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Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian
live loads, seismic loads and to determine the use of UBC-97)), Asfor the
structural analysis and design of sections has been the use of the U.S. Code

(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as. Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for al structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projectionsisto link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.
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A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.

Vc = nominal shear strength provided by concrete.
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Vn = nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

&= strain of compression steel.

p = ratio of steel area..

Jglaad) (el

X1



22
22
23
25
38
59
89
90
91
91
91

98
99

100
101
102
103

[) Al A5l DA g 5 il
Aexiiaall o) gall dpe 5il) 2EEY)
il yalial dall Jlaat)
¥ 258 e oo ) Ul dakia g de

Calculation of the Total load for Rib(1)
Caculation of two-way dad |oad
Sheet metal for 2 and 3 spans
Vertical member forces
Top member forces
Diagona member forces
Bottom member forces

HSS dimension and properties
HSS dimensions and properties
w- shapes
w- shapes
Angles
Angles

JSEY) G sgd

XV

a8-4
b-8-4

a9-4

b-9-4

a10-4
b-10-4



10
11
11
12
12
13
14
14
15
15
16
16
17
17
18
18
18
19
24
27
27
28
28
29
30
31
32
33

Figure #

A gl 3k Jabaae ]

lledll dgal S ]
i giall dgal 5l ]
A ,all dgal S ]
i a)l dgal S ]

4y Aagnall L) sl £ ) Cam (e sl e 2l il -
Calatl Cuaall Ol il agall -

2l gl sl ol diaiaall Chlagall -
Flat Plate -

List of Figures

Page

XV



4-1

4-3
4-4
45
4-6
4-7
4-8
4-9
4-10
4-11
4-12
413
4-14
415
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25
4-26
4-27
4-28
4-29

4-30

Description

Spans Length of Rib(1)
Spans Length of Rib(1)
Rib(1) envelop
Beam (5) envelop
Two-way ribbed slab
Moment and shear diagrams
Column section
Interaction diagram
Static system of truss column
Punching area
Stair plan
Moment and shear on flight
Moment and shear on landing
Basement wall
Static system
Shear and moment diagram
Cross-section of sheet metal
Static system for purlins
Moment envelope for purlins
Shear envelope for purlins
Support reaction for purlins
Truss system
Weld forces vertical member
Weld forces on diagonal member
Weld between gusset plate and bottom member
Footing (5)
One-way shear tributary area
Two-way shear tributary area
Section and plan of footing 5

Moment shear diagram

XVI

37
41
42
47
57
66
70
72
74
75
77
79
82

85
87
88
89
89
90
90
94
96
97
104
104
105
108
109



£ 50l il




3\_.\.\3.\.“ u.:_.\c_A;.\Lg.\_.“ .\_m;j\‘s_h‘\_.um.\gj\ -_ A\—ALCM\—J]J\_\J
u&ﬂ\jw\ewqu\H\};\J\ﬁ_mﬂu_@ i gaaly  —
c.\ia.\_uuélﬂ\_ﬂaﬂ\ ‘Hﬂ\}uhdab)l\}@;}lyﬂ\}e)_‘ﬂ\d_uhw_ﬁc\sg\j
.@M\ut;gn\}guhﬁqﬁ\uw\ﬁm}@ujemm

el LSe Al all e Jaad il s gl AL gl A Lagee A inall A uniglld
Aaged o3 e 33 JSVAaUiall 3 ) sally 5 4 sllaal) 53 sally 5 A sllaal) Cilieal sally

&.}LC})—&A”J—J&.L}] “-...\ PXG —_ A ewl “..“\}HA—AA_\S“ ”L‘(’HL”SJ—'“H(;JJ—A”U“‘\—"'@A )
@)&ﬁ)\%k@)\&d&ﬂ‘b)})@iﬁ}

dsh as a4t ) a e dea ) ) 33U (B pe s e b gl

oAbl B wsedina daalgcalw i ad Gl aany (e 4 b g iy (34 1

ek o Jsbms e I8V (e el (e s el Jlaid) S ol
Azl da ) )5 o shaall Jueal)

£ o phall cilaal -
AU Calaa ) ) Ulea g 38 ¢y oS0 ) Al amy Caadl 13 e Ja
"A:; @L&J\;j\ o)au:; @J}S) FEAEOA| CJ)LAAH Q_LL.QLAA]\ ‘;:\Lm.a:}” ew‘ )Qﬁ;\ ‘_A:; 3).)3]\
Al ALY aaliall arenad e 5 il

Al ) L) 8 Wil 5 o3 i e sbeall Jay 5 (ke
(5l Jall e Lt i 5 L3R mpanaill geal o aladial ()



alinll e pead ALY aaa ) g el e gyl 13 A A G J A
O3S salic) o o3 "M A alall il aliaV) g si Il i g g il A Sl Ay
A ey Ao A8l gl Jlaa¥) o aay L sl g0 ae Y1y lac YTy il L3
Ll i) ddle Hlie W) ey 3 A e gl a 30l il apa i s Laalagl o aas
85l s () BY) s e g5 pdall 12a

- Al Hall Al (e

. (ACI-318-08) 4aliaall 2Ly aseuaill 3 S el 2 5S dlaic )
.Microsoft office Word & Power Point

(s Uyl dad o g 5 pdall 138 (g siny

Lodlaal gl A g dalall dediall Jady ; -
g soall (5 larall Caa gl Jady : -

: ALy paliall Caon s Jad -
Alasy) pealiall SLESY) sl 5 Julail -
S gl 5 gl -



Calaal @L@Aﬁ\}ﬁ} 3.,3)\.4:.43\ @\).\S\ e Whsa (g Xl tﬂh} 3..3)\.4’.43\ cidalad Ll :Lu:\‘)d (

Dsall s 3ae YIS jualiall o3 a 358 cansI AV inall 435Sl Apliny) jualiall Aul oy (
Ol daele 5 saliaB¥) Culall Ging 5 & saia sall 5 jlerall aranaill an palaay ¥ IS5 liac V)

Leale 3 535all Jlaa¥l 5 450y pualiall Jilas (
Sl il e Uy A5LEY) jealiall areat (
AR araaill zal s G2k (2 araadll (5
JalSiall Algill alSiy o 5 piall 7 A Lgapanali o3 Al A0LESY) jualiall 4pddnil) cillaladdll jlas) (

caiill ol

Ll O a5 e 3l 5 8 el Jlee | Jodids e gy M) J

|02 7| 0] 25| 28] AT|25)A0| 24 27|22 [ Pof49) 1617

B godead i dlas
£ dpiall dasia 35
oL A O
bt el
£ soweadl ik dlin
il s
Epgnall e

( \ ) Al Al Sl DA £ g pdiall a3 Jgaadl (- )



Calgald -



Gl ) Gluasy) Mo ) B o e  Ja ¢ eand) 138 3y ol a5 cauigl) aglall ol 3 jleall riad
4 g Lo Slaiese il )l g (pa 5y gem Jumdl LI (i sgS Blin (po et sall o3gn JEE co ykal 53 5 4] el (Jlal
Al dxdall 03gd Jlea (e

ST S 1315 Jlaadl o) se (e (5 jlarall il 4sa 5 Lao Lad 8 5 e ¢ H\SE1 5 4 a5 (48 5 jlandl Canaial 1300
38 Al g sadl gl 5 LA Gule e U g8 a8 o 3 Y il Vb jlaall (8 ladie (i 3 gan g Jayl g ale i 08
Jelii s Ll Lavie cilaliall (pe apaall Ul (023 08 Wil a2 ) J puiadll (oamy Ui 55 Al puaall 5 Adabid) doaliie il () o5
Lelald ae

L@.ﬁ\cn‘ci:asl\b&ug:d@\]b)}uﬁd\u}dwtbﬁemé\éﬂumgj‘cjbl\wwu_\d\}mm;
J8E e GIS Talaie) dpuaigl) 43S 5 8 el aainy By guny Ciled i sae ye Aol jiay Ahaie Y] dids &
Lebalii ol (o 58 Y A ey A i 7 A il o s Glal ilS ) 5 el o1 3al S (83 ) jSia s oS plaiia (pusin
RN

pranaill Al oy W5l 1 can g JaST e o 3l is dal jedae pie 5 e sl Lite (5 mpanail) dlee )

O ) Adliaal) clllaiall 5 Cailla gl st jlie W) Gaey Mg s Wil JS8 apaas Als el 028 (A Al Cua (5 lanadll

3ac Y1 adl ga i g A gllaall lag¥) g e ] A (G Caagy Al yal ol a3 55 (g yan G o inall 13 L) A Lelal
Aodla ol il (e s e g Jail) 5 A8 all 5 4 sl 53 WY Al o L) Aleall oda 8 aig ¢ slaall

S gt Al ALY mpenaill dlee Tag diledl) L) s Leal JA) 5 (s lanall apanaill Ala ja (ga ol a5
) il o3a e Ll 2y Ll Ledle dadl ) Al Jleal) o Tilaie] Lpaiload 5 A5LESY) ealiall sl auan
Al & as cilulidy)

Joalill Al ) ALdY) (G aand ¢ Jsala (358 o gin dihie 3 AlAl)l clalia¥) g3 slaie e 3 ke & gl
09355 agdladine 3 aalall Clalia¥l (553 zad e 508 L sS ) ALYl (Sl s e iidas Jaali (1
ol GRS Sl aa ) 5

zokS o) osall eoadl 8 Yy Ja¥l isad g5 ol ol al aY (el g sedd) oY) Aili (e Bla e Sl
L

zooAl Jslad cllaiuay Ja¥)s Al aaldd) 53 05l agud Lol ala Giliay a1 e panill jay 3 SAN 0
il 51 e JaY) s ol e il aalill G L sl ahial pe & glaac Y1 138 (e el

ol () a8 sally @l (Blad o) g A8 Aling 4 el 2005 31 5all &8 gall Al 50 aaiy ald £ 5 pde gl pranall
Siat) a2 iy alli 8 o i) apenailly Lilidle 5 AiE) jualiall Glial uay ddlaiall 8 salud) daliall 5 8l il
JieY) apanaill



EJ\jﬁJL,\ cﬁyd\ Ao Ll As yisdll u'aj\]\ Gllaad T 5 (e ccﬁ}‘d\ palic e dale 3 S8 glac) Cany cllAld
ol Hlua g G_);..A\} paslll CL:\JS\ slal ¢ cddaraall ‘j_ILLAM &\53)\ cidaraall cilaasll

deall Cgine QAN dnae Jled ¢ Jsals Aipac g Ay Gyl (e el s b pgdall & ) 8l
Aty i jig e oadl g e a9V @i Lgalia Jlxiel & <ol Al Tuan e m )W) dakid g8 opladiciy jal)
cosdill Qi e Jli s Jsala il ¢ HLE g A ) 3,k

\,.l" L b p
T c FUGR S =
-ll-_l: ey ::.I'—I' jox "'-_41-_.1 - & i L
Y} Ay e |
sl C |
ot e g oy
R T S - 3 B!
|3 3 L Y B4 ” iy
'.._'|'!“g z i35 e e R ’1_"’ {h"l
..,__.w:-_.-_' L .“_1._-:,;. J-'F"'"".i . I". ] i
s I A 2 L %
gy U'FE HEI llLl, lln'l
1 S 5 i
s 1*--.'_,—:'\ TR 2!
Tel g TR L3 .
P Eaee =
T el Bew Ly !
n '.-7-':4;: o a el
6\5(\_ : T SEE AL
T 1
M 1 ve )
iy 1 'Ix._
L ] [ r .'/
a e 2 N TS _I:;." L\'\"‘

s el dpaaf - -
sl JLERY Adlall L,
o Lgals J (Y aadad a5l ] S8 i Y Al clalia¥) (o3 Jaali 38 e 4WlBY () Jlial aglee
Gl als g s omiall Glerd e iy (0 clluall @lld ) g 5 el dn g pals ) B ia g B el julaas Gand o
58 Jaals 38 5al m)) jlial dlee 8 daga Bliisae (b Lady, alall (5 pmall mosill aa 3815l 5 JalSl ara
-l cdaliay)

DAy ¢ ale S () pendl gl dpaailly (i )Y e Al 53 (B a2 ilal) 58 1l sall 4d) jaa
C oY Al 2 by LAl Al a5 ¢ ) Aida g o o al)

wa Y banidie 5 (3 sl ligh wd sall L gall (3l daxisll ABlal : bl sall 4S04

Dl e Al Uzl e Ll gial Gam (e (i)Y Aaph e Giaay o2 el s = gl oUas)
bl

iland o S ¢ e liac 4 Jlad ¢ Lee 51 pa)¥) Aadaly Aol Jlsall daphs s Aol ilaal) Lol
slill 3 g A gy ¢ o3l A el aall e La il s ()Y aakd e il o2 piliadSy &
CDaa g o) e L)) g ddaaall  Shall 8 deadiul)

7



Tgh s omedllds a L

Glaliall 85l jall (mledil 3 pay Leall 5 (Adla)lan 2,5l # Loy (o5 A -3 Al #L 0 ) Jsads A (s
TLl O A aall Lead gal | lai g Al )1l g JUna¥l Alana by (b 5 A ad) A giall =Ll ) (i ol LS cad yall
L sha y (e QS oyl (e dadldl) 2Ly 51 (8 i) (e Acanlal) bl 815 5 ¢ 4810 Cl iy a5 Lgale g gy 2l

2N Jaad Al (8 Cpaled) Al S il L Al e Cagh LeSclila Vatina of sgdl Jaad 3) ¢ Lalaasil ST Lelans

inall s 5 Lol g e A8l el ¢ iall Jodad 8 dagall Jal gl e 2Ll Guadd) AS e A 3 )

O GSan b ST e Jsaanll 3 Aaalidlie g o A al) ddhaia) (e agle @85 g ghadl (e iles ga el olad

88 Jan a3 g bl o S 53l AU g il ASlpiaa) 28Ul A0eS (e JlE 5 capall ALl dpsadil) 8LLY

IS8 aapenat g iaall o uadilly #lsl) il sle] e cangd Al JAliaY) JSie) e s el ol as Je i
A5l dalaiall ppanaill ba s il

sl Ao Julis 5 i sl e e el i)Y g colBED Jumd 3 %A €T € el b Ay gk )l Jare 5l
);_A\OA(QLU\ ;\}@J\L@JA;..J‘E;\]\

AUl (385 de ) ge lerd g 53D Gl sk Ay )l e g s el ()5S

- A gl - -
Ja VY G Aaliey (1), 0 (o suia)
iy B8 ge 5 aplaiiAd e ¢ e A ¢ A c Ulua A8 )8 ol eSS A e e sl Bl S5 -
JS b e 58 LS ¢ s 30



“
oy paall) (i Babasa (- )

CTe Y AG 5 Ralisey (T.Y 0 (suia)
rel yal At ) andy
O P PR S 38
Ja €90 dialie g gudas salakaicld o iy

SRR

o

oy

o .
e
e e




: qu.\;l\ cj,a-“ Y_Y-¢o¥
e TAE G [ Aalia (e G e 5 Gu B AR e 5 sala A e 5 dalilialeY Cae e (ssiag

0
if
¢lo

A

I
e b
SLEY L

TR T

SRR
¥
PP
ACREEERL (EEELERLR L
: @

A

B
hE R
LB
REARTETY

b
5
Ty

T AT T
TR

i |yamid Hane

éﬂ‘ ;‘},AJ\ A BEF I ¢
ol e ¢ Ll @il 50 el Qi Gipe g0 Aalall claliaVl g5 Gald muae e g siag
e oY sl Juid 5 el Cae e Al sl

10



ey - TR

ATHTATHTE

Dol e all €YY

.

