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Abstract

Structural Design and Details of School

Project Team
Ahmad Abd Al-rahman Amleh Raed Ibraheem Asafrah
Mamdouh Salah Amro Moath Mohamed Ewedat
Palestine Polytechnic University-2014

Supervisor
Eng.Khleel Karama
The main idea of this project is to prepare all structural design and executive
details for a school In Hebron city.
This building consists of three Stores and it contains all activities required for

any person.

This building is a reinforced concrete structure, and it was designed
according to the ACI-318-08.

The project contains the structural analysis for vertical and horizontal loads

and the structural design and details for each member in the project.
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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.

C, = 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 or in direction parallel to longitudinal reinforcement.
Ve = nominal shear strength provided by concrete.

Vn = nominal shear stress.



o Vs =nominal shear strength provided by shear reinforcement.

o Vu = factored shear force at section.
o We = weight of concrete. (Kg/m?).

o W = width of beam or rib.

e Wau = factored load per unit area.

o @ = strength reduction factor.

o g, = compression strain of concrete = 0.003mm/mm.

o &, = strain of tension steel.

o §,=strain of compression steel.

e p =ratio of steel area .

pail




dadial)

SN Sealy

ST s

S R s S s LR

dadkall 1)
_&M‘dh&‘ K
E9hal Lcda ¥,

Eosbal) AEia agan £,

ol 0,
Loyhall Jpad 0

Basdall elslpa) V.




TLasial JoY Juatl

dadialf 4,9

gl e Al giall i) Jaraall st wap@)ﬂ‘,mada‘f&ggem\g}gm%gmm
M@h)ﬂ&ahbj@é:ﬂéﬂ‘&jﬂ"&Sﬁﬂ;b‘wy‘bh(')AGM!J‘L_;M, il 5 il (gl Adandll
| Ll s lane Lefinla s Lgapancl (Say € 905 A paall 5 Lage N yualial)

Al ey (it 1 A sLamall Tl (o ol 030 Sl pall giaall (ol sill gpeny 1Y Ao paaill Flee AL
s Al Ay Al e f ¢ Ciandl Lganss Ailial Sl Jay 5o 4ldls bl g cala il )8 LiS y Sl
AUzl 1] diSae Aualal 433 Jl el ye g sisall o 8 i5all Jleastl et Joatll o ol Sy ol 8 iy
2l oSl colannaily Aalaiall Al sl eVl 3890 e 3y Y IS s (g benall pranaill g oty Y Lag ALY

ol il gy il A8l AdailS A8 sal) 0 juclic 5 Linall g g pdiall dnpida e iy Loy

gl e JS3 o Culia Bao o G jsa U8 A (e 05ST Ayt il ALGYI AU oy 580l Gy
# 5ohia oy, uaall alally oo il ISl Geall o ULl gl Al g Lee plall GlsiaYl (o 5 Laa
038 ayansi & ey Ay lenall cllabodall go 4 Ly sunlly 3aee YIS LALEY) jaalinll 23358 Cus (e (gl
zoAl Jal g ey 5 Al LaLay) clalodall Spead o e a5 2o gl pletil g claiall (e BIaE yualiall

Aaiill Q8 g JalSia @ g e

£ 9 diall cAaal ¥,
A Calaa1 ) g gl e a8 0 5S5 of AILS] amy g piall 138 g Jals

ol ALEY o pedlic a3 s AR oy sliall uulidll LAY Uil Laal e 5 yaEll b8 sleall luSl )
Al o lenalt oyl e condlih Loy ectillaladiall

Ak gLy pealiell e o 5l Y

Aalgg g e A les Al al) lBlusall 8 Lghual 5 o3 A e glaall gy g Gk Y

AR ALY ppenatl gual g alasiul i



39 Sl

g9 ydal) Lia v

e Y aseraill (ol Cum ¢ capalially G aste Auyde il Ayl ualinll pensi dss Sl gy
oo 0o Loy bl 5 3y pounll o @3l o ualiall

@ ezl NP

e ol Y Loy pealiall oded (ALEN) g5l

£ 9 sdal) AlSiia agan £

Al ol Al (g ANy I sV bl OIS M\qu;‘ms@wyta*m@;g,wi gl Jeall iy
_gnsl\Mlgcﬂ1tj,ﬁ”dﬂ\Msg@smg,ﬁubﬁadxwV.\i-w.w

Slabucal] 69

U 35K e Jeally (ACT-318-08) walind) ZHST ALEN) pponsill B (S a1 assll alaied )

£ sl J g 1,
I@JJMMJ‘[_A:&J)&J\ 13 (g gisg

Adlaal g G M A G 5 Lalall dadiall Jady 1Y) Joadlt )
& s fiall (g slendll Chua gl Jadiy : SN Jucill =Y

el AN pualiall Coin g Jady (Gl Juadll oY
ALYl aliall (sl Mi} Jalaill ;@\_).“ Juadll -¢




J Suall)

£ 9 pdad) el ) V)

|@'}'\.“ O L«.ogﬁl éu.'.‘n_’ :Q_)LoaAj‘ cillaladall a.u:\_)_\ (\

AU Ly

ds-‘:‘é ‘f’h“'yb _)_}ul,al‘_g Ew\JlS _y.a\.'\:." XYY @_)_,’.'\] g_\.m.)SI\ 2731:)“_3 @Mﬂ KJ}SA-“ @Laujgl )c.a\.'a.“ fm\_,a (Y
.C)\A‘}“ Jle g;.)L.aﬁ\Jl iladl (38 &_,aa_,n.“ Lﬁ_)Lu.n]\ ?...mmﬂ‘ o ?.}L.\.A;l Y

JlaYl ot e Ay yaliall Jilady (el o 3 sigall Jlaalyl apaasi (¥

sl it e 5l FaLEY ualinll arast (£

QS el Al & g sl gz s Lgapans o (Al ALY jusliall Lyl cllaladdl Sladf (0
uasll Jall

o i e Tt

(\‘.\i-\'~W)Z,,ub.mMid}&g;ﬂ@j\d,ag\(\-\)dgg




PN UN I

L Bosaall e Aals dadd Y.Y
LEosdali s V.Y

Ty puadl) 48 n g gBgall Apanl ¥,
’ l@?\ﬁ@t@, ¥.e

. clgalell Chay ¥.1

. A el chay Y,V



A Jail)

dadial) ¥ 9

o . » - D 4 o ‘ . .
Al ¢ sl Jals @l jally cillaillp sl 23S Jilatg pgh B Baelusall B2 Aals s g lendl) ia gl o

. PR s L : . iRy camdy Al Aaladly AleladinY B
donwall g Aunisll daf 1 ¢ el olaell e Lo pal Oy ¢ 4
sy e - Ll 13¢) ppeadiinaall g iUl

Ay sl ol ALY GliSay s jaep Aanly) eBe ¢ Ll shusa DS o gt ot AS O Y
Cdsaall alaa gl

i slel ye e ¢ B3 ggaadl il Jal sl dgliie o5 ¢ Jalye amy i of a1 Y ol e ol i g Bl iy o)
Q\Ju,jﬂjz\:\w\ sl QAM?SH";:\M ¢ Q;Jwt ‘,:\.omﬂb las La 3al=d « slanall Lgallas gﬁ\ dun puadll
o esin O 2 Y ¢ Ayl 1 slenal) Aida gl Gy JESU Asuliall ey Ay slamalt JESI laxiiuly ¢ 2l

,Kﬁ‘)ﬁé&@hﬂ,@ﬂ&bj}(i#\i)ﬁ‘ﬂ\ . &@‘CA‘B‘;J&‘ e}ia‘yﬁm‘:ﬂ

Ag.\ajda_)ano:)b dji)‘@\ﬁﬂ&‘*aaﬂ‘&f@}@&‘&ﬂbhﬁ‘ ‘é‘JLoMMﬁMﬂ\@ASwGL@Y‘.\u
e Jlall J5 Ll se dcladiuf dapa 5 il Jleal o faldie) @iy ¢ lpailady Waalzy g A0LEY! yualiall
il ALl el M ASLENY jualial

&3‘;@'&;@?,\'

%JM‘&#}‘QM&MQ&&&JM‘DMW)M'aﬁgh‘;eﬁ L&_)M&i)h&ﬁtj_)au‘
tM@ﬁﬁ&d@éiﬂ)\a&db@ﬂ\hﬁgﬂi}bd..ﬁ()al_"a\.)ah&a“o'AA‘519d_,mal‘eﬁ.ﬁ_,cGji_)_,ﬂl\a“
 oeindl el 3l ALY alial) gaend Al ikl slie g ASYH pansil Jao U ]
al\g_\dﬁ,.!\hmjcc,wﬂ\/\anL_gb;\ez;hmuzjwama\uh’&pjydssAoa&Jﬁdi\:mg,s:g
-@fﬁ‘vq\'e‘ﬁ‘ﬁg‘

83)@‘éy ¥.¥

oyl iy 3 aall o8 sall @lldy Lot ye ¢ A8 dliny 48 L33 oyl a8 sl Aidd 53 iy A8 £ g e (g prasad
. el ppanaill aa a2ty ol g Al pualial) Gliad Cysy Ailaiall 8 sailudl AL
&J\Jﬁﬁgéﬂ\ﬁb\b‘,c;Ugnhﬁaﬂubj\”cﬁmu@aaﬁméﬂ‘ﬁ\icgsub aﬁ;%‘gﬁéﬂm
u.wu:l“ Jhu_ggﬂu‘ CLJ)“ b&‘}‘&,}k&“ C..f.'\"k“ &m_)‘caja;\;&“ Lil‘.n.l':j‘_j

Sy ¢ 1ysd Lte ook Ol QAN Lipne B ol e e VAO L Ly 5 gtinlisa 108 ¢ (SN Aalitia i a1 dalid
Q!@u‘J&Y‘Q}u\L\JM‘ Lj&‘)aw‘dsaﬁ\ﬁlhué)y\w@b;wl gﬂ‘&}ﬂd\dﬂﬂ@ﬁw
O lell ald (g 39




ALY St

(Y.)) 5

5 5.y gua

f dzadl

8)

o

i) ¥

i) 48 ya 9 8 sall

Ll

fdsant ¥, ,9

d

Slel e i

L

=

.-...‘ _.

.

!

&

2l oSl e

@b A

U

b3S e 0y B (oua g
Lsgs

4a

"o
a

daliw
Qg is8

i

| d2dad

S U=y
f gl
Jie cilanad

a:@

Sl

Ly

| ¢

Bl

O 4k

-

o)

|

ep

o

¢ ela ¢ gy 6S)

st

dila

(




A el

ghlly puaddi ASa ¥

ol s el i Blel e cund ¢ el et agal Jolsall (30 gl el S S
Cla b Y Al il (isal

4y jlanal) palinl) ¥ €Y

SN i paalinl ahb‘éj‘so‘ﬁdg;tj‘)&ogy Al e giall (e Ay jlezall pualiall yiind

@ oemall Jleall jusliall o3a @C},\;&i}&ag‘Cb&ﬂh}&ﬁéﬂj@ﬂ\h‘j\@»ﬂﬂ@h&\

slana) ol 3al o s ot Jay M dilee (g0 Jgasy Lo Lguinny slanadl jualic dayy g disla ol y S et dad Sl
e o &

4.38%1 JaBlusal) Lhuag ¥,0

s pletiud Aadle KA Ll Gilsh ¥ 0o S Cum i Slall JSEH o ading Tpuigl 5S35 o (el

So il o il gl gl B3e e S daayd Lt oy oalidlly el )Y A3l Gl skl

ool LS Al (3 phall cilalunall g 355 Cam G yaall 03 Lggle Adliall i e Lguulio CADEA]
g0 s Ay 3 5}

) gl ¥.e.

