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Structural Design For Residential Commercial Building In Hebron

Prepared by
Feras Zakarea Abo-Aljraysh
Anas Yousef Jobran Noor Biewat
Palestine Polytechnic University -2020
Supervisor

Eng. Mai Haddad

Abstract

This project aims to create a structural design for all the structural elements
contained in the project, including nodes, bridges, columns, foundations, walls and

other structural elements.

The project's plot is located in the city of Hebron / Ein Sarah, and its area is
(1660 square meters), as the building consists of two basement floors and 8 floors,
followed by a roof, and the design from the architectural point of view of the project
is distinguished by a beautiful style and design that attracts people, and through
the design it provides comfort The ease and speed of access for users of this

facility.

The importance of the project lies in the diversity of the structural
elements in the building, such as bridges, columns, concrete slabs, the multiplicity
of blocks, and the presence of retreats in the floors and the roof floor in this

project.

It is worth noting that the Jordanian code will be used to determine live loads,
and to determine earthquake loads, as for structural analysis and section design,
the American code (ACI_318 08) will be used, and it must be noted that some

computer programs such as:
Autocad (2021), Atir, Microsoft Office, Etabs, Safe, Sap.

It is expected after the completion of the project that we will be able to

provide the structural design for all the structural elements, God willing.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f.' = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

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

measured face-to-face of supports in slabs without beams and face to

face of beam or other supports in other cases.

LL = live loads.
Lw = length of wall.
M = bending moment.

Mu = factored moment at section.
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Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Woc = 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.
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(Strip footing)ada & cluwlul -3

sy Lghases B89 Ayl fai) las ll3g dalises $1g31 cpo luslas pliseinl @iy CBgung
Agde da81g)
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column rebars

column stirrups

stirrups in the joint area

hook

reinforcement bar grate

Syia wlul (13- 3) S

(Expansions Joints) sdei! Juoled 7-3

fh WS Lalal wladel) saesll Juolgd o (Sgaadll ALl s (e

conadd 3 Ul g0 LS Dwixall 3blall 3 45 J140 oo @

.5)L2J|k§blid|é;‘=35 130 e e

ca>3llg ddedly LSOV Jalge G Hluedl cpas I3V oo lbluwll 040 83L) (Sew g @

o ©luwdl Jda5 Con gt g abiwd! sl god 8 AdiSIl Bluysd| Jlosl D> 39 @
el Loty S e oluall (s el el ol ds 5 Lol
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AN Ciaa gl ELAY Juadl

gl dSeiwl @3 L5..“ O gwlddl xoly 8-3

.AutoCAD (2021) for Drawings Structural and Architectural .1
.Microsoft Office (2010) For Text Edition .2
Atir 12 .3
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dadiall 1-4

Factored load (!l Jasd) 2-4

dakall dASLaw Laa% 3-4

Design of topping 348} (1 g slal) & jal) araal 4-4

Design of One Way ( Second Floor /R4) i) cuas asali 5-4
Rib Slab

Design of Beam (Ground Floor /B34). j«all asal 6-4
Design of Columns (C12). 3 sad) azaal 7-4

Design of Stires . z_ asaal 8-4
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dadial) 1-4

53 51 038 Ll Al 3 Jaxl) 8 g ) o () Sy (ol B 51 Al il 3l oo AL 3
05 0S4 oY Llee Lol AKaY oLl Aglaad Aadle Y salal) A3l A (e Juad 5 jpaall
elally 3all 5 aclill BlS )l ae "Cement Portland "ciand! z ey dgalall il jal)

Al sLaY) jeaie daslie ga g die sl deede L) il g le ) Al Al aadiud
. "Reinforced Concrete" aaluall 4lu AL oy Lo 45 58 il A jrall (5 saadll 22 Cilalga

dmidial) 43 5olll 5 230 8 8 da slia Lead o A5 5e 32l & "Concrete Reinforced "daluall Al Al
o ALY o dpal) a5 el s 5 258 58wy A1 33l 5] Gl e Al AL Gaass

. One end Both end .
Member Simply supported Continuous S A — Cantilever

S W e 5 ) 5 Aol o jaadly Alal) Jie Zaliall £l a0 JSUa

oshll e g Joadll 138 (& Ane Jabal wians L (€1 il (e g 1530 520 i 5yl 13n b
"Method Element Finite 44yl aladiuls leasaad § Leldat st Cua | 3al g olaiV) A ¢ il
il 23V 5 "Forces Internal "adalall s @) (s Jal (e -ATIR" "Softwaregli s sacluey"
Gsthal poall e siall 50 lua ¢ ja) & &3¢ Bending Moment a5+l s "Deflections "