)

¢

e e

b‘)-ul

-

all

¢ didae ¢ Axd

:U:‘).'csdi\d“

O34

e TG s Aaliay JUiule

o_y_¢.Y

-

s sl ¢

s el s
Jai Ramp e

22
o

i

Gaaldal)

lpars call ¢l 3
‘.5&..4)‘ ‘

daluas Jo¥) il

-

S 9 pary

Y

Ce M@

Cniha gall Cope g JLEiaY) 5 il Jalae e

i g

&

11



|

1.1
by

e

|

[RE[E B
d] RO

z H —E— i
izt M P G e g are £
3 o 7] ﬂk ¥ i
[} =]
z

- YooY
VAT Y T Aaliay (V.Y0) sl -

Dl g
s el ¢ all VoFog Y

Acls CilSa o g jall 13 g sing g Caiall JIS5 (g 6 3o Adlialy JS3H Aalisay 80Ly 3 40 jeday
T VA L 4alie Lie 5 cilelaay)

oL TR o=
f.'? 'tj. [F | SR
[ =t
éf'\‘. L o F 1
- ;.:m_{ I._. A
R
[ e Cm
A3
ra #
e 59 | W 2
R | R o
= -

o 4
g '%'sli‘_*lgaz

=[N

-
L

MMV ETT T

BT




6_1}.\;3\ s all YoYoELY
5 Y Gildall saaliie il 338l L aa) 5 aa g Camy (Y Gl e Jas i e e s 51
e Yo L yldall Aalis

[T FRHE |

s Sl e sall Yoyoe Ly
i Agals j didaie 1l Jalay 5 eannal) Aidaia (358 30kl 8 aa) 5 Juany il (e e 3l 138 3
e £ £ 5 aali Coall o gll Jridie ) ALY (poSa e Giall (s ging 5 csaaliall

13



:‘51‘)54\ el Eoyoey
Ta TASC 5 dalisey i all Canall b e 5 e 5 e uilldeld 5 Jelia) e s giny

- L e A —
: L e SO R e I i o N =]
g i T 5 T T f-Lhgh-L [ iy
b - L L i -r%., FEEY Jl?..'i-'k‘g’ Wi _Iﬁ | o
¥ S 1F neot ] L
ikl G
R é}

;.1-" v r'\._.l'n;“ el

- o ea e T s wj{u:{}{}'ﬁ'\;{t o a'gg.%a e

Al
| g gty iy "} 7 o d e o i H '
ﬁ% " ""«a-f-.:ﬂ-:.a-:._pc.,cq-. o .:-c.:-:..z.c-cm’.:-c. jﬂ H‘ ool S v ot _.#- e L il T ¥ i
“'i'ﬁr ------ .-,"9&-1-..1., i --rﬂ'r- SRatat -*.;r.;.-r ------- P.;.*El.;. oo "P,-.ﬁ.;.f.;ﬂq@ ok -ﬁ\-.r., F
: =

ceiae e TR T
i

"‘1 i

L

e
@

%I

%

]

1 L

| (I
I_ ﬂ :

C il 8 L) oYY

Lalall Claliia¥) 553 (e JibYSlabiale Y Caje 5 ulSa EOE e (5 sind 3l Jal aen G Jual
Ja Ve VEC dialie i

14



; Sl Gyl £g Y
578 YYoV Gilall dalue muail J Y1 Gilall 8 diladl) O 4S5 5 o giall o all gty ildall 138 yie
C(V).Y0) (susia

s el ¢ 3all Vogg LY
(e £9Y) @ L3 Aalig axdadll al gl 5 andae o (o gia
Y

J A

s
L T o]

=1

| DR DY DR D B I )
rrrrrrrrr

HEE e

15



: LTUAAJ\ e all Yogogy

Y - . Ces . e e s e .. .
(V)8 daliay cplalall o 548 j2 5 (piiSa g JLiiul 48 )& §AB5e agd B o (5 5iny

-)

: c;')"'“ e all Yo £y

(pTAR) G [ Aaliney Jliind 5 JLiSa 5 e g3 e o (5 sing

| ey == = T
) I I

16

- : . B
T e ; s ST At :
i 0 "y 25 0 e
T e A L e T FnE el e L wIT o L
¥ 7 i r %) i 7
% 2
e he LT honan af
_l: - :.H?:P:’:, =
R
L e ]
[ -
t Aoty 0
D & L)




sl i Ll £og Y

5 el e jall  mdadll (i 0 38 o (s siag s da A Al e dina 7 jde 5 Guslall aclia e g ging
(TaA0) o dialine 8

- 2Ll dgal Sl V0¥

Aladl dgalsh (- )

17



=

Ansiall dgal gl YooY

oSl 5 Jeb (I dil e il il g am o SRy OB jeldai 5 AT oat ) 320 Lead el

T—
— = - =1 =
- — — B
i g A R L _____
Cimdaen — ——
5 =
= Lo 3
K H P :
""’I:.TJ- L |
T 1 il e et
et 2
i el SR e e T
HA e |

.:.'.. o

Apsialldgash (- )

i Rgal oY

ol Adasill (a8 ey 5 (el 6 al) G m S V) Bildal) radae (W (505 o 8 Jae e el

L

. il sa Belialelac Y anals § dudast () 55 Cuny g il

Aol dgaish (- )

s Al dgal Sl £o0.Y
o) IS5 Sl elai g g pdall AT Jaa Lo e

U -_— — = _ =
]
o T i
i

S

| 4l

¥

i
{ ol TR
g e b

5T By
fif

ER
HH
B
gk
P
(il
.-udr?
5
5

AnAl Al (- )

18



¢l ol A8 e e ) gall acliadl) JOA e 4l sha 5 aalle) Jal G JEl A s 5 4 ja et Gy L) s
. Jal)

¢ il oo S S yao jh5h e Raalal algia¥l (5 5 JE Candial) el 3 o) punal) Aflalisss olall o pall s
Al Jas jaie Capail 4lall Gl (e de sens s diald oSl s Ol jludl 21 S e 28 sall (5 5iny

Ol (plaae e g g phall g 5ing
s g 4 3 Caan i) Al235 a5 el Jasd) )
o _yle A gl il L (533 G Bualil) il a5 o ad) Jaaal Y

19



20

. Y azanall) (pa aagd)
. Y azaall) Jal e

Cdleal) e LAy

 ciall 40 gSal) AULETY) jualial)

(Truss)




ALy aabiadl A jal Ly calall QWY (e 0¥ 3 jlexal) Aalill (e g 5 il G 50 22y
z 980 Lgaa Jalaill 488 5 nal) e Adalall Jlaa ) dagads Al 5o oy Can L8 la g Lgdua 5
BY) cailal) el s e cilillaie aaes iy LS aranaly

BB 8l _ya s 050550 0 all g g piall Faniial) oLiaY) ealiall A1 SLESY) asanadl il LS
A larall psabaill e Jadlat s el el )5S Cuny 181 ) ()l e laduis
_;@uu‘g\ e:waﬂ\ Cra agdl -

ol sall 5 ) (e de gana (i Cun (and) Ly o aaiad AlalSie dglae ALY avanail]
A el e Calaalloda s die g all Cangd) iy Liiay 7 g 5all Leils e S

A Fymaal) il iy ) sa ) e 8 Ol adll 05 S (Safety)
Apoba) 4S5 Jal Linall el (e 58 51 38a3 a5 (Economical)asbaiy) daiall ;-
:(Serviceability) -

il et (bt o) Lild e il da sagll o) il ey
Laiall (o jlanall apanail) e Jalisl) -

-:Q,Jb.ﬁ\g\ M\ -
Ot ) Odils ja ) ALY spanaill o) je sand S

g (0 g g riall agdl ALYl dens s g sodall dapb G (e g s pdall A5V Al
Jaully) Aslasy) Jalasl) & s dall Lhalaie ] oy (o gu S oLl o) 9o dpaaiy Al 4l oo
Ale A8 giall A0 V) a5 aldaill 13gd

Al Al )
a5 Al Ay HUaill Gy (585 5 Juaie S Laiall ¢l 3al (e e o IS ALY mraadl) & Jias
il g Apusl 1) e Uadl 5 3,881 Jadlusal) ansy G (e 4d Ao 30 ALY Jaaliil) Jae g o)A

el dpaa 58

21



b LS o s Adliae ) il ) el L Gy A JleaY) s
- ALal) Jlaa¥) -
Liall Lga (555 ) A 1) yualiall S0 ()50 (e Aaslill Jlaay) o
Clila) 5 ASsi1Ke Jlas i (sl 5 LdDEAL 4da)al) adal @IS Ldlia) o) Y AiLaYly a8 gall 5 Hlaiall Cus

ALY peaial) ladd s A (e Leabos Sy
sl el ol pall due il LI (- ) RPN

(KN/m?)
22
16
25
10
23

a|lbh|lw|N] -

Aaadiiual) ol gall e gil) 43U (- )
—dal) Jlaal) - -

¢ o gl (Y (RN S yaine 5 ) sy 1 sall 5 il Cum (e 5aE ) Jaal) o

10 sl 5 & 5 il 8 dall Q) cun (- )

(kNfmg) | £ St

5 il 2

3 3

5 5

25 6
el palalial (L)

22



i) Jal) - -
el Jlaad 5 2l W 5 7z 8IS Ll e i Sl dndal) <l ) G i G Jlaa¥) Jadii g

s AY dihia ey olai¥l s kel G (e AT a5 il Jaiva (e A3l Jlea¥ 5 dpa )
b S s Al Jlaa¥) (e Te 3o L liie) (Ko

gl dlaal - - -

Zhol de s o dlaie W) &3 Ll Jlead paail e el e 4881 5 58 i 2Ll Jleal
35y sl Aadi e Pliay athalal) Cua e 4ndga g o)l o Laiall gl ) iy e Jills saadl
LAY S el (e sl 5 (addie sl adi je 1B ge o A Liidll

Ula el 138 5 ¢ 3@Y) ~L ) (s 58 ad e (DIN 1055-5) 280 Ao i
o bl g sall (- ) by Jsandl aladialy g ¢ A6 Asted) b

Height Above the surface(m) | Oto8 | >8to20| >20to 100 | >100

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

Wind velocity Pressure (KN/ mz2) 0.50 0.80 1.1| 1.30

DIN 1055-5 Al 368l o el gl M ik gde pu (- )

V2
1600

q

-

b G guia (e daaa gl ) e AL Sl il (wind velocity pressure) :q
(KN/ m2) ddanll

. (m/sec) zLol dapaaill de Ll 1V

23



A el Al el L) G e Sl e Lol il (- ) JSE s

i
. g=13 I*J\‘/rlflji
le—
P
_

m -3
2 / q=0.8 kN ol jo—
@om///| 3=05 wnjm N

Vi
1'."'.
f}\'ﬁ Vel
Vs J‘
Al 1 L»
Large Urban and Open DIN 105574
aty center Suburban area  terram Wind Speed

A Aaaal) Al g (aal) gL ) Eua (a bl o ol 8 (- )

24



aladinly ladnaat iy
oS ) Jaa iy gl 5 il b o Lasdl gl 30 Jlas A (e
Ll e e 35 A (o5l A aad

(Y Ll 35S e 13 sale el mhan e g LYY G B Jlea G Cn S J o

(H)
(KN /M?) ( )
0 h <250
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h—812.5)/ 250 2500 > h > 1500
(-
ot g 5l e e u_u.d\tLq_u\ 2383 2y 5 Gabad) - B Jlaal Jsaa ) Tk
(1997)
h—400
S =
400
997 - 400
S =
400

s, =1.4925(KN /m?)

Lo giiibedy yaall ()Y cililal Al ASHall s dgud s 480 131 ial
ijuMﬂq)M\ dic )M&Y\u&.ﬁd&;&\ oda J;}Su\ (TP $La.m.“‘_Ac P ad (5 68
2 A i) )l e Jalil) UL g i Jls 3 JOY U sl

g_a\_\w\éc;uy\é%)ﬂ\uaﬂ\u\)h@)kuc&}ﬂd\ \.\Q‘SﬁLG_\A}LQAe.L\u}
d;\u,qem Lg.ﬂ\ L@J‘\.\.\L&.\Y\

25



315 da g (5l caiad Cum e (Serviceability) deiill sl indla dsa e
(Cracks) (Deflection)
Lol ddlaal) sl 5030 o

aleal) il LaaY) -

led 3 Jlae V) aen Ls iny s o sall 40380 gl sl ol Jee e (58 Ay Al yall Gy
Ay yhay piill Lgtan g ila glaall sy 48 gl olall 5 ) sioall g 40 jall Al 505 o sall LISILL 48300
YAl dasiz g e Jganl) s ALY Gudigall 4 pigg e ST Ledde olidl vie
(il bl areail 4 3301 (Bearing Capacity

- iall A gSal) ALER) yualiad) -

el e Al gl JleaV) o gl Lpaiany po adali 43L5) jualic de sana (e sile Ll () S5
DA paliall ¢ g plal) 5 i 5,

e\dﬁu\eﬁ:\uﬂlﬁrﬂﬂ)w\ c;a\.\ua:mﬂ cb\f}@d\@w\ Q@M\wdﬁ&ﬂ\ JPJXT‘)LJ
g sl 8 Al Clagal) ¢ 3l

.(One way ribbed slab) .

.(Two way ribbed slab) cpalas¥) Gl cuaall Gilaie |
.(one way solid slab ) .
Flat plate .

