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The Structural Design of
Al-Fawar Cultural Center

WORKING TEAM:

Amer Awad Mohammad Taradeh
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Palestine Polytechnic University
2014-2013

SUPERVISOR:

DR.MAHER AMRE.

Project Abstract

The main aim of this graduation project is to make the structural design for all
structural members of a cultural center in Al-Fawar , the center isincluded 2 floors and
any architecturally designed from students in the department of civil and architectural
engineering, the architecterd design is specia from the aestetic side, it was designed
functional and practical, the architecture design checked and corrected and computed,the
structural system was checked to be stable against vertical and horizontal forces, primary
all of structura members were analyzed and designed,according to the code ACI — 318,
the analysis were carried out by using of several software programs such as Atir....... to
determine the magnitude of loads were determined according to the Jordanian codes.
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Figure (4-1): First Floor Slab.
Figure (4-2): two way rib dab.
Figure (4-3): Structural Plane.
Figure (4-4) : Rib 1 geometry.
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Figure (4-7) : Moment Envelop of rib 1.

Figure (4-8) : Shear Envelop of rib 1.
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Figure (4-9) : two way rib slab.
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Figure (4-12): loading of Beam (9).
. Figure (4-13): Stairs plan.

Figure (4-14): Loads on stairs.

Figure (4-15): Shear Envelope.

Figure (4-15): Moment Envelope.
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Figure (4-17): Moment & Shear-Diagram for Shear Wall.
Figure (4-18): Stair Section
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed 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 stedl.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of easticity of concrete.

fc¢= 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 supportsin slabs without beams and face to face of beam or other
supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Xiv



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.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
€ = strain of tension steel.

és= strain of compression steel.

p =ratio of steel area.

XV



£l SR o

B s phall il




OS G LIS 5 Leaadla A1) 5y 5 ddagsy 3baS aaill L ol sba iy
g sl Judesill 35k e 5l Adaally Le) ddapsall Al (40 3 e e Jeany )
LS O saall ala 5 L3 31l U s 0 5¢S1) (e 2330 43l )

w\.@.}ﬂujﬁhﬂ\@aa\di\)m@(—ulﬂ\u@?\uﬁjew\wm‘)ﬁw\cyw\

U U ghaill 5 81 adlon dAT i) L e il Adapassl) 3al) 038 ay

o328 Jal ey Adlida ) el e daiiy Ly slall jallas A8 L34y )5 el adlaliial Covs
g pin e Al ) ling e JS aial Jle ol JIS () 5 oa lllaial) g clalsialY)
RAYREN [ JAWEN

AY G e skl g aladll ) a9 5 pnil) die Gl IS
ity alall G Cum 2Bl (uad ¢ 5 30 Jie Gaalisall g el 2ie A8 Ale Al
oo Lo () sl allaall oda Consl @l day 5 aalisad) 8 Apalatl) Ll e
Lt alaill duaiadia ()5S 5 408 aalaill A1) ja ol L 5l o IS (W 8

G Ll 038 Uiyl 3 ol ) ClapalSYT 5 48E 5 4ggd ) 5S)
el Ay Sl 5 dpmaladl il all agle i



S8 e 5 S pal (ALY Al areal g g pdall Gaaly
Loy sl s 8aac IS AALEY1 pualiall a5 G (e (galiie) & 5 pda 55
s ally el (30 1) penlinll 538 mparal o5 (y0 5 By anall coillalai ol e w33
& sodar z s Al dal e @l Laau) Ailay) Glabadll juad & e
anll B 5 JalSia

_:( ) -

4Kl paalial) gaead JLEY) apaadll Qs g ol e A S
aclly = yiall AN e il <l e aaal) 13 Gl ) K4l salie] a3 (gA)
Jie ALY jealiall e i JS didad o3 el e i ¢ Jia) A3
e ) el ey Ladladd 33 5 ey dgle Al Jlaa) daay
) clalaiad) Jee el el sle ye Laiadl Gla¥) dale Jlae V) (s 3aY)
Al s () ) EY) s (e s el 138 2l AY leapanal i Al ALY jualiall



-8 gl Juid) Gl

ALY eabiall mpanaill 5 jleall CLS) Lgaal (o sal B30 ) g g pdiall LIRS dpanl 2 ga

Bl 3305 Y ALaYL Sl 13 b i yad 53 g 5 il e dadall Sl Aals

fo il B 5y (8 Aediall Aulenll s Aaalall 28 juall L) SIS, LDy 8 Axgiall ASLEY) Wail
A oLl ) Jandl (8 g (7 ATl 22y Uga) s Al 4Ly

A jlexall 5 dpiaall uxighh 5 5500 ) 5 piall 138 anai g Casll 138 ) Liieds ) ) 51 (g
Aa ) Glo dsaally zoadll Ly pd claiul (plauld SISl g deals (4 L o) il 5 digl) A< 8
) dnia (aiadil dnad) duxigdl 8 s SIS

&S &bl daphy Bl Ol e g 5 pdal 13 sl ) cmdy Gl sae Gl
S il e Lpadli (S dnadd Cland ) 3923 (5 a5 casgd 5

-1 9 el dagla; dblaial) lpu)

JMaY) U8 (e lisma (e o2y Loy irkanslil] Uincing & 2Ll &8l ()
3 Jia sliyy oL o gl o deall ) gdoid 48 Al
18 ela 135 ainall ddlisall ¥l gpen b il 3 mlaudd) 811
S5 o A S el ALY apanatlly I3 IS 5 (A 5 e S (5 ginally a6l At liae g5 3l



—daddl) Gl

L) ¢ g il 58 chig g pial 3 B A
& Al A s sl G da ) OYA (e LY aaenaill 5 jlee lusS)
Adlid e La pealic (ya 4 sing Lage g pall 138 8 Glad @b Gadais o g paall i) (g LeluaiS)

e isisle) p pa dlgdle dadl gl Jlaal) po il Cumy jualiall 038 araaiy

i s dall il -

Al Calaa ¥l ) Ulia g 38 () <5 o allaS) aay Cand) 138 g0 Ja

o palic @55 Adlidall g Liall aiall a1 Uil LAl e s 5 jlead) il
Al s lenall Iaphaail) pa caniliiy Loy ectilbabad) e d5Lay)

ALY jealial) aparad e 5 530

Al Al lsall 3 il 53 &5l e slaall Jay 5 (ke

(Y apanaill el o aladinl )