"Strength led Laranaill 5 aall A4 g A0LEY) paliall e die vl Jaadll 124 DA PUtie

A bl Canl) AU sl YU 5-ACT 318 (oS e 58] clllaia 5 <l Jliie) e sLuDesign”
el |15 &y i) ARIL bl o5 o e J gl BLS i jal) 2300 Juadl) 138 i 2 la
CAagiall Jall 3k g Y aleall

Factored load (el Jaal) 2-4

e el e g e jualind agaaill 5 el Qs Lgde aaing 3l 5 Lebdad 23 ) Jlaaly) aaas S5y
038 (pa Aadlil) Jlaadl (5 Sl Al 241 Cun 318 -ACH. Soe¥) 2SI (e 53 salall Y alaal)
G R\ PO |

1. qu = 1.4D.L
2. qu = 1.2D.L + 1.6L.L

pa8al) ASLaw Ldali 3-4

Aalall 3aee Y G el ddlsadl e 5 lge 58 e Talaie] aal gl slad¥1 ld colaial) ASLaws apaa3 o1y
Ll Jualall "Deflections "s sl da slial Glld g (5 il Dl (e dee il Ll e 5 3aiall 03¢
43 ¢ s o Bl ACI- Code -318M -11 (1 35alall(4-1) sl eday a2 5SI o iy LS
Dsmally Ciltiall 038
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solid one way slabs L/20 L/24 L/28 L/10

Beams or ribbed one

L/1 L/18. L/21 L
way slabs /16 /18.5 / /8

osmeally aal g olaily colaiall claws JBi(: 4-1) Jsaa

o . . . .
** The minimum required thickness is:

The maximum span length for one end continuous (for ribs) is 4.43 m

_— L _4.59_0248
min — 4857 185

The maximum span length for both end continuous (for ribs)is 6.9 m

Romin = L —6'9—0329
mnT21 21

So,selecth = 35cm (27cm block + 8cm topping).

Design of topping 348l (s g slall £ jal) arei 4-4

v’ Statically System For Topping :

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

- 40 cm -

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

Table ( 4.2 ): Dead Load Calculation of Topping

No. Parts of Rib Calculation
1 Tiles 0.03 X 23X 1=0.69KN/m
2 Mortar 0.03x22x1 = 0.66 KN/m
3  Coarse Sand 0.07x16x1 = 1.12KN/m
4  Topping 0.08x25x1 = 20KN/m
5 Interior partitions 1.5x1 =15KN/m
Sum = 5.97KN/m

Live Load:

L.L =3 KN/m?

L.L =3KN/m? x 1m = 3KN/m
Factored Load :-

Wu = 1.2 X597 + 1.6 X3 =11964 KN/m

Check the strength condition for plain concrete, DMn > Mu,where ® = 0.55
Mn = 0.42 1+/f, Sm (ACI 22.5.1, equation 22 — 2)

__b.h? _ 1000.802

St = = 1066666.67 mm?
6 6

gMn = 0.55 X 0.42 X 1 X V24 x 1066666.67 X 107® = 1.207 KN.m

W, L?

Mu = = 0.1595KN.m (negative moment)
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2
Mu = W;‘: = 0.007976 KN.m (positive moment)

gMn >> Mu = 0.1595 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide As;,in
for slabs as shrinkage and temperature reinforcement.

Psnrinkage = 0.0018 ACI 7.12.2.1
As = p X b X heopping = 0.0018 x 1000 x 80 = 144 mm?*/m
Step (s) is the smallest of:

1. 3h=3%x80=240 mm control ACl 10.5.4
2. 450mm.