(One way ribbed slab) .-
(e Cia (g (585 5 23 038 8 i)l apanal L derdiual 3kl el (saa)
(=)l dome pls slatbmladl K5 cuanlledy gkl
Coww vy it tlab Shrnkape & Temperatuer Bary —




(Two way ribbed slabs) csalad) @il cuast) ciliie - - -

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

'IT'J';‘

Pl DS

Rib {2y -

Hallew Block {17 a1 ]

Steel Bar's

Ol Guanl) 3Bl ( — )

:(One way solid slab) -

|k 50 i) Csand Gans @lld g ddall Jaadl ) ES a jets Al Shalial) 8 addiis
-=(-)




:(4-3)

‘Flat plate - - -

.FlatPlate-: ( - )

wamwﬁ@u\wﬁgoﬁwoﬁdﬁﬁmg;@\ga;ﬁggjuu)m.bc\)ﬂ\
=) IS aal el Adeaa Balie o jliiely WL x el aaal Sale Al g ¢Sl e (3l shall

28



Starcase —

= Tempreatuer & =hnnkage Bars

= Shear wall
(=)
o)) Al Cua e Aad) gl Jlaa¥) Jay i nall 8 dpulid pualic o g

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

29



al) e @8l sl o all A glaad 48Y) aaal) Glaaly wludll 5
&l o Crasind L) sl £ 15 (- )

Lhad b

Dsmall Llisi s pual) ) Baad) e Jlea¥) Jai Can Liiall 8 a5 sl e &
oan asaalt g il g oy seaie 08 M el il ) &5 32 Y a5
aanaill b Lgaa Jalaill Cam (e e 53 52ee Y selgale Aadl sl Jlaa¥) a5 555 Ji5 e 5,08 ) 5Si

.(short column) 3_uadll s2ec ¥yl -
.(long column) L shall 3aecy) -

S sim & 5yl 5 6 5 Jalainal) Liar punigh) adaiall o (5 jlanall JSEII a0 Ll
(- ) dSal 8 LS A yilall g Aldaisal) Les 5aae ) (g (e 55 e

30



Main Bars —_

Lo o el & laliall (iany 3 Ulal s cacliaal) o pan g e ) Ca dasad ) 0l sl o
Jlea dais Laiall Ll i paty 8 A1 48Y) ) (5 da gl gl O pan Al g s ¢ Aalall i
Gl sl el (8 Cpdalaie paaladl (W i el s dlala 0 o LS () Adlal 24l 5 Y
(- ) Sl (o jlam G ) S

31



Stesl bars

(-)

alinll DS araal (o oLV any o Laranad o) V) L) oy wie Wi fay L J ol 4 Gl
558 U8 e 4l ) Alaladl () jaadl s 3aee Y (e JleaY) Jity ) o 65 G ¢ el 3 AgLisy)
s WS elglte e g
(Isolated footing) -
(Compound footing) -

(continues footing).asks »& clalul -
Leale Axdl gl Jlaa s Lglaad 5 58 5 4 il & ol e ll g Adliaa &) il (pe cliial aladiian) S5y Coguu

32



Main Bars

Square Footing

(Expansions Joints)
Db LS Al liiall saaill Jeal g8 (5 gl Adlisal) st Sy
L oands 8 sl sa LS Alindl) (3haliall b .

Jal e 5l Hlie VI cpa 389 oy chliliall o3 3305 Sy 5 @

AR WP TR B AN T [ EIER g DY 1 PN S
A (e elall (o pas qial o 30 cillalia¥) 331 5 Jual sl (s lilisall

33



I, A
. T

7 -
(T

Truss-: -
G ol Gy e Lad gl Sl A0 s 1 (e Anane aillinsli] paic s

oSl Alelizad 4555 A8, adhs g Truss

Tlgaladiad a3 Al G guilad) mal 2 9-

AutoCAD (2010) for Drawings Structural and Architectural .
.Microsoft Office (2010) For Text Edition .
Atir Software for Structural Calculations .
Etabs .
Sap 15 .
Safe
Staad Pro

34



Structural Analysis& Design Chapter 4

A

Chapter 4

Structural Analysis& Design

4-1 Introduction.
4 -2Factored L oads.
4 -3Slabs Thickness calculation.
4 -4 Load Calculation.
4 -5 Design of Topping.
4 -6 Design of Rib (1).
4-7 Design of Beam (B5).
4-8 Design of two — way ribbed slab.
4-9 Design of oneway solid slab for stair.
4-10 Design of circular short Column (5).
4-11 Design of long column (C18) in Ground Flour.
4-12 Design of Truss Column.
4-13 Design of Punching (Two-way shear at an Interior Column in Flat plat).
4-14 Design of stair (2).
4-15 Design of Basement wall.
4 -16 Design of truss.
4-17 Design of isolated footing.
4-18 Design of shear wall.
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4 -1 Introduction:-

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

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

In this project, all of design calculation for al structura members would be made upon the
structura system which was chosen in the previous chapter.

So, in this project, there are three types of dlabs: 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 2007", 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:

*B300. ... fc'=30N/mm?*(MPa) For circular section
but for rectangular section ( fc'=30* 0.8 = 24MPa) .

The specified yield strength of the reinforcement {fy = 420 N/mm2 (MPa)}
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4 -2 Factored L oads:-
Q.= 1.2DL + 1.6LACI — 318- 08 (9.2.1)

4 -3Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):
For rib (R1), as shown in fig.

1 2 3 4 5
1 2 3 4

06 3.37 06 3.66 06 2.7 06 154

‘ | ‘ 3.97 ‘ | ‘ 4.26 ‘ | ‘ 3.3 ‘ | " 184 :

| | | | |

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

= FromACI-318-08 table (9.5a)

Minh=:

L :ﬁ =0.214 m
185 185

L_18 o3

8 8

L =ﬁ =0.203m
21 21

For Rib1, will use thickness of slab 32cm
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4 -4 | oad Calculation:-

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calcul ated

asfollows:
«» 4.4.1 Calculation of Dead load :-

Material U ?|I<t |\\|A/,fr|, g)ht Thl((c:l;nr;e&
Tile 23 3
Mortar 22 3
Sand 16 7
Topping slab 25 8
Hollow block 10 24
Rib 25 24
Plastering 22 3

partition 1K N/m?

Table (4-1) calculation of thetotal load for (R1)

Tile = 23*0.03*0.52=0.69 KN/m
Mortar = 22*0.03*0.52=0.3432 KN/m
Sand =16*0.07*0.52=0.5824 KN/m

Topping = 25*0.08%0.52=1.04 KN/m
Block = 10*0.24*0.4=0.96 KN/m

Rib  =25%0.24*0.12=0.72KN/m
Plastering = 22*0.03*0.52=0.3432 KN/m
Partition =1*0.52=0.52 KN/m

= Total dead load = 5.1988 KN/m/rib
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% 4.4.2 Calculation of Liveload:-
From Jordanian live loadstable live load for hospital is 5 KN/m?

=>» Tota liveload =5*0.52 = 2.6 KN/m/rib

4 -5 Design of Topping:-

« 45.1 Calculation of Dead load

Tile = 23*0.03*1=0.69KN/m
Mortar = 22*0.03*1=0.66KN/m
Sand =16*0.07*1=1.12 KN/m
Topping = 25*0.08*1=2 KN/m
Partition=1*1=1 KN/m

D.L iota=5.47 KN/m

% 45.2 Calculation of liveload
L.Ligta = 5KN/m

2>Wu=12D.L +16L.L=12*547+ 1.6*5=14.564KN/m

Check ®Mn > Mu
w, * 1% _14.564* 0.4°

Mu = = 0.194kN.m
12 12
Mn =042,/ fc'* s
bh?
6
bh?

Mn=042, fc'* —
6

* 2
=0.42+/24* 1 0é08 *10° = 2.19kN.m

@=0.55 for plain concrete
f *Mn=0.55*2.19=1.2kN.m

f *Mn=1.2>Mu=0.194KN.m
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Shrinkage and temper aturereinforcement must be provided.
For the shrinkage and temperature reinforcement:
r =0.0018 ACI-318-08 (7.12.2)

As =r *b*h=0.0018*1000* 80 =144mnY /Im

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86

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

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

S=450mm

S=380(280/f)-2.5C, =380(280/.667* 420)-2.5* 20=330mm
S=300(280/fs) =300(280/0.667* 420) =300mm

Then use @ 8 @ 20cm for practical purposesin both directions.

4 -6 Design of Rib (1):-

s Materials :-
Concrete B300, Fc' = 0.8%30 = 24 N/mm?=24M pa
Reinforcement Steel, fy = 420 N/mm? =420 Mpa

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

be  =Ln/4=3.3-0.6/4=0.675m

b =bw+16tf=12+16(8)=1.4m

b. = c/c spacing between beams =0. 52 m

Control .......... 52cm

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

PW = 10Cm.....o o ACI(8.13.2)
Select bw=12cm
h<35*bw ......ccociiiiiiiii e ACI(B13.2)
Select h=32cm<3.5* 12=42cm
tr > Ln/12250Mm ... ACI(8.13.6.1)
Select tf=8cm
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o stem :-
One -way ribbed dab :-
1 2 3 4 5
1 2 3 4
0.6 3.37 06 3.66 0.6 2.7 06 154 |
‘ | ‘ 3.97 [ | ‘ 4.26 [ | ‘ 3.3 [ | " 184 :
[ 520 I I I 1
30
320
120
A-A
Fig. (4-2)Spans Length of Rib (R1)
% Loading :-

By using ATIR program we get the envelope moment and shear diagram as the following:-
D.L tota = 1.2¥5.1988 =6.24K N/m/ribL .L (otg = 1.6*2.6=4.16 KN/m/rib

load group no. 1

Dead load - Factored Units:kN,meter
6.24 6.24 6.24 6.24
3.97 4.26 3.3 1.84 |

Live load - Factored

4.16 4.16 4.16 4.16

3.97 4.26 33 1.84 |
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Moments: spans 1to 4
-20.2
-17.6
-12.9 -13.1 -13. -14. 123
-7. -8.1
1.291.44 | |
[ I I
l I I (- /0I86I ! | I |
07410 81 0.55 ! !
4. 44 5.1 0.75
| 159 2.38 \ 192 | 149 18 | 184
[ 1 1 [ 1 |
Shear
-25.7 217
196 ~el. -20.7
-15.6 -14.6
! ! ! ! ! |
T T T I /
10.7 11.8 13,
16.8 19. 17.9 19.1
25.1
Reactions
Factored
DeadR 9.44 29.93 20.92 23.13
LiveR 7.36 20.92 18.72 16.71
MaxR 16.8 50.85 39.64 39.84
MinR 8.38 38.68 24.6 27.9

Flexural Design : -

% Design for positive Moment for Rib (R1):-

Fig.(4-3) Rib 1 envelope

Use Mu max. Positive for span *Mu=13.6 KN.m .
Determine whether the rib will act asrectangular or T-section:
For

a=t:=8cm
d = h- cover—dia. of stirrups — db/2 = 320 — 20-10 - 12/2 = 284 mm.
®.Mnf =0.9*0.85 f_ * t;* b, *(d- t:/2)

=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)* 10°
> ®.Mnf =186.354KN.m
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®Mnf =186.354 KN.m > Mu =13.6 kN.m
=> Rectanglular section

Design as arectangular with b = 52cm
As =p.be .d

= fy - = 420 =20.59
0.85* fc 0.85* 24

* -3
Rn = l\/Iu/f2 _ 13.6*10 /O'?=O.36Mpa
b*d?  0.52*(0.284)

0 x * * 0
; __él' . 2mRn 9. 1 él' \/ ~ 2*20.59*0.36 9~ 0.000865
5 20.59 420 p

A s = p.be.d = (0.000865)* (520)* (284) = 127.7mm?>.
Then use 2 10,As=157.1 mm2

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

A Smin= \/_( bw)(d) = V24 (120)(285) = 99.73mm’

4(fy) 4(420)
A'S min =% (bw)(d) = % (120)(285) = 114mm? (contral)

For 2010,As=157.1 mm2>114 , OK

= Check for Tension stedl yielding:-

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

157 .1* 420 = 0.85* 24* 520 * a
a=6.22mm

B=0.85..... f_<28MPa ....... ACI-318M-08(10.2.7.3)
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e,=(d-c)/c” 0.003= 285- 1.317, 0.003=0.1138
7.317

e, =0.1138> 0.005

7/

% Design for Negative Moment for Rib (R1):

Use Mu max. negative for support @*Mu=- 14 KN.m
Design as arectangular with b= 12 cm

m=_fy = 40 =2059
0.85* fc' 0.85 * 24
Mu /f i

0.12* (0.284)2
1
p=M(1- ;. 2mMRn )

1

p= 20.58 (1- \/1_ 2(20.59)(1.61) ) = 0.003999
420

As = 0.003999 (120) (284) = 136 mm?.

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

X i \/f_ = \/_
¢ Asmin= fy)( () = o (120)(289) = 9. 73mm?

ao 14 _14 114
As mm_(fy) (bw)(d) 420 (120)(285) =114mm (control)

A S=136mm2> A S=114mm2

D Asreq= 136 mm?

Select Top bars2 ® 10 mm. Total As= 157.1mm?.
= Check for Tension stedl yielding:-

Tension = compression
As* fy=0.85* f . *b*a
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*,

D)

157 .1* 420 = 0.85* 24*120 * a

a=26.95mm
=2 - ﬁ =31.71mm
b, 0.85
B=0.85..... ACI (10.2.7.3)
285- 31.71,

e, =(d- ¢)/c” 0.003=22"°>12" 0003 =0.024
31.71
e, =0.024>0.005p f =0.9

Design shear for Rib (R1):-

Factored shear forces at d=0.285 m from support
VUmax_=19.6KN (From Shear Envelop)

Determine shear strength provided by concrete (¢ Vc).

DVe/2 <V, <PV,
1.1d Vo= 1L.1*d * V' pw*d

6
= 1.1* 0.75* ¥24 012* 0.285%10° = 23.04 kN
6

®dVc =23.04 kN > Vu = 19.6 kN
- No shear reinforced requirefor all Rib 1
Use 2-leg @8 @200mm for practical purposes

4-7 Design of Beam (B5): -

b
b

U U U U U UTTU

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
P Section :-
Be=1000mm
Bw=500mm
Tf=320mm
h=650 mm
d=650-40-10-32/2=584 mm
Be=1000<4* Bw=4* 500=2000mm
Tf=320>0.5* Bw=0.5* 500=250mm
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Loading :-

= Reaction from Rib(R1),

D.L =20.92/0.52
L.L =18.72/0.52

=>» |oad on beam

Tile = 23*0.03*1=0.69 KN/m

Mortar = 22*0.03*1=0.66 KN/m

Sand =16*0.07*1=1.12 KN/m

Beam =25*(0.32*1+0.33*0.5) =12.125KN/m
Plastering = 22*0.03* (1+0.33*2) =1.096 KN/m
Partition = 1*1=1 KN/m

> =16.691KN/m

DL=16.691*1.2=20.03KN/m
LL=5*1*1.6=8KN/m

Total load

DL=20.03+ (20.92/0.52)=60.26KN/m
LL=8+ (18.72/0.52)=44KN/m

1 2
E : § : :|
Ly {
A A
03 7.81 03 7.86 03
a 8.11 “ 8.16 "

650

1000
20

500
A-A
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load group no. 1
Dead load - Factored

Units:kN,meter

60.2 60.2
8.11 8.16
Live load - Factored
44.0 44.0
8.11 8.16
Moments: spans 1to 2
-862.5
-784.3 -784.
2.7912.77
f [ 1
[ 1 M|
| 1.611.61 ‘
49. \ T \ 0.1
551.4 560.2
3.24 | 4.87 4.9 | 3.26
[ [ 1 [ |
Shear
-529.1
-448.8
-341.8
-261.5
f Hr f
258.8
339.1
450.8
531.1
Reactions
rFactored
H H +
DeadR 182.89 612.77 184.77
LiveR 156.19 447.43 157.01
MaxR 339.07 1060.2 341.78
MinR 160.24 835.53 162.67

Fig. (4-4) Beam (5) envelope
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Design of beam :

o Design of Negative M oment for Beam:

0 Mu=784.3KN.m

P Be=1000mm
P Bw=500mm
P Tf=320mm
P d=584 mm
P d'=60mm

C... =>d

7
_ 3.