. (ACI-318-02) daliaall 4Ly asebaill 8 S5 el 258 alaic)
(Atir, staad pro, safe, etabs) Jis ALY aseaill g Jiaill gl ys pladil
.Microsoft office Word & Power Point



sl 138 (313 AS all g 5 jlenal) alhal) e il ) g0 SalSia ¢ g pall 138 (5 5S4
(el Gy il slizal La g dpalall A all <l i) saa e 3y yhail) Sl ks (

.M\Meﬁu}d\o&@JJM\ jaa Jazad
S manaill 3 Lealatind o3l G galal) el s e aladll 5 leall Sl (

allty ) Aaliaal) puabiall Ay jlenall 5 A5LEY) Gl )y Baeiill A€ e paill (
e (

Calaal oo Ll 5 Ay jlerall Al il e Lginaa (e 2SEL @l g 4 jlaral)l Gilabadall 4l
229 0 Ll 3 g gall il JLaS) g clgale da 33U 4 jlazall CBlaadl) 48S ¢ ja) e g g el

boda a5l sl 44 Al A5 &l Alasy) pealiall 2
dale 5 aliaBY) culall Gings £ g sall 5 jlarall araalll go padaiay ¥ IS Clac Y

canaliall ALY ki) aas &5 e s Lede 353 all Jlaal¥) s 4Ly jualiall Julas
el il e 1ol d5Lisy) pualinl) aranad

el JSl £ bl 7 A lpasanad o3 3 ALY ealiall 436 cillahadl )
] Qa5 JalSial)



03] &&M&c(ﬁm
Lelua [Lp EVEN s AlalSial) Al



Biw b g Cun gt I @ hall el Julal) g gospdall 130l gine il

ilal ¢ & g el Jial Gl op g pial) e e calaidl ¢ g pdall e datia o s sing

cleal sl Cuay daludl @sal Cun (o tpgpbal 5 lenall Cagll e sing

& sl pualial LI Coa i) Jaaill 128 J

ALY ealiall el 5 Jdadll cililee e (s sia



4.8 Design of Twoway ribbed slab :-

4.8.1 Check Thickness of the slab:-

PRODUCED BY AN AUTODESKE EDUCATIONAL PRODUCT

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

LINO0Ed TYNOLLYIDNO3 AS300LNY NY A8 J30N00Hd

Figure (4-10): Two way ribbed dab

** Check the thicknesstor 72-60-61-79-74-73 slab :-

_ I beam
| slab4

041

|b=ﬁa50a 60 * = 900000 cm4

_ 3
o= 2552, €204 95 © = 500451 cm4
0 = 1.8

_  heam
02 = iaea

|b:%*50¢ 35 3 = 178646

< 3
lg== 082, 220440 ~ =522859
52 2
0= 0.34

55
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_ 1 beam
T slabt

O3

|b=ﬁx4ox 35 # =142917 cm4

2

lg== ”;”2 * ? +50 =649840 cm4
o3= 0.22

! heam
Oy ==

Ty slabZ

|b=§s50s 254 3 +§s25s 9.6 “+§#25# 34.6 * = 379671

lo =1

04 =0.585
scl+oc2+63+0c4  1.8+0.22+.34240.585
Ofm = = =0.72<2
4 4
7700 (0.8+ —
h— - 124 =216 >125 Ok
36+5 ~=— +(0.72—-0.2)
56
35cm > 21.6 cm

So select h=35cm

56



4.8.2 Load Calculation :-

4.8.2.1 Deter mination of Dead load: -

No. Partsof slab  Calculation
1 Tiles 0.03*0.54°*22 = 0.192 KN/Rib .
2 Mortar 0.02*0.54%*22 = 0.128 KN/Rib
3 Plaster 0.02*0.52% 22 = 0.128K N/Rib .
4 Sand 0.07*0.54% 16= 0.326K N/Rib
5 Topping 0.08*0.54% 25 = 0.583 K N/Rib
6 Block 0.4%*0.24*9 = 0.345 KN/Rib.
7 Rib (0.54+0.4)* 0.24* 25 0.14= 0.789 KN/Rib
8 Partition 1.5¥0.54° = 0.437 KN/Rib
2.9 KN/Rib

KN/m?

Nominal Totd Iit

4.8.2.2 Determi

Factored dead load = 1.2* Dead load = 1.2*10 = 12K N/m?>.

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

Factored Tota load =12+8=20 KN/M 2

483: DeS|gn of two way ribbed glah:*****x*x %% %k%**

4.8.3.1: Design for shear : -

Nomina
| Totd
Dead
Load =
29
KN/Rib

2.9/(0.5
4%) = 10

Maximum shear coefficient will bein the short direction for the slab which equals in this

condition Wa=0.71

57



Thetotal load on the panel = 8.2%5.8*20=951.2 KN

The load per rib at face of the long beamis: 0.71*951.2*0.54/(2*5.8) =31.4 KN

Vud = 31.4-20* 0.54* 0.316 = 27.9KN

ok
fVc=1.1* O'—gSJﬂx .14* 316 = 29.8KN > Vud

4.8.3.2: Design for positive moment :
LJ/L,=5.8/82=0.7
Mat+ve=[Cadl.W.La® by] +[Call.W.La’ b]
Matve=[0.056x12x5, 8%*0.54] +[ 0.056x8x5.8%* .54]= 20.33 KN.m
Mb+ve=[0.023x12x8.2 >+0.023* x8* 8.2%] x0.54=30.9 KN.m
**design for Matve= 20.33KN:

Assume ®14 d=320-20-8-7=308 mm

Mn =Mu/® =20.33/0.9= 22.5 KN.m

Rn = Mn/(bd?) =22.5* 10° /540* 308° =0.439 MPa

, :i(l— 1_2xm><Rn]
m ‘\/ fy

1 1_\/1_ 2x 20.6x 0.4623
20.6 420

ASp., =T *b*d =0.001186* 520* 315 = 194mm’

r

J =0.001186

Use2 ®12

A x fy=0.85x f.'xbx a

58



225.2x420=0.85x24x520x a
a=8.96mm

C= 856 _ 10.5
0.85

**design for Matve= 14.49
Assume ®14 d=350-20-8-12-6 =304 mm
Mn =Mu/® =14.49/.9= 16.1 KN.m

Rn = Mn/(bd?) =16.1* 10° /520* 304% =0.335M Pa

, :l 1- 1_2xm><Rn
m fy

1 \/ 2x 20.6x0.335
r=——|1-./1-
20.6 420

ASgeq = I *b* d =0.000804* 520* 315 = 127.2mm?