.@,)A_)ﬁﬂ‘""i/\gbég\.u‘oh&ahm
¢ Galall YLt
caleldlll o o
Copil gl s gzl a0
LSS el e
LT O
AP
,onldll GUaicaye o
Lo diniag e
coand yll (ridc gaae o

D g sl Ayl
jrpret. 5 g SV |3 s E N PR

Agday yaall 5 Apud S adatall 21 W IS e @
) o e Lo pusia o LB U8 il gl Gala e 2191 D e @




Gilall Jfisa : (Y.Y) 5500

A Jualh

.

g

i
l

.‘;ﬁ'd_)‘}”

L

e Semamsanall i B B-otssine B s B T L

.G.*

| ¥

(Bl

Jo¥

AR

Gilall 13 Aalise

>

e S

Y leat

|

Tt

Lol Cleld e 22e

(]
(<]
(]
(]
(4]

L Jgeasll 4 b

‘_)l\ G‘JJ&'JB\SQA 5}

Cye e

LBl il
. s all
A

dails ez M e o

a3l ) 501 alastuly Gl Jah Jisll o

il dala il
w2 s e gy sasie Gausa A0S IS _sils




5 d_,\.!! @\.Hlk&u : (\'_Y') SJ_,.LA

S (Bl ¥ 0¥
BB RARA] Gadall 138 daluw
;&U:J‘ N Leatul

CAdall o @l eaxe @
Lo el yide o

A J.\A.“ il o
cleldalicld o
Luanlye e

L Jyeall A8k

.G‘_)Jy‘d)\&@ °



‘;!\‘ﬂ‘ &m‘m' :(\'.5)5_)_5;4

dssal ¥,0.¢
L Gish Y e de jse mie sie) YT LAl dalise
SN Y L

.(Qﬁ&cu&*lﬂ‘w.\mcﬁb%‘&ﬁc%c&yuﬂ.' ﬁ)&g‘jheg-b_ﬂ‘ée\ﬁ‘ °
(wanliall gease ¢ el s ¢ Gupula it ¢ 8 S LK) o g ging YT G @
(uanidll Ge e ¢ plasS it ¢ gula G 82 ¢ 5 yuaan 43K0) e Ssing SO Gl e

D Jyeasll A3k
" ‘,'\,mﬂ@bl! G‘JJS{\ Q




Al Ll ; (Y.0) 35

lgal ol Lhuay ¥,1
ol Al e 4T (5305 ¢ iaall oo JgY) G LI (aad wranss (gl (0 Al cilgal W of L3 B Y

A el WU YA e b 13 5 ¢ dgnt sl LeusSad 5 e jall Lggags ) il gl coladiial Ledsi e s b

- Lgsling il INA (e o 2101 13 Aikt g e ol o 0y Y g gl gl 3 el




A Sl

Al dgat el 1.4,

g‘@ﬂ‘db\:\i‘@tv}lﬂh c&&uﬂl@bﬂlw‘aﬂl&,ﬁdjjcgyﬂgjﬂ‘d&ﬂ”@éﬂ
3,555311dﬁ\@d&lﬂla_,;;ﬁt«.;\_,ﬂ‘;Jw\M\d)\;;w)@&JJﬁJ g ohaall el b Loy gins
dﬂﬂ,@ﬁ@h&d\yﬁeﬂs}‘GL;)}\,&;MJQ\J;J@;J\;&gmsgaﬂ;@‘,lﬂmhmw‘@uj
z.auayt.“gau,;ug‘,uwsliew,aﬁwﬁunwb)suwG\.?.J-S\g;.z.m\g!u.l)aébz\,mm‘)gm\

sl XS Rpaplall BeliY e £ > b g5 B Alanline (]

Al Zgal gl 1 (Y.1) 550

Lagiadl dgalgh ¥.0.¢

Casuiall Aadail Lo dgat gl odn d caaand ¢ (gisall ouath ) Jaaall g ety il 5 nall duad ) dgalsll G B lie (5
J.laﬁ_,‘M@}‘iﬁ\j\h)@b'é&l@‘ﬂ%@j)&b‘ H\Lﬂ)&:ﬂi Q‘j_,)g“_,c dﬂ&ﬁgﬁﬁabéﬂ\
25l gl Loy dlae 8 5elunall IS ¢ Zgal s SN s QL 5o L s 30 ¢ el M ¥l

gl dealll: (Y.V) s




A Sl

38 yad) Agagh ¥ Y

il Zealsll i ety LS ¢ QI (e Basmia Jdl plasiul dslay ¢ cbjl\i ﬁ»’*‘ 4«—:—*:;“3 ;: fs dﬂﬁw‘\ ‘
i p 3 e o€ inall JISH o ey 3l Jag il 3929 SIS 3 Jasal) oDl

Al S gcdga agal L«_a.“d.\_,_)llg\.hn}c\.ataunu\s‘;\un, ) (o Wi (5 0 i
2 Ltells ol A e BN ol (g pall

48 il Agal gl 1 (Y.A) By

A al dgad ol Y0, ¢

b pabi (all Zla 3l alatiud ) ALaYL ¢ 5olans Blu A e AR sUll o ga pladiul dgall o &b el
@)&Yﬂﬁ@ah_ﬁiﬁjm‘dﬁ‘Jﬁ&ﬁjﬁ&i@ﬂéﬂ\dﬂ‘)ﬁ@&n&‘h&tM‘L‘J@ﬂbz&h}:‘_ﬂ
Bl Al Al Biay o3 Jleall e (o g hual Jalatnall g (il JSEN (Jie

g il Agalyl £ (1.9) B



W of o

¥ o

A Sl

is alf Lhuag 2.7

: o 2l - ac YISEH A8l 24l
=3 b I3 "4[;".\.“‘Q|, B.“(;AAS);.‘E(JAN‘UAJ‘EJ ‘U““}”“"
..\P.J“)-L-i()&-‘w o Qe e LR e | Lguiazy @M\dﬁ@ja@‘@i\.\cbﬂ
and gl ALY (8 gha oy yi Azl ) @109 3 oA (5

. . . . oA e ‘549 . ‘_,,-and}\a}M U.KSMJ
| age il Jaladl ol Jaadiy ¢ goslh : e (Sl B2 Oa 4
) it By e i s

Aabaall Bl olall o e

s b om0 (s AY L
@lﬂsﬁj‘hljn@musua:\masﬁgwﬁ@g\dsmsﬁﬂ

d:\&,;,deﬁ@:s@\,u\gﬁ@maspl o) ALy e el L_;ghsmsstsggﬂt (_S?Ua.‘.‘é‘\s‘)ﬂ\é
s Al 1 28 5 (ol Jks AT g 139 185 el B350 (S 30550 gl

Section A-A

2 &ﬁj‘&‘ﬂ‘u'aggygcA-AtkiA:(*_\~)3J)m




A Sl

i"‘ | =i =] -
AR AN AL A AT N RSN IR T » i i §
T ém'a'wxﬁ?ﬁwme .b%frm‘éﬂ:ma e

Fek 11 o
3 J‘_ , l‘ - [F -
RN ‘gﬁ—;ﬂ i‘) zlé% PaNT T,

2w

AT

S
LTI >

~ » o " o ARILRPS AL AR poiaraAYs _-“-}%R-‘aﬁ‘ ATV A :v; ’:‘%‘.
TR FL“‘\Z’;’W?}‘/‘/;/ !'//',"/i?/fsi: ] R PSS P e, 5 2
LGy

2

Sectionr B-B

K}.“&bﬁ‘@ﬂ_[»ﬁtB-BéﬁAZ(\‘_\‘)ﬁ)ﬂ

IIRA
Lo 2

st

PR AN TR 2

2 o %
§ 3 25
3 l :
i i 3
R E G
o . ™
Sy I Nds S < ji{
N SR 20 W HNmeNn N

Section D-D

Tl AR 13 any s DD g C-C a1 (Y.)Y) Bypea




Elllf Juadl)

RRRENIRER NN SASI

St

Aadiall VY

(AN patll Ao V.Y
sl B AGLAR) pualinll 4y A b2l ¥, ¥

AOLaN paliell €Y




Gl Juaill)

Andbs VY

il 5 50 pm sall il Sl 5SS Gl G 3 Y (el QS el Ciagll J3A (e
Y psarsill aciey 3 Apurigl il sl 5 Ty slamall L lIiall o A sl LY pparstll i (g el
iy il 5 lede 5555 A Jla) AS o5 g ALY pliall 43S apansd Slo ulul IS
Slo liall 2l ¢ gkl g Al cibluall ciliie oy Bl Guay ualiall o3 S Chua

.Ugu?.m,wuamamam

AR pansll] i ¥

Aolny) Lusrigh alsll men (o Oy Ofie Lite gl Y (bl JS0y ALEY) pranstll Bagy
2B 5 Ul 5 O3YH i e Aty Jleal Ly A s Aiae e 000 il il figall gpand sl
role Ly ALYl pualiall aaad 8y MUl

clileay! 5 sl Joat o 3,06 Ay jealiall alilie JLEA) ye 4883 o5 o Safety ) oY) o

Lo datlil
0o padudiu Al a2l AdS o A8l dpualio adalia g elil ol e (B3 5da o Leliiad o4 o(Cost) LSl o
Alal

is3 5 (Deflection) 1) dass (gl ind Cus (e : (Serviceability) dedill il dadus sgs o
sl g slenddl SR e Ghu 553 3l (Cracks) el
sl el xllh 5 JE2Y o




Gl Jadlf
(ALY cihagll

il A dslady) alindl 4y Jatl) el ja) ¥ ¥

ol Cum el y Jalatll dilee ALY 40 (Ll s peay (sl 5% g el Gl pall e
s O AL pualinl) Al 5 qang I Jidatll libes 00 0550 Lo Suzmdl ) g sl (S LeDMa
il el sl (3T ol ppancll N Jpumsll s S sl Aol Jlan¥l 2083,

BIPECTIIE R ¢
Shedl Gigan oo Lele Eadl gl Jlaalyl Jeat e 5508 0SS O leagana oy I AgiLESY) paliall a3y
Al JleaY1 s edndl Jlea¥l ediaddl Jlaa¥l Ll odn (e g SR

A Jua¥) LYY

s el Cua Loxdhuad) ol ge Ol o 0588 @M AW Gl 03y 0o eaB Jeal
ool g il G5l cails JSy el o 330 Jleal e 430 il jpgaall 5 LaLEY) jualial

S b Aartunall ol pall Ao gl ASESI, (5he Leiy

: Lms hm‘ Jeadiial} Salal) ‘ ; "U‘ -
Ny Seaduatial)
% — o : 1 :

A FEP] )
ol Tl A 3
A @ ghall 7
W 3 yladll 5
1 5 _)“ S

Laadteaadl o gall Lo o3 A8U5CY (1-¥) Js=a




Gl Juadl)

daalt Juaady Y o¥Y

 Leie o3 ¥ laxusl ol ¢ AR L Lestiul oSy LSS A L) g A Jleall a5
;m@,@sﬂ\,:\pjﬂ\d\.@maus‘;w
Al Lextiee alad¥ O L
,BLEA!Q:}}SC;U\_}&H@J:L@L;’J‘E_}@;Y\S;%Sga\.’gﬂld\a;ﬂ“ Y
AN Y 5531 ¢ sl CHES A iy (e LeiSlal i (S Ay ALl Jlaalt ¥
Aall JlealMt Aa o (Y-F) dsaally sl 356y Y 5 433340 ol sally Aafdl e
,@J\Jn,sxiw&uset@mp}sgaums\

=50 | okddn TEr
T o3 ta
— = 3 |
5.0 CNLa g acUadll o -'  e .-.
25 A4Sl Al e
75 _ z el Cliais : '\ |
2 Gilazall et v
75 Syl B T

Laal) Jlaall (Y-1) Jgaad)




sl Juaild)

bl Jaal) £Y.¥

. 5 i Jlead a3n 5 oparaill e ey cums 320 ol Gl Jeal (o BN & 5ilh o

gul

ol e 55 alh (ol b p Al laall (3 a5 Jediay el o i AEl o e 8 oke

ol cadi oy dadls CulS 13 Al g Jatan oo a2l 1) A e OsSas e jal of clasall ol 4 e
¢ o) g ge ) gl ) e Taldiel gl duead sasdy (KN/m?) gie e O o sisll
o Ak ye S ol e (e ALAYH ol adl e (g sae o (BRI FUIYY Cun Os el

"

RS

g ¥

‘,L-,um;!@m\dmi&zm,‘Eﬁ‘gsj&gw;wuzﬂdmgmmm@
;@m‘u&u&§

,)agllelaaag}ﬁumga'éudm“&uﬁ_)‘ °
_G)m\.hsmu'aﬁ‘ckuﬂ\o)\ga °

,‘;DJS“JJSS\g..wxs_)a._\“ckuootmjy‘gmcjm‘dhaiwwgm\dj@‘J

e e
K h < 250
(h-250) /1000 500 > h > 250
(h-400) / 400 | 1500 > h > 500
(h - 812.5)/ 250 2500 > h > 1500

w3l g 08 G s o Bl Jlaaf a8 o(Y-F) g




Edll) Juadl)

JS Y
oo Leia paje leio Ash gy o 4l (o8 0o Boke A 5 il e g ol Al Jes¥1 ol G
AaDls (pariny IS it g SLewy Lomaaall gl O 2> pladiuly gia glie (Sat DEY) e 5 ol 5
;mu_l;u;s\;mjs”hsndmﬁmamum‘_;L@L;u%gwm‘mm Jiad dua a5 2o sall
. (UBCY7) pasiusall 3580 M g sn s paill (5585 J5¥30 Jleat agan g o J YW oL atila ol Sl

ALy i) €, ¥

@,\Auﬁ,@,\p\&ﬁugﬁ@mg@my\Jmudlaaiawoahbg‘m\@aeoﬁﬁ
bty Aldadl o) yaally saae Yy gually calaiall ¢ jualiall o2 ool s sl pladiudl ddadla
s e

cfadelt y Y

sealiall Y Lo 555l Jlaatl sy Ll il B o 5,0 Aalisy) joliall o 8 oke (2
il i ) Luza yo (g0 BT g ) paally guenll Jia iaall A Aldlall dalisy)

b Lo Lgio ¢ Aadunall Al Al cufaiel) (pe Jlastias) Aail Sagae o dilisa &) il a3
Catl g sals aalgolatly s Laleiay (Solid Slabs) Leasll a3l |
: M puiis(Ribbed Slabs)4s yiall b3l ¥
(One way ribbed slab) aafsl slaf¥l cifd coanll Cilsie o

(Two way ribbed slab ) (salaf¥l Gl Cusell Gidie o

A me sway Hihihied olal A = s = 3
.{U’.LC "i\’rly "ty Ided Sia L}\,ﬁ =1—_'1.$~»'_:_1.s QL;';_\Ji waly 5_,1,‘_4:4] i dEe ‘f, 4 / ¢ .eiu

Leillad g Lgiyp dasy 5pa




) el
AL il

Eheircans K Teraneratijer fiar < -\
Chie ady tib sled =y .