280 280

3. S =380 (—) —2.5C =380 | —2.5.20 = 330mm ACI 10. 6.4
f £x420

s 3

= Take ® 8 @ 200 mm in both direction ,
S = 200mm <Smax = 240mm ... OK

36



Design of One Way Rib Slab 58} cuas araali 5-4

o et LS ol g B (g Sl Gyl B3ie & Rib 2 (A ) el anidll 138 JSIA sl
oaill (58 e Jganll Atir geli e e sl Jleal s alad) Jaa) S Eua) ¢ )0-0 JS4

eliy (g gl Jall ddan) g0 aludlll anas sl o( Bending Moments)eJll s 85 Shear Forces
Al o) gall e ol asaaill Siaw s <ACI -Code-M318-11 &¥alas e

Requirements For Ribbed Slab Floor According to ACI- (318-08).
bw = 10Cm ... o ces v e e e e e v e e e W ACT (8.13.2)

Select bw = 12 cm

h < 35%bW ii v e v e e e e ACT (8.13.2)
Select h =35cm <35%12 = 42cm

tf = Ln/12 =50mm ......cc. oo oo ceiveevee vee v e .. . ACI (8.13.6.1)
Select tf =8cm

v' Material: -

= Concrete B300 fc’ = 24N /mm?.
= Reinforcement Steel fy = 420 N/mm? .

v' Section: -

= B =520mm

= Bw=120 mm

= h=350 mm

= t=80 mm

= d=350-20-10-12/2= 314 mm
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v’ Statically System and Dimensions:

1 2 3 4
: A A A , A , —
A A A ' A ' =
‘0.6‘ 3.75 \0.8 ‘ 5.25 \ 0.8 ‘ 3.33 0.8 6.13 0.8
“‘ 4.45 ’ | ‘ 6.05 [ | ‘ 4.13 | 6.93
I I I I
5 6 7
— A , A , A
— A v A v A
0.8 5.58 0.8 3.79 0.8 3.99 0.4
— — —— H
6.38 4.59 4.59
= % | |
35.
12.
A-A
load group no. 1
Dead load - Service Units:kN,meter
5.65 5.65 5.65 5.65
4.45 6.05 413 6.93
5.65 5.65 5.65
6.38 4.59 459

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

| 166 |

L | oase |

| 166 |

Ll oabe |

|

4.45

6.05

4.13

6.93

L4 oake ||

| 156 |

| 1bs

!

6.38

4.59

4.59

v’ Fig 4.2: Statically System and Loads Distribution of Rib (R4)
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v" Load Calculation:
Dead Load:-

Table ( 4.3 ): Dead Load Calculation of Rib

No. Parts of Rib Calculation

1 Tiles 0.03 x23x0.52 = 0.3588 KN/m/rib
2 Mortar 0.03 x22x0.52 = 0.3432 KN/m/rib
3 Coarse Sand 0.07 X 16 X 0.52 = 0.5824 KN/m/rib
4 Topping 0.08 x25x%x0.52 = 1.04 KN/m/rib
5 RC. Rib 0.27 x25x%x0.12 = 0.81 KN/m/rib
6 Hollow Block 027 x14x04 = 1.512KN/m/rib
7 plaster 0.02 x 22x0.52 = 0.2288 KN/m/rib
8 partions 1.5x0.52 = 0.78 KN/m/rib

Sum = 5.655 KN/m/rib

Dead Load /rib = 5.655 KN/m
Live Load: -

Live load = 3 KN/M?
Live load /rib = 3 KN/m?x 0.52m = 1.56 KN/m.

% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following: -

L 413
bE = Z ZT = 103.25cm

b, =12+16t=12+16(8)=140cm
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b, = be < center to center spacing between adjacent beams =52 cm.
E

Control

be For T-section = 52cm

Moments: spans 1to 7
-40.6
-29.2 -27.5 \-28.2 o5
-19. A -17.9 ' -20.4
' -14.4 5 -16.3 -12.3 . .10.9
| 1 11 35 | 11' o | 0
[ | | [ 1.7[ | 143
[ 1l 1 P 1 |
} I Ll P T |
W.l? 1.0 . 133 } 11.0}&/‘ 1d-M
: 27 089 '7¢5 103 -
12.8
20.3 19.6 17.2
25.3
156, 2.89 | 303 | 303 [207 207| 346 | 347 | 351 | 287 | 23 23 | 275 184
I I I I I I I I I I I I 1
Shear
-34.5
27.2 275 27.9 -28.3
-20.6 21, -22.9 217 22.2 170
-16.3 -15.6 132
[ 1 1 1 1 1 1 1 1 1 1 1 1 1
I T 1T T 1T 1T T
9.8
15.5 20 13.4 16.9 19.2
234 ' 24.8 26.3 23.5 258
Reactions
Factored
[ 1l 1 1 P P 1 4
IT IR LN LN T T LN T
DeadR 10.4 41.44 32.21 37.36 48.52 35.79 33.61 12.57
LiveR 5.06 15.77 15.37 17.01 18.86 16.04 14.38 5.32
MaxR 15.46 57.21 47.58 54.37 67.38 51.83 47.99 17.89
MinR 9.16 47.61 34.24 39.7 56.5 39.19 37.94 11.87
Service
DeadR 8.67 34.53 26.84 31.13 40.43 29.83 28.01 10.47
LiveR 3.16 9.86 9.61 10.63 11.79 10.02 8.98 3.32
MaxR 11.83 44.39 36.45 41.76 52.22 39.85 37. 13.8
MinR 7.89 38.39 28.11 32.6 45.42 31.95 30.71 10.04