J = 0.000804

Use2 ®10
A x fy=0.85x f./'xbx a

157x420=0.85x 24x520x a
a=6.2mm

62

c=——=7.3
0.85

e = % % 0.003=0.12 > 0.005...0k

4.8.3.3: Design for negative moment :

By using thetable in ACI .... The value of negative moment at case 1 =0
S0 use 2910 at supports .

59
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Figure (4-13): Two way ribbed dab reinforcement
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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 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- Soft ware " to find the internal forces, deflections and
moments for ribbed slabs and by using the previous program and "STAAD PRO 2006", 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 al 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)}

38



Structural Analysis& Design Chapter 4

4 -2 Factored Loads:-
0. =12DL +1.6L ACI - 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 :£20214 m
185 185

E:@ =0.23m

8 8

L =ﬁ =0.203 m
21 21

For Ribl ,will use thickness of dab 32cm
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4 -4 Load Calculation:-

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

as follows:
« 4.4.1 Calculation of Dead load :-

Material U ?|I<t |\\|A/,fr|, g)ht Thl((c:l;nr;ws
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

40



Structural Analysis& Design Chapter 4

s 4.4.2 Calculation of Liveload:-
From Jordanian live loads table 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.Liota = 5K N/m

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

Check dMn>Mu

w, *1? _ 14.564* 0.4
12 12

Mn=0.42,/fc'*s

bh?
F JRE—
6

Mu = =0.194kN.m

2
Mn =042,/ fc'* %

* 2
=0.42/24* L Oé08 *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

41



Structural Analysis& Design

Chapter 4

Shrinkage and temperature reinforcement 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 =144mn7 /Im

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86

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

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

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):-

% Materias:-
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=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 ... ACI(B13.2)
Select h=32cm<3.5* 12=42cm
tr> Ln/12=50mm ..........cooeeeii i e ACH(8.13.6.1)
Select tf=8cm
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o stem :-
One -way ribbed dab :-
1 2 3 4 5
1 3 4
. A , A , A A ]
06 3.37 06 06 2.7 06 154 |
‘ | ‘ 3.97 [ | ‘ [ | ‘ 3.3 | 1.84 :
[ 520 I I I 1
80
320
120
A-A
Fig. (4-2)Spans Length of Rib (RI)
« Loading:-

By using ATIR program we get the envelope moment and shear diagram as the following:-

load group no. 1

Dead load - Factored

D.L tota = 1.2¥5.1988=6.24K N/m/ribL .L {ota = 1.6*2.6=4.16 KN/m/rib

Units:kN,meter

6.24 6.24 6.24 6.24
3.97 4.26 3.3 1.84 |
Live load - Factored
4.16 4.116 4.16 4.16
3.97 4.26 3.3 1.84 |
|
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Moments: spans 1to 4
-20.2
-17.6
-12.9 -13.1 -13. -14. 123
-7. -8.1
| 1'2911'44 | |
I | I |
l I I 1 1 /0I86I ! | I |
07410 81 0.55 ! !
4. 6-44 5.1 0.75
13.6 11.4
| 159 2.38 \ 2.34 192 | 149 181 | 184
I I I I I I I |
Shear
-25.7 217
196 2 -20.7
-15.6 -14.6
! ! ! ! ! ! |
T 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 M oment for Rib (R1):-

(4-3) Rib 1 envelope

Use Mu max. Positive for span *Mu= 13.6KN.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°

=2 d.Mnf =186.354KN.m
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®Mnf =186.354 KN.m> Mu =13.6kN.m
=> Rectanglular section

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

m = fy - 420 =20.59

T 085* fc  0.85* 24

_ Mu/f _136*10°/09
b*d? 0.52*(0.284)°

® 0 & * * 0
r :iél_ /1_ 2mRn 01 él' \/ . 2¥2059%0.36 0_ ) je65
m fy 5 20.59 420 p

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

=0.36 Mpa

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

et 24 _ )
Asmin= S (Dn)(d) = (120)(285) = 99.73mm

in= ﬂ = ﬁ = 2
ASmin= ) (bw)(d) 120 (120)(285) =114mm (control)

For 2010,As=157.1 mm2>114 , OK

=> Check for Tension steel yielding:-

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

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

$=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)
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e, =(d- ¢)/c’ 0.003=222" 1317 4 003=01138
7.317

e, =0.1138 > 0.005

% Design for Negative Moment for Rib (R1):

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

m = fy = 420 = 20.59
0.85* fc' 0.85 * 24

Mu /f
RN = b*d? = 14*10°°/0.9

0.12* (0.284)>

=1.61 Mpa

1
p=M(1- | 2mR )

1
p= 2058 (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) )

. 4/ fct 24 _ )

i —ﬂ :ﬂ = 2
ASmin= ") (bw)(d) 10 (120)(285) =114mm (control)

A S= 136mmz> A S=114mn»

D> Ageq= 136 mm?

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

Tension = compression
As*fy=085* f_ *b*a
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157 .1* 420 = 0.85*24*120 * a

a=26.95mm
=2 = & =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).

PVc/l2< V<PV,

1.1dVe= 1.1*d * /T pw* d
6

= 11* 0.75* @ 0.12* 0.285*10° = 23.04 kN

®Vc=23.04 KN>Vu =19.6kN
- No shear reinforced requirefor all Ribl
Use 2-leg @8 @200mm for practical purposes

4-7 Design of Beam (B5):-

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

Using "Atir" software for the following values of moment and shear:-

1

2

2

>

7.81

T
dw

o

T
dw

7.86

>

T
Lw

8.11

8.16

1000
20

650

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
| |
[ 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

(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 o = —d
7
Cox = E* 584
7
c = 250 .3mm
a=Db,  c
a =0.85" 250 .3 =212 .74 mm

max

®=0.65+ 250_*(0.004-0.002) = 0.82
3

Mnc=0.85 f, * b* ana *(d- (Bmax /2))

=0.85 (24) (0.5) (0.21274){ (0.584-(0.21274/2)} * 10°

= 1036.43KN.m

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

=>» The section must be design as singly section:
m=_— = 40 _55g
0.85* fc 0.85* 24

Mu /f

b*d?

Rn= 784.3*10°°/0.9 _ 5 s n/mm? (Mpa)
1* (0.584 )2

=£(1_\/1_2W)
m fy

0= = _(1- \/1- 2(20.59(2:56) y _ , 06535
20.59 420

Rn =
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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) )

__4/fce _ 24 _ )
Asmin=2 £SO = 70 (500)(584 =851 5mm

—ll ~14 - 2
ASmin= ) (b)d) = 420 (500)(584) = 973.34mm (control)

A S> A Smin

b Select 8M25As=3927 mm? .

