.
3.4 35.8
43.2
Reactions
Factored
i T T i T T i T T I[ T LI |
DeadR 7.25 26.59 33. 48.31 17.03
LiveR 6.87 21.28 26.41 32.69 12.29
Max R 14.12 47.86 59.4 81. 29.32
Min R 5.14 30.8 38.39 61.01 156.94
Service
DeadR 6.04 22.16 27.5 40.26 14.19
LiveR 4.3 13.3 16.5 20.43 7.68
Max R 10.34 35.45 44, 60.69 21.87
Min R 4.73 24.79 30.87 48.19 13.51

Figure (4-8) : Shear Envelop of rib 0-13.
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4-6-1 Design of flexure :-

4-6-1-1 Design of Positive moment of rib 0-13 :-
1- Span 1

->Mu =41 KN.m

assume @12 for main positive moment
d=350-20-10-12/2

d=314 mm.

The effective flange width (be), according to ACI 8.12.2 is the smallest of:

be <=center to center spacing between adjacent beams = 400+120 =520 mm.

be <=(shortest clear span/4) = 2.55*1000 \4 = 637.5 mm.

be <=bw + 16 hf = 16 * 80 +120 = 1400mm.

be =520 mm.

Check if a > h; for the maximum positive moment in all spans .

¢ *Mnf (max) =0.9*.85* fc"*b*hf (d —hf /2)

¢ *Mnf (max) =0.9*0.85*24*0.08*0.52*(0.314-0.08\2) =187.66 KN.m.
¢ *Mn > Mu

187.66 > 41

—The section will be designed as rectangular section.

Mn=41/09= 4556 kN.m.
fy 420

m = - = = 20.59.
0.85* fc 0.85*24 2059
45.56*10°
anb'l/lgzz 256710 =0.894 Mpa
520*(314)*

1 2mRn
==01- [1-
p m( fy )

(control)
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. 1 . \/ 2(0.894)(20.59)): 0.00218

20.59 420

As = 0.00218 (520) (314) = 354.8mm*

As. = %(bw)(d) ~ (bw)(d) .................... (ACI —10.5.1)

Check for Asmin:-
. =2 (120Y314) L4 (120)(314)
4(420) 420
As,;, =109.53<125.2
As . =125.2mm?

354.8mm°> As, =125.2mm’

use 2 @16 with As provide= 402.1 mm’
d=350-20-10-16/2 = 312 mm.

Chick for yielding

Tension = compression
As*fy=085*fc'*b*a

402.1*420=0.85*24*520*a
a=159 mm
a 159
"B, 085
. =312—18.7
* 18.7
g, =0.047>0.005

=18.7mm

X0.003

Strain is Ok.
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2- Span 2

—->Mu =20.5 KN.m

d=350-20-10-12/2

d=314 mm

—and the section will be designed as rectangular section according to maximum Mu.

Mn =20.5/0.9=22.78 kN.m

_fy 420

m = - = =
0.85* fc 0.85*24 2039,

*1NE
Mn _ 22.78%10° _ ., Mpa

RN = % d? ~ 520%(314)°

2mRn
fy

1 ‘. \/1_ 2(0.444)(20.59)
20.59 420

1
p= (- [1- 50

) = 0.00107

p

As = 0.00107 (520) (314) = 174.66 mm?> As,, =125.2mm>

use 2 @12 with Aspro= 226.2 mm’
Check for yielding

d=314.

Tension = compression
As*fy=085*fc' *b*a

226.2*420=0.85*24*520*a

a =8.95mm
a 8.95
c=—"=____=10.53mm
B, 0.85
6 = 314-10.53 X0.003
10.53

e, =0.086 > 0.005

Strain is Ok .
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3- Span 3

->Mu =13.3 KN.m

d=314.

— and the section will be designed as rectangular section according to maximum Mu

Mn=13.3/0.9 = 1478 kN.m
_fy 420

m = - = =20.59.
085%fc ~ 0g5r2a 0%
Mn  14.78*10°
=——= —  ——_=0.286 Mpa
RN = 5%d? = 520%(314)° P
1 2mRn
p=—(1- [1-=27)
m fy
. (1_\/1_( 2(0.286)(2059)  _ o 10cgq
20.59 420

As = 0.000686 (520) (314) = 112.33mm?*< As_, =125.2mm?

Take As = Asmin =126 mm?.

use 2 @10 with Aspro= 157.1mm’ .

Check for yielding

Tension = compression
As*fy=085*fc’ *b*a

157.1*420=0.85*24*520*a
a=6.22 mm

o2 _622

B, 0.85

~ 314-7.32

&7 732
g, =0.126 > 0.005

=7.32mm

X0.003

Strain is Ok.
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Span 4
->Mu =9.5 KN.m.
d = 350-20-10-12/2
=314 mm
— and the section will be designed as rectangular section according to maximum Mu

Mn=95/0.9=10.56 kN.m

_ fy 420

m = - = =
0.85* fc 0.85*24 20.59.

10.56*10°
Mn__ 105610 = 0.286 Mpa

RN = p=d? ~ 520%(314)

2mRn
fy

1 \/1_ 2(0.286)(20.59)

1
p=r@-y1- )

) =0.000686

-—— (1-
P= 5059 ¢ 420

As = 0.000686 (520) (314) = 112.33mm?* < As_, =125.2mm?

Take As = As min =126 mm”.
use 2 @10 with As pro= 157.1mm’ .
Check for yielding

Tension = compression
As*fy=085*fc*b*a

157.1*420=0.85*24*520*a
a=6.22 mm
o _622
B, 0.85

~ 314-7.32

&= 730
g, =0.126 > 0.005

=7.32mm

X0.003

Strain is Ok.
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4-6-1-2 Design of Negative moment of rib 13:-
support 1

->Mu =37.1 KN.m

assume bars of ®12 for main reinforcement.

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

Mn=37.1/0.9 =412 kN.m
_fy 420

m = - = = 20.59.
085%fc ~ 085%24 0>
o M momiot
b*d?  120*(314)F P
1 2mRn

p=—(1- [1- )
m fy

p=0.0093

As = 0.0093*120 * 314 = 350.42 mm? .

Take 2 @ 16 with Asprov :402.1mm2

Check for yielding
d=350-20-10-16/2
=312 mm.

Tension = compression
As*fy=0.85*fc'*b*a

402.1*420=0.85*24*120*a
o= 68.99 mm

a  68.99
B, 0.85

=81.16 mm

~312-81.16

€= X0.003
81.16

e, =0.0085>0.005

Strain is Ok.
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Supprt 2
->Mu =18.1 KN.m
assume bars of @12 for main reinforcement.
d =350-20-10-12/2
=314 mm

Mn=18.1/0.9=20.1 kN.m
: fy 420

m = - = = .
0.85* fc 0.85*24 2059

M 1%
_ Mn o 2006106 o
b*d?  120*(314)

1 . |, 2mRn
p= Wfl(fy )

20.59 420

Rn

=125.2mm’

As =0.00423 (120) (314) = 159.46 mm® > As
Take 2 ®12 with As pro=226.2 mm?.
Check for yielding

Tension = compression
As*fy=085*fc*b*a

226.2*420=0.85*24*120*a
a=38.8mm

a_388

= =45.66mm
B, 0.85

Cc=
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6, = 314-4566 4 493
45.66
e, =0.0176 > 0.005

Strain is Ok .