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R4)
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v Moment Design for (R4):-

Design of MAX Positive Moment for Rib(Span 4):- (Mu=25.3KN.m)

Assume bar diameter @12 for main positive reinforcement
db 12
d =h— cover — dstirrups — - = 350—20—8—7= 316 mm

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

Mnf = 0.85 X f; X b, X hy x (d =)

80
Mnf = 0.85x 24 x 520 X 80 X (316 ——) X 10 = 234.225 KN.m

Mn > Mu _ 253 _ 28.11 KN
n @ —-(19 = . ..m

So the section will be designed as rectangular section with be =520 mm.

Mu 25.3 x 10°

R = =
T O Xxbxd? 09 x520 x 3162

= 0.541 Mpa.

m=-2_—=_*° _ 5059
0.85f,  0.85x24

o= 1(1 _ 1 Z-m-Rn> =t (1 _ \/1 _w> = 0.001307
m 420 20.59 420

As,req = p.b.d = 0.001307 x 520 X 316 = 214.7 mm?

Check for As min:-

Asmin = Sre X bw X d ACI-318 (10.5.1)
4XFy

Asmin =% % 120 x 316 = 110.58 mm?
4%X420

_ 1.4
Asmn =—X bw X d
Fy

Asmin = % x 120 X 316 = 126.4 mm? controls
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Asreq = 214.7mm? > Asmin = 126.4 mm? OK

Use 2 @ 12 ,As,provided = 226.2 mm?* > As,required
= 214.7 mm? ... Ok
(2 x 12)

S=120—4O—12—T= 44 mm > db > 25mm.

Use 2012@ 40mm .
Check strain :

d =350—-20-8-12/2 =316 mm

__ Asfy __2262x420
¢ T 085xbexfc  085x120x24 oo
_a 38.81 4566
d (316 — 45.66)

€= 0.003 x (

—-X
. ) = 0.003 X ( ) =0.0177 > 0.005 OK

45.66
Design of Positive Moment for Rib (Span 2) :- (Mu=20.3KN.m)

Assume bar diameter @12 for main positive reinforcement

db 12
d = h— cover — dgtirrups — - = 350—20—8—7= 316 mm

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

Mnf = 0.85 X f. X b, X hy X (d — L)

80
Mnf = 085 24 X 520 X 80 X (316 ——) X 107° = 234.225 KN.m

Mu

Mn > —20'3—22 56KN
n Q) = 09 = . .m

So the section will be designed as rectangular section with be =520 mm.

B Mu B 20.3 x 10°
T @ xbxd?  0.9x520 x 3162

Rn = 0.434 Mpa.
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fy 420
m —_ - =
0.85f,  0.85x24

p:l<1— 1_2.m.Rn>: 1 (1_\/1_M>=0_00104
m 420 20.59 420

As,req = p.b.d = 0.00104 x 520 X 316 = 171.8 mm?

= 20.59

Check for As min:-

Asmin = E X bw X d ACI-318 (10.5.1)
4XFy

Asmin =% % 120 x 316 = 110.58 mm?
4X420

1.4
Asmn =—X bw X d
Fy

Asmin = :7":) X 120 X 316 = 126.4 mm? controls

Asreq = 171.8 mm? > Asmin = 126.4 mm? OK

Use 2 @ 12 ,As,provided = 226.2 mm?* > As,required
=171.8 mm? ... Ok
2 % 12)

S=120—4O—12—T= 44 mm > db > 25mm.

Use 2012@ 40mm .