-> Check for strain
. Assfy
T nBsfcten
085241000
C=a/31=66.23/0.85=77.9mm
584- 779,

e,=(d-c)/c” 0.003=————"0.003=0.01949
77.9

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-(hs/2))

=0.85* 24* 1000* 320(550-(320/2))* 10-6=2545.92 KN.m
Mn=560.2/0.9=622.4KN.m<M

= The section must be design as rectangular section:

m=_—Y - 40 _559
0.85* fc 0.85* 24
Mu /f
b*d?
Rn= 560.2710°°/0.9 _ 3 o5 N/mm? (Mpa)
1* (0.584 )2

=£(1_\/1_2W)
m fy

1 \/1_ 2(20.59)(1.825) ) = 0.004559

Rn=

=_— (1-
P 20.59 ( 420
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Aseg=p * b* d = 0.004559 * 1000 * 584= 2662.6mmn?
= Check Minimum Reinforcement A smin...(ACI- 318M-08-(10.5.1) )

__4/fce _ 24 _ )
Asmin=2 £SO = 70 (500)(584 =851 5mm

—ll ~14 - 2
ASmin= ) (b)d) = 420 (500)(584) = 973.34mm (control)

A S> A Smin

b Select 6d25As=2945 mm? .

-> Check for strain
. Assfy
T nBsfcten
q = 32170 66.23 mm
[.85«2441000
C=a/31=66.23/0.85=77.9mm
584- 779,

e,=(d-c)/c” 0.003= ——g 0.003 = 0.01949
e, =0.01949>0.005p f =0.9

=>» Design of Positive M oment for Beam:

Mu =551.4KN.m
M s =0.85fc™ be* hy(d-(hi/2))
=0.85* 24* 1000* 320(584-(320/2))* 10-6=2767.872KN.m
Mn=551.4/0.9=612.67KN.m<M ¢
=>» The section must be design as rectangular section:

m=__ Y - 40 _5gg
0.85* fc 0.85* 24
Rn = Mu /f
b*d?
* -3
Rn= 2L4%107/0.9 _ 4 796 N/mm? (Mpa)

1* (0.584 )2

p=l@- [.2m R
m y
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Structural Analysis& Design Chapter 4

1- \/ 2(20.59)(1.796)):0_004483
" 2059 420

Aseg=p * b* d =0.004483 * 1000 * 584 = 2618.13 mm?

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

A Smin= \/_( b)(d) =Y V24 (500)(584) = 851.5mm?’

4( fy) 4(420)
_ 14 _ 2
ASmin= W( b)(d) —E(SOO)(584) =973.34mm (control)
A s> AsSmin

= Select 6025A5=2945 mm?.

=» Check for strain

Ass [y
T nBsfcten
.85+ 241000
C=al[31=66.23/0.85=77.9mm

e, =(d- ¢)/c” 0.003= 584%;7'9' 0.003 = 0.01949

e, =0.01949>0.005p f =0.9
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Structural Analysis& Design Chapter 4

4-8 Design for shear:

dDVC:%* F*fct*bw*d= %* 0.75v/24 * 500* 584/1000 = 178.8KN

Check if thedimensions ar e big enough:
Vsﬂax=§F J fc®* b*d

:%* 0.75* +/24* 500* 584/1000 = 715.25KN

VUmax=715.25+178.8=894.05KN
=894.05K N >450.8 ,dimensions are big enough.

For Vu=450.8 KN
Case 1:

vu< P 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_,

F Vs, 3 5—6,/ fet* bw* d = %\/ﬂ *0.5* 0.584* 1000 = 67.05KN

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

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

not case 3

Case4:-

1 _
oVs' =§#0.75 fc'=bw =d

1 _
OVs' =3 *0.75V24 » 05 » 584 * 1000 = 357.6KN
¢ VS+¢ Vc=357.6+178.8=536.4KN
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Structural Analysis& Design

Chapter 4

FVCc+F Vs, =251.8<450.8<¢ Vs+¢ Vc=536.4

\ Casetd

Vs=(Vu/)-V c=(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< P Ve
2

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

FVC u<Fve

Not item 2.

Case 3:
FVc<Vu<FVc+FVs_,

0.75

5 \24* 0.5* 0.584* 1000 = 67.05KN

FVs,, 3 1F—6,/fc¢* bw* d =

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

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

not case 3

Case4:-

1 _
oVs' =§#0.75 fc'=bw =d
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Structural Analysis& Design

Chapter 4

1 —
@Vs' = 3" 0.75V24 = 0.5 = 584 = 1000 = 357.6KN

® VS+¢ Vc=357.6+178.8=536.4KN
FVc+FVs,;,=251.8<261.5<¢ Vs+¢ Vc=536.4

\ Casetd

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

_Av=fyt=d
ke Vs
s=(157.1*420*584)/(110.25* 10 ~3)=349.5mm
Check for max. spacing
Shax=d/2=584/2=292mm...... control
Smax=600mm

Use 2-leg ¢ 10@250mm

For Vu=258.8 KN
Case 1:

vu< P Ve
2

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

FYe vy <pve

Not item 2.

Case 3:
FVc<Vu<FVc+FVs,,
F 0.75
FVvs . 3 —./fc¢*bw*d =——
™16 16

F 0.75

FVsy, @ bw*d = = =+ 0,5+ 0,584* 1000 = 73KN (control)

\ FVC+F Vs, =178.8+73=251.8.1KN

not case 3
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Structural Analysis& Design

Chapter 4

Case 4:-

1 _
PVs' = 3* 0.75 fc'=bw =d

1 —
@Vs' = 3° 0.75v24 = 0.5 = 584 = 1000 = 357.6KN

¢ Vs+¢ Vc=357.6+178.8=536.4KN

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

\ Casetd

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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4.9 Design of composite Beam (B14-C) :-

Reaction from slab

Shear

Figure (4-14): Composite Slab

Figure (4-15): Composite Geometry

54 572

-46.1

-49.3

-52.9

-56.1

359 -39.1

38.7 35.5
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51.4

48.2

59.