C > 584

c = 250 .3mm

a=b,"c

a,, =0.857 250.3=212.74mm

max

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mnc=0.85 f_ * b* anax *(d- (amax /2))
= 0.85 (24) (0.5) (0.21274){ (0.584-(0.21274/2)} * 10°

=1036.43 KN.m
= ®Mnc =0.82*1036.43 =849.97 KN.m >Mu=784.3 KN.m

=>» The section must be design assingly section:

m= V. 40 55
0.85* fc 0.85* 24
Rn: M
b*d?
Rn= 784 .3*10 /0.9 =256 N/mm? (Mpa)
1* (0.584 )2

p=1q- \/1- Zmr R )
m y

p=_1 (1- \/1- 2A2059(239) ) _ 1 46535
20.59 420
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Aseg=p * b* d =0.006535 * 1000 * 584= 3816.44 mm?
= Check Minimum Reinforcement A Smin...(ACI- 318M-08 - (10.5.1) )

\/_( b)(d) = VoA
4(fy) 4(420)

ASmin=

Asmin= —(b)() :%(500)(584):973.34mm2 (control)

(fy)
AS> A Smin

b Select 8025 As=3927 mm?

-> Check for strain
Asefy
T nBsfeten

(LS5 24+ 1000

C=a/31=66.23/0.85=77.9mm

e,=(d-c)/c” 0.003= 5847#;79 0.003 = 0.01949

e, =0.01949>0.005ph f =0.9
-> Design of Positive M oment for Beam:

Mu =560.2KN .m
M =0.85fc™* be* he(d-(h¢/2))
=0.85* 24* 1000* 320(550-(320/2))* 10-6=2545.92 KN.m
Mn=560.2/0.9=622.4 KN.m<M
= The section must be design as rectangular section:
_ a0
~ 085*fc  0.85* 24
Mu /f
b*d?
Rn= 560 .2*10°°/0.9 =1 825 N/mm? (Mpa)
1* (0.584 )2

_(1\/ m*Rn)

1 . \/1_ 2(20.59)(1.825)

=20.59

Rn =

) = 0.004559

P= 20.59 ( 420
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Asreg=p * b* d =0.004559 * 1000 * 584= 2662.6mm?
=>» Check Minimum Reinforcement A Smin...(ACI- 318M-08 - (10.5.1) )

A Smin= Jfee (b)(d) = V24 (500)(584) = 851.5mm?
4(fy) 4(420)

14
A Emin =®(b)(d) =%(500)(584) =973.34mm*  (control)

AS> A Smin

b Select 6d25 As=2945 mm?® .

-> Check for strain
Asefy
T nBsfeten
a=—21"%" _6623mm
L8524« 1000
C=al31=66.23/0.85=77.9mm

e,=(d-c)/c” 0.003= % 0.003 = 0.01949

e, =0.01949>0.005ph f =0.9

=>» Design of Positive M oment for Beam:

Mu = 551.4KN .m

M =0.85fC™* be* he(d-(n/2))

=0.85* 24* 1000* 320(584-(320/2))* 10-6=2767.872 KN.m
Mn=551.4/0.9=612.67 KN.m<M

=>» The section must be design as rectangular section:

-V a0 s
0.85* fc 0.85* 24
RN = Mu /f
b*d?
Rn= 551 .4*10°°/0.9 =1 796 N/mm? (Mpa)
1* (0.584 )2

p:i(l-\/l_ 2m * R )
m fy

50



Structural Analysis& Design Chapter 4

S 1. Jl' 2(20.59)(1.796)): 0.004483

~ 20.59 420

Aseq=p * b* d =0.004483 * 1000 * 584 = 2618.13 mn?

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

A Smin= 1€ (b)(d) = V24 (500)(584) = 851.5mm?
4( fy) 4(420)
ASmin= ot (b)(d) =14 (500)(584) = 973 34mm?  (control)
(fy) 420 '
A S A Smin

= Select 6025 As=2945 mm>.

=» Check for strain

Asefy
T nBsfeten
PR 3 Ly [ -
0.85+24+1000
C=al31=66.23/0.85=77.9mm

e, =(d- c)/c” 0.003= %' 0.003 = 0.01949

e, =0.01949>0.005p f =0.9
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Design for shear:

q)VC:%* F*, fct*bw*d= %* 0.75+/24 * 500 * 584 /1000 =178.8KN

Check if thedimensions ar e big enough:

vsz:%F fot* b* d

:g* 0.75* 4/24 * 500 * 584 /1000 = 715.25KN

V Umax=715.25+178.8=894.05K N
=894.05K N >450.8 ,dimensionsare big enough.

For Vu=450.8 KN
Case 1:

vu<F Ve
2

®Vc/2=178.8/2=89.4 KN , not case 1.
Case 2:
FVc

<Vu<FVc

Not item 2.

Case 3:
FVc<Vu<FVc+FVs,,

0.75

16
-FVs,, 2 I%bw* d= O'—;5* 0.5* 0.584* 1000 = 73KN (contral )

F VS, 3 f_s‘/ fc¢* bw* d = ———+/24 * 0.5* 0.584* 1000 = 67.05KN

\ FVc+FVs,, =178.8+73=251.8.1KN

not case 3

Case4:-

1 _
oVs' =§#0.75 fc'=bw =d

1 _
BVs' = =0.75v24 + 0.5 = 584 » 1000 = 357.6KN
¢ VS+¢ Vc=357.6+178.8=536.4KN
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FVc +F Vs, =251.8<450.8 <¢ Vs+¢ Vc=536.4

\ Case#4

Vs=(VUu/)-Vc=(450.8/0.75)-238.42=362.65

Use 2-leg ¢ 10 As=157.1mm?

s=(Av*fyt*d)/Vs

s=(157.1* 420%584)/(362.65* 10 ~3)=106.25mm

Check for max. spacing
Shax=d/2=584/2=292mm...... control
Shax=600mm

Use 2-leg ¢ 10@100mm

For Vu=2615KN
Case 1:

vu<F Ve
2

®dVc/2=178.8/2=89.4 KN , not case 1.
Case 2:

FVC cvu<Fve

Not item 2.

Case 3.
FVc<Vu<FVc+FVs,,

0.75

5 24 * 0.5* 0.584* 1000 = 67.05KN

FVs,, ° 1F—61/fc¢* bw* d =

.FVs,, 3 I%bw* d= 0'—3?5* 0.5* 0.584* 1000 = 73KN (control )

\ FVc+FVs, =178.8+73=251.8.1KN

not case 3

Case 4:-

1 _
oVs' =§$0.75 fc'=bw =d

1 —
@Vs' = 3° 0.75V24 = 0.5 = 584 = 1000 = 357.6KN
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¢ VS+¢ Vc=357.6+178.8=536.4KN
F Ve +F Vs, =251.8<261.5 <¢ Vs+¢ VVc=536.4

\

Case 4

Vs=(Vu/d)-Vc=(261.5/0.75)-238.42=110.25K N
Use 2-leg ¢ 10 As=157.1mm?

_Avs=fyt=d
ake Vs
s=(157.1* 420*584)/(110.25* 10 ~3)=349.5mm
Check for max. spacing
Smax=d/2=584/2=292mm...... control
Smax=600mm
Use 2-leg ¢ 10@250mm

For Vu=258.8 KN
Case 1:

vu<F Ve
2

dVc/2=178.8/2=89.4 KN , not case 1.

Case 2:
FVc

<Vu<FVc

Not item 2.

Case 3.
FVc<Vu<FVc+FVs,,

0.75

5 24 * 0.5* 0.584* 1000 = 67.05KN

FVs,, ° 1F—61/fc¢* bw* d =

_075

.FVs,, 3 I%bw* d 3 *0.5* 0.584* 1000 = 73KN (control )

\ FVc+FVs, =178.8+73=251.8.1KN

not case 3
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Case4:-

1 _
OVs' = 3* 075 fc'=bw=d

1 _
@Vs' = 3" 0.75v/24 = 0.5 = 584 = 1000 = 357.6K'N

¢ VS+¢ Vc=357.6+178.8=536.4KN

FVc +F Vs, =251.8<258.8<¢ Vs+¢ Vc=536.4

\ Case#t4

Vs=(Vu/¢)-Vc=(258.8/0.75)-238.42=106.65 KN
Use 2-leg ¢ 10 As=157.1mm?

_Av=fyt=d
ks Vs
s=(157.1*420*584)/(106.65* 10 "3)=361.3 mm
Check for max. spacing
Shax=d/2=584/2=292mm...... control
Smax=600mm
Use 2-leg ¢ 10@250mm
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4.8.1 Check Thickness of the dab:-

Structural Analysis& Design

4-8 Design of Two way ribbed slab : -

Fig. (4-5): Twoway ribbed slab
56
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lip, = 59609 cm*

Y.=10.55cm

T Beam:

32+ 100+49433:50:16.5
Y.= 2 =37.94cm

10«32 4 33450

27062 37.943 947
27.06° | g 3794 +50$% = 1572701 cm?

3 3 T

Ib =100 =

Rectangular Beam :

l,p = 40*60°% 12 = 720000 cm*

L =76m

External:

7.6
—+40

Is = -ﬁ? * 59609 = 481457

Internal :

_ 7.E#50

ls = * 59609 = 928524

52

_ 72000
1=
181457

=149

215727012
Op=——""°-=169

9ZR524

e I
2

Gfm = = 154<2

420
7.6 (0.8+ o2 )

T 36+5+1+(1.54-0.2)

h =195 > 125

So select h=32 cm  with 8 cm topping and 24 cm rib.
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4-8.2 Load Calculation:-

4-8.2.1 Deter mination of Dead load: -

No. Partsof lab  Calculation
1 Tiles 0.03*0.52**23 = 0.186 KN/Rib .
2 Mortar 0.03*0.52**22 = 0.178 KN/Rib
3 Plaster 0.03*0.52%*22 = 0.178 KN/Rib .
4 Sand 0.07*0.52* 16= 0.303K N/Rib
5 Topping 0.08*0.52% 25 = 0.541 K N/Rib
6 Block 0.4%*0.24*10 = 0.384 KN/Rib.
7 Rib (0.52+0.4)*0.24* 25*0.12= 0.662 K N/Rib
8 Partions 0.52%¢1* = 0.27 KN/Rib.
2.702 KN/Rib

Table (4.2)Calculation of two way dead load

Nominal Total Dead Load = 2.702 KN/Rib
2.702/(0.52%) = 10 KN/m?
Nominal Total liveload = 5 KN/m?
4-8.2.2 Determination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2 10 = 12 KN/m?.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/n.
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4-8.3: Design of two way ribbed slab:
4-83.1: findVuonrib :-

Vud = (3.8- 0.285)" (12+8)" 0.52 =36.556KN /rib

f Vi :%\/ﬂ' 120" 285* 10"- 3 = 20.943KN

1.1f Vc = 23.04KN

20.943
V.=

= 27.93KN
: 075 27.93

stmin:f—bw’ ds f— fc'” bw” d
3 16

f\Vsmin = %' 0.12" .285" 1000 = 8.55
s 075 J24° 0.12° 0.285” 1000=7.85
item: 4

1.1f Ve +fVsmin<Vu £1.]fVc+f§' fc'” bw” d
23.04+8.55< 36.566 < 23.04+ 41.88

31.59 < 36.566 £ 64.92
AV
S Fy*d

Take Av=2® 10
Vs=(Vu/®)-V c=(36.556/.75)-27.93=20.8

g_ﬁlﬁ*ff‘yt*d
o Vs
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s=380 mm
S < d/2 =285/2=142.5 mm
< 600 mm.

Use ® 10 @ 130mm.

4-8.3.2: Design for Negative moment:
d=320-20-8- 124 = 285 mm

L/Lp=76/76=1........... Case 4
Caneg=0.05 Cb neg=0.05

Ma-ve=Ca* W* La?=0.05* 20* 7.6** 0.52=30.0352K N.m/Rib

__ Y _ a0 6
0.85* fc  0.85* 24

* -3
Rn= _Mn :(30/0'9) 10 =3.42 Mpa

"~ b*d? 0.12*(0.285)2

_ 1, _2mRn
p—a(l 1—fy)

2(3.42)(20.6
=1 @a- \/1- w) = 0.008972
20.6 420

As=0.0122*120* 285 = 306.84 mm *
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As,,, =99.733 114

AS,, =114 mnt?

select (2) bars @ 14

check strain
Tension = Compression
A’ fy=085 f b a

307.87° 420 =0.85" 24" 120" a
a =52.82mm

c= ﬂ =62.14
0.85

285- 62.14,
e =——————

s 0.003=0.01076> 0.005...0k
62.14

4-8.3.3: Design for Positive moment:

d=320-20-8- 124 =285 mm

Ca pos/d|:0.027 Cb pogd|:0.027
Capos/||=0.032 Cb pos/llzo-032

Mat+ve= ( Cag*Wq*La®™0.52)+(Cay *W *La®*0.52)
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= (0.027* 12+ 7.6%+0.52)+(0.032* 8+ 7.6%* 0.52)=17.42KN.m/Rib

Y _ a0 6
0.85* fc  0.85* 24

Mn _ (17.42/0.9)*10°°

Rn=_—_= >— =0.458 Mpa
b*d?  0.52*(0.285)
1 2mRn
=—(1- 1-
P m( y )
o= 1 . \/1_ 2(0.458)(20.6))=0'001103
20.6 420

As = 0.001103*120* 285 = 163.46 mm >

_ 4/ fcC

Aspin = A()

(bw)a) =%~ (ow)o)

As. =114 mm?

Select2bars & 12

check strain

Tension = Compression
A~ fy=085 f."b" a

226.2° 420 =0.85" 24" 520" a
a =8.956mm
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c= @ =10.54
0.85

_285-1054,

0.003=0.078126 > 0.005...0k
10.54

S

4-8.3.4 : Design for Negative moment :

1/3* As of positive moment

163 .46
3

= 54.48mm *?