Supprt 3
—->Mu =10.4 KN.m

Mn =10.4/0.9=11.56 kN.m

m = fy = 420 = 20.59
0.85*fc  0.85*24
Mn  11.56*10°
Rn = = =0.971 M
"Z b*d? T 120* (314)° ba
p= ——(1- \/ 1 — 22D@059) 3 50237
20.59 420

As = 0.00237 (120) (314) = 89.56 mm? < As,, =125.2mm’

Take Asmin and use 2 @10 with Aspro=157.1mm’ .
Check for yielding

Tension = compression

As*fy=0.85*fc'*b*a

157.1*%420 = 0.85*24*120* a

a =26.95mm
a 26.95

c=" =—___ =3172mm
B, 0.85

6 = 314 -31.72 X0.003

31.72
e, =0.027 > 0.005
Strain is Ok.
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4-6-2 Design of shear of rib 0-13 :-

The maximum shear force at the distance d from the face of support is Vu= 35.8 KN.

Take this for all spans of the rib.

D Ve=1.1%D* —V;wa*d

24

=11* 0.75* 6 *120*312/1000 = 25.22 KN

® Vs min > 0.75 (i) *pw*d =0.75% ?%)*0.12 *0,312 *1000= 9.36 KN. (control)

O Vsmin >075 ( Y2&*bw*d) = 0.75 * Y24 *0.12*0.312*1000 = 8.6 KN.
16 16

@ Vs'= 075 ( Y24 *bw*d) = 0.75 * ¥24 *0.12*0.312*1000 = 45.85 KN.
3 3

Check for items:-
1- Vu<® Vce/2
358 < 126 (X))
2- ®Ve/2<Vusd Ve
126 <358 < 2522 ( X )
3- ®Vec<Vu<d Ve + d Vsmin
2522 <35.8< 2522+ 9.36
25.22<35.8< 34.58 ( X))
4- ®Vc+dVsmin<Vu< ®Vc+d Vs
34,58 < 35.8 < 25.22+45.85
34.58 < 35.8<71.07

Case 4 satisfy
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Use stirrups U-shape (double leg stirrups), 2 @ 8 with Av=100.5mm?.
Take fyt=300 Mpa

Vs=Vu/ ® -Vc

Vs= 35.8/0.75 - 25.22/0.75 = 14.11 KN.

Av/ s = Vs/(fyt * d)

100.5/s = 14.11/300*312 - s =666.68 mm

Smax < d/2 156 mm (control).

<600 m.

Take 2 ®8 @ 150mm for 100 cm after the critical section , and @8 @300 mm at the middle.
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4-7 Design of Beam(0-44) :-

We obtain the envelop from Attir for beam 0-44 as the following:-

88 89 90 SwW
span 1 span 2 span 3
A 1 i :|
- LT
A A A
0.25 2.88 04 5.2 0.4 3.05 0.2
= — — H
3.2 5.6 3.35
I 1 | ]
I T T 1
35,
50.
AA
Figure (4-9) : Beam Geometry.
Toad group no. 1
Dead load - Service Units:kN,meter
420 4.20 4.90
32 56 3.35
Live load - Service Load factors: 1.20,1.20/1.60,0.00
250 2.50 2.50
32 56 335
Figure (4-10) : Load of beam.
Moment/Shear Envelope (Factored) Units:kN meter
~ Momenfs: spans 1to 3
1.3 11.5
9. . -86 8.8 , 92
/ \
. 1.4,0.97 , . (.36 .
I T 1 r 0.99]
[m T i P |
r\\—/ ' I ! ! l ! \\_—f"/]
0.5 0.5
2 \_/ -
84
0.9 2.24 | 28 . 28 | 2.35 L1
T T T T T T 1

Figure (4-11) : Moment Envelope for Beam
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Shear

-14.2
-11.6 A1.7
-9.1
-5,
>4
‘[i7/ 1 T fl
25
4.5
9.4
16 119
141
Reactions
Factored
=+ bt P 4
IT 1T T T
DeadR 4.54 25.66 26.02 5.01
LiveR 0. 0. 0. 0.
Max R 4,54 25.66 26.02 5.01
Min R 4.54 25.66 26.02 5.01
Service
DeadR 379 21.38 21.68 4.18
LiveR 0. 0. 0. 0.
Max R 379 21.38 21.68 4.18
Min R 379 21.38 21.68 418

Figure (4-12) : Shear Envelope for Beam.

4-7-1 Design of flexure:-

4-7-1-1 Design of Positive moment:-

Assume @ 14 for main reinforcement and @ 10 for stirrups.
Span 1

Mu=2.0KN.m

b,, =50cm
h =35cm
d =350-40-10-14/2 = 293mm.

c=(3/7)d
¢ =(3/7)*293 = 125.6 mm.

a=B*c=0.85*125.6 =106.8 mm .

Mn max = 0.85* fc * a * b * (d- a/2)
= 0.85 * 24 * 0.1068* 0.5 * (0.293 — 0.1068/2)*1000 = 262.1 kN.m.

® Mn max = 0.82 *262.1 = 214.9kN .m
® Mn > 2.0 kKN.m

The section is singly.
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Mn=2.0/0.9=2.22KkN.m

- fy 420 2050
0.85* fc  0.85*24
2.22*10°
Rn Mn =0.052 Mpa

~b*d? 500*(293)?

1 2mRn
p=—(- ,/1— )
m fy

1 \/1— 2(0.052)(20.59)

= (1-
P= 5059 420

) = 0.000124

As = 0.000123 (500) (293) = 180.2 mm?2

_fe 1.4
As. = ) (bw)d)> 5 (610 (ACI —10.5.1)
V24 14
ASiy = m(soo)(zgs) > 4—20(500)(293)

Asmin = 428.67 < 490 mm?

Asmin = 490 mm? (control)

180.2 mm? < 490 mm? .

Take As = Asmin = 490 mm? .

Take 4 ®14 with As provided = 615.8 mm? .
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Check for yielding
Tension = compression
As * fy =0.85 *fc*b * a

615.8*420=0.85*24*500*a
a=25.35mm
._2_2535
B, 0.85
~293-29.8

87 998
g, =0.0265 > 0.005

=29.8mm

X0.003

Strain is Ok .