Check strain :

12
d =350—20—8—7=316mm

__ Asfy __2262x420
& T 085xbexfc  085x120x24 ~oormm
_a_3881_
X = ﬂ _-(l85 = . mm.
d—x (316 — 45.66)
£= 0.003 X (——) = 0.003 x ( ) = 0.0177 > 0.005 OK

45.66
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Design of Positive Moment for Rib (Span 5) :- (Mu=19.6 KN.m)

Assume bar diameter @12 for main positive reinforcement
db 12
d =h— cover — dstirrups — - = 350—20—8—7= 316 mm

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

section.

Mnf = 0.85 X f; X b, X hy x (d =)

80
Mnf = 0.85x 24 x 520 X 80 X (316 ——) X 10 = 234.225 KN.m

Mn > Mu—19'6—21781(1v
n @ = 0.9 = . ..m

So the section will be designed as rectangular section with be =520 mm.

Mu 19.6 x 10°

R = =
" 0 Xxbxd? 09 x520 x 3162

= 0.419 Mpa.

m=-2_=_%° _ 5059
0.85f,  0.85X24

o= l<1 _ i 2.m.Rn> _ 1 (1 _\/1 _w> — 0.00101
m 420 20.59 420

As,req = p.b.d = 0.00101 x 520 x 316 = 165.81 mm?

Check for As min:-

Asmin = % X bw X d ACI-318 (10.5.1)

y

Asmin =% % 120 x 316 = 110.58 mm?
4%X420

_ 1.4
Asmn =—X bw X d
Fy

Asmin = % x 120 X 316 = 126.4 mm? controls

Asreq = 165.81 mm? > Asmin = 126.4 mm? OK
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Use 2 @ 12 ,As,provided = 226.2 mm?* > As, required
= 165.81 mm? ... Ok
(2 x 12)

S=120—4O—12—T= 44 mm > db > 25mm.

Use 2012@ 40mm .

Check strain :

12
d =350—-20—-8——=316mm

2
__ Asfy __2262x420
¢ T 085 xbexfc  085x120x24 oo
_a 38.81 4566
d—x (316 — 45.66)
€= 0.003 x (——) = 0.003 x ( ) = 0.0177 > 0.005 OK

45.66

Design of Positive Moment for Rib (Span 7) :- (Mu=17.2 KN.m)
Assume bar diameter @10 for main positive reinforcement
db 10
d = h— cover — dgtirrups — - = 350—20—8—7= 317 mm

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

Mnf = 0.85 X f. X b, X hy X (d — L)

80
Mnf = 085X 24 x 520 X 80 X (317 ——) x 10™° = 235.07 KN.m

Mu

Mn > —17'2—1911KN
n Q) = 09 = . .m

So the section will be designed as rectangular section with be =520 mm.
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Mu 17.2 x 10°

R —_— —_—
" T 0 xbxd® 09 x520 x 3172

= 0.366 Mpa.

= I __%20 _ 5459
0.85f,  0.85x24

p:l<1— 1_2.m.Rn>: 1 (1_\/1_M>=0.00088
m 420 20.59 420

As,req = p.b.d = 0.00088 x 520 X 317 = 144.85 mm?

Check for As min:-

Asmin = E X bw X d ACI-318 (10.5.1)
4XFy

V24

4Xx420

x 120 X 316 = 110.58 mm?

Asmin =
Asmin = — X bw X d
Fy

Asmin = % X 120 X 316 = 126.4 mm? controls

Asreq = 144.85 mm? > Asmin = 126.4 mm? OK

Use 2 0 10 ,As, provided = 157.08 mm? > As,required
= 144.85 mm? ... Ok

(2 x10)
S=120—4O—1O—T= 50mm > db > 25mm.

Use 2010@ 50mm .