So use A min = 114 mm?
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4 — 9 Design of oneway solid slab for stair.

4-9.1 Determination of Loads:

hmin for one way solid slab = L/20

hmin = 2.8/20 = 0.14m .

Takeh=15cm.

D.L =0.15* 25+0.03* 22 = 4.41kN / m?
FromTANK L.L =10kN/m?

qu=1.2* 4.41+1.6*10=21.3KN/nv’

For Im Sripin Y direction qu=218KN/m

!
|

l
I

02 26 2
: 2.8

15

100,
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| eading
lead group no. 1
Dead oad « Bersice LPrte: kM, isester
4.4 i
2E T
Live luud = Seavive Lead Taclons: 1.20,1.2001.60,0.00
‘ I 19,3
20 1

Mnoment/Shear

Fnuve npe {(Facred)

Linlns M, matar

Moment2:.  spans 1o
1 Il 1 |
=1 I 1
14 20.% 1.4
T 1
Moment!Shear Envelope Faciored) Jnits:ki,metsr
Shear
gy
4 pimm T |
T i T 1
29,3 17
Heactions
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Factored

| 1

DeadR 7.4
LiveR 22.4
MuxFR 29.81
MinR 29.81
Service

DeadR 6AT
LiveR, 4.
MaxF 2047
MinR 2017

4-9.2 Design of Shear:
d=150- 20 - 12/2 =124 mm
f *Vc3 Vn

f*Vc= %* 0.75* |/ fc'*b*d = %* 0.75* v/24* 1* 0.124* 1000 = 75.9

f Vc =75.9>>Vu =27.7KN

Fig. (4-6).moment and shear diagram

+No Shear Reinforcement Required

4-9.3 Design of Reinfor cement:

Mu=20.9 KN.m
m= fy _ = 420 = 20.588
0.85* fc 0.85*24
Mn = & = 23.22KN.m
0.9
* -3
_ an _ 23.22 102 - 1.51Mpa
b*d 1*0.124
:£(1- 1. 2mRn)
m fy

51

* *
L g \/1_ 2* 20.588* 1.
20.588 420

) = 0.00374

As,, =0.00374*1000* 124 = 463.6mm*/m

As. =0.0018*1000* 150 = 270mm? / m

As'eg> ASmin

66
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Number of bar's = o = 4.1
umber of bar 5—1131— .

, 100
spacing = —— = 244mm

41
Check for spacing
1. 3h=3*150=450mm
2. 450
3. 5=380 = —25Cc
=380 280 25220 =2878
=% 975%420 — cofomm
4, s=300 22 =300+ =2 =2667.........control

N 0.75420

Select® 12@200mm
4-9.4 Design of secondary Reinfor cement

1. Usefor the second bottom direction (min.) ® 12@24cm c/c.

2. shrinkage and temperature
As=270mm?/m

Number of bar's=270/78.5=3.44
Spacing=1000/3.44=290.7

Check for spacing
S=5h=5* 150=750mm
S=450mm

Use ®10@250mm

4 — 10 Design of circular short Column (2).
4.10.1 Load Calculation:

Axial servesload from safe:-
D.L=2471.8 KN. L.L=1406.82KN
Pu=1.2*2471.8+1.6* 1406.52=5216.6KN
Pn =5216.6 /(0.65) =8025.5 KN
rg=0.02........... Assumed
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Pn=0.8* Ag{0.85* fc+r g(fy- 0.85fc")}

8025.5*10°° = 0.8* Ag[0.85* 24 +0.02(420- 0.85* 24)]
Ag = 0.35m°

Try D=0.7m with Ag = 0.384m?

4.10.2 Check Slender ness Effect:

Lu=4-0.6=34m
M1&M2 =1
K=1
kl_”<34-12M ............... ACl - (10.12.2)
r M 2
1* 3.4
0.25*0.7
\ short Coloumn
Pn = 0.8* Ag{0.85 * fc'+rg(fy - 0.85 fc')}
8025 .5*10 ° = 0.8* 0.384 [0.85 * 24 + r g * (420
rg = 0.0144

=19.4< 22

* 2
A =1 * A :0.0144*#:5541 77 mm?

\  Selectld 20b A =56556mm?
Check for spacing
d-d'=700 -2*40 -2* 10 -20=580mm
m =580 — 18 =20
§= =81.22mm

18
S>40
S$>1.5*20=30mm

4.10.3 Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-
spacing £16" d, =16 20 =320 cm
spacing £48° d, =48" 10 =480 cm

spacing £ least.dim.=70cm
Usef 10 @ 25 cm
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4.11: Design of long column(C18) in Ground Flour :

4-11.1 L oad Calculation:
DL=1920.5KN LL=1142.7KN .....From Load Table
p, =1.2%1920.5+1.6*1142.7 = 4132.92KN

Use 0.37 0.6 cm with Ag = 0.18m?

v g
..........................
:

« @ & :

i
(.
................................. St

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

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

Fig.(4-7)column section
4-11.2 Check Slender ness Effect:

In 0.6 m-Direction(about x axis)
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MU g oML ACI - (10.12.2)
M2

r

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

R: radius of gyration = \/£ =0.3h .o, For rectangular section

Lu=4-0.65=3.35 m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

KU gp ML ACI - (10.12.2)
r M2

1" 3.35
0.3" 0.6
\ short Column in 0.6m:direction

=18.61< 22

In 0.3 m-Direction (about y axis)

MU g oML ACI - (10.12.2)
M2

r

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

R: radius of gyration = \/; =0.3h

Lu=4-0.65=3.35 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.

MU gy oML ACl - (10.12.2)
r M 2

1" 3.35
0.3° 0.3

\ long Coloumn in 0.3m:direction

=37.22> 22

70



Structural Analysis& Design

Chapter 4

E.l
El =04—2% . [ ACI 318 - 05 (Eq. 10 - 15)]
1+b,

E, = 4750,/ fc' = 4750 ° /24 = 23270.15Mpa
1.2DL _ 1.2* (1920.5)

b, = = = 0.557 <1
Pu 4132.92
s 113 . 3
l, = b h” _06 03 _ 0135m
12 12
g = 047 23270157 0.00135 _ o 1 o
1+0.557
p°El ACI318- 05(Eq. 10- 13)
" = TRLgE .
3.14% 8.07
=2 "=~ =7.09MN.
(10" 3.35)
Cm _06+0483M—§9 ............ ACl 318 - 05(Eq.10 - 16)
a
Cm =1 ..... According to ACI 318 - 05(10.10.6.4)
d =—CM 3510 . .. ACI 318 - 05(Eq. 10 - 12)
L. _Pu
0.75 P,
d._ = L =4.49 >1
o 432 .2 T
0.75 " 7090

, =15+0.03" h=15+0.03" 300 = 24mm = 0.024 m
€., d,=0.024" 4.49 =0.10776 m

(S
e=
% = M - 0.3502

0.3
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From prokon we have interaction diagram
Column design chart £5-X)
4500 <
4000 e o
3500 L &
3000 e e it o £
2500) T s v =
2000 e e e X
_1500 T [ o e e "
.?515“5; 1% P % = :L;v — 5% o 5% |E
E o - e e e E
1| T G o PR >~ S St N et <
<4000 Tt T T
1500 — - it - - e
2000 [+ — =
PO et
3000 T T
3500 F— ™
4000 =

Banding moment (kMm)

Fig.(4-8) interaction diagram

From interaction diagram
p =0.068

A =r” A, =0.067" 600" 300=12060 mm?

s use20 @28 = A, =12315mm?

1.10.3 Design of the Stirrups:

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

spacing £16° d, =16" 2.5=40cm
spacing £48" d, =48 1.0=48cm
spacing £ least.dim.=30cm

Usef 10 @30 cm

4.12 Design of Truss Column ;-
4-12-1 L oad calculation:-
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1. From truss
Pu=133.95 KN

2. From beam 53 in ground floor
Pu=326.88 KN

3. Wind load
Wind presser according to DIN 1055-5is:-

9= 1600
From table 3-3 v=28.3 m/s
__v: _283 _ KN
9= 71600 1600 - mZ

W.L=1.6*0.8*g* (0.5 left span+0.5 right span)
W.L=1.6*0.8*0.5*(0.5*4.15+0.5*4) =2.6 KN/m

4-12.2 System and loading:-
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20K N/m

Fig. (4-9) static system truss column

4-12.3 Design:-
By using ETABS program design we define the section and enter the load and get the design.

12012 s
(e A Em™
T | B 50

Section B-B Section A-A

4.13:- Design of Punching (Two-way shear at an Interior Column in Flat

plat):
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Fy =420 MPa fc=24 MPa

C101 in Second Floor
Dimension 25*50 cm

Serves|oad on column from safe:-
Po=271 KN P.=156.6 KN

Pu=1.2*271+1.6*156.6= 575.6 KN

Flat Plat

Slab thickness = 32 cm

d = 320-clear cover-d,=320-20-14=286 mm
Wp=11.3KN/m* W =5KN/m?

W,=1.2%11.3+1.6* 5= 21.56 KN/m?

d2—143mm

0,786

Fig.(4-10) punching area

Vu= 575.6-[21.56*0.786* 0.536] = 566.52 KN

Bo= 2(0.5+0.286) +2(0.25+0.286) = 2.644 m
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=40 (internal column)s

3= 500/250=2

d _
+2 f'bByod ......eq2

1 2 —

The minimum valueis the control (eg 3):

Vc=1234.84 KN
@=0.75
@Vc= 926 KN > vu=566.52

Ok for two-way shear

4 — 14 Design of stair (2).
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st 85 -
s |

Fig(4-11) stair plan
4.14.1 Deter mination of Slab Thickness:
For Flight:
L =4.9m.
hreq = L/ 20.
hreg = 4.9/ 20 =0.245 cm.
Use h=25 cm.

p 170
300

The stair slope by 6 = tan =2954

For Landing:

L =2.8m.

hreq = L/ 20.

hieq =2.8/20=0.14 cm.
Use h=25 cm.

4.14.2 L oad Calculations:

For Flight :
Dead Load for flight:

g 0.17 +0.35
Tiles = 27 —Do3  ° 003 #1 =1404KN/m

0.17 +0.3
Mortar = 22 03 2002=*1=0689KN/m

25 0.17=+0.35

stair stips = o3 2  ° 1=2125KN/m
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25=025=1
cos 29.54

0.03=1

cos 29.54

slab = | = 7.18KN/m

Plaster = 22| | =0.758KN/m

Dead load sum=12.156
Liveload for flight:
Live load for stairs =5 KN/ m?.

Toad g oup nw. 1
Dead load - Service

alj

Units:kN.meter

Live: load - Service:

Load factors: 1.20.1.201.60,0.00

5.00

"

3.3

Moments: spans 110 1

1.95

1.95 |
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Shiizan
45, B8
e -
.-'—'_'-'-'_'_'_F._'-F
: __,_::—"'fﬁ -
- e
) d____~~—“’__f
30404

Fig.(4-12)Moment & shear on flight

Load on landing:-
Dead Load for landing:
Tiles = 23*0.03* 1=0.69KN/m
Mortar = 22*0.02* 1=0.44KN/m
Slab = 25*0.25*1=6.25KN/m
Plaster = 22*0.02* 1=0.66KN/m
Total dead load= 8.04KN/m.
Live load:

Live load for stairs =5 KN/ m?.

4.14.3 Design of Shear for flight:

= Assume @ 14 for main reinforcement:-

So, d = 250-20-7 = 223 mm..
Taked= 223 mm
= Vu=46.88 KN .

_ 0.75*+/24*1000* 223*10°°
6

fVc =136.6KN

= Vu=46.88 KN< @.Vc=136.6KN .
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Depth is ok since there is no shear Reinforcement .
4.14.4 Design of Bending Moment for Flight:

Mu = 3.4.44*2.18-22.59* 1.53*.765=48.63 KN.m.
Mnreqg=Mu/0.9=48.63/0.9 = 54KN.m.

d =223 mm.
R = Mn
b xd?
54*10°
= =1.08MPa
R 1000* 223
_ iy
0.85" fc
= 42,0 = 20.588
085" 24
12 2m 0 * *
=18 F%+ § \/ 2" 20588 1.089_ ; 64
mg fy 5 20588 420 p
Asreq = 0.00264* 1000* 223= 614.9 mm>........... control

Asmin=0.0018* 250* 1000=450mm?®
$=153.9/614.9=0.2503m

Check for spacing

3h=3* 250=750mm

S=450

280
280

Use 10 14@ 20 cm

Use 10 14@ 30 cm. for secondary Rein.

Check for strain:

Tension = Compression
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A * fy=0.85* fc' *b*a
615.6* 420 = 0.85* 24*1000 * a

a=12.67mm
=8 1267 _ 1) 9rm
b, 0.85
e, = 228-149, 0.003
14.9

e, =0.041 > 0.005 3% ® ok

4-14.5Design of landing:-

same thickness =25 cm

Dead load = 8.04 KN/ m.

Liveload = 5.0 KN/ m.

Load from flight =34.44/1.3=26.49KN/m
Load =26.49+(1.2*8.04+1.6*5)=44.1 KN/m

load group no. 1
Dead load  Factored Units-kN.meter

Moments: spans 1to 1

1.3 e 13

81



Structural Analysis& Design Chapter 4

Shizan

61.8

Fig.(4-13)Moment shear on landing
= Vu=618KN.

_ 0.75*4/24*1000* 22310°°
6

= fVe =136.55 KN

* Vu=61.8KN< @.Vc=136.55KN.

Depth is ok since no shear reinf. Is required

4-14.6 Design of flexurefor landing :-
Mu = 43.26 KN.m.
Mnreq=43.26/ 0.9 = 48.07 KN.m.

d =223 mm.
R = Mn
b xd ?
* ¢
, :m =0.966MPa .
1000* 223
m=_ Y
0.85" fc'
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420

=~ =20.588
0.85° 24

12 2mR 9 *
L& F% :. \/ 27205687 0.966 9_ 1 3y
mg fy 5 20. 588§ 420 p

As req = 0.002357* 1000% 223 = 525.611 mm*
A Smin= 0.0018* 1000* 250=450mm?
S=153.9/525.611=0.293m

Check for spacing
3h=3*250=750mm
S=450
5 =380 A —25 %20 = 330mm
0.667 =420
5 =300 A = 300mm
0.667 =420

Use 1P 14@ 29 cm

Use 10 14@ 30 cm. for secondary Rein.
Check for strain:
Tension = Compression
A * fy=0.85* fc' *b*a
615.6* 420 = 0.85* 24 * 1000 * a
a =12.67mm

o = 223-14.9
s 14.9
e, = 0.041 > 0.005 3% ® ok

*0.003
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4-15:-Basement wall

4-15.1:- load calculation
Fc’=24 MPa, Fy=420 Mpa, s=18KN/m?®, qall=250K N/m?, ¢=35, surcharge =5K N/m?