55.8
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Moment/Shear Envelope (Factored)

Units:kN,meter

Reactions
Factored
[l 1y 1y [ |
I T T TTT T
DeadR 22.84 66.25 58.21 69.9 22.97
LiveR 15.85 43.55 42.45 45.0 16.14
Max R 38.69 109.8 100.67 115.04 39.11
Min R 20.83 82.64 71.31 88.37 20.76
Service
DeadR 19.03 55.21 48.51 58.3 19.14
LiveR 9.91 27.22 26.53 28.18 10.09
Max R 28.94 82.43 75.04 86.48 29.23
Min R 17.78 65.45 56.69 69.81 17.76
DL(gab) =69.9 KN/m
DL (beam Concrae)=0.25* 0.8* 25* 1.2=6K N/m
Total Dead load = 70+6 =76 KN/m
Total Liveload = 45K N/m..
Loading
load group no. 1
Dead load - Factored Units:kN,meter
76.0
17.7
Live load - Factored
45.0
17.7
Moments: spans 1to 1
[ |
[ |
8.85 47385 8.85
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Deter mination width of flange(effective width):
Be=L/4=17.7/4=4.425m

Be=4.6m

Deter mination of beam section (As):
Take be=4.6m ts=25cm Mu=4738.5KN/m
a=250mm

d=525.78/2+250 = 513 mm

Mn =As* Fy * (d-a/2)

4738.5/0.9 = As* 345 * (513-250/2)
As e =61in*=0.03933 m?

Select W18*211  (A572 Grade50)
A =621in*=0.04 m?

d =20.7in =525.78 mm

tw =1.06in = 26.92 mm

br =11.6in = 294.6 mm
tr=1.91in = 48.5 mm

Fy =50 Ks = 345M Pa

T=C

As* Fy =0.85fc*be*a

0.04*345 = 0.85*40*4.6*a
a=88.23mm

so the neutral axisin the slab
Cc=0.85fc*be*a

Cc = 0.85*40*4600* 88.23= 13799.2KN
Ts=As* Fy

Ts=0.04*345 =13800 KN

Mn = Ts(d/2+ts-a/2)
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= 13800(525.78/2+250-88.23/2)
=6469.1 KN.m

@Mn = 0.96469.1= 5822.2KN.m > Mu =4738.5 KN.m >>> Ok

Connector design :

Select MC8*21.8

A =6.7in”= 4322.6 mm?

d=8in=203.2 mm

tw =0.427 in = 10.85 mm

bf=3.5in =88.9 mm

tr=0.525in = 13.3mm

Qn = 0.3(t; +0.5t,)Lc fec=Ec

Ec=4700 fc=4700v/40 = 29725.4 MPa

Assume L c =300 mm

Qn = 0.3(13.3 +0.5¥10.85)*300* V40 = 29725.4
Qn =1837.6 KN

Cmax = 0.85fc*be*ts

= 0.85* 40* 2600* 250

= 22100 KN

Tmax = As* Fy

= 0.04*345

= 13800 KN
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Cm: Tm: .
N = —— = —" which smaller
n {Jn

N= 13800/1837.6=7.5
Use 12 channel per half span

Qn per one channel = 13800/12 = 1150 KN

Welding Calculation :

Type of welding isfillet welding

Select a=10mm

te=0.707a

=0.70710=7.07 mm

Shear action :

DR = 0.75*te*0.6 * Fyy

Fuw=70Ks =483 M Pa

@Rpw = 0.75*7.07%0.6 * 483

= 1.53kN/mm

L =Qn/ Ry, = 1150/ 1.53 = 751.63mm
Permeter of channel = 2*300 + 2¥88.9 = 778mm

Thewelding isfor all perimeter .
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4.12 Design of |solated Footing (F4) :-

4.13.1 Determination of Loads:

Total factored load = 1716 KN.

Total servicesload = 1240 KN

Column Dimensions =30*50 cm.

Soil density = 18 Kn/cma3.

Service surcharge= 5Kn/cm2.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (50 cm) thick.
Footing weight = 25%0.5 =12.5 KN/m2.
Soil weight above the footing = 0.5 %X 18 = 9KN/m2.
Gallow =400 — 9- 12.5 = 378.5KN/m?
4.15.2 Deter mination of Footing Area :

L1240
“3785 °°M

determinate q, = 1716/3.6= 476.7 KN/m?
4.13.3 Deter mination the depth of footing based on shear strength:

2

Assumeh=50cm ..... d =500-75-20 = 405 mm

*Check for oneway shear strength
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Vu =476.7* (% —-0.5/2-0.405)*1.8 = 296.1KN

fVe=f .(%*ch‘*bw*d)
f Vc = 0.75* %* 24.* 1800* 405 = 446.42KN

f Vc =446.42KN >Vu = 296.1KN
. Sfe

4.13.4 Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

fV,=f .%[1+ b%]\/TCIbOd
fV,=f. (b/d jrbd
fV,=f —\/7bd

Where;

Column Length (a) _50

c = =1.67
Column Width (b) " 30

b, — Perimeter of critical section taken at (d/2) from the loaded area

b, = 2(d +al) + 2(d + a2) = 2(0.605+ 0.5) + 2(0.605+ 0.5) = 4.42m

as =40 for interior column

C

fV, =f %(1+ bij” f.'b,d = %* (1+1.2)* \/24* 4.42* 0.405 = 2411.7Kn

* *
fV, =f —[a d_ ]\/ bd_075 ( 043';05+2j*@*4.42*0.405:3105.1Kn

O

f V. =f —\/ bd—O;S* 24* 4.42* 0.405=2192.4Kn
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f V. =2192.4Kn .... Control
Vu = 476.7*{(1.8* 2) — (0.5+ 0.405) * (0.5+ 0.405)} = 1715.94kN
f Vc =2192.4Kn >Vu, =1715.94Kn........ satisfied

4.13.5 Design of Bending M oment:

Mu=| q xWx[L—Ej xO.{L—Ej
2 2 2 2
= | 476.7x1.8x 2_05 x 0. 2_05 =241.33 KN.m
2 2 2 2

Mn = 241.33/0.9 = 268.14KN.m

d =500— 75— 20 =405 mm
Mn  268.14x10°

Kn= > = > =0.41Mpa
b*d® 1800x605

me Fy 420
0.85fc' 0.85x24

r:i(l— 1_2mKn)
m" fy

1 2x20.588 x 0.41
20.588 420

= 20.588

) = 0.000986

As, ., = 0.000986 x1800 x 405 = 718.95 mm?/m

As_ = 0.0018* 1800* 500 = 1620mm’ / m
As,;, =1620mm? /m< As,,, = 718.95mm’ /m

#of bar in on meter =@ =8.1
201.1

Select 10016with As=2011mn? >Asyeq = 1620mm?
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Check of strain:
A* fy=0.85* fc' *b* a
2011* 420 =0.85* 24*1800* a

a=23
c=2_ 2 _571mm
b, 085
e = 30°=271, (5 503 0.042
271

e, = 0.042 > 0.005—— ok

4.13.6 Development L ength of main Reinforcement for M, :

0.24fy db= 0.24* 420

Ldwyres= Jic e
Ld@yreq = 0.044 xfy xdb = 0.044 x420 x1.6 = 29.6cm
Ld1yreq = 32.92Ccm > Ld2)req=29.6cm=> control
Available Ld =(500 — 75— 2* 18) = 389 mm.
Available Ld = 38.9 cm > Ld(1)req=32.92cm

*1.6=32.92cm .