“laliow Biack 7 32 cra ) 4
Jad olf slai) cifd quanl) cildie ;(1-Y) Jead)
(Two way ribbed slab) Gaple®) @i quandl Clide ¥4 €Y

LeiasSs 5 conlanyl il claiall cpany NI JSEN. 5 ¢ Al iall ciliie b dcladind o5 ¢ il a5
S

Rib(1)

Hollow Block ( 17 cm )

Steel Bar's

Calad @il cuanl) Gilaie 2(¥-Y) Jeél




Gl Juadl)

Ty Tyl ‘:“Li_.ay_é'“ ¢ ] i 5 ¢ f ye

«(ftat slab)

S35 coalle Gy of sty Lo] &Lyl oo slaall Wbl alasmnl] oMb losnf EWLY
lpbaw sloiwl Moz Loloso MSLi csbasi Sup> oo of Gusdn Lol dxacl sde 8)ilio

=

- edge :
column £

e Mushroom slab (drop panel)

sl Jadl Taysgi sdas liSe

i $~——— internal
== columam

internal

34
i
o = colummn

edge
column’

<

e Mushroom slab (drop panel + capital) -

(flat slabs) dalacial) clad) :(P-Y) g




Sl Juall)

(Hidden Beams) (lall Jalha dite ) 5 sasne )5
sl e siall e 558 2 o2 5 (Drop Beams) 3¥ell sl

J_,a.u;.“ G‘; 2:551\ d\.«aﬁ” L._\m;'iy.\n.“ J_,.u.&“_’ SJJMNM J_’.ul;ﬂ e‘.}iﬁu

cogeadl Y EY

e s by ¢ Baee Yl A el oo Oleayh 85 o Apusbaad 400530 yuslic a5

%)
Y

L psiin g gpdiall Ay
Lelelizd g

.é'll.?.sm wio |

VLA R R

e
i
EEERSEEEE

FEETET

=T

{ = o 0 e S

) 1 £ £ ; [0 e B R

staner pors
T Aorihe next fioor

b reinfotcament

upDer auadilional support reinfarcement

sl Tapa g jpa (£-¥) Jeay)

s
m=g:g2:zq=’c=:&.—=g" o - ll' -~ S = e
; ) \ ) v\ 3 i f i 1 I
: 3 SRR il i | fif
e, | i it t it
A1 i 3 i ;
) Y,
oM Surins Bl
RSN
agditionat
reinforcemunt bars °- - 250 - Hppu
2014 i T reinforcement bars
:‘ ST e e
e £
i = |
500 g S50, e
| 4 | reinforcament bars
i 3 | a4
stirrup < { it i
iz | oo oo !
o BT




Y Juadl)

T AVCS IR S

L) pemie e iy el ) punlly ciiall o Jen¥l i B Ll szl Baee Yl s
Bl g1 Jlaa ! g st e ol 336 (055 Cumy lgaparad g Ak Sadll iy Jleay) Jisl (559
dsajaqw:\i,smmiu.n@wnapwﬁmqawi&ﬁ,éudl&eac»?toﬁn@ ¢ lgle
I 3 peell o Al Jlll Cm (s Jebinall JSA (I ARLRYL iaall Ulp o Rusls (L) S
_ (short) 5 (slender or long) &lisk 3aeet Gl gl "4Sau

B Jedh (yany o(0-1) Jeily

(0=t O pes) Alalad) o) jand) € £ ¥

Gk b Ol o305 (shear wall) o=l 0l coauls 3335 bl s 8 e A Jlany




S Juat)

leas 555 ol 3 Alelall o panll wpand g a8y AN (580 Faglia o LBl (e 235 s sl 0
o ysas Aalall glyal) Jiadis ¢ EY) pje s el o el Aaslies il Allad Cpanad A8 sl
S5 dead Lo sty coisall il e las A AN Ol cacliadl Gisaay ozl
i Ui 5 cinyy el Ll (ia ey (1 Y)Y (o o5 a8 3228 e LS Leal) A gl Al 1
N 35S 30 sladl U (8 il oy A (301 o gl S s O Allanall (055 Ol sl gn oY)
il s o o)y M pgse Al Qi ol aldd A4S Gl sal) el 5SS Ols. (Sar L i sl

Aty g gall da glaall

e |
ﬁ ‘-L i : ; -- Stee! Ears

L oall jaa s (1) Jea

L DI (B
Oe slgdYl aay &b Lpasanat off W Linadl pliy aie aduis, 5 S o ?QJL
el B ALY pualiall A8lS panad



ClEY Juatl
AL chia )

saeetl U 3 suall ) JE Sakall o dadl ) Dl o elggle A8l Jlalls oY1 48 el
2a3 0 Jlea e Toliy 5 el dpapaaill Jlaa i (o Jaadyt odn 0sSige il I | aaly
dalide g5l e cilubul pladtil afsiell Gage Aol ! g5t T o aBsall Aoyl lele
Eosie U8 (e Ll JSsm 033% L 155 5 (bl S o 2150 Jlea¥h s Ayl Jon 5,58 e Al

L oY Al 2 sada y caulil

Lras

fox = €312/100
= ¢212/100
C1 300/300

8

= bUO r,_l;!rj

—

2 8 auncars
{ ! a1 B i :
Z12/300 ra cover 'Bv:‘ﬂlh
7100

T

__723
g
-

,.
H—
—

§

Aoka bl b)) Juaalll JBS (V2T ) JE

piotl ey
L_fél.e..nl.\iﬁm\ Ay scunliall daia ) QW‘ O gnn\_)“ Jlaasy padiud ag_)\.au alic e 3 le
-CJ‘\H?L‘: @A&(A-Y)(Eﬂﬁ |JGA|J(SS.&. Lic g e




il Juadl)

. Y s(A-Y) Jed

Al oyl aali VoY

el Lalsial 0l pn o135l o 3 Y IS @ g pdiall il e nulie b graial ) CERYH asae
Al Do 21 G0 Tl o2l 3655 B Y1 51 JlagiH o g



A Jual)
Ay e gl

Retaining wall —

Base of wall

oot Jlaa (8-Y) Jed

:(Expansions Joints) 323 Jusfgd A ¢ ¥
b LS Al ciliiall daaill Jual g8 (s (5 gl AilLusal 2aad Sy

Ol 8 Jlal) o LS Al G da 0 J) £4 g

,3)&‘&‘.’\&3\“&‘,?0;_)\‘".0&

23l 5 LS el e 35 oY coms 3831 sy il o3 5 5 (S
. ‘ - a3

Cililisall LSS oyl gual) 5 Lpalmiaay) il eI A0 Al (2 L)upmu‘_gj

24l Joal o YA Cya slaall o i aial 4o 300 cillaliiny 2], Joaf il




Gl Jundl)

i LS, daall (B aaad Jual sd &) plaiduil iy
LA § gl Aniiagd LaS iaal) (2

IEXP.DE}— L

..\.\Aﬁd‘d&éﬂ&k&( \ n-") ds‘-.ﬂ‘




Chapter 4
Structural Analysis & Design

E":,"'f B 55 AR, LieSiado e

U R

Chapter 4

Structural Analysis & Design

4 -2 Factored Loads.

4 -3 Slabs Thickness calculation.
4 -4 Load Calculation.

4 -5 Design of Topping.

4 -6 Design of Rib (R1 ).

4-7 Design of two way Rib slab

4 -8 Design of Beam ( Beam).

4 — 9 Design of Slender Column .
4 — 10 Design of Isolated footing .
4 — 11 Design of one way solid slab .
4 — 12 Design of Shear Wall .

4 — 13Design of Stair .

4 — 14 Design of Basement Wall .
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Structural Analysis & Design

4 -1 Introduction:-

can be delivered to the job site in a plastic

‘s the only major building material that )
e el : {ding material because it can be molded to

state. This unique quality makes concrete desirable as a bui
virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in
the concrete in the form of a mesh, or roughened or twisted bars. A bond forms between the steel and the
concrete, and stresses can be transferred between both components.

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

structural system which was chosen in the previous chapter.

So, in this project, there are three types of slabs: one way ribbed slab, two way ribbed slab, and
two way flat slab. They would be analyzed and designed by using finite element method of design, with
aid of a computer program called "ATIR- Software " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and "STAAD PRO 200A", Etabs, and Safe programs
to find the internal forces, deflections and moments for One way solid slab, and then handle calculation
would be made to find the required steel for all members.

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

NOTE:
° 4300, J¢'=30N/mm?*(MPa) For circular section

but for rectangular section ( fc'=30%0.8 = 24MPa ) .
® The specified yield strength of the reinforcement {fy =4Y « N/mm? (MPa)}
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4 -2 Factored Loads:-
Qu=1.2DL + 1.6L @ 318:=108192.1)
4 -3 Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):
For rib (R1), as shown in fig.
Geometry Units:meter.cm
1 : 2 3 3 - 4
LT ‘ﬁ il Lt 1t
0.5 3.4 05 2 3.6 05 - 4.07 0.5
TR 3.9 TR 44 e 457
4 5 6 7
4 5 6
oL A T L A A A
= e = Jl
: 0.5 4 2,76 ﬁ ; 0.5 . 5.76 AJ . 05 ; ‘1.91S 7
A 3.26 T 6.26 g 2.45 :
2 ' l i
35. I l )
12.
A-A

Fig. (4-1) : Spans Length of Rib (R1).

= From ACI-318-08 table (9.5a)

Min h >:

s 640

L 0 0,345
185 185 &
626

LR 029 579
21 21 8
%:—'Lj—=0.269m

For Rib (R1), use thickness of slab 35 cm
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4 -4 Load Calculation:-

AR

For the one-way ribbed slabs, the total dead load to be used in the analysis an

as follows:

& 4.4.1 Calculations of Dead load :-

d design is calculated

Unit weight Thickness
Material (KN/m?) (om)
Tile 23 3
Mortar 22 2
Sand 16 7
Topping slab 25 3
Hollow block 10 27
Rib 25 27
Plastering 22 3
partition 2KN/m?

Table (4-2) total load calculation for (R1)

Tile = 23*0.03*%0.52=0.358 KN/m
Mortar = 22%0.02*0.52=0.229 KN/m
Sand = 16%0.07%0.52=0.582 KN/m
Topping = 25%0.08%0.52= 1.04 KN/m
Block = 10%0.27%0.4=1.08 KN/m

Rib = 25%0.27*0.12= 0.810 KN/m
Plaster = 22%0.03*0.52=0.343 KN/m

Partition = 2*0.52=1.04 KN/m

= Total dead load = 5.467 KN/m/rib
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& 4.4.2 Calculations of Live load:-

From Jordanian live loads Table live load for the schools i85 KN/m? .

= Total live load = 5%0.52 = 2.6 KN/m/rib

4 -5 Design of Topping :-

% 4.5.1 Calculation of Dead load
Tile = 22%0.03*1=0.66 KN/m
Mortar = 22%0.02*1=0.44KN/m
Sand =16%0.07*1=1.12 KN/m
Topping = 25*0.08*1=2 KN/m
Partition= 2*1=2 KN/m

D.L total = 6.22 KN/m

% 4.5.2 Calculation of live load
L-Ltotal = SKN/m

= Wu=12D.L+ 1.6L.L =1.2%6.22 + 1.6*5 = 15.464 KN/m

Check ®Mn > Mu
w, *I? _15.646*0.4°
12
Mn=042,/fc'*s
bh?

S=_._._—

6

Mu = = 0.206%LN .m

2
Mn= 042, fc' el

=0.42+/24 * #10% = 2.19kN.m

1*#0.08
6

=0.55 for plain concrete
¢* Mn=0.55%2.19=12kN.m.

¢ *Mn=12> Mu= 0206KNm
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Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p=0.0018 ACI-318-08 (7.12.2)

As = p*b*h=0.0018*1000%80= 144mm? [ 1m.

As (¢ 8)=50.27mm’

So number of bars =144/50.27 = 2.86

Spacing= 1000/ (number of bars) =1 000/2.86=349 mm
Check for max. Spacing

S=3h=3*80=240mm......... (Control)

S=450mm

S=380(280/f;)-2.5C, =380(280/.667%412)-2.5%20=337mm
S=300(280/fs) =300(280/0.667*412) =305.67mm

Thon 16 @ 8 @ 20cim for. practical purposes in both directions;

4 -6 Design of Rib ( R1 ):-

< Materials :-
Concrete B300,  Fc'=0.8*30 = 24 N/mm’=24Mpa
Reinforcement Steel, fy = 420 N/mm” = 420 MPa

¢ Design constant :-
_ b For T- section is the smallest of the following:

b,=Ln/4=2.56/4=0.64 m
. =bw+16t=12+16(8)=14m

by = clc spacing between beams =0. 52 m

Control ......... «52 cm =520 mm
- Requirements For Slab Floor Accordingto ~ ACI- (318-08) .
bwzIOcm...................................................ACI(8.13.2)
Select bw=12cm
h <3.5%bw v s os e e ACI(R1312))
Select h=32cm<3.5*%12=42cm
if 2Ln/12250mm........................................ACI(8.136 1)

Select t;= 8cm = 80 mm
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One -way ribbed slab :-

Geometry

Units:meter.cm

4
2 3
: 1 g R A
el T A o —
Tt ay
I = A Lt =
0.5 34 05 3.6 05 4.07 i
b 3.9 ' 44 : 4.57
- t
6 7
4 5
4 5 a 6 A
A ;i A A
0.5 2.76 05 576 05 ; 1.9 5
: 3.26 e 6.26 ; 2.5
: T 1 1
52,
35. l l
12,
A-A

< Loading :-

By using ATIR (BEAMD ) Software we get the envelope moment and shear diagram as following:-

D.L tota1 = 1.2%5.467 = 6.56 KN/m/rib

L.L ¢ota1 = 1.6%2.6=4.16 KN/m/rib

Loadjnag
Toad group no. 1
Dead load - Service Unjts:kN,meter
5.46 5.46 546
v / k4 ) ' \) Wy ¢
3.9 41 P 457
4,
/
5.46 5.46 5.416
326 | 626 | 245 ; ,
ad 1
]

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

Lrl.zs.sol, =

.9

| -Lz:sol il

3

lLLi$o.l.ll

e

LT T Gl T Ty e i

2.15
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pE

. 3 Units kb meter
Moment/Shear Envelopé€ Factored) Skl
~“Moments: spans 110 © -35.4
-30.1 -29.3 _-28.5\1
242 948 \,\
-20.1 \
-17.9 -45.7
-14.5  -13.7
118 125 .99 -114 1. :
1 AN i 28 2 X I
e 062 . > B =~
1t /..\-—’/ 1'0;\ H'7‘-—/ T 84\ . =
K 62/0.79 _ﬁ\/ H‘_j__j e % H55
SR olgt ' 33 098 N ‘
4 % b7s \\\_-__/
14.4 15.3
26.
3.13 3.43 2,15
| 456 , 234 | 205 , 208 | 251, 208 |147 , 79 ! ! —
L T T T 1 T L) |
Shear
-35.3
-29.
-255 -23.8 -24.9 -25.
-19.3 -47.6 % -18.8 ]
A /41 ' /ZI ' bt L i) .
] 1) 1 i i L L LHU
11.4 12.5
17.6 16.7 20.7 18.7 21.6
22.9 26.9 28.1 27.8
343
Reactions
Factored
L 1 il [ ) 1 11 |
I 17 U L T T T 1
DeadR 10.16 28.66 29.5 22.66 31.66 41.2
LiveR 7.42 19.77 21.25 20.92 27.62 21.91
LIYE!
MaxR 17.57 48.43 50.75 43.58 59.27 63.11
MinR 9.19 36.12 37.68 2312 33.06 51.73
Service
DeadR 8.46 23.88 24.58 18.88 26.38 34.33
LixeR 4.64 12.38 13.28 13.08 17.26 13.69
Max R 13.1 36.24 37.86 31.86 43.64 438.02
MinR 7.86 28.54 29.69 19.17 27.26 40.91

Fig.(4-3) Rib (R1) Envelope

Flexural Design : -

9,
0.0

Design for positive Moment for Rib (R1):-

Use Mu max. Positive for span 2 Mu= 26 KN.ia .