R LY !’-N T
RO,
—
-

]
Fig.(4-14) basement wall

1=singg 1-=sin35

= - = - =0.271
“ 14sing 1+4sin35 0

W.=C,*h*y =0271+4.16 =18 = 20.3 KN/m?
W.,=C,*P=0271%5=1355KN/m?

e g \\

4

-

8] H |8

0|

=

P

I N 4 '\,‘
Ws—20.3

Fig. (4-15) static system
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From Atir we have moment and shear envelop
FBMoiments: spans 1o 1
=~y A
R‘_‘“---...__ . - ,,..r"“ff
——__\__\_\_‘_\_‘_-_‘_\_‘_-_ - - ) _._._'_'_'_._,_,-'—'—'_'_'_'_F
l 2.29 25.4 1.67 |
1.
Shear
s -f‘r‘-
- .—".-'_FF'—‘-'_/_'—'_'_F
— _.-._F'_'-._._'_'_'-‘--
- _____~—~—~—"*‘___
169 67

Fig.(4-16) shear and moment diagram

4-15.2:-Design of Bending M oment
D= -40-10= 50mm

Mn
b xd?

254*10°
= =1.25MPa.
R 0.9* 1000* 150

_ iy
0.85" fc'

420
m =———
0.85" 24

R =

n

= 20.588

85




Structural Analysis& Design Chapter 4

12 ZmR]O * * o
r==6¢- [1- = \/ 2* 20. 588 125::00031
mg fy 5 20588§ p

Asreq=0.00 *1000* 50=  mmm........... control
£ =0.0031 = pmin =0.0015 ....... 0K
S ./ =0 m
Check for spacing
3h=3*300=900mm
S=450

_ 1539 =
¥ = 0.0015 = 200 = °13mm

Useld @ cm
For horizontal bars use the haf of the min. in each side
0.5* Ashy,in=0.5*0.0025* 00*1000=  mm2
Use¢ =1
S ./ =03 m
Usefor horizontal bared 1 @250mm in each side
Use$ 1 @300 for vertical in outer side to holdthe horizontal bares
Check for strain:

Tension = Compression

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

513* 420 =0.85*24*1000 * a

a =10.56 mm

o _150-124
s 12.4
e, = 0.033 > 0.005 % ® ok

4-15.3:-Check for shear

— 075 — ,
PV =§ ﬁ“*bxd=T\/24¢1000$150¢10 % =91.85KN

*0.003

0.5¢V=0.5*91.85=45.9KN>Vu=1183........ OK

The thicknessis enough
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4.16:- Trussdesign

4.16.1:- Load calculation

1. Dead Load:-
Surface layer of steel sheet with thickness of 0.6mm=0.05KN/m2

Heat insulation layer of rock wool with thickness of 100mm=0.1 KN/m2
Sheet metal with thickness of 0.75mm =0.078 KN/m2
D.L=0.05+0.1+0.078=0.228K N/m?

2. Snow load
S=h-400/400

=997-400/400=1.5K N/m?

Qt=1.5+0.228=1.728 KN/m?

)
T 180 i y5 109 |

Fig.(4-17) Cross section of sheet metal

Zwizcmans rlzgerkrace 2 60 min | 2 ! £

Az, ghakabrE e vaneils Falesioie oo chdon® Bnsd mem S0z e sryiinid Cigorgoeais

Lake Gasiacht |
e skimE o a5 t30 135 300 EEE a5

I U R
1,0 S

i corod 204
(-1 130 J=4
1.5 215k 4TF

87



Structural Analysis& Design Chapter 4
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Table(4-3) sheet metal for 2& 3spanes
From the table above the bearing load of sheet metal is 5.16 KN/m?

Qu=5.16KN/m2>Qt=1.728KN/m2......... Ok

Note:- the members are A36 (Fy=36ksi and Fu=58ksi)
4.16.2:- Purlinsdesign

Qu=1.5(1.4%0.228)=0.48

Qu=1.5(1.2*0.228+1.6* 1.5)=4.01KN/m2........ control .

41

R Y L 11 o UL N YV Y Ooe 1 ) o 111 I

Fig.(4-18) static system for purlins
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1- Moment
Max moment=-8.53 KN.m

NI N N . N . .

R ] gl N g A z (L] B | i L N T F
Fig.(4-19) Moment envelope for purlins
=Design of moment :-
Mu (max) = 8.53 KN.m = 8.53/4.448x1000%x1/25.4 = 75.5 kip.in
Mp= Mu

0.9*36*Zx=75.5 - Zx=2.33

Select HSS4*2*1/4 - Zx=2.94
b/t=5.58 , h/t=14.2

= Check Compact :

Ap=1.12V(E/Fy) =1.12(28000/36) = 31.8
Ar=1.4V(E/Fy) =1.4V(28000/36) =39.73
b/t and b/t < Ap so Compact section

2- shear stress
Max shear =11.28KN

A i A A A
bl B A A v, ofCs ’I/ / /1 A A
ST VT

Fig.(4-20)Shear envelop for purlins
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=Design of Shear :-

Vu (max)= 11.28 knm= === = 254 kip

Vp=Vu

11
.

0.9*0.6*Fy*d*tw > 2.54

0.9%0.6*36*4*~ = 19.44kip > 2.54

4.16.3:-Trussdesign

4-16.3.1:- internal forces calculation
Max support from purlins =20.72KN

IER.EY

w7

= The truss consists of four types of member

Fig.(4-22) Truss system

1- Thevertical member(V)

NO. of member

Vaue of compression force

KN Kip
V1 114 25.63
V2 104 23.38
V3 82.9 18.64
V4 62.2 13.98
V5 414 9.31
V6 20.7 4.65

Table (4-4) vertical member forces
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2- Thetop member (T)

Vdue of compression
NO. of member force

KN Kip
T1 104 23.38
T2 186 41.82
T3 249 55.98
T4 290 65.19
T5 311 69.92

Table (4-5) Top member forces

3- Thediagona member(D)

Vaue of tension force

NO. of member KN Kip

D1 147 33.05
D2 117 26.3

D3 87.9 19.76
D4 58.6 13.17
D5 29.3 6.59

D6 0.0 0.0

Table (4-6) diagonal member forces

4- The bottom member(B)

Value of tension force

NO. of member KN Kip

Bl 0.0 0.0

B2 104 23.38
B3 186 41.82
B4 249 55.98
B5 290 65.2

B6 311 69.92

Table (4-7) bottom member forces
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4-16.3.2:-Design of tension member
= bottom member

Max.valu of tension =311KN=69.92Kip
Tensileyielding

Pu=0*Fy*Ag

AQg=69.92/0.9* 36=2.16in2

TryW8*10 .......... A=2.96in2

Tensile rupture

OPn=0* Fu* (U* Ag)=0.75*58* (1* 2.96)=128.76Kip>69.92Kip... ... ok

4-16.3.3:- Diagonal member

Max.Vaue of tension =147KN=33.05Kip
Tensileyielding

Pu=®*Fy*Ag

Ag=33.05/0.9*36=1.02in2

Try L3*3*5/16 ............. A=1.78in2
Tensile rupture

dOPn=0* Fu* (U* Ag)=0.75*58* 0.85* 1.78=65.81Kip>33.05Kip....... ok

4-16.3.4:- Design of compression member
=Vertical member

Max value of compression =114KN=25.63Kip
Take section member L3*3*5/16
Section property ........ A=1.78in? rx=0.91in ry=0.91in

L=1.5m=4.92ft
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Determine of the reduction factor for slender:-

Unstiffened e ement
1=2-2% _q6
Tt 5/16
0.45 E—045 29000—1277}b=:r =0s=1
Ry T 36 {7Q==
L _492+12 o
rx 091
L
0=—=280
I'X
KL L 492 12
=—=724+075—=724+075=— =120.66
r rx 091
471 =471 29000—13368}12066
U7 Qs=Fy 7 1=36 '

o _MEeE_T+29000
®T Tk T 12066 2

r

= 19.66

QusFy 1+3h
= Fcr = 0.658 Fe =Fy = 0.658 ~ 1966 =36 =16.73

dPn=d* Fer* Ag=0.9*16.73* 1.78=26.8 Kip>Pu=25.63Kip......... OK

=top member

Max value of compression =311KN=69.92Kip

Aswme% =75

29:+10°

471 —

=133.68

M =E _n2=-=29$10-"

TR o7 = 5088
;

Fe =
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F ] ” "
For = 0658  Fe =Fy = 0658 5088 =36 = 26.77Kip

KI' 1%12=%492
T=f=75=ﬁr=0.787

_Pu 6992
T @Fcr T 0.9=26.77

Ag = 2.89in*

»UseW8*10 ....... Ag=2.96in"

4-16.4.- Design of weld:-

The calculations of weld based on the following:

1). Fillet Weld is used.

2). The plates are A36 (Fy = 36 ks, Fu =58 ks).

3). The plate thicknessis (t = 5/16 in).

4). The electrodes having FExx = 70 ksi.

5). The shielded metal arc welding (SMAW) is used.

A. (1st)- Design of weld between the vertical member and the Gusset plate in the corners of the
truss:-
The section of the vertical member isangel (L3 *3 #5/16)

Member property......... Ag=1.781in2,y =0.860

The value of Max. compression in the vertical member is Vu= 25.63 kips.

25.63
Kip

|
TFE

Fl

Fig.(4-23) weld for ces vertical member
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. 1 5 1 4
Max. weld size (amax) =t — — = —— — = —in,
16 16 16 16

Min. weld size (amin) = — in.

= Useweld size(a) = ; in.

=Design strength of weld:-

@Rnw = @ X te x 0.6 x FExx

@Rnw =0.75x 0.707 x 1 , % 0.6 x 70 =557 kips.

= Design strength of base material:-

@Rn=0x 06xFy xt=10 x0.6x36x5/16

= 6.75 kip > 557kip - ok
Or
GRn=0x 06xFu xt=075 x0.6x58x5/16

= 8.15 kip > 5.57kip - ok
F, =557 %3 =16.71Kip
F, = 25.63 —16.71 = 8.92Kip

L 8'92—16' take 2i
W ce7 = L ... ... take2in

B. Design of weld between the diagonal member and the gusset plate:-

The section of the diagonal member isangel L3 #3 =5/16 .

Thevalueif Max.Tension in the diagonal member is Tu = 33.05 kips.

**For the vertical member use the same size and dimension of weld for the previous vertical member.
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33.05

AN
S
N

Fl b3
Fig.(4-24) weld for ce on diagonal member

; — g2 _5__1_ 4.
Max. weld size (amax) =t e =2 T 2 T g ML

Min. weld size (amin) = — in,

~ Useweld size () :iin.

=Design strength of weld:-

ORNW = 0.75 % t, = 0.6 * Feyy = 0.75% 0707 x 1 ;, % 0.6 x 70 = 557 kips.

=Design strength of base material:-
GRn=0x 06xFy xt=10 x06x36x5/16
= 6.75 kip > 557kip - ok

Or
BRn=0x 06x Fu xt=075 x06x58%5/16

= 8.15 kip = 557kip - ok
F,=3%557 =16.71Kip

SMatF, =0

= F*1+f,22-3052—-y =1671+*15+F,#*3—-33053—-086 =0

F, =33.05=16.71 = 15.22 = 1.12kip

F1 112
@Rnw 557

Lwl = =02in & uselin.
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F2 1522

GRnw — 557 =273 in - use 3in.

Lw2 =

Check for rupture

341
L=|:' ]=2.0{'n

2
=1 I—l 0'86—057
meET 20

@tPn =0.75 % Fu x Ae

@tPn =075 x58 x 057 %178 = 44.13 kip > 33.05 kip - ok

C. Design of weld between the bottom member and the gusset plate:-
The section of the bootom member isangel w8 =10 .

Fig(4-25) weld between gust plate and bottom member
10.8cm/2.54=4.25in

37.5cm/2.54=14.76in

R,= Ruv+Ry?= Rh+Rx?Z
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Rh=2 =22 — 0792 kip/in

L 14.76+2
Ip =278 _ 53503 in3
P=csmp Tosossim

M =
Rx = LA 0

Ip
4,25

Mex 2338%425 =(*2)

Ry=—= 53593 =0394

R,= 040394 %= 0.792+0 ?=0.885kip/in
aR?‘IW = Rll!
0.75 0.707a #06=70 =0885= a=0.04in

= takea=2/16in
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Table 1-11 (continued)
|l x Rectangular HSS

Dimensions and Properties

Y
Design X-X
Wall |Nominal | Area, Axis
Shape Thick- Wi A bt ht | 5 r Z
Ness, I
in. Ib/ft in? in.! in? in. in?
K852 Vaxlfa 0.233 11.33 314 .73 18.5 9.40 376 1.73 4.83
wfig 0174 a.79 241 11.4 25.7 T.51 3m 1.7 aTa
=« 0116 6.02 1.65 18.8 401 5.34 214 1.80 265
HE5E=2«33 (.348 14.65 4049 273 11.3 10.4 414 1.549 5
#1E 029 12.67 352 3.87 14.2 9.35 J.7/4 1.63 505
s 0.233 10.48 29 5.58 18.5 B.08 323 167 4,27
wiyg 0.174 8.15 224 §.49 5.7 6.50 260 1.70 3.37
wfn 0116 5.60 1.54 14.2 a0.1 4.565 |.BB 1.74 2.37
HES4=3:cYa 0.349 14.66 4,09 5.60 8.46 753 207 1.30 5,12
st 0.291 12.67 352 7.1 10.7 T.14 357 1.42 451
=4 0.233 10.48 2m 9.88 14.2 615 ans 1.45 3.8
s3f1g 0174 8.15 2.1 14.2 20.0 4.93 247 1.49 3.00
=z 0.116 5.60 1.54 229 s 352 .76 1.52 211

HES4:2V oY | 0.349 1337 | 374 416 B.46 6.77 338 1.35 4.48
Wi | 0.2 11.60 | 3.23 5.50 10.7 6.13 307 1.28 3497

w I 0.233 9.63 267 7.73 14.2 5,32 266 1.41 .98
e | 0174 7.51 208 11.4 200 4.30 215 1.44 267
=\a 0.118 5.17 142 186 3.5 3.08 1.54 1.47 1.88

HES 42~ e 0.348 12.09 3.29 273 B.46 a.80 280 1.29 J.84
x| 0.2 10.54 2.04 87 10.7 513 256 1.32 341

i 0.233 g.78 2.44 5.58 14.2 449 226 1.36 2494
w“Hie | 0174 6.87 1.69 8449 20,0 3.58 183 134 2.34
g 116 4.75 1.30 14.2 5 2865 132 1.43 1.66

HE83Vex2Vandn | 0.349 12.09 an 416 7.03 4.75 272 114 3.59
=g | 0.291 10.54 294 2.59 .03 4.34 2448 1.22 320
u 0.233 8.78 244 773 12.0 4.7 217 1.25 2.74

e | 0174 6.87 1.89 1.4 17.1 3.09 1.76 1.28 218
=\a 0118 475 1.30 18.6 7.2 223 1.28 L3 1.04
HES3 Vzx2x 0233 793 2.2 5,50 12.0 317 1.81 1.20 2.36
=Y | 0174 6.23 1.1 B.49 171 2.61 149 1.23 1.89
=y 0.11€ 432 1.18 142 7.2 1.30 109 1.27 1.34

Mote: For compactness crberla. refer o the end of Table 1-12.