Check for spacing between bars

S=500-(40*2)-(10%2)-(4*14)/(4-1) =114 > 25mm

So ; Take 4 ®14 with As provide =615.8 mm’

Span 2
- Mu=8.4 KN.m

Assume ®14

d=500-40-10-14/2

=293 mm

Check whether section is singly or doubly :-

>db =14mm
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C= %d= %*293=125.6mm.

a=B*=0.85%*125.6 =106.8 mm .
Mn max = 0.85* fc *a* b * (d- a/2)
=0.85* 24 *0.1068* 0.5 * (0.294 — 0.1068/2)*1000 = 262.1 KN.m
® Mn max = 0.82 *262.1 = 214.9kN .m
® Mn > 8.4 kN.m
The section is singly

Mn =8.4/0.9=9.33 kN.m

o fy 420

m = - = = .
0.85* fc 0.85*24 2039

*108
= bll/l%: M =.0.22 Mpa

Rn 500* (293)°

2mRn
fy

1 2(0.22)(20.59)
__t q. o 2OLeEN0Y) g 000507
P= 5059 ¢ \/ 420 )

1
p= (- [1- =)

As = 0.000527 (500) (293) = 77.16 mm?
77.16 mm? < Asmin =490 mm? .

Take 4 ®14 with As pro=615.8 mm?

Check for yielding
Tension = compression

As * fy =0.85* fc*a*b
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615.8%420=0.85*500*24*a

a=25.35mm
o2 _2535
B, 0.85
~293-29.8

&7 998
g, =0.0265 > 0.005

=29.8mm

X0.003

ok

Check for spacing between bars

S=500-(40*2)-(10*2)-(4*14)/3=114>25mm
>db = 14mm

ok

So; Take 4 ®14 with As pro=615.8 mm’

Span 3
—>Mu=2.5 KN.m

Assume ®14

_ 3 _ 3 ian_
C—7d— 7 293 =125.6 mm.

a=B*=0.85*125.6 =106.8 mm.
Mn max = 0.85* fc *a * b * (d- a/2)
=0.85* 24 *0.1068* 0.5 * (0.293 — 0.1068/2)*1000 = 262.1 KN.m
® Mn max = 0.82 *262.1 = 214.9kN .m
® Mn > 2.5 kN.m

The section is singly

Mn=25/0.9=28KN.m
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_ fy 420

m = - = =
0.85* fc 0.85*24 2059

* 6
_ Mn__ 28710° 065 Mpa
b*d? _ 500*(293)

1 2mRn
=—(@1- [1-
p m( 1/ fy )

1 \/1_ 2(0.065)(20.59)

- (1-
P= 2059 420

Rn

) = 0.00016

As = 0.00016 (500) (293) = 22.79 mm?

22.79 mm? < Asmin = 490 mm? .

Take 4 ®14 with As pro=615.8 mm?

Check for yielding
Tension = compression
As*fy=085*fc* b*a

615.8%420=0.85*500*24*a

a=25.35mm

c_2_2535
B, 0.85

293-29.8
_ 229298 ¢ 003
&7 998

e, =0.0265>0.005

=29.8mm

Check for spacing between bars:
S=500-(40*2)-(10*2)-(4*14)/3=114>25mm

>db = 14mm
ok

Take 4 ®14 with As pro=615.8 mm’
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4-7-1-2 Design of negative moment:-
Support 1
->Mu=9.0 KN.m

Assume @14

3 3

= —d= — * =
C y d y 293 =125.6 mm.

a=B*=0.85*125.6 =106.8 mm ..
Mn max = 0.85* fc * a * b * (d- a/2)
=0.85* 24 * 0.1068* 0.5 * (0.293 — 0.1068/2)*1000 = 262.1 kN.m
® Mn max = 0.82 *262.1 = 214.9kN .
® Mn > 9.0 kKN.m
The section is singly

Mn =9.0/0.9=10 KN.m

fy 420
0.85*fc  0.85*24

m = =20.59

Mn__ 10*10°
b*d?  500%*(293)

Rn = = 0.233 Mpa

2mRn
fy

_ 1 ], 2(0.233)(20.59) | _
P= 5559 (1 \/1 220 ) = 0.00056

1
p= - - )

As = 0.00056 (500) (293) = 81.74 mm?
81.74mm’ < As . =490mm’

Take 4 ®14 with As pro=615.8 mm?
Check for yielding

Tension = compression

As * fy = 0.85 *b*fc*a
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615.8*420=0.85*500*24*a
a=25.35mm
._2_2535
B, 0.85
~293-29.8

&7 998
g, =0.0265 > 0.005

=29.8mm

X0.003

Strain is ok

Check for displacement between bars

S=500-(40*2)-(10*2)-(4*14)/3=114>25mm
>db = 14mm

ok

Take 4 ®14 with As pro=615.8 mm’

Support 2
->Mu=9.2 KN.m

Assume @14
3 3

C= - d= 7 *293 =126 mm .
a=B*c=0.85*125=107.1 mm.
Mn max = 0.85* fc *a* b * (d- a/2)

=0.85*24*0.1071* 0.5 * (0.293 — 0.1071/2) = 262.92 KN.m
® Mn = 0.82 *262.92 = 215.6 kN .m
® Mn> 9.2 kN.m

The section is singly

Mn=9.2/0.9 =10.22 KN.m.

_ fy _ 420
M= 085%fc  0.85%24

=20.59
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o M _ 1022*10°
" b*d” " 500*(293)?

p=0.000575.

As = 0.000575 (500) (293) = 84.21 mm’

84.21mm*<As . =490mm’

Take 4 ®14 with As pro=615.8mm?*

Check for yielding

Tension = compression

As*fy=085* b*a

615.8%420=0.85*500*24*a
a=25.36mm
o 2 _2536
B, 0.85
~293-29.83

8= 2983
g, =0.0265 > 0.005

=29.83mm

X0.003

Check for displacement between bars

S=500-(40*2)-(10*2)-(4*14)/4=86>25mm

= 0.24 Mpa

>db =14 mm

Take 4 ®14 with As pro=615.8mm

4-7-2 Design of beam for shear:-

Vu max at distance d from the face of support =11.7 KN

® Vc = 0.75*sguare(Fc)/6*bw*d.

® Vc =89.4 KN.

® Vc/2 =44.7 KN.

Vumax = 11.7 KN < ® Vc/2 =447 KN .
So no need for shear reinforcement .

Use stirrups (2 leg 10) to connect bars.

Spacing S < d/2=293/2 =164.5mm (control).

<600
Use stirrups (2 leg 8) @100mm.
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4-8 Design of two way ribbed slab :-

]
O ~
00

[

0000000000

100000000000
100000000000
0000000000
100000000000
100000000000
OO

0000000000
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&~ 00000000000

0
o

|~ DO0000000000

Figure (4-13): Two way ribbed slab.

4.8.1 Check the thickness for the two way ribbed slab :-

_ Ibeam
" Islab1l

o1
lp == 0.8+ (0.65)> = 1830833 cm4

Slab section for the internal and external beams:-

Yc= (40*8*4 + 35*12*17.5)/(40*8+35*12) = 11.66 cm.

lip = (52%11.6673)/3 — (40*3.6673/3) + (12*23.343/3) = 77682 cm?2.
In short direction :-

_ 77682 612

Iy = 22582, (T +80 ) = 576639 cm2.

0.52

In long direction :-

a=25 (22480 ) =599794 cm2.