Determine whether the rib will act as rectangular or T-section:
assume a=tr=8 cm=80 mm

d =h - cover—dia. of stirrups — db/2 = 350 - 20 10 - 12/2 = 314 mm

39
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Mnf=0.85 f, *t¢ *by *(d- t¢/2)
= (.85 (24) (80) (520)(314- 80/2)*10-6

= Mnf =232.52 KN.m
®Mnf =0.9%232.52=209.26 KN.m > Mu =26 kN.m

= Rectangular section :-

Design as a rectangular with b= 52cm
As=p.bE .d

o B T T
0.85* /o 0.85%24

_ Mulg_ 26*10°/09 _

: —=0.563 MPa
b*d> 0.52%(0.314)

Rn

1 2mRn 1 3 +%20.38 *0.563
m ﬁ 20 .58 420

Ag = p.be.d=(1.359*10" y* (520)* (314) = 221.97 mm>.

Then use 2® 12 ; As.p=226.19 mm’>As.req=221.97 . OK

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

e V24
A s min= = = 2
S 25) (bw)(d) 1(420) (120)(314) =109.87mm

1.4 . 1.4
As min=——(bw)(d) =——(120)(314)=125. 2
) o0 (120)(314) 6mm (control)
= Then use 2® 12, As.p=226.19 mm’>As.req=125.6 .OK
= Check for Strain :- i

Tension = compression

Ay =085 f.*b*a

226 .19 *420 = 0.85 *24 * 520 *q

a =8.95mm

. a 8.95
c=—=222-105
B Oiss 3min

)=1.359 * 1058
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p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

4-10.53
g, =(d—c)/cx0.003 =§—1—]6-5—3——><0.003 =0.086

g, =0.086>0.005
< Design for Positive Moment Mu = + 15.3 KN.m :

» 420

m = = =20.58
085% fc'  0.85%24

_ Mulg _ 153*10°/09
b*d>  0.52%(0.314)°

&
oo T S 1, [[JZF20.58%03315 ) _; o50 aqg
m » 20 .58 \ 420

As = pbe.d=(7.958%10)* (520)* (314) = 129.93 mm®.

=(.3315 MPa

Rn

Then tise 2®.10, As,p=157 mm >As.req=129.93 . Ok

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

e _n . A

> Afmin 3GV =B (20G14) =109 §Tmm
5 e = L0614y =125 6mm? trol
5 20 . (control)

S Then use 2® 10, As.p=157 mm’>As.req=125.93 . Ok

= Check for Strain :-

Tension = compression
ARty =035 7 *b*a
157 * 420 = 0.85 * 24 * 520 * o
a=6.21mm

a _621

c=—= =7 31
5. 0.85 mm
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e

p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

314-7.31
Ee = (d "C)/CX 0.003 = —7—3']—‘>< 0.003 = 0125

g =0.125>0.005

% Design for Positive Moment Mu = +8.5 KN.m :

e R
085* /o 085%24

£ -3
_ Mulp_ 85107109 _ g4 \py
prd?  0.52%(0.314)

£
p=_1_1_ | _2mRn_) _ 1 1_\/1—_2*20.58 0.184j___4.4*10_4
m b 20 .58 420

As =pbe.d=(4.4%10")* (520)* (314)="71.85 mm".

m

Rn

Then use 210, As.p=157 mm >As.req=71.85 .0k

= Check Minimum Reinforcement A smin...(ACI- 318M-08 — (10.5.1) )

L _ 5 2
> ASmin " Bw)(d) M(IZO)(314)—109.87mm

> As nﬁn=(1'—f;‘)(bw)(d) =%(l20)(314)=125.6mm2 (control)

For 2®10, As.p=157 mm”> > 125,6 mm’ , OK

= Check for Strain :-

Tension = compression
ASH Iy =I0I85F* [ *b*a
157 %420 = 0.85 * 24 * 520 * 4
a=621mm

c=—

=73
. 0.85 g
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p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

14-7.31
=(d -c)/¢x0.003 =§—73—1——><0.003 =0.125

g, =0.125 > 0.005

< Design for Positive Moment Mu = +14.4 KN.m ¢

. B0 _ops8
0.85% £ 0.85%24

Mulg _ 144%107°/09
b*d?  0.52%(0.314)

*
e L [ [[_2%20.58 0.312)___7.585*10_4
m 2 20 .58 420

As = p.be.d=(7.585%10")* (520)* (314) = 123.85 mm®.

Rn= =0.312 MPa

Then use 2@ 10, As.p=157 mm’>As.req=123.85 .OK

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

> ASmin= l/—_f—'(b )d) = V24 N7 (120)(314) = 109.87mm?

45) 4(420)
> Asmin= ﬁ)( w(d) =g6(120)(314)=125.6m;n2 (control)

For2®@10 , As.p=157mm” > 125.6 mm- , OK

= Check for Strain :-

Tension = compression

Nt fyi=0.858% £ *b* g

157 * 420 = 0.85 %24 ¥ 520 * 4

a=62lmm
_a _621

= = 7.31
B, 0.85 P



2 Chapter 4
Structural Analysis & Design

——

p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

4-1731
g =(d—c)/cx0.003=§lﬁ]—-x0.003 =0.125

g, =0.125> 0.005

¢ Design for Negative Moment Mu = -29.3 KN.m :

d = h — cover—dia. of stirrups — db/2 = 350 — 20 10— 14/2 =313 mm.

% Design as a rectangular with 5= 12 cm = 120 mm

- 20 s
0.85* fc  0.85%24

_ Mulg _ 293%107/09 _
b*d®>  0.12%(0.313)

P ) 2w ) 1_\ﬁ_2’~‘20.58-2.769 s A
m 5 20 .58 420

Ag =pbe.d=(7.113%107)* (120)* (313) = 267.18 mm* .

2.769 MPa

Then use 20 14, AS.p=307.8 mm2> As.erq=267.18 .0k

= Check Minimum Reinforcement A smin...(ACI- 318M-08 - (10.5.1) )

- N it N24 .
Asmin= 2 S 0WN(@) =20 5 120/613) =109 52mm
As min=12 Ewid) =14 (120)313) = 12520
5) 420 2mm (control)

For 2814 ; As.p-3078 mm’> 1252 mm’ ; OK

= Check for Strain :-

Tension = compression
ASREfy=(0I85'* f *h * g
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307 .8 % 420 = 0.85 *24 %120 *a
a = 52.82mm
6 = Sdg é—2—'E£= 62.14mm

5 0.85

B=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

313-62.14
62.14

g,=(d-c)/cx0.003 = x0.003 =0.012

g, =0.012 > 0.005

% Design for Negative Moment Mu = -24.2 KN.m :
% Design as a rectangular with b= 12 cm = 120 mm

me_ B 9 __s053
0.85* fc  0.85%24

_ Mulg_ 242*107/09
b 0:12%(0313)

1 2mRn 1 2%20.58 *2:287
p=—|1-_[1- = j [ | [ § e %10 -3

As =pbe.d=(5.79*107)* (120)* (313) =217.5 mm>.

Rn =2.287 MPa

Then use 2012, As.p=226.15 mm2>As.req=217.5mm2. 0K

<> Check Minimum Reinforcement A smin...(ACI- 318M-08 — (10.5.1) )

el \24
= A Smin= bw)(d) =——— = 3
25) (bw)(d) 7420) (120)(313) =109.52mm
o 4 _14
= AS min ) Gw)(d) —E(HO)OH) =125.2mm? (control)
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= Check for Strain :-

Tension = compression
As*fy=085*f *b*a
226 .19 * 420 = 0.85 *24 *120 *a

a = 38 .8mm
AR 8 B s 65mm
B, 0.85
B=0i8oT T it <28MPa ....... ACI-318M-08(10.2.7.3)
313-45.65

g, =(d—¢)/cx0.003=————x0.003 = 0.017
45.65
g, =0.017 > 0.005

% Design for Negative Moment Mu = -11.4 KN.m :
% Design as a rectangular with b= 12 cm = 120 mm

D 7= 420 =20.58
0:85t 2 0.85%24

_ Mulg _11.4*107°/09 _
Brd: 012%(0313)°

1 2 ; *
p=_Ll_ I mRnJ 1 (1_\/1_2*20.58 1.07J=2.636*10_3

m =

1.07 MPa

m 5 | 2058 420

As = pbe.d=(2.636*102)* (120)* (313) = 99.04 mm? .

Then use 2@ 10, As=157 mm2>As.req=99.04mm2 .OK

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

=S V24
= ASmin= b e o
X5) (bw)(d) 2420) (120)(313) = 109.527mm>

e _14
> Asmin= (w)d) = 2 (120)313)=1252mm®  (control)

For 2810, As=157 mm2 > 125.2 , OK
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= Check for Strain :-

Tension = compression
As*fy=085%f,*b*a
157 * 420 = 0.85 * 24 *120 *a
a = 26.93mm

c=—61—=-2£:-9—3'=31.68mm

B 055
B=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

313-60.944
60.944

g, =(d—c)/cx0.003 = «0.003 = 0.0124

g, =0.0124 > 0.005

% Design for Negative Moment Mu = -14.5KN.m :
% Design as a rectangular with =12 cm = 120 mm

s = 420 53
0.85% fr'  0.85%24

_ Mulg _145%107°/0.9
b*d* 0.12%(0.313)

1 2 mRn * *
p=_[1_ 2w J 1 (1_\[1_2 20 .58 1.37J=3'38*10-3

m =

Rn =1.37 MPa

m T 3058 420

As =p.be.d=(3.38%¥107)* (120)* (313) = 126.97 mm?> .

Then use 2® 10, As=157 mm2>As.req=126.97mm2. ,OK

= Check Minimum Reinforcement A smin...(ACI- 318M-08 — (10.5.1) )

- 24
= ASmin= bw)(d) =——— = 2
1) (bw)(d) 2420) (120)(313) =109.52mm
= As min= L4 Gw)(d) =Li(120)(313) =125 2mm?
) 120 =1252mm (control)

For 2210, As=157 mm2>135.2 , OK
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= Check for Strain :-

Tension = compression
As*fy=0.85*f,*b*a
157 * 420 = 0.85 * 24 *120 *a
a = 26.93mm

c=—a—=£6—£—3—=31.68mm

B 0.85
p=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

g, =(d—c)/cx0.003= 313-31.68 003 =0.026
31.68

g, =0.026 >0.005

% Design for Negative Moment Mu = -12.5KN.m :
& Design as a rectangular with b= 12 cm = 120 mm

gl g A20 <53 5050
0.85% fo'  0.85%24

Mulg _12.5%107/0.9 _
b*d* 0.12*(0.313)*

1 2mRn 1 2% 20 58 118
p='—l—' 1- = 1- = 2 P = -3
m( 5 ] 20.58( \/ 420 ot

As =p.be.d=(2.9%107)* (120)* (313) = 108.9 mm?.

m =

18 MPa

Rn=

Then use 2@ 10, As=157 mm2>As.re¢=168.9mm2  .GK

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 - (10.5.1) )

> Asmm_‘/_ @w)(d) = V24 Y (120)(313) = 109.52mm?

(fy) 4(420)

= As min—

14
(]5/) ( w)(d) ~22—0(1 20)(313)=1252mm*>  (control)

For2@10, As=157 mm2>125.2 , OK
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= Check for Strain :-

Tension = compression
As*fy=0.85*f *b*a
157 *420 = 0.85 *24 *120 *a

a = 26 .93mm
PR 25,93 _ 4 63 um
B 5
B=0i85... . . =28MPa ... ACI-318M-08(10.2.7.3)

g, =(d—-c)/cx0.003 = %‘leﬁ x0.003 = 0.026

g, =0.026 > 0.005

Design Rib ( R1 ) For Shear :-

Vu ( at Face of support) =29 KN (From Shear Envelope)

Factored shear forces at d=0.313 m =313 mm from face of support
Determine shear strength provided by concrete (O Vc).