Id. =i$ 420 $1¢1¢O.8
10 1=v24 25

Ld avaitable = 500-75= 425mm

Ld avaitanie= 425 mm > id,,., = 395.1mm

=16 = 395.1 mm

Usethecolumnbarsasadowels
4.13.7 Design the column — footing joint :
Total factored load =1716KN.

The allowable bearing on the base of the column is:
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f (0.85fcAl) = 0.65* 0.85* 24* 300* 500 = 2340Kn

The allowable bearing on the footing is:

f (0.85fcAl), /% = 0.65* 0.85* 24* 300* 500* 2 = 3978Kn

Total factored load = 1716Kn <2340Kn
As_.. =0.005* Ag = 0.005* 300* 500 = 750mm? / m

A dowels= PU=TPM0 6 005
fFy

Use5f 16 ,0r use the same reinforcement as in the column if larger .
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4-10: Truss Design:-

Analysis and design of purlins

+ Load calculation

1. Dead L oad:-

-Surface layer of steel sheet with thickness of 6 mm=0.2 KN/m?® 1.035=0.21KN/m

-Heat insulation layer of rock wool with thickness of 100mm=0.2 KN/m?1.035=0.21K N/m
-Dead load of purlins =0.25 KN/m

-D.L=0.21+0.21+0.25=0.67 KN/m

2. Snow load
1 KN/m2 *1.035=1.035

3. Wind load
0.8*-0.6*1.035=-0.5 KN/m

* Purlinsdesign

Moments: spans 1to 8

-14.9 -14.9

ol e e ol oy e e

11. 11.

(164, 246 | 2.26  1.84] 205 205|205 205|205 205|205 205|185 225 | 246 164]
[ [ I [ I [ I [ I [ I [ I [ I [ [

= Design of Moment Max. Mu = 14.9 KN/m.

Mu (max) = (14.9/4.448)x(1000/25.4) = 131.8 kip.in

Note: the members are A36 (Fy=36ks and F,=58ksi)
Mp= Mu

0.9¥36*Zx=131.8 - Zx=4.01in°

Select HSS 4*3*5/16 — Zx=4.51in°

b/t=7.31, h/t=10.7
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= Check Compact :
Ap=1.12V (E/Fy) =1.12V (28000/36) = 31.8
Ar=1.4vV (E/Fy) =1.4V/ (28000/36) = 39.73
b/tand b/t < Ap so Compact section

= Design of shear stressMax.=20.9 KN

Shear
-20.9
-19.4 R B R ) -18.2
aag 162161 457 lise 178,55 -17.-168 15,136
i i i i i i i i i
12.2
13.6 14.8
8y 168 17, 155 7o 159 ., 157 o 161 162 e 194
Fig Shear envelop for purlins
20.9 .
Vu= =4.698 kip
4448
Vp=Vu
0.9*0.6* Fy*d*t,, > 4.698
0.9*0.6*36*4*— =24.3kip>4.698 .......... Ok

* Trussdesign
% Internalsforces calculation :

Max support from purlins =32.5 KN

» Thetrussconsistsof four types of member
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1- The TOP member (V)

Value of compression force

NO. of member

KN Kip
T1 60.95 13.7
T2 89.46 20.1
T3 116.06 26.08
T4 139.01 31.25
T5 154.05 34.6
T6 161.48 36.3
T7 176.1 39.6
T8 164.49 36.9
T9 185.3 41.59
T10 203.1 456
T11 177.2 39.8
T12 184.13 41.39
T13 186.02 418

Table -Top member forces

2- Thevertical member (T)

NO. of member Value of compression force
KN Kip
V1 71.42 16.05
V2 67.48 15.03
V3 71.6 16
V4 68.13 153
V5 65.2 14.6
V6 74.04 16.6
V7 63.03 14.17
V8 60.47 13.59
V9 47.25 10.6
V10 40.61 9.1
V11 39.47 8.87
V12 24.36 5.48
V13 12.56 2.82
V14 7.48 1.68

Table- Vertical member forces
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3- Thediagonal member (D)

NO. of member Value of tension force

KN Kip
D1 121.8 27.38
D2 115.26 25.9
D3 94.04 21.14
D4 86 19.3
D5 74.04 16.6
D6 75.81 17.04
D7 79.59 17.8
D8 63.61 14.3
D9 54.4 12.2
D10 22.35 5.02
D11 8.86 1.9
D12 5.77 1.3
D13 5.6 1.2

Table - diagonal member forces

4- Thebottom member (B)

NO. of member Value of tension force

KN Kip
B1 39.58 8.89
B2 65.29 14.6
B3 126.65 28.47
B4 156 35.07
B5 173.23 38.9
B6 193.56 435
B7 188.76 42.43
B8 200.4 45
B9 208.8 46.9
B10 188.34 421
B11 204.95 46.07
B12 218 49
B13 227.98 51.25

Table bottom member forces

Design of tension member :

v' BOTTOM member Max. tension = 227.98= 51.25 Kip

- Tensileyielding
Pu=0*Fy*Ag
Ag=51.25/0.9*36= 1.58in’
Try HSS*5*3(1/2)*2/8 =1.71 in?