_ 1830833

(X«_
17 576639
_ 1830833

O =
599794

=3.17=o03.
=3.05= Q4 .
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_ X1+o2+o3+c4 _ 12.44
Ofm = 2 =

=311>20.

643 (0.8+ —22

h=——%#%% = 155.6 mm > 90mm.

36+9*(m))

35cm > 15.56¢cm

So select h = 35cm

4.8.2 Load calculation :-

4.8.2.1 Determination of dead load :-

Table (4 — 3) Calculation of the total dead load for two way ribbed slab.

Dead load from: dxyx1 KN

Tiles 0.03*0.52*0.52*23 0.186
Mortar 0.03*0.52*0.52*22 0.178
Coarse sand 0.07*0.52*0.52*17 0.322
Topping 0.08*0.52*0.52*25 0.541

RC Rib 0.12*0.27*25%(0.52+0.4) 0.745
Block 0.4*0.4*0.27*9 0.389
Plaster 0.03*0.52*0.52*22 0.178
Interior partitions 1.5*%0.52*052 0.406

2 2.945

Nominal Total Dead Load = 2.945 KN/RIib.
= 2.945/(0.52%) = 10.9 KN/m?.
Nominal Total live load = 5 KN/m®.

4.8.2.2 Determination of factored dead and live load:-
Factored dead load = 1.2*Dead load = 1.2*10.9 = 13.07 KN/m?.,
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?.
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4.8.3 Design of two way ribbed slab:-

4.8.3.1 Design for positive moment :
La/Ly = 6.12/6.43 = 0.952
Ma+ve=[Cadl.W.La%]
Ma+ve=[0.040x13.07x6.12 ?+0.040x8x6.12°]x0.52= 16.41 KN.m.
Mb+ve=[0.033x13.07x6.43 %+0.033x8%6.43%]x0.52=15 KN.m.

Check 2 ® 16 for positive moment for both direction and stirrups ®10 :
d=350-20-10-16 =306 mm
Tension = Compression

A, x fy=0.85x f xbxa
402x420=0.85x24x520x a
a=15.920mm

c=22 _1573

085

_ 306-18.73

& % 0.003 = 0.046 > 0.005...0k
18.73

O Mn=As*fy*(d-al2)

= 0.9%2* 201 * 10"°*420 *( 0.306 — 0.01592/2) *1000=45.29 KN.m.
® Mn =45.29 > Mu = 16.41.
Ok ...

By using the table in ACI .... The value of negative moment at case 1 =0
So use 2912 at supports .

2T16 L=7.50B.B

Figure (4-14): Reinforcement of two way
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4.8.3.2: findVuonrib : -
The total load on the panel being = 6.12*6.43*13.07=829.14 KN.
The load per rib at face of the long panel = 0.45*829.14*0.52/2*6.43=15.1 KN
Vud =15.1-(21.07*0.52*0.306) =11.75KN.

e = 0'—675*1.1\@ %120 x 306 *10"—3 = 24.73KN.

0.5¢Vc =12.36 KN
Vud < 0.5¢Vc =12.36 KN .... Item 1.

No need for shear reinforcement.
But we use stirrups at minimum to connect the bars
Thenuse2®d 10 @ 25 cm c/c.

4-9 Design of one way solid slab :-

1
\J i |
1 o
— 21 21 S
] | e
p
| ToEES I=S TE.  J Tyoegs 1L=S T.B. |
500 f i S50
T10825 1 =S RBE Ti08Ls | =5 RE
500 500
> B2

Ivi

1 'Td 029911

174
'L e8'i=1 sealll

£8L

o
|| ol =41

Figure (4-15):0ne way solid slab.

Minimum thickness according the code ACI 318 =L/28=7/28= 25 cm .
Take slab thickness = 25 cm.
Assume bar diameter ® 16 for main reinforcement.

d=250-20-16/2= 222 mm.
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4.9.1 Load calculation :-

Table (4 — 4) Calculation of the total dead load for one meter strip slab.

Dead load from: OXyx1 KN/m
Tiles 0.03*23 0.69
Mortar 0.03 *22 0.66
Coarse sand 0.07*17 1.19
RC slab 0.25*25 6.25
plaster 0.02*22 0.44
Interior partitions 1.5

Y 10.73

Dead load for one meter strip of slab DL=10.73 KN/m.

live load for one meter strip of slab LL=5*1 =5 KN/m.

By using Attir program :

Geomelry Units meter.cm
1 2
1
A
1 I
S| A e
0.5 b.42 0.5

6.92

25

100.
A-A

Figure (4-16) : slab geometry.
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Toad group no. 1
Dead load - Service Units:kN,meter

6.92

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

6.92

Figure (4-17) : slab load.

~_Moments:  spans 1fo 1

| 3.45 125. 3.46 \
T 1

-72.2
-63.

63.
72.2

Figure (4-18) : moment and shear envelop.

4.9.2 Check whether thickness is adequate for shear :-

Vu max =63 KN/ 1 m strip.
Ve = 1*y/24 *1000%222*107%/6 = 181.26 KN / 1 m strip.

®dVce=0.75*181.26 = 136 KN/1m strip.

0.5dVc=0.5* 0.75*181.26 = 68 KN/1m strip.

Vumax =63 KN < 0.50Vc=68 KN

The thickness of slab is adequate enough.
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4.9.3 slab design for positive moment :-

Mu =125 KN.m.

Mn=Mu/® = 125/0.9= 139 KN.m/m.

Assume bar diameter 16 for main reinforcement.

d=250-20-16/2= 222 mm.

Rn= (139)*10° /(1000%222° ) = 2.82 MPa

m= 420/(0.85 *24) = 20.59 .

- 1 (1- \/1 _ 2%2.8220.59 ) 000725,
20.59 420

As = 0.00725 * 1000* 222 = 1609.5 mmZ.
A.Smin = 0.0018*1000*250 = 450 mm? /m
As>Asmin.

n=As/As®16 = 8 bars.

Or take ®16 @ 12.5 cm.

Uses 16 @ 12.5cm c/c

Step (s) is the smallest of :-

1- 3h=3*250=750mm.
2- 450mm.
3- 380*280/(2*240/3)-2.5*20= 330mm.

300*280/(2*420/3)=300....... control.
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4-10 Design of column :-

AT
=[N

i T AT i
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Figure (4-19): location of column 85.

For (C85) :-
p, = 2680KN.
Use dimension of C85 :- 40x55cm

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

R: radius of gyration=0.3 h = \/,IA:

Lu=3.65 m

M1/M2 =1

K=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be permitted to
be taken as 1.0.