1.1Ve= 1.1%* ¥&' bw*d
6

=1.1* @. 0.12 * 0.313*10° = 33.73 KN

®Ve=10.75%33.73= 25.3 KN
Vs min = Max of : 1) % bw * d=0.333 * 120 * 313* 10~ = 12.52 KN - Control

2)Jl_£7; bw*d= {262*120*313* 10° =11.5KN

Case Il is Valid :
® (Ve+ Vsyin ) >Vu> @ Ve
0.75(33.73 + 12.52 )=34.68 KN > Vu=29KN > (0.75%33.73 = 25.3 KN

- minimum shear reinforcement is required

Assume Stirrups 2-leg @8

g= Av* ft*d
Vs
=(100.48 * 412 *313)/(12.52*1000) = 1034.944 mm
(7 3)

‘&& J‘I‘“ﬁ’g \HJ_QJ d\a.o?n? 49

8 ‘% Palestine Pelyt achnic Um,ersnty
= \ED}
Q=== ' —The Library LSt —
ACE s v s ey \ (. K\I\Q ...... Jaudawal ! @3 )10
ecss ...................................... %ﬂd'&dj
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= Check for Strain :-

Tension = compression

As * fy =0.85 Eif kb *a

157 %420 = 0.85 *24 * 120 *a

a = 26.93mm

2 ﬂ= 31.68mm
FEe0.85

$=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

o

313-3168 003 =0.026

LSl 0i003S
Oo e 31.68

g, =0.026 > 0.005

Desien Rib ( R1) For Shear :-

Vu ( at Face of support ) =29 KN (From Shear Envelope)
Factored shear forces at d=0.313 m =313 mm from face of support
Determine shear strength provided by concrete (U Ve).

11Ve= 1.1* Y%’ bw*d
6

e _422 0.12 * 0.313%10% = 33.73 KN

®Vc =0.75%33.73=25.3 KN
Vs min =Max of :1) % bw * d=0.333 * 120 * 313* 10~ = 12.52 KN - Control

2) _\/IQZ bw*d= %* 120 # 313 * 10° = 11.5 KN

Case Il is Valid :
@ (Ve + Vspp)>Vu> @ Ve
0.75(33.73 + 12.52 )=34.68 KN>Vu=29KN >0.75*33.73 =253 KN

- minimum shear reinforcement is required
Assume Stirrups 2-leg @8
Av* fit*d
Vs
S=(100.48 * 412 *313)/(12.52*1000) = 1034.944 mm

S=

49
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Check For Spax

1) Sax < % =313/2=156.5 mm - Control

2) Spax < 600 mm
S=1034.94 mm > Spax= 156.5 mm
o, Use 2-leg 08 @150 mm

Fig. (4-4): Two way ribbed slab (R 1)

v Statically system and Dimensions.

2.1000

6.3000

SN

50

N
=

AR T
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v Load calculations:
Dead load calculations:
i

—

- -40-»————-.- oy 4——6—~ o
Dead load from: W =yxV KN
Tiles 0.03x23%0.52° 0.1865
Mortar 0.02x22%0,52* 0.1189
Coarse sand 0.07x16%0.52* 0.303
Topping 0.08x25x0.52° 0.541
Interior partitions 2x0.52> 0.541
RC rib 0.27%x25%0.12%(0.52+0.4) 0.745
Hollow Block 0.27x10%0.4%0.4 0.432
Plaster 0.03%22x0.55> 0.19965
2 3.045

Table (4.2) Calculation of two way dead load (C.R1)

Nominal Total Dead Load = 3.045 KN/Rib
DL= 3.045/(0.52%) = 11.26 KN/m?
‘Nominal Total live load = 5 KN/m’
Determination of factored dead & live load

Factored dead load = 1.2*¥Dead load = 1.2*11.26 = 13.51 KN/m?

51
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Factored Live load = 1.6*live load = 1.6*5=8 KN/m>.

W =13.51 + 8 =21.51 KN/m’

v Flexural Design for (C.R1) :

Moments calculations :-
M,=C,wl by and Mp=Cy wly” beip
L./Ly,=6.3/8.1=0.77 ........... Case 4
The moment calculation will be done for the slab middle strip.
*Negative moments at continuous edge :
Caneg (1/1:=0.8) = 0.071 Caneg (1/1:=0.77) = 0.074

Caneg (L/1=0.75) = 0.076

Chneg (1/1:=0.75) = 0.024 Chneg (1/1=0.77) = 0.026
Chneg (1/1:=0.8) = 0.029

*Positive moments :

Cap (1s/1:=0.75) = 0.034 Cap (1/1:=0.77) = 0.0414

C.p (1/1,=0.8) = 0.039

.......

Ca,L(la/lb=0.75) =0.052 C&L (la/lb=0-77) =0.0504

C&L (la/lb=0.8) =0.048

Marve1=Ca*W* L,2%b =0.0504*8%6 3 2#0.52= 8 .32 KN.m/Rib

52
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M.s+ve...=. Masvel + Mg_ty_e,l_)_ -------------------------------------------
2z (Y

Cyp (14/15=0.75) = 0.013 Cop (14/1;=0.77) = 0.0142

Cpp (1/1,=0.8) = 0.016
—0.0142%13.51%8.12%0.52= 6.545 KN.m/Rib

24
Ly *bip

Mpve,p=Cp*W*
Cb,L(]a/]b=0-75) =0.016 Cb’]_, (]anb=077) = 00176

o (1/1;=0.8) = 0.02

M e =Cp*W* Ly *bgy, =0.0176%8%8.1 2() 52= 4.8 KN.m/Rib

ssolve .. 2IsBIVEL | sSt0 VG e e n ot detesctenacsetanns

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

M =113.45/3 = 3.78 KN.m/Rib

b,neg

M, . =19.86/3 =6.62 KN.m/Rib

a,neg

5.62
191 -
\ 19,86
\ =
Eare 3.78
32.85

Fig. (4 - 6) Destribution of moment for two way rib slab
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Design for Negative and Positive moment:

* Short direction

d=350—20—8—1—24-=3151nm

Positive Moment:
Midspan: (Mu = +19.86 KN.m/Rib )

My 19.86X10°
= = = 185 Mpa.
Ra Pbd2 ~ 0.9%120x3152 B

f; 420
=—2—= = 20.6
0.85f] ~ 0.85x24

m

As=pb.d=0.004625 x120x315 = 174.8 mm?>, Control.

Check for Agmin-

i I R
3 %

Aqmin=0.25"2% 120 x 315 = 110.2 mm?

1.4
Asmin=7-120 X 315 = 126 mm?

As,required= 174.8 mmz.

Coafe T T W U ’ _ 2x20.6X185 | _
p—m(l 1= >—20.6(1 : 420 ) 0.004625

Use 2 g 12 Bottom, A sovided =174, 8m1}11 >Aea= 126 Mm

Check spacing :

_ 120-40-20-(2X12) __
S = = =36mm>d,=12>25 0K

Check for strain:

_ Asfy _ 1748x420
0.85b ff  0.85X120x24

= 30 mm

a 30
E= T 35.3mm

B )

—
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Ok

g, = 0.003 (1:—“) = 0.003 (3—1—2;—153) — 0.024 > 0.005

Negative Moment:
Long direction : (Mu =-19.1 KN./Rib )

19.1x10°
= = = 1.78 Mpa.
Ro= (bbdz 0.9%120%3152 B

420
L _ =06
0.85f]  0.85x24

il 2.m.R st HESS _w = 0.00444
p= ;(1 = = 42‘071 ) ~ 206 (1 \} 1 420 )

= p.b.d = 0.00444 x120x315 =167.8 mm’. Control.

m=

T > Bsrgiet = 1018, mm’

v penea. T PR L

Use 2.2:10 bottom , A

.

Check spacing :
§ = 120-20-20-@AD _ 36 mm > dp = 18> 25  OK
Check for strain:

_ Aspy _ _226x420 _ 38.77 mm

0.85b f/ ~ 0.85x120X24

c= Bil = 3088757 = 45.6 mm
&; = 0,003 (£5) = 0.003 (22=2€) = 0,0074 > 0.005 Ok
* long direction
14

d=350-20-8- —2- =315 mm
Positive Moment:
Midspan: (Mu =+11.35 KN.m/Rib )

Mge " 11.35%10°
PbdZz  0.9x120%3152

= 1.06 Mpa.

—
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0
b 20 _206
0.85f]  0.85x24

2%20.6X1.06 e 0002593
p=—]:' o 1_2.m.Rn 1 1-— 1__———:}—2-0—""')
m 42

A, = p.b.d=0.002593 x120x315 =98 mm>.

m

Check for Asmin-

=o.25@ gt b d
y

As,min 7;
Asin =025 2 120 x 315 = 110.2 mm?
Asmin = =120 X 315 = 126 mm? Control.

,.__

Assequirea= 157 mm”.

U5 10 B A= 157 i S R = 126 10

Check spacing :

g= 120—40—210—(2><10) =40mm>d,=10>25 OK

Check for strain:

_Aspy, 157x420

0.85b f!  0.85X120%x24 26.93 mm

315-31.7

& = 0.003 (£2) = 0.003 (=2

) = 0.0268 > 0,005 Ok
Negative Moment :

Continuous edge : (Mu = - 32.85 KN.m/Rib )

M. 32.85x%10°
R=—"%L= e
07 ghd2  0.9%120%3152 3.06 Mpa.

e~ 420
0.85f,  0.85x24

m = 20.6
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2.m.Ry 1 Tt M = 0.0079341
=l 420

As=p.b.d=0.0079341 x1200x315 = 295.1 mm”.

Check for Asmin .-

b JFre )
A =0253L% b, d = F b

Asmin =0.25 L2 120 x 315 = 110.2 mm?

Agmin=2t120 x 315 = 126 mm®  Control.

Asrequirea= 295.1 mm?”.

U525 T4 BOt0m, As pvnied = B08 T = A et = 2951 1un

Check spacing :

§ = 12040 20oPAY _ 32 mm > dp = 10>25  OK
Check for strain:

B Asfy  308x420 — EDlin

0.85bf] ~ 0.85%120%x24

E Sl s
c e 62.2 mm
d— =
& = 0,003 (£%) = 0.003 (222) = 0,012 > 0.005 Ok
v Shear Design for (R 1):
W, (/15=0.75) = 0.76 W, (1/1=0.8) = 0.7

W, (1/1;=0.77) = 0.74

o The total load on the panel being (6.3x8.1x21.51 =1097.6 KN)

o The load per rib at face of the long beam is (0.74x 1097.6x0.52/(2x8 1)=26.07 KN)
Vua=26.07 —21.51x0.52x0.315 =22 .54 KN '

11 11
Vo=—1/f! bwd = =24 x 120 x 315 x 10~ = 33.95 gy

57
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@ V,=0.75%33.95 =25.46 KN.
0.5 & V, =0.5x0.75x33.95 =12.73 KN
Case (2) for shear Design : Minimum shear reinforcement

B LT
e shamis Usshaps (2 legstiops ) 0 10 A= 2 X 785°=1 57 mm’.

d_ ?E = 157.5mm Control.
2

—

d
S S 0 < 600 mm 2

= 157.5 mm

rEIRE SR e s 1,120

= 16 4y fyt = 1780 1o = 1435.73 mm > Smax take S = Smax = 142mm
Gl 150 V24

Use 2-Leg o 10 @ 140 mm ;and 2-Leg o 10 ) 200 mim in the middle space.

4-8 Design of Beam (Beam):-

< Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm”
% Loading :-
= Reaction from Ribl :
D.L =31.66/0.52 = 60.88 KN/m
L.L =27.62/0.52 =53.11 KN/m

= Reaction from Rib2 :
D.L =43.34/0.52 = 83.34 KN/m
L.L =27.48/0.52 =52.84 KN/m

=» Reaction from rib3 :
D.L =42.77/0.52 = 82.25 KN/m
L.L=27.11/0.52 =52.15 KN/m
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L.L=27.11/0.52 = 52.15 KN/m

> Beam Self weight = 25%0.8%0.65 =11 KN/m
= Beam Materials :

Tile = 23*0.03%0.8=0.528 KN/m
Mortar = 22%0.02*0.8=0.352 KN/m
Sand = 16*0.07*0.8=0.896 KN/m

Plastering = 22*0.02%0.8 =0.352 KN/m
Partition = 2*0.8=1.6 KN/m
» = 3.728 KN/m

= Total Dead load
Self weight + Materials = Y1+ 3.728 = 14.728 KN/m

Factored self weight =1.2%14.728 =17.67 KN/m

Geometry Units:meter,.cm

4
4
Lt
A
P.Sl 4.35 0.5
1 l —
4.85

g 9
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Units:kN,mete;

load group no. 1
Dead load - Service \1
99.9
10[t.0 10[1.0 78.6
] \ 4 k4 ¢ L
W L K o o o B DS DS W' ¥ ‘4.
Il 4. i 3.75 i 8.75 485

Load factors: 1.20,1,20/1.60,0.00

Live load - Service ﬁ

et
52.8 52.5 5.1 52,4
PE W W Jr o ] ng N W W\ Wb W vy kG Y K4 W

‘ 4. | 375 { 8.75 485 !