- Tenslerupture

OPN=0*F,* (U*Ag) =0.75*58* (1*1.71)= 74.38 Kip > 41.8 Kip
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v TOP member Max. tension = 186.02 KN=41.8 Kip
- Tensileyielding

Pu=0*Fy*Ag
Ag=41.8/0.9*36= 1.3in’
Try HSS*4*3*3/16 =1.71 in?
- Tenslerupture
®Pn=0*F* (U*Ag) =0.75*58* (1*1.71)= 74.38 Kip > 41.8 Kip......Ok

v' Diagonal member Max. tension = 121.8 KN= 27.38 Kip
- Tensleyielding

Pu=0*Fy*Ag

Ag=27.38/0.9%36= 0.85 in

Try HSS 3(1/2)* 2(1/2)* 1/8 with Ag=1.3in?
- Tenslerupture

OPn=0* Fu* (U* Ag) =0.75*58*0.85* 1.3 = 48.06 Kip> 27.38 Kip...... Ok

» Design of compression member
v" Vertical member Max. compression = 74.04 KN=16.6 Kip
- Takesection member HSS 3(1/2)*2(1/2)* 1/8

Section property: A=1.3in? r,=1.31in, ry=1.01in
L=1.8m=5.9ft

- Determineof thereduction factor for slender " Unstiffened element " :

A—b—9
=3 =
045E 0.45 29000 1277::b 9 1
| _ —_= — — —
. Fy . 36 ) . Q=0Qs
L_5.9:-.e12_5404
rx 131 T
L
0=—=280
rx
KL L 59=%12
=—=724+075—=72+0.75 = =11253
r X 1.31
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29000

E
471 =471 =133.68 > 11253
Qs = Fy 1+36

-, _T“=E _ 1?2900
T Tk ZT 11253 ¢

r

=2257

QueFy 1+36
—Fer= 0658~ Fe *Fy = 0658 257 36 =185

OPN=0*F,*Ag=0.9*18.8*1.3=21.6 Kip > Pu= . Kip.......
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4-13 Design of Stairs

N g
‘." o C— — (B}
s S T i o
; . G
B4lA J
AA% 5 T l An)
3 i b/ e !
M el | )
'I_{. = = =l 5 ] = £
g (L2A) J- LIA) 2 &
T TOAOEm G| o[w = i 9
-fx[ ey AN
/" ¥ T RRAR |
A L8 'L'Ii_; g 11 2 il a4
! | L
i
g 1
LY (B
b STAIR (14 J e
1:25

Deter mination of Thickness:

height =5.8 m
Rise=5.8/34 =18 cm

5.8m 18cm 30cm 3KN/m2 | 24Mpa | 420 Mpa

- Minimum slab thickness for deflection is (for ssmply supported one
way solid slab)
h,min=L/20
h,min=5.8/20=290cm
h,min =L/28
h,min =5.8/28=210 ............. take h= 25 cm.
P Useh =25cm.
0 = tan(18/ 30) = 30.96°
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h,min (cm) §)
25 30.69°

L oad Calculations

L oad calculations of Flight

material | gama| Run Rise t(m) KN/m
tiles 27 | 0.18 0.35 0.03 1.3
mor tar 23 | 0.18 0.3 0.02 0.74
str.stp 25 | 0.18 0.3 0.3 2.25
RC 25 | 0.25 | @=28.8 7.29
Plaster 22 | 0.03 | @=28.8 0.03 0.77
total load(DL) KN/m | 1235 |

L oad calculations of Landing

material gama | h(m) b(m) KN/m

tiles 23 | 0.03 1 0.69

mor tar 23 | 0.02 1 0.46

RC 25 | 025 1 6.25

plaster 22 | 0.038 1 0.66
total load (DL) -

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

For Wy, . W =1.2%12.35+ 1.6*3=19.63 KN/m

For w W =1.2*8.1+ 1.6*3 = 14.52 KN/m

landing 7
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19.63 14.52

WA KN an

EE-2105

R =205
i 1138

- Check for shear strength(ST2A):
» Assume @ 16 for main reinforcement:-
» d=h-20-db/2=250-20-16/2 =222 mm
» By =(19.63*4.8*2.4)/5.8 =38.97 KN
= Ay =(19.63*4.8)- 38.97 = 55.23 KN
= Vu =5523KN

_ 0.75* \/24*1000* 222
6

Vu=55.23 KN < fvc=135.96 KN.

= fVc =135.96KN/m

>>>> Thickness is adequate enough

@16 250 222 55.23 135.96

Design of Flexure
- Design for ST2A:

Mu = 55.23¢(2.9) — 19.63*2.9* 2_29 =77.37 KN.m
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Mn =Mu/0.9=77.37/0.9=85.97 KN.m.
d=h-20-db/2=250-20- 16/2 = 222 mm

_ Mn
R ot?
* 6
R, =M=1_74|\/|pa ,
1000* 222
_ Ty
0.85" fc'
m=—220_ _26
085 24
12
r = —¢1- ————+=0.0043

2mF§1O 1 2 \/_2*206*1740
mg f, E 20.6 §1

As,., = 0.0043* 1000* 222 = 954.6 mm?/m> As,,, = 450mm”.... OK

(%]

As,;,=0.0018* b* h = 0.0018* 1000 * 250 = 450mm®
Use ® 16 then,

n=9546/201=475 , S==-=-——=0.211

55.23 20.6 | 1.74Mpa | 0.0043 954.6 450 250

- Step (s) isthesmallest of :-
1. 3*h=3* 250 = 750 mm
2. 450 mm
<380(57)-25*C

<380*(—) 25* 20 =380* (7—-)—25* 20=330mm
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< 300 (%) =300* (£7)=300* (55;)=300mm... (control)

—= LU
i

- Check for strain:
Tension = Compression

A * fy =0.85* fc'*b*a
954.6* 420 = 0.85* 24*1000* a
a=19.65mm

o L 222- 2312
T 2312
e, =0.026 > 0.005 %#® ok

*0.003

954.6 19.65 23.12 0.026

- Temperature & Shrinkagerenforcement:

ASgyiriage = 0.0018" b” h=0.0018" 1000 250 = 450mm?’

n=450/154=292 , S= P =0.34m

- Step (s) isthesmallest of :-
1. 5*h=5* 250 = 1250 mm

2. 450 mm - control
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450 300 3 ® 14

- Design for landing(L 2A):

328 KN/m 128 KN/m

14,71 KN/m

U iy ; it ! b ! S LY

305

1.425 .02 ; 1.425

14.52* 2

R=By=Vu= +38.97*0.9= 49.593 KN/m

- Check for shear strength(L 2A)):
» Assume @ 14 for main reinforcement:-
» d=h-20-db/2=250-20-14/2 =223 mm
= assume beam width 50 cm

_ 0.75*+/24*1000* 223
6

= Vw=49.593 KN < fvc=136.56 KN .