4.10.1 Check for slenderness:

In 55 cm —Direction :-

K gy oML ACI —(10.12.2)
r M2

1x3.65 _ 21.8 <22

0.4x0.55

. short Coloumn in 0.55Direction.
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In 40 cm —Direction:-

Lu=3.65 m

M1/M2 =1

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

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

1x3.65

0.3x0.4

..long Coloumn in 0.4.Direction

=30.4>22

E |
El =04—°% ... [ACI318—-2002 (Eg. 10-15)]
1+ B,

E, = 4700,/ fc' = 4700*+/24 = 23025Mpa
_1.2DL  1.2(1417)

= 0.634.
Fa="py 2680
*h3 * 3
l, = b*h” _ 550%400° _ ; g33+10ngmme.
12 12
£y - 04723025%2.933 _ cop 2
1+0.634
7*El
Po=—— ACI318 - 2002(Eg. 10—13)
(KLu)
2 %
= 3147716532 _ 1 9047.3kN.
(1.0*3.65)°
M1
Cm :O.6+O.4(m) ............ ACI318-2002(Eqg.10-16)
Cm=1... According to ACI318-2002(10.10.6.4)
5 ——__Cm 510 e ACI318—2002(Eq. 10-12)
1-(Pu/0.75P,

1

5. = =1.41>1 ok.
1—(2680/0.75*12247)

€., =15+0.03*h=15+0.03*400 =27mm=0.027m
=€, X0, =27*1.41=38.07mm.

e 38.07
h

min
~ “min

= =221 _0.095
400
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From Interaction Diagram

Gama=0.7.

i = 2680, 145 =1.76 Ksi
A, 400*550 1000

Py = 0.0109.

A& p * Ag = 0.019%400*550 = 4180 mm?
Use 16® 20 with As = 5026 mm2 > Asreq = 4180 mm?2

4.10.2 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter).............c........ ACI -7.10.5.2
S <48dt (tie bar diameter).
S < Least dimension.

.

T4 25 e I

47 n
55 =
sto@iL=180 " O@UL=6  5i0@70 L=128

Figure (4-20): Reinforcement of column 85.

S <16xd, (Longitudinal bar.diameter) =16 x 2.0 = 23cm.....control.
S <48xd, (tie.bar.diameter) = 48x1.0 = 48cm.

S < Least.dim ension = 40cm

- Use ...¢10@ 20cm.
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4-11 Design of stair :-

Figure (4-21): Stair diagram .

Slope of the stair = tan™ 170/300 = 29.54°
Minimum thickness = hmin=3.0+1.2+0.2/20=22 cm.
Take h=25cm .

4.11.1 : Flight load calculation :-

Table (4 - 5) Calculation of the total dead load for flight.

Dead load from: Sxyx1 KN/m
Tiles 23*0.03*1*(0.17+0.35)/0.3 1.404
Mortar 22*0.02*1*(0.17+0.3)/0.3 0.69
Stair step 25*%1*(0.17+0.3)/(0.3*2) 2.125
RC slab 25*%0.25*1/c0s29.54 7.18

plaster 22*0.03*1/c0s29.54 0.76

> 12.16
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4.11.2 : landing load calculation :-

Table (4 — 6) Calculation of the total dead load for landing.

Dead load from: Sxyx1 KN/m
Tiles 22*%0.03*1 0.66
Mortar 22*0.02*1 0.44
RC slab 25*0.25*1 6.25
plaster 22*0.03*1 0.66
> 8.01

Live load =5 KN/m2.

Total factored load w= 1.2D+1.6L

For flight w=(1.2*12.16)+(1.6*5*1)=22.6 KN/m.
For landing w=(1.2*8.01)+(1.6*5*1)=17.61 KN/m.

4.11.3 : flight load diagram :-

Figure (4-22): flight load diagram .

By using Attir program ; we obtained the reactions at support 1 and support 2 as following:

RA=41.6 KN.
RB=26.2 KN.
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4.11.3.1 : check for shear strength:-

Assume ® 12 for main reinforcement .
d=250-20-12/2=224 mm.

take the maximum shear as the support reaction.
RA=Vu=41.6 KN.

Vc=1*v/24 *1000*224*107 /6 = 182.9KN/ 1 m strip.
@ =0.75 for shear .

dVe=137.2 KN/1m strip.

Vumax =41.6 KN< 0.5 ®Vc=68.6 KN.

So; the thickness of the slab is adequate enough.

4.11.3.2 : Calculate the maximum bending moment and steel reinforcement :-

Mu= 46.61 KN.m

Mn=Mu/® = 46.61/0.9=51.80 KN.m.

Assume bar diameter d12 for main reinforcement.
d=224 mm.

R,= (51.8)*10° / (1000*224% ) = 1.03 MPa

m= 420/(0.85 *24) = 20.59 .

*1.03%20.5
pz;(l_\/l_w)  0.00251.
20.59 420

As = 0.00251 * 1000* 224 = 562.24 mm-.
Aspin = 0.0018*1000*250 = 450mm?* /m
As>Asmin.

Use= 12 @ 20 cm c/c

Step (s) is the smallest of :-

4- 3h=3*250=750mm.
5- 450mm.

6- 380*280/(2*240/3)-2.5*20= 330mm.
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300*280/(2*420/3)=300....... control.

S=200 mm < Smax=300 mm ....0K.

For temperature and shrinkage reinforcement :-

Agmin = 0.0018*1000*250 = 450 mm? /m .

Use= 12 @ 25 cm clc

Step (s) for temperature and shrinkage is the smallest of :-

1- 5*h=5*250=1250 mm .
2- 450 mm ...... control.

S=250mm < Spax= 450 mm .... Ok.

4.11.4 : landing load diagram :-

R B i bﬂ R R - oiooaowb‘ﬁoaoibbo -4 lbfmib«‘auuu»ob
SRS A R PR S - - A‘-- S -

2.40 0.10 2.40

puy

Figure (4-23): landing load diagram .
By using Attir program ; we obtained the reactions at support RA and support RB as following:

RA=66.54 KN.
RB=66.54 KN.

4.11.4.1 : check for shear strength:-

Assume @ 12 for main reinforcement .

Take h=250 mm

d=250-20-12/2=224 mm.

take the maximum shear as the support reaction.
RA=Vu=66.54 KN.

Ve=1*v24 *1000*224*10° /6 = 182.9KN/ 1 m strip.

e
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® =0.75 for shear .
®Vc=137.2 KN/1m strip.
VU max =66.54 KN< 0.5 ®Vc=68.6 KN..... not ok.

So; the thickness of the slab h = 250 mm is adequate enough.

4.11.4.2 : Calculate the maximum bending moment and steel reinforcement :-

Mu= 84.52 KN.m

Mn=Mu/® = 84.52/0.9=94 KN.m.

Assume bar diameter d12 for main reinforcement.
d=224 mm.

Rn= (94)*10° / (1000%224%) = 1.25 MPa

m= 420/(0.85 *24) = 20.59 .

- 1 (1- \/1 _ 2+1.25%20.59 ) = 000307,
20.59 420

As = 0.00307 * 1000* 224 = 842.74 mm>.
A.Smin = 0.0018*1000*250= 540 mm? /m.
As>Asmin.

Use=s 14 @ 15cmc/c

Step (s) is the smallest of :-

7- 3h=3*250=750mm.
8- 450mm.
9- 380*280/(2*240/3)-2.5*20= 330mm.

300%280/(2*420/3)=300....... control.