Figure (4-5) : Beam (1) Envelope
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Units:kM.meter

ored)

Envelope {Fact

Moment/iShear e — &
~Moments:__spans 1t 4 ML"[
-980.1 .836.6 , -861. ﬁ
-828.9 -787.7
2724 3.24 ,
-1&;5 -195.9 |—7 1.8|7! : "\\I
Ll o Cl }
K HH Hi S
Mﬁlgﬁ‘% 424 l——Tﬁlﬂ—l 1z ' - 1
366.1
787.3
l 1.8 ; 2.2 | 1.5 i 2,35 | 4,38 | 4.38 ! 348 : 1.7 l
I ] 1 1 I !
Shear
8006
.630.3 -667.9
AT96 4784
-3213 -361.9
.ZV
| H H H |
936.3 1795
388 6 3.7
§55.2
9,
7010 2% 705.6
Reactions
Factored
DeadR 21479 396.9 733,04 3
LiveR 17378 41441 689.45 B 177.33
MaxR 38857 811,32 142219 ! 184,55
MinR 49704 399,35 8335 1506.24 36188
Service 1063.52 98.54
DeadR  178.99 330.75 610,87
LiveR 10861 25901 43072 bk 14178
MaxR 2876 589,76 104159 549 116.34
MinR 1679 332,29 67365 il oL
830.11 98,53
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¢ Design Beam For Flexure :-

Assume bars of @ 25

bw=80cm h=55cm

d=550 -40-10-12.5 =487.5 mm

1) Mu=_861 KN .m

C max= 3/7 d= 3*487.5 /7=208.92 mm
® Mn max = @ 0.85 fc’ *a*b (d-a/2)
0.82%0.85 *24*177.58*800*(487.5-177.58/2)*10"

a=0.85 C= 0.85%208.92=177.58 mm

_6=947.51 KN.m>Mu = 861 KN.m ok

@® Mn max>Mu
Design as singly

<,

% Design for negative Moment Mu = -861 KN.m :

e A R VP i
0.85* £  0.85*24

_ Mulg _ 861¥107/09 _
b’ 08*(0A8TSE o

1 2mRn 1 * ;
e = i oD sy e
( b j 20 .58 (1 \/l 420 ] P

A =p.be.d=(0.013996 )* (800)* (487.5) = 5458.5 mm? .

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 (105.1))

e V24
A s min= =
s W) (bw)(d) 4(4—20)(300)(487.5) =1137 26mm?

1.4
A s min=——(bw)(d sdid
@) @) =55 (800)(487.5) = 13007312 (control)
12825, As.pr=5890.44 mm2>As.min=1300 g3~ 5,
25.Mn=1 00 mm) ok

62




Chapter 4

Structural Analysis & Design

= Check for Spacing :

Y 800-2%40-2*%10-12%25 a0
11

S >25 mm
S>db
-OK
= Check for Strain :-
Tension = compression
As*fy=085*f *b*a
5890 .44 * 420 = 0.85 * 24 *800 *a

a =151 .59 mm

=2 _151.5 198 34mm

B 0185
p=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

487.5-178.34
178.34

g, =(d-c)/cx0.003= % 0.003 = 0.0052

g, =0.0052 > 0.005
OK : Tension Controlled Section ®=0.9

% Design for negative Moment Mu = -828.9 KN.m :
124 a2

= : =20.58
0.85% fo'  0.85*24

_ Mulgp _ 828.9*107/0.9
b*d*>  0.8%(0.4875)>

! 2mRn 1 *
p:—l-— 1 - = i _2 20 .58 * 4 844
m ( 5 ] 20 .58 (1 \/1 g | = 0.01338

As = p.be.d=(0.01338 )* (800)* (487.5) = 5220.85 smm? .

= 4.844 MPa

Then use 11® 25, As=5399 399.9 m m>

= Check Minimum Reinforcement A smin...(ACI-

318M-08 — (10.5.1))
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2
L \/70_' = ‘/—_ 24 300 (487.5) = 1137.26mm
As min= X5 (bw)(d) 4(420) (800)
2
) =%’2%(800)(487.5) _ 1300mm

%fﬁpfr;i;i§_2§5_:;;5&?5§29321@£2Awa:1§99£@.--w::-;9«15

= Check for Spacing :
2AN_2%10—-11%*
S=800—2 40 1(2) 10-11 25=42.5mm

S>25 mm
S>db
-OK
= Check for Strain :-

Tension = compression
NSy =10185* . *b* a
5399 9 * 420 = 0.85 *24 *800 *a

a =138 .96mm
c = i 138 .96 =163 .45mm
B, 085
B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)
487.5-163.45
g,=(d—-c)/cx0.003 = - 0.003=0.

( ) 163.45 h 00

. =0.0059 > 0.005
OK : Tension Controlled Section ®=0.9

% Design for Negative Moment Mu = -195.9 Kn.m :
Ns% 420

= = g
0.85* o 0.85%24 ek

_ Mulg _1959*107 /0.9
b*d? 0.8*(0.4875)2

= 1.148Mpa

(control)
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q ] = 0.002814

p=;}7(l— 1-————]—5)—“‘)=

Ag = phbe .d=(0.002814 )* (800)* (487.5)

—1097.8 mm><As min.

. .08 — (10.5.1
> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (1 )

J (bw)(d) ﬂ—(SOO)(487.5) ~1137.26mm’
S Asmin=4H) _ 4(420)

> As min=(1'4 (Bw)d) =71'§%(800)(487.5)=1300mm2 (control)

= Check for Spacing :
S 800—2*%40-2%10-3*25
2

=312.5 mm

S>25 mm
S>db
-OK
= Check for Strain:-

Tension = compression
Asify=0.85*% f *b*a

1472 .7 * 420 = 0.85 * 24 *800 * g
a = 37 .9mm

B=0I8SE.. f =28MPa ... .... ACI-318M-08(10.2.7.3)

487.5-44.58
g,=(d-¢c)/cx0.003=—""—"""%x0.003 =
e x0.003 = 0.029

g, =0.029 > 0.005

OK : Tension Controlled Section ®=09
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= Jm ©
¢ Design for Positive Moment Mu = +787.3 KN

0.85% fc  0.85%24

e
_ Mulg_ 7813107109 _ 4 cypg
b*d>  0.8%(0.4875)

i o et A P /1_2*20.58*4.6J=0.01258
p=_[1" 5 0 703 420

m

Rn

2
Ag =pbe.d=(0.01258 )* (800)* (487.5) = 4906.64 mm

e

ThHen 1Se 100 25, Aspr=iS09 mm2=As.xeq=4906.64 mm2

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

JF bw)(d) —‘/—2—4—(800)(487.5) =1137.26mm’

14 1.4 .
min =" = d = 1
=2 As ( )(bw)(d) i (800)(487.5) =1300mm (control)

=> Check for Spacing :
800-2%40-2*10-10%25
9

S =50 mm

S>25mm
S>db ok

= Check for Strain:-
Tension = compression
ISRy =0, 858 /2 ¥ h * g
4909 * 420 = 0.85*24 *800 * ¢
a =126 33 mm

coa 1763
By 0185

p=0:85...0 f. <28MPa ., .. ACI-318M-08(10.2.7.3)

= 148 .62 mm

66
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g, =(d—c)/cx0.003= —’14_’8_6—2’_
¢, = 0.0068 > 0.005

OK : Tension Controlled Section ®=0.9

% Design for Positive Moment Mu = +366.1 KN.m :

o ] B MR
0.85* fc  0.85%24

' -3
_ Mulg _ 366.1%10 /0’29=2.139Mpa
b*d®  0.8%(0.4875)

Rn

1 2mRn 1 2 %20 .58 * 2.139
p=—1-_[1- = 1 o ~
m » 20 .58 420

As = pbe.d=(5.392%10)* (800)* (487.5)=2102.9 mm”.

oK

Use 525 A5 pro=2dbdis mm’ = As Teq=2102,9

= Check Minimum Reinforcement A gmin...(ACI- 318M-08 - (10.5.1) )

e 1
e S R
= AS min =1'—4(bw)(d) =ﬁ(800)(487 5) =1300mm?
€22) 420 -3) =1300mm (control)

Use 5025, As pro.=2454.5 mm’ > As min.=1300 mm’. ., OK
=> Check for Spacing : R i
. 800=2#40~2*10-5%25
4

S

=150 mm

S>25mm
S>db
- OK

j= 5.392 *10
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= Check for Strain:-

Tension = compression
As*fy=085*f,*b*a

2454 5% 420 = 0.85 * 24 *800 *a
a = 63.16mm

o 6316 o4 31mm

o 0.85
p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

487.5-7431 003 =0.01668

—((zl= 0.003 =
g, =(d-c)lcx 3 2431
g, =0.01668 > 0.005

OK : Tension Controlled Section ®=0.9

% Design for Positive Moment Mu = +321.4 KN.m :

. 120 08
085 /o 0.85%24

_ Mulg _ 321.4*107/0.9
b*d?  0.8%(0.4875)

=1.87 MPa

p:l_(l_ 1_2mRn)= 1 1_\/1_2*20.58*1.87
420

Ag =p.be.d=(0.004677 )* (800)* (487.5) = 1824.23 mm?

s A T G e N T T T
»AS Pro.=1963.6 mm- > As req = 182424 mm* , OK

= Check Minimum Reinforcement A smin...(ACI- 318M-08 — (10.5.1))

A7 V24
> As min=4H) . _ 2az0) BOO87.5) = 1137.26mm?

1.4
AS§ min=—— = —1 '4
> As 5 )(bW)(d) o (800)(487.5) = 130072 (control)

For 4025 , As=1963.6 mm’> As min=1300 mnZ"

, OK

) = 0.004677
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= Check for Spacing :

S= 800-2*40-2*10-4%25_ 59y
3

S>25 mm
S>db
-OK

= Check for Strain:-
Tension = compression
As*fy=085*f *b*a
1963 .6 * 420 = 0.85 *24 *800 *a
a = 50.53mm

SRao0 O so s m

By 085
B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

A b bean03= 81220995 4,003 — 0,021
59.45

g, =0.021> 0.005
OK : Tension Controlled Section

% Design for Positive Moment Mu = +42.1KN.m :

L . 4000,
085* /0 08524

Mu/ ¢ :

Pera 217107 /0.9
R — i

0.8*(0.4875)? b olEa

1 2 mRn 1 -
G = e 2% 20 58 %

’"( \/\va} 20 58 (1 \/1‘ P J= 0.005893

As =p.be.d=(0.005893*107)* (800)* (487.5) = 279 g mm?® <As mi
. _ =

69
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3 I_
S Check Minimum Reinforcement A gmin...(AC

Ve (bw)(d) ——@(800)(487.5) _1137.26mm’
3 As =) _ 4(420)

= 1' _—'—____—. - 300’”
= in= bw)(d 800 487.5)—1 m
A s min ( )( ) ) 20( X

Use 4®22 ; As pro~1520.5 mm’ >As min=1300 mm_

S

= Check for Spacing :
800—2%40-2%10—4%22
S= 3

=204 mm

S>25 mm
S>db
-OK
= Check for Strain:-

Tension = compression
As®fy=085*7 *b*a

1520 .5% 420 = 0.85*24 *800 *a
a =39.13mm

B=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

487.5-46.03
&,=(d-c)/cx0.003=—"-—""x0.003=0.
(d=c) e 3=0.028

g, =0.028 > 0.005
OK : Tension Controlled Section

318M-08 — (10.5.1))

(control)
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Design Beam for shear:
Vu = 667.9 KN

Vo= Y wpy d=l/—iz—* 200 * 487.5 %1073 =318.43 KN
6 6

R V24 000 % 48757107 =119.41 KN

VSmin = Max of T T
2) l *bw*d =—1— %800+487.5=130 KN - Control
3
Vs'= “ ’b *d= "‘800’487 5%1072=636.86 KN

Vs=V—“-Vc 6679 31343=572.1KN
) 075

® (Vspin+ Ve )<Vu<®(Vec+Vs')
0.75 ( 130+ 318.34 ) < Vu=667.9 <0.75 (318.43 + 636.86 )
336.32 KN < 667.9 KN < 716.46 KN

Case 4 is Valid
Use Stirrups ®10 4-Leg , Av = 314 mm’
Av* fr*d _ 314%420%487.5

S= =112.
Vs 572.1*1000 HICRey
S < Sumax= 1) d/2 = 487.5/2=243.75 mm - Control
2) 600 mm
Take S = 100 mm
Vu =478 .1 KN

& f'* V24
Ve = bw *d= 6*800*4875*103—31843KN

Vsmin=Maxof 1) ~— VIT Fhwtd = 24

16 T R e T

1149 1
2) = *hwid =~ %00 =
) 3 w*d 3 800*487.5=130 KN - Control

71
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LV o= 4781 31843=319.03KN
e s 075

3
@(Vsm+Vc)<Vu<cD(Vc+Vs')
0.75 ( 130+ 318.34 ) < Vu=478.1 <0.75 (318.43+63
336.32 KN < 478.1 KN < 716.46 KN

Case 4 is Valid
Use Stirrups @10 4-Leg , Av =314 mm”

Av* fr*d _314*420%487.5 _ 501 59 um
Vs 319.03*1000

S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control
2) 600 mm
Take S =200 mm

VS' & ,fC‘ :z:bw=2=d =:/_——2_Z— "800*4875< 10—3 =63686 K.N
3

6.86)

S=

Vu=327.3 KN

Ve= ————“gc*bw 4 d=i;—2j—*800 *487.5%107°=318.43 KN

Vsmin=Max of 1) ————“ljg' *bw*d = _1‘/?* 800 *487.5%1072=119.41 KN

g au
2) Lot =% *800*487.5=130 KN - Control

S T "362?/_53 -318.43=117.97 KN

¢
®(Ve+Vspm)>Vu> @ Ve
0.75(318.43 + 130 )=336.32 KN>Vu=3273KN >0.75%318.43 =238.82 KN
Case I1I is Valid :
- minimum shear reinforcement is required
Use Stirrups @10 4-Leg , Av=314 mm°
Av* fpe*d _ 314%420%*487.5
Vs 117.97 #1000

S=

= 544.98 mm
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S < Smx=1)d2= 487.5/2=243.75 mm - Control
2) 600 mm
Take S =200 mm

Vu =555.2 KN
o= Jf— £800 * 487,510 =318 43 KN
6

i \/7, eqe V24 4500 % 487.5%107 =119.41 KN
Vs o= Maxiof 1) —— ‘bw*d = T:

)+ L spwd =_;_ +800%487.5=130 KN - Control

Ve L e 25—3 _318.43=412.83 KN
Y 0.75

Vsli= “ "‘b *d— 3 *800*487 5%107°=636.86 KN

CI)(Vsmin+Vc)<Vu<CD(Vc+Vs')
0.75 ( 130+ 318.34 ) < Vu=555.2 <0.75 (318.43 + 636.86 )
336.32 KN < 555.2 KN < 716.46 KN

Case 4 is Valid
Use Stirrups ®10 4-Leg , Av = 314 mm’
Av* f*d _ 314%420%487.5

S = =155.7
Vs 412.83*1000 S
S < Smax= 1) d/2 = 487.5/2=243.75 mm - Control
2) 600 mm

Take S =150 mm
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S<Smx=1)d2= 487.5/2=243.75 mm - Control

2) 600 mm
Take S =200 mm

Vu = 555.2 KN
VJ V24 4 500 # 487.5#10 7 =31843 KN

Ve = —g—”bw *d=——6——

e V24 4 000 % 487.5%10 7 =119.41 KN
16 16

2) Lapwrd =% +800*487.5=130 KN - Control
3

Vsmn=Maxof 1)

e s 50557'52 _318.43=412.83 KN

.