= fVc =136.56KN /m

>>>> Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 49.503* 1 — 14.52* % - 38.97*0.9*(0;29 +0.1)

=49.593 - 7.26 - 19.3 = 23.04 KN.m/m

d=h-20-db/2 =250 - 20 - 14/2 = 223 mm
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bxd?
* 6
R = 23.04 102 0.46MP.
1000* 223
_fy
0.85" fc
m = 42,0 =20.6
0.85" 24
x 6 * * fo)
r :1(;1- 1- % \/ M_—OOOlll
mg fy E 206 420 &

As,, = 0.00111*1000% 223 = 247.53 mm’ < As,, = 450mm?
As,_. =0.0018* b* h = 0.0018*1000* 250 = 450mm?*/m

Use As, =As,, = 450mm’

Use ® 14 then,

n=450/154=292 , S= ST 5% =0.34

23.04 20.6 | 0.46Mpa | 0.00111 247.53 450 300

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

2. 450 mm
s380(%)—2.5* Ce

<380*(—) 2.5¢ 20 =380 * (£24) - 25* 20 = 330mm

'I:I ﬂ

86



LU

< 300(%) =300* (%): 300 * (;":“” ) =300 mm (control)

- Check for strain:
Tension = Compression
A * fy=085* fc'*b* a

450* 420 = 0.85* 24*1000* a
a=9.26mm

o _223-108
*7 108
e, = 0.0589 > 0.005 %:® ok

*0.003

450 9.26 10.8 0.0589

Temperature & Shrinkage reinforcement:

ASgyinage = 00018 b” h =0.0018" 1000" 250 = 450mnT

n=450/154=292 , S= P =0.34m

Step () isthesmallest of :-
1. 5*h=5* 250 = 1250 mm

2. 450 mm - control
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® 14

300

450
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20.6 | 0.98Mpa | 0.0023860 | 532.1 XXXXXXXXXKXXXXXXXXXK

e daiall gl (e i

615.6 12.67 14.9 0.04189

450 300 3 ® 14
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4.11 Design of Columns:-

4.11.1 L oad Calculation :-
**For (C18):
* Check Slenderness Effect:-

**|n 0.5m-Direction

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

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

Lu=5.5m
M1/M2=1

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

MU gy oML ACl —(10.12.2)
r M2

1x5.5

0.3x05

~.long Coloumn in 0.5direction

=36.7> 22

MU gq_ ML ACl —(10.12.2)
r M 2

1x5.5
0.3x0.3

~.long Coloumn in 0.3.Direction

=61.1>22
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(=
El =04—-% . [ACI 3182002 (Eq. 10-15)]
1+b,

E, = 4700,/ fc' = 4700* +/24 = 23025.2Mpa
_12DL _12(710)

b,
Pu 1419
* |3 * 3
Iy = blzh 203795 _ 3125+ 1079mm
El - 0.4* 23025.2* 3.125 _ 17988KN. 1T
1+ 0.6
p *El
Py =—— s ACI 318—- 2002(Eq. 10—13)
(KLu)
2 %
, - 314 TI988 _ ogsn 96KN.
(1.0*5.5)
M1
Cm=0.6+0 M2 ACIl 318-2002(Eq.10-16)
Cm=1.... According to ACI 318—2002(10.10.6.4)
Cm
d.= >1.0 e, ACI 318-2002(Eq. 10-12)
1-(Pu/0.75R,

1

d_= =1.2>1 ok.
1-(1419/0.75* 12612)

€min =15+.03*500 = 30mm
e=30*1.2=36 mm ¢e/h=36/500=0.072

M1=M2 =Min =Pu*e =1419*.036 = 51 KNM

From Interaction Diagram for fc=3.4
fP, 1419 , 145

= * =1372 Ps
A, 03*0.5 1000

ry=r min = 0.01

As=p * Ag = 0.01¥500*300 = 15 cm?

1500
254

Use ® 18 == #of bar = =5.91
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Use 6 ® 18with As = 1526.4mm? >Asygq = 1500mm?

4.11.2 Design of the Tie Reinforcement :

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

Spacing <16x d, (Longitudinal bar .diameter) = 16x 14 = 224mm.
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm

. Use If 10@20cm
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4.14 Design of shear wall :-

Figure (4-16) : Shear Wallsin Building

Fig (4-19)shear and moment digram of wall
Fc = 24MPa
Fy = 420 MPa
t=25cm . wall thickness
Lw =6.9m. wall width
Hw for onewall = 6.1 mfirst story

Hw for onewall =5 m second story

D Fx=Vu=4614KN
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4.14.1 Design of the Horizontal reinforcement :

The critical Section isthe smaller of:

—=——=345m... ... control
2 2

w111 555m

2 2

storyheigh t = 5.55m
d=0.8xIlw=08x6.9=5.52m

5 e
DVmax = mg fo'hd
= 0.75 + 0.83 + V24 + 250 + 5520  10~% = 4208.8KN > V,
1 1 .
.= 5 i hd = 6\/24 + 250+ 5520+ 107" = 1126.7KN .... cont

— N __ .
V. =027 f.'hd+ 4’; = 0.27v24 + 250 + 5520 10~ + 0 = 1825.4KN
(LY

28145~ 14865 M, — 1486.5
6.1 ~ 61-55
M, &, 16172 69

~—=00
V, 2 4614 2 o5

= M, = 1617.2KN.m

he 01 for+0.2004

V.= 0.05 f + Wl pd

My _lw
Vi
6.9 0.1vV24+0

-3 _
0 55 200 #5520 + 107" = 4346.8KN

0.05v24 +

Vs =Vn -Vc

= (461 .4/0.75) — 1126 .7 = —511 .5KN
also ...

fVc=0.75*%1126 .7 =845.1>Vu = 461 .4

So we take minimum reinforcement ....

Use ¢ 10 As=78.5 mm?

24785
T 54250

P =0.0025 = 5 = 251mm

Max. Spacing
Lw/5=6.9/5=1.38m
3h =3#250 =0.75m
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450 mm...............cont.

Use ¢ 10@250mm in two layer

4.14.2 Design for Vertical reinforcement :

LT

L. 69

w

Prmin = 0.0025 < (

Select @ 10 @250mm. In two layer

4.14.3 Design of bending moment :

Aoy = 6900 2 + 785 = 4333.2mm"
g = 250 * * oD = LT

dy 43332 420
w= o 2o =0.044
Loh [ 6900+250 24

ﬁ _ —!-:“ _
lyhi’
[ W+ 0.044 +0
— = = = 0.054
L, 2w+0850 2+0.044+085+0.85
E, £

OM, =0 05Agfilw(1+—)1—-+—

‘4:.'! Jr:v 'Ew

= 0.9 0.5+ 4333.2 +420 + 6900(1 + 0)(1 — 0.054) = 53458 > Mu
=2814.4 . ok

- use ¢10@250 mm for vertical reinforcement
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