S=200 mm < 300 mm ....0K.
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For temperature and shrinkage reinforcement :-

Asmin = 0.0018*1000*250 = 540 mm? /m .

Use= 12 @ 20 cm c/c

Step (s) for temperature and shrinkage is the smallest of :-

3- 5*h=5*250=1250 mm .
4- 450 mm ...... control.

S=200 mm <450 mm .... Ok.

= ) (3)p12@20

5)g12@20
i mrz-:’g;g_.:;v:q;a.‘;:h;:s- —HODK 25010020

@
842820 L=510
\(iﬁmo_L_zzo
"8r8@20 L=570
fijd]
46
D - @ y-H00K 2510080
40

Figure (4-24): Reinforcement of stair .
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4-12 Design of isolated footing :-

S 145 P 8016

o 1 S
13012 L=1.75 ,
/ s
| //
= ST r m*
g le (=) gl
}Lf’o,ﬂ ‘
GO I A~ I T B R e DU =
| .60 . *
1.60

Figure (4-25): horizontal plan of isolated footing  Figure (4-26): vertical section of isolated footing

4.12.1 Determination of Loads:

Total services load = 528 KN.

Total factored load = 660.8 KN.

Column Dimensions CO( 61) = 50*30 cm.
Soil density = 19 Kg/cma3.

Allowable soil Pressure = 400 KN/m?.
Assume footing to be about (45 cm) thick.
Footing weight = (25%0.45) = 11.25 KN/m?.
Soil weight above the footing = 2 x 19 = 38 KN/m?.
live load =5 KN/m?

Gatlow(nety =400-11.25-38-5=345.75 KN/m? .

4.12.2 Determination of Footing Area :

Try 1.6 * 1.6 m with area = 2.56m2 > Areq = 1.98 m?

determinate g, = 660.8/2.56
= 258.13 KN/m?
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4.12.3 Determination the depth of footing based on shear strength:
Assume h=45cm .

Take bar ® 20

d = 450-75-20 = 355 mm.

Check for one way shear strength:-

Vu = 258.13*1.6(

1.6 ; 0.3_ 0.355) =121.84KN

#Ve =g+ T b, *a)

pNC = 0.75*%* 24 *1600* 355 = 347.83KN

¢NVc =347.83KN >Vu =121.84KN
. Safe

4.12.4 Check for two way shear action (punching):-

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

oV, =112 |t b.d

6L A4

1l « '
V. =g~ % 12/f. bd
¢ C ¢12(b0/d + j C 0
V. :¢.%\/fc’bod

Where:-

Column Length (a
. = _g ()=@=1.667.
Column Width (b) 30

b, - Perimeter of critical section taken at (d/2) from the loaded area
b, =2(a+d)+2(b+d)=2(600+ 355) + 2(300 + 355) = 3220mm.

s =20 for corner column .

AV =¢,1 1+£ N fC’bod =%*(1+Lj* 24 *3220* 355 =1539.72KN
6 B 6 1.667

c

* ] *
AN =¢-i a,*d +2 W/ f, b,d = 0'75*(20 0'355+2j* 24 *3220* 355 = 1470KN
120 b 12 3.220

0
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oV, = ¢%1/ £'b,d = 0'—375* 24%3220* 355 =1398.61KN

¢V =1398.61KN....control.
V, =258.13(1.6*1.6 — (0.5+0.355)(0.3 + 0.355)) = 516.25KN.

#V. =1398.61KN > vu = 516.25.
Safe.

4.12.5 Design of Bending Moment:
Mu = 258.13*1.6*0.65° / 2 = 87.25KN.m.

Mn 87.25/0.9
Rn = > = >
bd 1.6x355

Mo fy 420
0.85* fc  0.85*24

p:l{l— 1_2><me|’1}
m \/ fy

1 l_\/1_2x20.59x0.4808
20.59 420

ASg, = p*b*d =0.00116 *1600*355 = 658.88 mm”’.

ASgrinkage = 0-0018*b* h = 0.0018*1600 * 450 = 1296mm®.

useAs =1296mm?.
Select ¢12

@ =12.458 — usel3bars.

113.1
ASy. o iges = 1357.2mm?* >1296mm?>.....0k

= 0.4808Mpa.

=20.59

0 ] = 0.00116.

— 1600-75%2-13+12

S 12

=107.83 mm.

Step (s) is the smallest of :

1- 3h=3*450=1350mm.
2- 450 mm ...control

§=107.83 <450 mm ...ok .
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Check for strain :-
A *fy=0.85*fc' *b*a
1357.2*420=0.85*24*1600*a

a=17.46mm.
_ 2 1746 o6 55mm
B, 0.85
g, = 395 =20:5 44 003 = 0.0488.
20.55

&, =0.0488 > 0.005—— ok.

4.12.6 Development Length of main Reinforcement for My, :
0.24fy db= 0.24*420
Jic 24
Ldc(yreq = 0.043xfy xdb = 0.043 x420 x1.6 =28.9 cm.
Ldc()req = 28.9cm < Ldc(yreq=32.9cm=>control
Available Ldc =(450-75-2*12)=35.1 cm.

de(l)req: 1-6: 3290m .

Available Ldc < Ldc req ....ok.

_ 9 B sty
R RECIPN AN TET: R
db

9 420 1+1x0.8
—_— % *
10 1 x+/24 2.5

ldt,eq = * 12 = 296.29 mm.

Ldt available — 1600'500/2'75: 475 m.

4.12.7 Check transfer of load at base of column:
¢.Pn=¢.(0.85fc’Ag)
¢.Pn=0.65*[0.85*24*(500*300)] /1000 =1989KN
But Pu=660.8 < ¢.Pn =1989KN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

89




As,,;, =0.005* Ag =0.005*500*300 = 750mm?.
Use the column bars as a dowels
Select 8®d16.

4-13 Design of combined footing :-

Footing for the column C28 & C29:-
C28 : 40*55 ---D.L.=1890 KN, L.L = 655 KN.

Pul =1.2*1890+1.6*655 = 3316 KN.
C29:40*55 ---D.L = 1765 KN, L.L =750 KN.

Pu2 =1.2*1765+1.6*750 = 3318 KN.
Pu=3316+3318 =6634 KN.
qu = 6634/(2.9%5) = 457.5 KN/m?.
Allowable soil pressure = 400 KN/m?
Ps = 1890+655+1765+750 = 5060 KN.
Distance between the two columns is 3.3 m center to center.
Sum(M) about C28 =0, (1765+750)*3.3 — 5060*X =0
X =1.475 m from CO28.
The pressure under the footing is uniform.
A = Ps/ga,net = 5060/400 = 12.65 m2.
A=L*B
TakeB=5.0m, L =12.65/5.0=2.83m
TakeL=29m.

4.13.1 Determination of footing depth and shear design:

Pul=23216 KN Puz=3318 KN = T.B 15720 L=555 n

‘ I l

40%55cm

40255cm ‘

SZE=1 9LFOE @'L °
1 czZF0Z 8'8

[
i
& GFE

75 .S5 275 LSS A0
| B.B 20416 L=535

qu=ASTSS=2EE7 S K'm

Figure (4-27): vertical section for footing Figure (4-28): detail for the combined footing .
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4.13.1.1 one —way shear design:-

Vu at distance d from the face of support :
Assume h= 70 cm and steel bar ® 20
davg=700- 75-20=605 mm.