Vg'= _{C *bw*d=l/—§_4— #800*487.5%10°=636.86 KN

@ (VSmin+ Ve )<Vu<®(Vc+Vs')

0.75 (130+ 318.34 ) <Vu=5552 <0.75 (31843 + 636.86 )

336.32 KN < 555.2 KN <716.46 KN
Case 4 is Valid

Use Stirrups @10 4-Leg, Av=314 mm’

Av* fyt*d _ 314*420 *487.5

S = =
Vs A B
S < S,ae= 1) d/2 = 487.5/2=243.75 mm - Control
2) 600 mm

Take S = 150 mm
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4-9 Design of slender column:
4.9.1 (B.C10) : Column in first floor .
< Loading :-
]
R E Ty
Reactions
Factored
H- HH 323.95 177.33
DeadR  214.79 396.9 ( 733.04 682,29 1 84.55
LiveR  173.78 444.41 689.15 1506.24 ; 261.88
MaxR  388.57 841.32 172279 1053.52 98.54
MinR  197.04 399.36 833.5
Service §86.62 147.78
DeadR  178.99 330.75 610.87 e e
LiveR 108861 259.01 430.72 s e
MaxR  287.6 589.76 1041.59 Mo e
MinR  167.9 332.29 673.65

Fig. (4 - 7)support reaction from beam B.B7

P.D=733.04+(13.1 x1.2)=748.76 KN/ m?
P.L=689.15 KN/ m?

PU=2875.82 KN

_ 2875.83_
Pn= S5 2= 4424 KN

Assume rectangular section with:

Use p=0.015

Pn=0.8*Ag{0.85*fc'+ pg( iy —0.85* fc')
4.424=0.85*Ag{0.85%24+0.015(420-0.85*24)
Ag=0.209 m?

Use .5 x .45 Agreq=0.225 > 0.209m?

*Check slenderness limit:

I M1
Sl e e 2
- S ACI =012 2)

M1/M2=10 - (braced fram with Mmin).
K=1.0 (for columns in nonsway frames).

kl A TRl 5

-r—u $34-12%1.0=22<40 1y=35m.
x=0.3 h=0.3*0.45=0.135
ry=0.3%b=0.3%0.5 =0.15
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is.
L = 25.9)22.0 Slender column for bending about X_aX

rx :
5
klu — 23 3> 22.0slender column for bending about y_axl
ry
EI=04 E"Ig
B Cl

E, =4700/fc' = 4700 % /24 =23025.20Mpa
_12DL 149752 _
Qe T 737580

e 3
; =b*h3 =0.5*0.45 _3.79%10Omm’*
TR ) 12
P 0.4%23025.20%3.79 _ 22064.6 KN .1
1+0.52
7 2EI
P =——
S (KT )"
2
314722964 6 _ 1oc00 16 KN.

00 5)?

1
Cm =O.6+0.4(%2—)
Cm =1

s Cm

o >1.0
" = 1—(Pu/0.75P,)
Lo 1
™ " 1— (2875 .82/0.75 *18502 .16)

=1.26 >1

=15 +0.03*h =15 +0.03 *450 = 28 .5mm =

emm

e=e_. x0, =28.5%1.26 =35 .91 mm .
01055

n 450

From  Interactio n Diagram
QB8 | 2875,,.82. 103, 145

P OREE o 00
_ 450 —2%40 - 2*10 - 16

y = o = 0.74

P, =0.01

Ad,=p*4,=0.01*500 *450 = 2250 mm 2

T

Select 12616 = Aspm,ded = TAmm® > As

A AR S B T T <

T e
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ardiameter) =16% 16 = 256mim.

ng < d. (Longitudinal b
e g ) =48x 10 = 480mm.

Spacing < 48xd, (tie.bar diameter
Spacing < Least. dim ension = 300mm
.. Use ¢10@250mm

10@25
. &
L—Q—_ —-_0..._93 N i
: |
1 2ealls Ldkd By

4.10.1 Load Calculation: .
Factored Load = 2875.8 kN .
Total services load =2109.4 KN.

Soil Weight = 18 kN/ m3.
Live Load = 5 KN/m?

Column geometry 50%45 cm.
Allowable Soil Pressure = 400 kN/m?

4.10.2 Design of Footing Area:
Assume footing to be about (65 cm) thick.

Q oty =400 - 5 - 0.6%18 - 0.65%25 = 368 kN/m>

4.10.3 Determination of Footing Area :

21094

= — 2
368 5.73m

A= W*L=5.73m?

L[=25m W=245m.
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Try25*2459,w1_tharea_=6m2>Areqi57,31112

2
Determinate q, = 2875.8/6 = 479.3 KN/m

Where :

A: Area of footing.
W: Width of footing.
L; Lenth of footing.

4.10.4 Determine the Depth of Footing Based on Shear Strength:

Assume h =65 cm ......... d = 650-75-20 = 555 mm.
Check For One Way Action:-

For X- direction:-

Critical Section at 92—+ d

9 0= 0555=0805m

2 2

Vi = 479.3% (%5 —0.805)*2.45 = S12KN
§Ve=p(*FE b, *d)

¢Ve =0.75 *%*\/ﬂ *2500%0.555 = 849.7KN

@Ve =849.7KN > Vu =512KN
. Safe

For Y- direction:-

—
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: a
Critical Section at -2-+d

2 id-= 9'2£+0.555 =0.78m

2
Vit = 479.3% (33‘5 _0.78)%2.5=533.2KN
pVe = ¢.(% * [fc' *b, *d)

S o=0.75 *%*ﬁi £9500%0.555 = 849.7KN
4 Ve =849 TKN > Vu = 533.2KN

. Safe

e Check for Two Way Action :-
The punching shear strength is the smallest value of

the following equations:

e ¢%(1+ﬂi) £ bd

c

1| o r
V. =¢g—|——+2 bd
¢ (4 ¢12(bo/d ) fC o

oV, = ¢%\/7 b,d

Where:

o Column Length (a) 50
€ Column Width (b) 45 T

Chaptey 4

Tributary area for
two-way shear

4

7z //
/ di2 /

Critical section

= A
for two-way shear\1 7 z;/
| Leeq+/

{ o

)
7/

Two-wav shear.

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

b, =2{(a+d) + (b+d)}.

b
°=2 x {(0.45+0.555) + (0.5+0.555)}=412 cm,
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@ =40 for interior column
55 = 3946 KN
e 2 o, 2 )fmo 0.5
b7 ¢'E(“EJ i s U
1 "y a2 015 [_ﬁt_()_*_t);ééﬂ}kmﬂwno*o.sss=5172.8KN
¢V = "’12(1773” fe 0 4.12

1 [y =075+ 34+ 4120%0.555 = 28005KN
_ g L1 b a =973 24+ 4120%0.555= 2800,
¢'VC ¢3 .fc o 3

4, 10.5 Design for Bending Moment:
At X- Direction:-
Mu=479.3%25%1%0.5%1=599KN.m

Using Reinforced Concrete.
599

Mn=——=665.6KN.m
0.9
Mn 665.6x107
Kn = = =0.864M,
bd®>  2.5%0.555 e
Bl 420 =20.588

T085% 0 0.85%24

R e 2 < Rn
p‘m(l s }

1 1_\/1_2x20.588x0.864
20.588 420

ASpe, = p*b*d =2.1%107 *250%55 5 = 29.2cm?

A5 iriage = 0.0018% 5% = 0.0018%250% 65 = 20 272
ASpeq =29.2= AS Sirinkage = 29.2cm

Select 12618.... ASp, 11000 = 30.53cm> > 29 20m?

p:

} =2.102*1072
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At Y- Direction:-
Mu =479.3%2.45%
Using Reinforced Concrete.

587.14
0.9

1%0.5%1= 587.14KN.m

N = 652.4KN.m

-3
Mn a 587.14x10 — 0.778Mpa
hde 245 0.555

a0 o088
0.85* /¢ 0.85%24

Kn=

1 ( \} 2%20.588%0.778
p =ail=

~ 20.588 420
Ay, — 2 b¥d =1.889%107 #245*55.5 = 25.7cm’

AS Spritage = 0.0018% b * 1= 0.0018# 250 * 65 = 28.665¢cm>
AS Shrinage > ASreq.

Select 1218....ASp, 1 iea = 30.53cm? > 28.665cm>.... ok

J: 1,889*107

4.10.6 Check for Strain:
At X- Direction
Tension = Compression

As*fy=085*f,*b*a
3053 * 420= 0.85 * 24 *2500 * 3

a=25.14 mm.

L R T
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oo @ B4 o9 6mm
085
g = MX0.00?,
5 296

g, =0.0532>0.005

At Y- Direction
Tension = Compression

As*fy=085*f,*b*a

3053 * 420=0.85 * 24 *2450 * a

a= 25.655 mm.
xm e 22095560
B 0.85
t 555-30.2 X0.003

5

g, =0.052>0.005

= 0K
4.10.7 Check transfer of load at base of column:
@.Pn=¢.(0.85fc'Ag)
¢.Pn=0.65*[0.85%24* (500 * 450)]/1000 = 2983.5KN
But Pu=2875.8< ¢.Pn=2983.5KN
Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As i, =0.005% Ag = 0.005%50* 45 = 11.25cm?

Use the column bars as a dowels
Select 6®16

ASpeguided =12.06cm® > Asy  =11.25¢cm?

*
Ldyreq= _0.24]5) db= 0.24%420

1.8=37
\/_fz \/EZ cm .
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= 1.8= 32.5cm
Ldgyreq = 0.043 xfy xdb = 0.043 x420 X

Ld@jyreq = 32.5cm < Ld(yre et
Ls = 0.071 xfy xdb=0.071x420 x 1.6 =47.7 cm >37¢
Ls=47.7cm

Available Ld=65-7.5-2* 1.8=53.9 cm.

Available Ld=539cm>Ls= 47.7cm

37cm = control

Using hook >16*¢
Required length of hook>16%¢ > 16%1.6 = 25.6cm
Use Hooks= 30cm > 25.6cm

AN
K’ , q’\
(-
=
4
; v
=1
=
L.oonooooooooc.ao.oo gbszﬂw
T TS TR T T 3
A e R b e o S AT A Ty s e b ] =
il 23 %
s AL
5 25 3
= %
Section A- A

) 21
2T181=27
13
9 ey } 9
1 o [y
a ’ k-
: 4
2
s 23 5
5 e .

Fig (4- Isolated Footing.
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4-11 Design of One Way Solid Slab :-

\".

Sty
22 .,
J ey e
- R
/ N e
S ~,
e GRS
S5 Bl e
! N
iof " -,

Thickness calculation :-

One end continuous

h _ 3900 _ el T
T 163 mim

Take h =200 mm =20 cm .
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Check whether thick. Is enough for shear
Vs =52.1 KN/ 1m strip

Assume bar dia. @ 12 for min. n‘einforcemexmt
d=200-20-12/2=174 mm

Ve =1/6 x V24 x 1000 x 171 x 1073 = 142.1 KN
Vu<1/2 ®Ve=53.28 KN/ 1m strip

Sence , thick is enough

Slab design for the negative moment -

Mu = -37 KN :
Assume bar dia. ® 12 for min. reinforcement
d =224 mm
Mn 37/0.9
Rz ie—ri= =1.36 Mpa
bxd?> 1000x(0.174)°
B 420

m= = =20.6
0.85f' 0.85x24

et \[1-3(-20%(()1@ )=0.0036 >p = 0.0018 OK

As =0.00366 x 1000 x 174 = 636.8 mm”

Moment/Shear Envelope (Factored)

Units:kN.meter

Vloments: spans 1t0 2

45.4 ———"T
37. 31
NS
N
- 147047
L '//,/ { = e SN
] N EN TE——
e SRR e,
30.
R R s

7

Fac

Uiy

a,
ir
Seq

Liv
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lation :
i 0,03 = 0.69
 nx002=0 44
16 x0.07 =112
) 15%x02=625
4 72x0.03 =066
s 2x172

2 = 9.91 KN/m"2
i =75 KN/m"2.

take 1m strip from one way solid slab :

Geometry Units:meter,cm
|
= —
1 2
1 2 3
E A ; A
S T
! A j
0.25 3.62 0.3 3.62 0.25
—+ —t +—i
1 3'9 . 3.9
\Faabi t EEES l‘
Fig. (4 -9)1m strip of one way solid slab
Moment/S hear Enve lope (Factored) Units:kN.meter
Shear
58.2
//ﬂ/ = 349 772
V
34.9
2 52.1
58.2
1 5 eactions
Flctored
= 17.39
Ei“dR 17.;: 57.97 2o,4§,
M:iR 20.48 58.5 ﬁ'%
.56 Min R 37.87 116.47 :
sel'\l?ce 14.47 87.22 g
Oe 8
LR 14.49 431 2] y
Man 28 36. 5 e
Wi 27.29 84.8
R 1267 66.59
84
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:> Use @14/ 20 cm Asprov

step ( s) is the smallest of :-
<380 (i‘-’ﬂ) A5EC,

=380 *

<380 * (359) 2.5%20 =

280

300(——)—
<3*h=3%200= 600m
<450 mm.