Table (4-8.a) HSS
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Table 1-11 (continued)
Rectangular HSS
Dimensions and Properties
HSS5-HSS3Y,
Axis Y-Y Waorkahble Flat Tors
jon Surface
Shape ! 5 r Z |pepth|wigth| ¢ Area
in.! in,* in. in.2 in. | in. int in? | i
HESEx2 e 313 250 | 0999 | 295 | ¥ | — 7.93 | 4.99 1.18
«Ie | 253 203 | 1.02 233 | &% | — 6.26 |3.89 1.20
«Wa 182 146 | 1.05 164 | &he | — 440 270 1.22
HS 5525V 228 228 | 0.748 | 288 | e | — .61 | 520 1.07
g 210 210 | 0772 257 Fha —_ 5.99 |4.59 1.08
s 1.84 184 | 0.797 | 220 | 3% | — 517 | 388 1,10
«Ms | 151 151 | 0823 | 175 | 4%e| — 4.15 | 3.05 1.12
«g 110 110 | 0848 | 124 | &he | — 295 | 213 113
HSS4x3x% | 501 234 | 1.1 418 | e | — 106 |659 1.07
1y 4.52 302 | 113 369 297 - 941 | 575 1.
X 3.91 261 | 1.16 312 | 7h | — 7.96 |4.81 1.10
=Yg 3.16 210 | 119 246 | Fre| — 626 |374 1,12
PRI 2.27 151 | 121 173 | 3hs | — 438 |259 1.13
HSS4x2Vax¥e | 347 254 | 0922 | 320 | Ps| — 7.57 | 5.32 0.983
«She | 2.89 232 | 0947 | 28 | 6 | — 677 | 4.67 1.00
xVa 253 202 | 0973 | 243 | 2R | — 578 |03 1.02
«Me | 2.08 165 | 0999 | 193 | 3% | — 459 |3.08 1.03
e 1.49 1.19 | 1.03 1.36 ¥he | — 323 (2.4 1.05
HSS4x 2 Y 1.80 180 | 0729 | 231 | 20| — 4383 |4.04 0.900
xihe | 167 167 | 0754 | 208 | 2 | — 440 [3.59 0.917
xM 1.48 148 | 0779 | 179 | 2w | — 382 |3.05 0.933
pratiy 122 122 | 0804 143 | Phs| — 3.08 |24 0.850
=g 0898 | D898 0.830 102 [ 3w | — 220 |1.69 0.967
HSSIVnYads | 277 221 | 0004 | 282 | — | — 616 | 457 0.900
xShe | 254 203 | 0930 | 252 | 2% | — 553 | 4.03 0.017
iy 223 178 | 0956 | 216 | 2% | — 475 |3.40 0,933
¥ | 182 146 | 0983 | 172 | 2% | — 378 | 267 0.950
*a 1.3 106 | 1.01 122 | 2% | — 267 | 187 0.967
HES3Wax2x s 1.30 130 | 0766 | 158 | 2% | — 316 | 2.64 0.850
e 1,08 1.08 | 0.792 127 | oM | — 255 | 209 0.867
«Ya | 0795 | 0795| 0818 | 00912 2% | — 183 147 0.883

—Flat depth or width is loo small to establish & workable fial.

Table (4-8.b) HSS
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i Table 1-1 (continued)
P il W Shapes
w
- Dimensions
Y b
by
Web Flange Distance
Area, | Depth, —
I y | hickness, | o, | width, | Thickness, k i | ¥ P
e |2 by tr | Kies | Koot | Gage |
in? | in. in.__| in. in. in. in. | in. | in. | in. | in.

Wh=G67 19.7 | 9.00] 9 (0570 "is| % | 0.20]08Ya |0:935] "Wie|1.03 [1%8 | Wie| 54| 5%
%58 17.1 | 8.75 B¥40510| V2 | Ya | 8.22|BYe |D.810| "¥wa{1.20 (12 | s |
=408 14.1 | 8.50( 8Y:0400] *s | s | B.11|8Ye |0.685] "Wie|1.08 (13 | "Yis
=40 11.7 | 8.25 8Y4]0.360| & | *he | 8.07|8Ve |0.560] %4 |0.954[1%e | "Hhe
=da 10.3 | 8.12] 8Ys0.310] %As | ¥ | B8.02] 80 0495 = |0.88911%s | e
%31 992 800 & |0285] 3hs | s | B.00| 8 0.435| e | 0.829]1Vs W Y

W28 B.24| B.O6| B |0285) %e | e | 6.54|6Y2 (0465 Ve |0.859| Ve e |EYe| 4
%24 7.08| 7.93( 77fs/0.245) Va | V& | 6.50{6Y2 (D.400| Ys [0.794] Vs | e |6Ye | 4

W21 6.16| A28 RY4|0.250] Ya | Ya | 5.27|5Va |D.400| 3 |0.700] M | Yhe | 6Y2 | 2%e8
=18 5.26) 8.14| BY»(0.230| Yo | Y | 5.25/5Y« |0.330] B |0.830 ‘%H:I The | 8Ye | 230

We15 4.44) BT BYa0.245) Ve | Ve | 402)4 0315[ e |0BIS| el Fhe | BY2 | 2Ve0
=13 3.84) 700| 8 (0230 Ve | Vo | A00[4 0.265 Wi (0655 s | Y + ¢
«10%" | 296 7.89 77.|0.170) w | Ve | 3.94|4 0.205| %he |0.505 ”hj 2

WEs25 7.34| 6.38 6%e{0.320] 36 | e | 6.08|6Ya [D.455| Thes |D.705| 9l Yie | 4Y2 | 32
=20 5.87| 6.20] 6'4/0.260( Va | Y& | 6.02 0.365| ¥ |0B15] % | %w + ¢
w15 443 594 & |0.230] W Vg | 5.09 0.260( ' |D510] ¥ | Y

WE=16 4.74) 6.28] BY4|0.2601 W4 g 4.03 0.405| % |D.655| Yo | 4 | 28
w2 355 6.03| 6 |0.2300 W g 4.00 0.280| 4 |0.530| 3 g
«0! 2.68| 500 5%0|0.70) ¥ | Yo | 3.04 0.215] e | 0465 Wil l i
%8.5' 2.52 5.83| 5780370 ¥he | Ya 3.84 0.195| e |0D.445] 'Yhe| U2

W5=10 556 515/ 50270 2 | Y | 5.03
=16 471 650 5 |0240) Y | V& | 5.00

W13 383 416 40280 4 | Ve | 4.08

0430 Ths |0.730] e The | Va2 | 2349
0.360| % |0B60| e | The | 32 | 288

0.345| ¥ (D595 % | W2 | 2| 28

B n &k i OO

= Shape i& slendar for compression with £, = 50 ksi,

" Shape excends compact mit for Amoure with &£ = 50 ksi.

0 The actual size, combinatian, and anentation of tastoner ecompanents shauld be compared with the geomealry of the eroes-section
o ansure compabibifity.

101
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Table 1-1 (continued)

W Shapes
Properties
W8 - W4
Compact | Torsional
Axis X-X is Y¥ i
ga.-.-m Axis | Properties
Wil T 1 S lel 21 i1 8L 5] 7 | 4 | & |
2 |t | int | i3 | in | in® [ mnt (2| | in®| i |[in | it inf |

4430111 | 272 | 604 | 372 701 | 888 | 214|212 | 327 (243 | 807 508 1440
124 | 228 | 520 | 365 598 | 751 | 183 (210 | 279 |239 | 784 333 1180
582159 | 184 | 432 | 361| 490 | 609 | 150 |208 | 229 |235 | 762 196 931
721|176 | 146 | 355 | 3.53] 398 | 491 [ 122|204 | 185 (231 | 769 112 726
BI0j205 | 127 | 312 | 351) 347 | 426 | 106 (203 | 161 |228 | 763, 0769 618
0191223 [ M0 | 275 | 347 304 | I | 927|202 | 141 | 226 | 757, 0536 50

7.03(223 98.0| 243 | 3.45| 27.2 | 217 | 6.63]162 | 101 (184 | 7.60] 0537 a1d
A12{259 27| 2009 | 342 231 | 1R | 563181 B57|182 | 753 0348 258

275 753 182 | 349] 204 87T IN|126 569|146 | 768 0282 152
795209 61.8] 152 | 3.43] 170 787 S04 466143 | T80 0a72 122

2

o
=

enz BB szz 2% ¥R wwaseqf| 3§

6.37(28.1 480 18 | 329 138 341 17010876, 267106 | TED, 0137 518
784209 3B 991 21| 114 273 1370843 215\103 | 774 0087 40.8
8.67(40.5 30.8f 781 2220 BAT| 2090 106 0B41| 168|101 | TES 00478 ang
6.68155 534) 167 | 270| 189 | 171 | 561|152 B56|1.74 | 583 0481 150
823191 4140 134  266) 143 | 133 | 441|150 672 1.70 | 584 0240 13
115 | 216 21 972 256 108 932 IN(145 4750166 | 573 0 765
498|191 321 102 | 260 11.7 443 22010967 23913 | 5.88| D223 a2
f1421.6 L T4 249 B30 299) 150088 232(1.08 | 575 0.0803 247
8.16)29.2 164 556 247 €23 220 110805 172|106 | 569 00405 1.7
8.5 (101 |29 148 570 243 &73 199 .| 080, 1.56(1.05 | 564 00333 158
19| 585{137 263 102 217 116 913| 363{1°8 | 553145 | 472 036 509
16 | 694154 214 055 213 863 75| 300120 4.Ei 143 | 465 0192 40.6
13| S.88106 1.3 546 172 €28 386/ 190100 | 292(1.16 il 82| 0151 14.0
|
|
102
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Table 1-7 (continued)

Angles
Properties
Axis X-X Flexural-Torstonal
k| we |Area _ =
Shape A r y Z | yw| 4 o | i

in, | It | in® | in® | in? | in in. in? | im. | it in® in.
Ldx3Vexo fa 1119 | 350 | 530 | 192 | 123 |1.24 | 346 |0497|0301 | 0302 |203
<Y | Y| 910|267 | 415 | 148 125 |120 | 266 0433|0132 | 0134 | 206
e | Mhe | 770| 225 | 353 | 125 {125 (117 | 224 |0.401|00782 | 00798 |2.08
=y Y% | 620|181 | 289 | 1.01 128 114 | 1.81 |0383|0.0412 | 0.0419 | 2.00

L4=3=He |1 136 | 389 | 601 | 228 | 123 (137 | 4.08 |D0810|0529 | 0472 2]
' Ta 1111 | 325 | 502 | 187 | 124 (132 336 | 0747 (0281 | 0255 1.94
B ¥ | B5O| 248 | 394 | 144 (126 |127 | 260 | 0683|0123 | 0.114 197
he | "Whe | 7.20) 209 | 336 | 122 (127 |1.26 | 219 | 0651 |00731 | 00676 | 198
»a Yo | 580| 169 | 275 | 0988|127 |1.22 1.77 | D618 | 00386 | 0.0356 |1.99

L3Yo3Yadlf Ms |111 | 325 | 363 | 148 (105 |105 | 266 | 0466|0281 | 0.238 1.87
»=he | Yhe| 980| 287 | 325 | 1.32 [1.06 |1.03 236 | 041210192 | 0164 1.89
=y Ya | B50| 248 | 286 | 115 | 107 (100 | 206 | 0357|0123 | 0106 180
x%e | Ve | 720| 209 | 244 | 0969) 1.08 (0578 | 1.74 |0.301|00731 | 0.0634 | 192
=M s | 580| 169 | 200 | O.787(1.09 |0854 | 1.41 |0.243|0.0386 | 0.0334 | 193

L3V 3e'fs s |10.2 | 300 | 345 | 145 (107 |12 261 | 0480) 0260 | 0181 1.75
whe | e | 900| 265 | 390 | 129 |1.08 109 232 | 0446|078 | 0132 1.76
el o | TB0| 230 | 273 | 112 [1.08 |1.47 203 | 0411 0114 | 00858 | 1.78
w%e | Ve | 660 193 | 233 | 0951|109 |1.08 1.72 | 0.375 | 0.0680 | 00512 | 1.79
s a | 540| 158 | 192 | 0773 .10 |1.02 1.39 | 0.336|0.0360 | 00270 | 1.80

L3Vax2Vexfe e | 940 275 | 324 | 141 [1.08 |1.20 252 | 073610234 | 0.159 1.66
| sy Yo | 7200 211 | 256 | 1.09 (1.0 |15 1.96 | 0.668) 0103 | 0.0714 | 1.69
e | Mhe| 610| 178 | 220 | 0925111 |1.13 1.67 | 0.633|00611 | O.0426 | 1.7
=W ¥a | 490| 144 | 181 | O7R3| 192 |10 1.36 | 0.5867 0.0322 | 0.022% |1.72

L33z s | 9.40| 275 | 220 | 1.06 [0.895 |0.929 | 1.91 | 0458 0.230 | 0.144 1.59
xe | Y| B30| 243 | 198 | 0946( 0903 | 0907 | 1.70 | 0.405|0.157 | 0.100 1.60
iy Yo | 720 211 | 175 | DB25 0910 |0.884 | 148 | 0351|0107 00652 | 162
#¥6 | " | 6.30| 1.78 | 150 | 0699 0.918 |0.860 | 1.26 | 0.296|0.0597 | 0.03%0 |1.84
=y Ya | 480| 144 | 123 | 0569 0926 | 0836 | 1.02 | 0239| 00313 | 0.0206 |1.65
*¥s | Ve | 371|109 | 0.948( 0433|0933 |0.812 | 0.774| 0.181| 0.0136 | 0.00899 | 1.67

L3=2Ymelfz s | 850 250 | 207 | 103 | 0910 (0995 | 1.86 | 0.494|0.213 | 0.112 1.46
wihe | e | 7.60| 221 | 1.87 | 0921|0917 (0972 | 1.66 (0462|0146 | 00777 |1.48
scifa Yo | 660( 192 | 165 | 0803|0824 | 0949 | 1.45 | 0430| 0.0043 | 00507 | 1.49
«w | "e| 560 167 | 141 | 0681|0832 | 0825 | 1.23 | 039700560 | 0.0304 | 1.51
='fa e | 450( 131 | 116 | 0.555) 0840 | 0900 | 1.000| 0363} 00296 | 00161 | 1.52
#e | %we| 3.39| 0.998| 0.899| 0423|0.947 | 0.674 | 0.761| 0.328| 0.0130 | 0.00705 | 1.54

Hote: For compactness critera, nefer to the end of Table 1-7,
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Table 1-7 (continued)

Angles
Properties L4-L3
Axis ¥-Y Axis Z-Z [
Shape I 5 r x z Xo I 5 r Tan |Fr=36

P 1: in. in, in.? in. int in.? im.