@Vc = 0.75 *%*\/f_c’*b xd = 0.75*%*«/ﬁ*2900 + 605 = 1074.41 KN.
At column 28 , Pu1=3316 KN.

\Vu=3316- 457.5*2.9(0.75+0.55+0.605)=788.54 KN.

At column 29 , Pu2=3318 KN.

Vu=3318- 457.5*2.9(0.40+0.55+0.605)= 1055 KN.

@Vc =1074.41 > Vumax=1055 KN .

the thickness h= 70 cm is adequate enough.

4.13.1.2 two —way shear design ( punching shear) :-
At column 28 :

d/2=0.605/2=0.3025m <0.75m.

check for two option :

as interior perimeter bo=2(0.55+0.605)+2(0.40+0.605)=4.32m.

as edge perimeter bo=2(0.75+0.55+0.605/2)+ (0.4+0.605) =4.21 m..... control.

Vu=3316-457.5(0.75+0.55+0.605/2)*(0.40+0.605)=2579.2 KN.

s =30 for edge column .

oV, =g 2142 |t b.d =@*(1+Lj* 24 *4210*605 = 3928.5KN
6" A 6 1.375

c

421

0

* ’ *
AN =¢-é(asb d +2j\/ f. b,d = oizs*(eo 0.605 +2j* 24 * 4210* 605 = 4962.65KN

AN =¢-%\/ fc'bod =O'—;5* 24 *4210*605 = 3201KN

¢V =3201KN....control.
¢V =3201KN > vu = 2579.2KN.

The thickness is adequate.
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At column 29:

d/2=0.605/2=0.3025m <0.4 m.

check for two option :

as interior perimeter bo=2(0.55+0.605)+2(0.40+0.605)=4.32m.

as edge perimeter bo=2(0.4+0.55+0.605/2)+(0.4+0.605) =3.51 m.... control.

Vu=3318-457.5(0.4+0.55+0.605/2)*(0.40+0.605)=2742.12 KN.

s =30 for edge column .

PN = ¢%(1+ ﬂi}l fc, b,d = %*(1+ Lj 24 *3510* 605 = 3191.9KN

: 6 1.375
* 2 *
PN, = qié[“sb I 2}/ f, byd = oigs *(303%'505 + 2)* 24 *3510* 605 = 4662.56KN

AV ¢.%\/ fc'bod = O'—;S* 24 *3510* 605 = 2900.81KN

¢V = 2900.81KN....control.
¢V =2900.81KN > vu = 2742.12KN.

The thickness is adequate.

4.13.2 Design of bending moment:-

Moment/Shear Envelope (Factored) Units:kN meter

Moments:  spans Tfo J

1.02

1.65 14758 1.65 0.68

Figure (4-29): moment envelope for combined footing .
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4.13.2.1 For top reinforcement in the longitudinal direction:
Mu max=1475.8 KN.m.
d=700-75-20-20/2=595mm.

Mn =1475.8/0.9 = 1640 KN.m.

m = fy 420
0.85* fc  0.85*24

=20.59.

* 6
| Mn_ 1600410°
b*d? 2900 (595)

-1 1/-1;4—1(—)2 LO)Z0.99) ' _ 5 0pass.
m 420

Rn

As = 0.00395 (2900) (595) = 4434.53 mm?
ASin=0.0018*b*h=0.0018*2900*700=3654 mm>.

AS > Agmin.

Take 15 & 20 , with Aspro = 4712.4 mm?.

For shrinkage and temperature for bottom reinforcement in the longitudinal direction.
Take 20 & 16 with Aspro = 4021.24 mm? > Agnin .

4.13.2.2 For bottom reinforcement in the short direction:
Take Mu max calculated for column 29 with factored load = 3318 KN.
For column 29 3318/2.9=1144.14 KN.

The maximum moment in the short side at the face of column 29 is

2
(1144.14)*((2.9/2)-(0.4/2)) =1788 KN.m.
d=700-75-20/2= 615 mm.

Mn = 1788/ 0.9 = 1987 kN.m.

m = fy 420
0.85* fc  0.85*24

=20.59.

* 6
| Mn _ 1087H0°
b*d?  3300*(615)

pzl(l- \/4;21'6 20.99) 1 _ 4 0039s.
m 420

Rn
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As = 0.00395(3300) (615) = 8019 mm? .

Asmin=0.0018*b*h=0.0018*3300*700=4158 mm?,
As > Asmin .

Take 20 ® 25, with Aspro = 9817.5 mm>.
For shrinkage and temperature for top reinforcement in the short direction.
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4-14 Design of basement wall :-
4.14.1 Load Calculation:-

y = soil density = 19KN /m3.

@ = angle Ozf internal friction = 25°.
LL=5 KN/m“.

Thickness = 30cm, cover = 4cm .

The design will be for 1m width .

Neglect the axial load, since its low value.

o j

Figure (4-30): Basement wall loading .

ql = soil pressure = Ko * y * h.
q2 = surcharge pressure = Ko * LL.

Ko = soil pressure coef ficient at rest = 1 —sin@.
So,
Ko=1-sin® = 0.5.

KN
ql =0.5%19%4.00 = 38—.
m

KN

Factored Load
qlu = 38 * 1.6 = 60.80 KN /m?

q2u = 2.5%1.6 = 4 KN/m?

95



Moments: spans 1to 1

18 101'1'.4 22

I T

Figure (4-31): envelope moment for basement wall .

Shear

-4

-12.9

L—" 114.2
1377

Figure (4-32): envelope shear for Basement wall.

4.14.2 Design of bending moment of wall :-

Design for positive moment Mu = 107.4 KN.m .
16
d= 300—40—7= 252 mm.

M —Mu—107'4—11933KN

"=09 09 T -

° _Mn*106_119.33*106_188M

=T wdz 10002522 oo MPd
Fy 420

m = 20.59

T 085+ fc 08524

1 1 1 2 Rnxm 1 1 L
= — %k —_— —_— e * J—
P = Fy 20.59

Asreq = pxb*xd =4.70*1073 % 1000 * 252 = 1184.65mm? /m.

2 %1.88 x20.59
420

=4.70%1073
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Asminv = 0.0012 * b * h = 0.0012 * 1000 * 300 = 360 mm?/m.

Je

. V24 2
Asmin for flexture = 0.25 * *bw *d = 0.25 * 220 1000 * 252 = 734.8 mm~ /m.

Asmin for flexture = —*bw *d = * 1000 x 252 = 840mm? /m .... control.

fy 420

For inside wall Select p16@15cm = 1340mm? > 1184.65mm?.

For outside wall Select 12@12.5cm = 904mm? > 840mm?.