- Check for strain:
Tension = Compression

A * fy=0.85*%fc' *b*q
770%420 =0.85%24*1000*a
a=16cm

=2 _ 10 18 8mm

B, 0.85

174-188
g, =—
18.8

£, =0.025> 0.005——ok

*0.003

Slab design for the negative moment :-

Mu =+30 KN
Assume bar dia. ® 12 for min. reinforcement
d =174 mm
Y 30/09
bxd® 1000x(0.1747 1 Mpa
S . 420
" 085/ 085x24 0

el 2(20.6)(1.1
P06 s 4\20)) 0.0025 >p =

As=0.0025 x 1000 x 174 = 435 mm?

= Use ®12 /25 cm Aw 4 mm /cm

300 * (28")—300 (

(_———) 2.5 %20 =330mm
420

._-—2 ) =300 mm (control)
* 420

86
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Chapter 4

5 Use®14/20 em _, Asprov =770 mut/em

step ( s) is the smallest of :-

280 %
— DG
<380 ("fs ) & 2280 NS00 = 330mm

<380 * (72)-2.5%20 =380 % (25
35 280

% (280N # (——) =300 mm (control)
5300(2—:;9)=300'(_§_7y) 300 (gmo)
<3 #h=3%200=600m
<450 mm.

- Check for strain:
Tension = Compression

A, % fy=0.85% fo' *b*q
770% 420 = 0.85*24 #1000 * a

a=16cm
o= LI TR,
B, 0.85
e 188, 003
18.8

g, =0.025> 0.005——> ok

Slab design for the negative moment :-

Mu =+30 KN
Assume bar dia. ® 12 for min. reinforcement
d =174 mm

Mn 30/0.9

~bxd?  1000x(0.1747 1 Mpa
Jy 420

L o)
R J. = — \‘ e NN~
P20 U1 g )= 0002555~ 095 OK

As=10.0025x 1000 x 174 = 435 mm?

= Use ®12/25cm _, Asproy = 4524 mu/er

86
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Chap’ter 4

( Temperature and Shrinkage ) ¢

— p = 0.0018
Asmin=p_ *b*h

Use @10 @ 200 mm
step ( s) is the smallest of :-

— 000181000 %200 = 360mm’ (control)

<5 *h=5%200= 1000 m
<450 mm. (control)

4-12 Design of Shear Wall ;-

Fig. (4-10) location of shear wall

87
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By use ETABS software program we have:

Fig(4-11) Shear wall By Using ETABS

Chapte, 4

\\ .’
N 3.5m
—,222.23 kN.m
\
A 3.5m
\s\.\sm kN.m
\'\. 3.5m
22221.53 kN.
\"\..\ 1 SJ kl\ 4 '-{ s |
\ sabun 13.5m
L N\4167.8kN.m 2 |
Bendmg moment e
/

Fig (5-1) shear and momepg diagram of wall

88
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Chapter 4

N. xd

u :1560KN
Vip =0.27424 x 250 x 4720+ i

[§ ,+2xN,, :
fe' " lyxh )| hxd
=+ 3 10
¢ 20 M, S
Vo el

20 1.68

i [«/2—4 L5924 +O)} % 25054720 = 2319.21KN.

;q:Vc =361.3 KN<Vu=545.86 KN ......

........needs reinforcement.

Shear reinforcement must be provided in according with 11.9.9.

Vu<® V= (V,+ V)

Vs= Vu/ @ —V,=545.86/0.75 — 963.5= -235.7 KN.

also...
PVe=0.75%963.5=722.625 > Vu=545.86

So we take minimum reinforcement ..

Try 010@200mm for two layers.

_2x785
~ §%200
Max. Spacing :
Lw/5=5900/5= 1180 mm
h=3*250=750 mm
450 mm ceee.... Control.

=0.0025 = 5 — 314mm

90

=

=
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/’” Chapter 4
e 24 MPa
420 Mpa
j= 250m shear wall thickness
e 5.9m shear wall width
=141 building height
ipesign of Horizontal Reinforcement:
(ritical Section ==
o =0.75 (.83 *fcA**h * 0.8 Iw = 3598.5 KN > Vu=1545.86 ........0oK
Thick is enough .
W 2 DO ov: control
02
ﬁu—} = 1:4—- =Tm
Dned

i=08xIw=0.8x5.9= 4.72m
J, =545.86 KN
M =2221.53+ 545.86(3.5-2.95) = 2521.753 KN .m

VCl-ﬁgxbxd

2
A J_;ix 250% 4720 = 963.5 KN........CONTROL

ch=0.27\/Fxbxd+N“Xd
4x L,

dssume N, = 0.0

89
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*Design of Vertical Reinforcement:

Loy = Lia =237
i 98

w

h
Pymin > 0.0025 4 0.5 (2.5 s —lﬂ) (p; — 0.0025) > 0.0025

Select ® 10 @200mm. In two layer.

*Design of Bending moment:

5900
K = (200 ) + 2+ 785 = 4631 5mm?
Ast) fy ( 4631.5 420
w= —_— = —
(Lwh 7~ 5900+ 250) T
B,
= -=0
Lyhf,

G/ iliae 0.055 + 0

hy 2w +0858,  2x0.0551 085x0g5 — 2066

‘ P,
oM, = ¢ [O.SAstfylw(l iy .2

= stly l
e oS O = i OB

o1
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4-13 Po.(ST1A): Design of Stairs

NOTE: (Material)

-

Figure (5-2) : Stair (ST1A)

° *B300.. J¢'=30N/mm*(MPa) For circular section

but for rectangular section ( f¢'= 30*0.8 = 24 MPa ¥
Determination of Thickness:

height =3.50 m

Rise =3.5/20=17.5 cm
height - rise run S EE
3.5m 17.5¢cm [20em  [5KN/mp

Minimum slab thickness for deflection is (for simply s

h,min =1/ 20

h,min =417.5/ 20 = 20.87 CIn N
= Use h =25¢cm.

6 =tan™(17.5 / 30) = 30.256°

.- ... take h= 25 cm.

24

T

Mpa

Upported one way solid slab)

420

Mpa
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h,min (cm)

%5 513012567

o Load Calculations

Dead Load calculations of Flight :

0.03 x 22
=———=0.762KN/m
sty cos 30.256 /

0125 % 25
=————="7217 KN
concrete 0530.256 7.217 KN /m

0.3+ 0.175
mortar = -;“3 0.02 x 22 = 0.696 KN /m

03075
stair = 55 25 =2.1875 KN /m

_ 0.35+0.175
T 0.3

Total load (DL) = 12.3 KN/m
Live load (LL) = 5 KN/m

Tile 0.03 X 27 = 1.4175 KN /m

Dead Load calculations of Landing

Mortar 29 0.02
R C 25 0.25
Plaster 22 0.03

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

93

material ama h(m) b(m)
Tiles 22 0.03

KN/m

0.66

i

0.44

6.25

0.66

Total IOM oy
Live load (LL) = 5 KN/m> o
\
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For 1, , W=12%12.3+1.6%5= 22.76 KIN/m

W = 1.2*8.01+ 1.6*5 = 17.61
& Wﬂlght (KN/ m)

F or Wlanding >

' | o Wland‘lngv (KN/m)

2276

17.61

- Structural System Of Flight (FL1) ¢

22.7 KN/

| ERRERER

e o
e 2 4

.—’/'—

34.69KH

35.27TKH

=102 - 27 — 108 -

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2 =250-20—14/2 = 223 mm
Vu =47.85KN

g7 = 075*/24%1000% 223
6

Vu=47.85 KN < 0.5* gve= 68.28 KN

=136.56KN /m

Thickness is adequate enough

db (mm) | h%

014 250
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o Design of Flexure:

Moments: spans Tto 1 5 e

2.4 96.5 2.4

(5-3): Envelope diagram Flight (ST1A)

- Design for Flight:

Mu = 56.5 KN.m

Mn =Mu/0.9=156.5/0.9 = 62.78 KN.m/m
d=h-20-db/2=250-20-14/2 =223 mm

R = an
b-d
62.78%10°
Rn et
1000 * 2232

=L
0.85x fe'

=1.262MPa .

420
0.85x24

1 2mR 1 2%20.6*
=—1- 1- | i A e . 1262
m[ V 0 J 20.6 [1 : TJ =0.0031

95

=

=206
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A.S —‘> = = 2 — 4 Z/mcoo- OK
req 2 ; ? 223 6 21 mm /m S

2
ds,, =0.0018%b * = 0.0018#1000* 250 = 450mm” /m

Use @ 14 then, | e T G O e

' R, ASpeq(min’)
| ' Rn P req 450 500
S s 1.262Mpa | 0.0031 | 692.17

Use @ 12@ 15 cm ¢/c , As=753.6 mm2/m strip

- Step ( s) is the smallest of :-

1. 3*h=3*250="750 mm
2. 450 mm

<380(ﬁ‘1) 251,

<380*(@) 25*20—380*(2280) 2.5 * 20 = 330mm

<300(@) 300 * 28")—300 (22‘“’) 300 mm ... (control)

- Check for strain:
Tension = Compression

A *f=085% )\ xpg
753.6%420 = (.85 * 24*1000%* g
a=15.2m
g o0 25mm
B 085
g, = 223-1825
18.25

&, =0.0336 > 0.005— s o,

Temperature & Shrinkage reinforcement:

AS Sprinkage = 0.0018x b x fp = 0.0018%x1000% 250 = 450mm? Im

96
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Use @ 10/@) 15 ¢m ¢/c, As prov =523.33. ‘mm2/m stip

- Step ( s) is the smallest of :-

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

ASShﬂnLage(mmz) S(mm) db (mm)
e
WRA =3527KN/m WRB =34 69KN/m’-”?-*f-'

Load For Landing ‘— w - ﬁﬁ = 18.66 KN/m

- Design for landing (L1A):

. fEaes 18.66 KN/m
e el R
22.7 K
15 KN el KM 61 Kivm
."—,—v Sy

=— 1.8 ———

.1
A o e _—"'b"' .8 e G-

Structural System Of Landing (L14)

o7
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10E

1.85
1.85 S

(5-4): Envelope diagram Of Landing (L.1A)

Vu=67.1 KN/m

- Check for shear strength (L1A):

Assume @ 14 for main reinforcement;-
d=h-20-db/2=250—-20—14/2 =223 mm

_ 0.75%+/24*1000*223
¥ 6

Vu=67.1 KN/m< 0.5* grc=68.3 KN/m .

=136.56KN /m

oVe

- Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 62.075 kN.m/m

Mn =Mu/0.9=62.075/0.9 = 68.97 KN.m/m
d=h-20-db/2=250-20— 14/2 =223 mm

Rs Mn
b-d?

_ 68.97*10°
1000* 2232

A4
0.85x fc'

I =1.386MPa

m =

98
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0
~ 0.85x24
o= Ll i (1 \/1_2*20.621.386J=0.00342
m 7 20.6 42
ds,,,= 0.00342*1000%223 = 762.74 mm®*/m> ds,, = 450mm* /m.... OK
As,. =0.0018%b* = 0.0018 1000 * 250 = 450mm* /m
Use @ 14@ 200cm c/c =
Mu®Nm)| m | Rn |  p |Aseqmm’) |Aspin(mm’) | S(mm)
62.075 20.6 |1.386 0.00342 762.74 450 200
Mpa

- Step ( s) is the smallest of :-
1. 3*h =3* 250 = 750 mm

2. 450 mm

<380(@) 25%C,

<380*(ﬂ) 2.5%20 =380 * (

< 300(@) =300 * (20

= Check for strain:

2230) 2.5 *20 = 330mm

) 300*( = 225 ) = 300mm (control)

Tension = Compression

A, *f=085%fo' *p*gq
762.74% 420 = 0.85% 24 %1000 * 4

a=157

g, =0.0332 > 0.005— o

o Temperature & Shrinkage reinforcement:

99
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2
= 0.0018x 5 x /2 = 0.0018x1000x 250 = 4501 /m

As, Shrinkage

S
e e

Use ©'10 @ 15 em ¢/c, As prov = 523.33 mm2/m strip

- Step ( s) is the smallest of :-

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

sy (?) | S(mm)

[ (mm)

e e =

100




Appendix A : Architectural Drawings 5.1

Appendix B : Structural Drawings 5.2
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1. American Concrete Institute (A.C.I), Building code Requirement for structural concrete

(ACI-318M-08).
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