Ldx3 Yt .76 1.50 1.04 0984 | 269 | 0438 | 1.80 0718 | 0.716 | 0.750 | 1.00
w5 2.96 1.16 1.05 0847 | 206 | 0334 ) 1.38 0555 | 0.719 | 0.755 | 1.00
#ihe | 2.52 0880 1.06 0923 | 1.74 0.23 1a7 0470 | 0.721 | 0.757 | 0.997
=ia 2.07 0794 1.07 0887 140 | 0.227 | 0950 | 0382 | 0.723 | 0.759 | 0912

Loy 2.85 1.34 | 0845 | 0BE7 | 245 | 0498 | 1.59 | 0.720 | 0.631 | 0.534 | 1.00
o 240 | 170 | 0OB58 | 0822 | 199 | 0407 | 130 |0592 | 0633 | 0542 | 1.00
oy 1.89 | 0851 0873 | 0.775) 1.52 | 0311 | 1.01 0.460 | 0.636 | 0.551 | 1.00
=9s | 1.62 | 0.721| 0.880 | 0.F50 | 1.28 | 0.262 | 0.851 | 0.390 | 0.638 | 0.554 | 0.997
xHy 1.33 | 0585 0887 | 0.725| 1.03 | 0.211 | 0.691 | 0318 | 0639 | 0.558 | 0.912

L3Yexdamta 363 | 148 | 1.05 1.08 2686 | 0.466 | 1.51 0609 | 0.679 | 1.00 | 1.00
=he | 3.25 | 1.32 | 1.06 1.03 236 | 0.412 | 1.34 | 0540 | 0.681 | 1.00 | 1.00
=y 288 | 115 | 1.07 1.00 206 | 0357 | 147 | 0471 | 0683 [ 1.00 | 1.00
< | 244 | 0969) 108 | 0979 1.74 | 0301 | 0989 | 0400 | 0685 | 100 | 1.00
= 200 | 0787 109 | 0954 1.41 | 0.243 | 0807 | 0326 | 0688 | 100 | 0965

LAV3x!fs 232 | 109 | 0877 | 0869 197 | 0431 | 115 | 0537 | 0618 | 0713 | 1.00
»"he | 2.080 | 0.971| 0B85 | 0846 | 1.75 | 0.382 | 1.03 |0478 | 0620 | 0717 | 1.00
=Ya 1.84 | 0847 0892 | 0823 | +.52 | 0331 ) 0.895 (0418 | 0.622 | 0.720 | 1.00
«%s | 1.58 | 0.718| 0900 | 0798 | 1.28 | 0.279 | 0.761 | 0356 | 0.624 | 0.722 | 1.00
e 1.30 | 0.585| 0908 | 0773 104 | 0.226 | 0623 | 0.292 | 0.628 | 0.725 | 0.965

L3Wax2Ve'f2 136 | 0756 0701 | 0701 | 1.3 | 0395 | 0.782 | 0420 | 0.532 | 0.485 | 1.00
=g 1.09 | 0589 0716 | 0655 1.07 | 0303 | 0.608 | 0.329 | 0.535 | 0.485 | 1.00
»%e | 0.937| 0501 0723 | 0632 | 0900| 0.256 | 0.518 | 0.281 | 0.538 | 0.500 | 1.00
=4 0775 0410 0731 | 0607 ) O.728| 0.207 | 0.425 | 0.232 | 0.541 | 0.504 | 0.965

L33z 220 | 106 | 0895 | 0929| 1.9 | 0458 | 0924 (0436 | 0580 | 1.00 | 1.00
»he | 1.98 | 0.946| 0903 | 0.807 | 1.70 | D.405 | 0.819 | 0.386 | 0.580 | 1.00 | 1.00
=3y 1.75 | 0825 0910 | 0884 | 148 | 0351 | 0712 (0336 | 0.581 | 1.00 | 1.00
e | 1.50 | DG99| 0918 | 0860 | 1.25 | 0.296 | 0603 |0.284 | 0.583 | 1.00 | 1.00
=\ 1.23 | 0569 0926 | 0836 | 1.02 | 0239 | 0491 | 0.231 | 0.585 | 1.00 | 1.00
s | 0.948| 0433 0933 | 0812 | 0774 | 0181 | 0374 (0176 | 0586 | 1.00 | 0.912

L322 1.29 | 0736 08| 0746 1.34 | 0418 | 0666 | 0370 | 0516 | 0666 | 1.00
«e | 117 | D6B56| 0724 | 0.724| 119 | 0.370 | 0597 | 0.329 | 0516 | 0671 | 1.00
w3y 1.03 | D573| 0731 | 0701 | 1.03 | 0321 | 0514 | 0287 | 0517 | 0.675 | 1.00
«%he | OBBB| 0487 0733 | 0677 | 0B73| 0.271 | 0437 | 0244 | 0518 | 0679 | 1.00
s 0.734 | 0.397| 0746 | D653 | 0.707| 0.220 | 0.356 | 0,199 | 0.520 | 0.683 | 1.00
=5 | 0.568| 0.303] 0753 | 0627 | 0536 0167 | 0272 | 0,153 | 0521 | 0.687 | 0.912

Mote: For compactness criteria, refer to the end of Table 1-7

Table (4-10.b) Angle
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4-17 Design of | solated Footing: (F5)
fc'= 24MPa fy = 420 MPa
Po= 14074KNP_=837.7KN  Py= - i _—
3029.2 KN v .
Column Dimensions = 50*50 cm. 54 |' iy
;:’-i +++++++++++++++++++++++ TTY E g
Allowable bearing capacity ga= 250 KN/m?. ' " S 5
B S 114 i 1% [LF N
4-17.1 Area of Footing : 1 . -
liveload =5 KN/m2. s
h Figure (4-26)
assume h= 60cm
q alnee = 250 - 5-0.6¥25 = 230 KN/m 2
aea A = Ppb+P./ Qaine = 1407.4+837.7/226.25
= 9.76m?
Use L=32 mB=32m, A=10.24m?
4-17.2Depth of footing: m ‘
Assume h=60cm. - . )
Check one-way shear: Inclined erack -~ |
4, = - =3029.2/10.24= 2958 KN /m? Critcal section for | o
Area Qeg-way sheal "| /KIL'E”LEJS :r;;';rrm
d=600- 75— 20 =505 mm VT
FV,3, R
Colgmn ]
FV, =F %\/ t.%,d F///
// /
0.75 [
——*4/24* 3.2* 0.505* 1000 = 989.6KN [,";,/
VA
Ona-way sheal.
Figure (4-27)
,aB-a 0
Vu=qy gB—' dg L
e 2 7}
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Vu =2958" 8@2' 0.5
e

- 05052 32=7998KN
4]

FVc=9896>V, =7998

Check two-way shear :

Vu=q,,” (B" L)- (a+d)b+d))

Vu =295.8" ((3.2° 3.2) - (0.5+0.505)(0.5+ 0.505)) = 273( H

According to ACI , Vc shall be the smallest of : "/_ H\,

X
Tributary area for

VC — %?4. big\/f%od - 051’ fc%od Inclined crack
o .. [ two-way shéar
v =122 ,0[1 6 4= 0585/ f b 77

° T 128%b,/d g

Vv, = %1/ f.%,d .....Control for ot o =] /)
Where: 2 :‘f
b.=a/b=50/50=1

b, = Perimeter of critical section taken at (d/2) from the
loaded area
= 4 (0.5+0.505) = 4.02 m

a, =40 for interior column

fV, =0.75 0.33/24" 402" 0.505 1000=24864KN

pVc =24864 KN < Vu =27302 KN
Make h=65cm. Figure (4-28)
d = 650 — 75 -20 = 555 mm
bo= (0.5 + 0.555) * 4 =4.22
fV, =0.75 0.33/24" 422" 0.555 1000=28685KN
Vu =295.8" ((3.2" 3.2) - (0.5+ 0.555)(0.5+ 0.555)) = 2699 .8KN

pVc=28685KN > Vu =2699.8 KN

Two-way shaar.

4-17.3 Design of flexural reinforcement :

ad  ao
X2 25
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:§295.8' 32 @2 0900 55382 050_g56 knm
e 2 2% e 2 2 g
Mn = 862.6/0.9 = 958.4 KN.m
Kn=Mn/b.d®>= 0.972 Mpa
_fy 420 _

 0.85fc 0.85(24)

0 0
r——gl' /_2mKn+ é \/_2 206 0.972 9~ 0.00237
p 206 p

As=0.00237*3200*555 = 4209 mm?. .........ccceeen.... control
Asmin = 0.0018* 3200* 650 = 3744 mm?Z.
So, Use27 @ 14 inboth directions.
4-17.4 Development length of flexural reinfor cement:

Ld for @ 20:
=g, fy ,a"b g’ ’dbzg’ 420, 1" 1 0.8 1’16:395mm
10 J[fc¢ ak, +Cco 10 /24 25
977
e do g
Available length = ((3200-500)\2)-75=1275
=1275mm >493.8mm ...............0k

4-17.5 Development length of column reinforcement :
Ldfor ® 18:
L= g = 22 18=30amm
fc¢ 424

Ld=o.o43' db” fy =0.043*18*420 = 325 mm
\ L, =4515mmr

Available embedment = 650 — 75 — (2 x14) = 547 mm > 325 mm
v OK.

4-17.6 Load transfer at the column-foundation interface (Dowels design ):
In footing :

FPnb=F(0.85fc® - \/%)

A;=05%0.5=0.25m?
A,=32%*32=10.24m?
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A = 10.24 =6.4>2

A Vo025

i =2

A
FPnb=0.65" (0.85" 24" 0.25" 2)" 1000 = 6630 KN
F Pn =6630 > Pu =3029.......... .ok
In column:

F Pn,b = F (0.85 fc®\)
FPn,b=0.65(0.85" 24" 0.5 0.5" 1000) = 3315KN

FPnb=331KN>P, =3022KN

and the minimum reinforcement of dowels;
As=0.005 *(500 x 500) = 1250 mm?

4-17.7 Lap splice of column :

Ls=0.071fy.db =0.071* 420* 18 = 536 mm.Use 550 mm.
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4 -18 Design of shear wall:-
SR4R
2300.6 AR
i4u]
5,20

Fig. (4-30) Moment and shear diagram
Fc =24MPa

Fy = 420 MPa

t=25 cm .shear wall thickness

Lw = 5.4 m .shear wall width

Hw for onewall =4 m story height

4-18 - 1. Design of shear
a Fx=Vu=737.08KN

4-18-1-1: Design of the Horizontal reinfor cement:

The critical Section isthe smaller of:

Iﬂ = 5.4 =2.7m...... control
2 2
hl = £ =5m

2 2

storyheigh t = 4m
d=0.8" Ilw=0.8"54=4.32m
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S) I
EjL‘:]TT!UI = Ejg Jf’: hd

=0.75 = 0.83 = v24 = 250 = 4320 = 3306.8KN > V/,
1 — 1 ,
V.=5 f'hd =527 +250+4320+10"% =88LBKN ... cont

L

V. =027 f'hd+ AL = 0.27v/24 =250 = 4320 4+ 0 = 1428 5KN
3991 —2309.6 M, —2309.6

= M, =2856.1KN.m

V, 2 73708 2 Y
T N _
_ by 01 fr+02~ __ 54 01V24+0
V.= 005 f + v hd = 005V24+ B, 250 = 4320
V2 |
=2706.5KN
Vs =Vn - Vc

= (737 .08/0.75) - 881.8 =100 .9KN

A, 00556

p= =k 250 0.00022 < 0.0025

Use ¢ 10 As=78.5 mm?

_ 2=785

= 0. | ]
2250 0.0025 S5 =251mm

o

Max. Spacing

by 542 _ 1 o8
5— 5 = 1 m

3h=3+=250=0.75m

Use ¢ 10@250mm in tow layer
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4 -18-1-2: Design for Vertical reinforcement:-

hy 16 59
L, 54

.IDL'JTu'n = O

Select ® 10 @250mm. Intow layer

4-18-2: Design of bending moment:

4, = 290 . 785 = 3301 2mm?
= e 5= 2mm
_ A f_ 33012 420
W= IR ' 5400+250 24
= % =,
S T
c W+ a 0.044 +0
Z = = = 0.054
I, 2w +085f, 2=0044+085=085
OM. =0 05Af.l, (14— y(1—E
n ' ﬁ'.!f_u wl: an,-,gtu:”: !w
=09 05 =3391.2 =420 =5400(1 + 0)(1 — 0.054) = 3274.2KN.m < Mu
Try $12@250 mm
4, = 290 51131 = 4885.9mm?
= e 1= 9mm
_ A f_ 48859 420
W= I R T 5400+250 24
_ 5 _
CTLRE T
c W+ a 0.063 40
Z = = =0.074
I, 2w+0850, 2=0063+085=085
OM. =0 05Af.l, (14— y(1—E
n ' ﬁ'.!f_u wl: an,-,gtu:”: !w

=09 05#%4885.9 #420 *5400(1 + 0)(1 —0.074) =4617.5KN.m = Mu

- use $12@250 mm for vertical reinforcement
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3. Building Code Requirements for Structural Concrete )AC|I 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code (UBC).
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ARCHITECTURAL DRAWINGS
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Seraw type Self drlling, e=rban
Screw dlameter & mm

Length 38 im

Serew head type Hox hoaz
Serew-head dismeter ren

Gerew dive/racesa fype I lex hean

Washer type Boncez EPOM
Viasher size 0 m

Serew point # 3 seif driling
Corrosion protection Galvarized zine platsd
Crilling capacity range amm- 1 mm

Proparete table for S-MD55Z
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

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

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

Member deflections.

Solid one-

way slabs £120 £/24 £/28 £M10

Beams or

ribbed one-

way slabs £N6 tM18.5 €121 LB

Motes:

Values given shall ba us%d directly for members with normalweight concrete
W, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-

densi
tions. I&:a values shall be madified as follows:
a) For structural lightweight concrete having unit density, w,, in the range

1440-1920 kg/m?, the valuas shall be multiplied by (1.65 - 0.

less than 1.09. _
b) For 1, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

w, ) but not

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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