4.14.3 Design of shear force :-

d =300—-40—8=252mm

1 1
@Vec = 0.75 *E*,/fc’ *bxd=0.75 *8* V24 x 1000 * 252 = 154.3 KN.
(Ve =154.3) > (Vu = 114.2).

No shear Reinforcement is required and thickness of wall is adequate enough.
But horizontal Reinforcement due to Cracking:

Asreq h = 0.002 x b x h = 0.002 = 1000 * 300 = 600mm?/m.

For one side As = 300 mm? /m.

Select for one side horizontal reinforcement 10@15c¢m = 335 mm? > 300 mm?.

4.14.4 Design of Basement Footing:-

I

—0,5—40,3—0,8—
I 1,6 I

+,4-+

Figure (4-33):Basement footing geometry .

Total factored load = 38.5 KN.

Soil density = 19 Kg/cm®.

Allowable soil Pressure = 400 KN/m?.

Assume footing to be about (40 cm) thick.

Footing weight = 1.2 (25%0.4) = 12 KN/m?.

Soil weight above the footing = 1.6% (4) x19 = 121.6 KN/m?.

e
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live load =5 KN/m?
Gaitow =400-5-12-121.6=261.4 KN/m?

Assume b =1 m, h=40 cm, take footing width= 1.6 m.
d= 400 — 75 — 18 = 307 mm.
Quit = 38.5/1 *1.6= 24.1 KN/m?

4.14.4.1:- Check of One Way Shear:-
Vu =1*(0.8-0.307)* 24.1 = 11.88 KN.
@QVe = g\/ﬁ xd*b

0.75
@Ve = = 24 x 307 * 1000 = 188 KN.

@Vc > Vu.....No shear reinforcement is required.
4.14.4.2 :- Design of Bending Moment:-

Mu = 24.1*0.8%/2 = 7.712 KN.m.

Mn = r.712 =8.57KN.m
0.9
Kn = Mr; __ 8% > = 0.1Mpa.
bd® 1*0.307
fy 420

m = - = =20.59
0.85*fc 0.85*24

p:l[l_ /1_2xmen}
m f,

1 (1_\/1_ 2x2059x0.1

P = 5059 420

ASgeq = p*b*d =0.000239*307*1000 = 73.27 mm?

J =0.000239.

ASgprinage = 0.0018*b* h = 0.0018 *1000 * 300 = 540mm®
ASpeq = 73.27 < ASgyrinyage = D40MM?

USE Asmin.

Use ¢ 14

No. =540/154 =351 , Use 4 bars/m.

Use ¢ 14 at 25 cm c/c
Use Using hook >16* ¢

Required length of hook>16* ¢ >16*1.4 = 22.4 cm.

e
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Use Hookpro = 25 cm > Hookeq = 22.4Cm .

In the other Direction:-

Asmin =0.0018 * b * h

Asmin = 0.0018 * 1000* 300 = 540 mm?

Use ¢ 14, No. =540/154=3.51 , Use 4 bars/m.

Use ¢ 14@ 25 cm c/c

9

ldtreq = 07 f.

9

Fy

420

ldtreq = 35* T *

Tl)eTl)sTl)t * db

ktr+cb

1*;*5"'8 x 14 = 345.7 mm.

Ldt available = 800'75: 725 mm.

Ldt available— 725 mm > ldreq = 34‘5.7mm e Ok.

{D 11812, 1=295

HiS5cm

1000

412 1=1.7

130cm

{0

100k

f

\

@.’.:.ﬁ. m”. L=S3cm

CEZTan A5 Fw 1

S0cm

| $
T ®27ze-2s

Wepg |

WZ o lpes

©

Illiiﬂj
Mgl ol @

Figure (4-34): Detail of basement wall
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4-15 Design of shear wall :-

shear wall 36

il 5=
& =
.‘J

P

Figure (4-35): shear wall distribution in the building.

To design shear walls we use ( CSI ETABS) Software , and this is a manual example of shear wall

design :-

400 KN

1600 KN.m 490 KN

3560 KN.m

Figure (4-36): shear and moment diagram of shear wall SW 36.

Assume that :-

Soil profile type A

Seismic zone factor = 0.3

Importance factor = 1.00

Structural system coefficient (R) = 5.5

100




Fc =24 MPa.

Fy = 420 MPa.

t=25 cm (shear wall thickness).
Lw = 3.15 m (shear wall width).
Hw for one wall = 4 m story height.

4.15.1 Check maximum shear strength permitted:-

8V max =0.75 x0.83x,/f xhxd
let that d=0.8 L, =0.8 x3.15=2.52 m.
@V max =0.75 x0.83x+/24 x250%2.52 =1921.25 KN >V, =490 KN

4.15.2 Design of the Horizontal reinforcement:

The critical Section is the smallest of:

W _ 3_215 —1.575m....contorl

2
h_W=§=4m
2 2

d =0.8xIw=0.8x3.15=2.52m

1 7 1
V= g\/fhd = V24 % 250 * 2520 = 514.4KN

N,d

2) V. =027/f.'hd + = 0.27v/24 250 * 2520 + 0 = 833.32 KN

Lw

LW(0.1A\/f:’+0.2,’:’l—1:V>
3) V=|0.054{f/ + M Lo

Vu 2

hd

Mu = (4 —1.575) * 490 + 1600 = 2788.25 KN.m

M, L, 278825 3.15

7u—?w 290 =4.11 > 0 (+ve value)
Ve=[0.05v27 + 22000 550 « 2,52 = 390.86 KN. (control)
V, =490 KN,
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Vs =Vn-Vc
= (490/0.75) —390.86 = 262.5KN

A, Vi 262.5%103 mm?
—=—=——7—""7"=10.248
S f,d 420 = 2520 mm

4s —0'248—0001<00025
sxh 250 '

p=

Use ¢12 with As=113.1 mm?

_2+113.1
T §x250

= 0.0025 = S = 361.92mm , take it 250 mm.

Maximum Spacing is the smallest of :-

L, B 3150 _ 630

c =T = mm.

3h =3 %250 = 750 mm.
450 MM, control.

Use ¢12@250mm in two layer .

4.15.3 Design of bending moment and vertical reinforcement:

Try 10 @ 250
(3150) 2 %79 = 1990.8mm?
= * 2 * = .
st 250 mm
A 1990.8 420
W=( “)f—y,z( ) = 0.044
L,h) .~ \3150 x 250/ 24
B
a = -=0
Lwhfe
C w+a 0.044 + 0

I, 2w+ 0858, 2x0.044+ 0.85 *0.85
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P,
Asefy

c

OMy = 0054yl (1+-—)(1 —

w

= 0.9[0.5 * 1990.8 * 420 * 3150(1 + 0)(1 — 0.055)] = 11200 KN.m > Mu.

use ¢10@250 mm for vertical reinforcement in two layer.

A ", . - A - o o BN R S TN
= )
Rl e
B > BB 'YE 3 : < B faat ®
: o U .y L L ————

10@25 cm
errtical bars
<
: 1
<

;,QI 2@25 cm

'L horizontal bars

Figure (4-37): Detailing of shear wall SW 36.
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