Check strain :

10
d =350—20—8—7=317mm

__ Asfy _ 157.08x420

& T 085xbexfc  085x120x24 -0
_a _2695

X = ﬂ = 0.85 = . mm.
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d—x (317 — 31.71)

€= 0003 % (—) = 0.003 X (*——

) =0.027 > 0.005 OK

= So,spanl1l +3+ 6 — try 2010 @50mm

Design of Next MAX Negative Moment for (Rib) (support 4) : -
(Mu=-28.2KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement

d 2
d = h— cover — dstirrups—i = 350—20—8—7= 316 mm

— Mu B 28.2 x 10° 2 e15M
" O xbxd? 09x120x3162 pa.
=y _ %20 _ 5459

T 0.85f, 0.85x24

p=i<1— 1_2.m.Rn>= 1 (1_\/1_M>=0.00669
m 420 20.59 420

As,req = pxbxd = 0.00669 x 120 x 316 = 253.54 mm2

Check for As min: -

Asmin = Sre X bw X d ACI-318 (10.5.1)
4XFy

Asmin = Y2 % 120 x 316 = 110.58 mm?
4%X420
14
Asmn =—X bw Xd
Fy

Asmin = % x 120 X 316 = 126.4 mm? controls

Asreq = 253.54 mm? > Asmin = 126.4 mm? OK

Use 20 14 ,As,provided = 307.88 > As,required
= 253.54 mm?... Ok
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¢ 120-40-12 - 2x14)

7 = 40 mm > db > 25mm.

Use 2014@ 40mm .

d =350—-20-8-14/2 = 315mm

__ Asfy _ 30788x420 _
@ T 085 xbexfc 085x120x24 oo
_a_5282_
X = ﬁ _-(185 = . mm.
d—x (315 — 62.14)
€= 0003 % (—) = 0.003 x ((———"—) = 0.0122 > 0.005 0K

Design of Negative Moment for (Rib) (support 3) : - (Mu=-20.7KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement

d 12
d = h— cover — dstirrups- — = 350 —20—-8——= 316 mm

2 2
o Mu 20.7 % 10° oo
N O xbxd? 09x120x3162 P&

m=-—2_=_*0 _ 5959
0.85f,  0.85x24

o= i<1 _ i Z.m.Rn> _ 1 (1 _\/1 _M) — 0.00481
m 420 20.59 420

As,req = pxbxd = 0.00481 x 120 X 316 = 182.32 mm2

Check for As min: -

Asmin = Sre X bw X d ACI-318 (10.5.1)
4XFy

Asmin =% % 120 x 316 = 110.58 mm?
4%X420
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1.4
Asmn =—X bw X d
Fy

Asmin = :TA; X 120 X 316 = 126.4 mm? controls

Asreq = 182.32 mm? > Asmin = 126.4 mm? OK

Use 20 12 ,As,provided = 226.19 > As,required
= 182.32 mm? ... Ok

120 — 40 — 12 — (2 x 12)
S = -

= 44 mm > db > 25mm.

Use 2012@ 40mm .

12
d =350—-20—-8——=316mm

2
__ Asfy _ 22619x420
& T 085xbexfc  085x120x24 oo
_a_3881_
d—x (316 — 45.66)
£= 0.003 X (——) = 0.003 x ( ) = 0.0177 > 0.005 OK

45.66

Design of Negative Moment for (Rib) (support 1) : - (Mu=-19KN.m)
Assume bar diameter ¢ 12 for main positive reinforcement
, d
d = h— cover — dstirrups - 5= 350 — 20 —8—7= 316 mm

Mu B 19 x 10°
Oxbxd? 0.9x120 x 3162

Rn = = 1.762Mpa.

m=-—2_=_*0 _ 5459
0.85f,  0.85x24

o= l<1 _ i Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00439
m 420 20.59 420

As,req = pXbxd = 0.00439 x 120 X 316 = 166.6 mm2
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Check for As min: -
Asmin = Sre X bw X d ACI-318 (10.5.1)
4XFy

Asmin =% % 120 x 316 = 110.58 mm?
4%X420

1.4
Asmn =—X bw X d
Fy

Asmin = :7‘; X 120 X 316 = 126.4 mm? controls

Asreq = 166.6 mm? > Asmin = 126.4 mm? OK
Use 20 12 ,As,provided = 226.19 > As,required = 166.6 mm? ... Ok

120 — 40 — 12 — (2 x 12)
S = -

= 44 mm > db > 25mm.

Use 2012@ 40mm .

12
d =350—20—8—7=316mm

___Asfy _ 22619x420
@ T 085xbexfc  085x120x24 oo
_a_3881_
X = B _-(185 = . mm.
d—x (316 — 45.66)
€= 0003 % (—) = 0.003 X ((—==—) = 0.0177 > 0.005 OK

Design of Negative Moment for (Rib) (support 5) : - (Mu=-16.3 KN.m)

Assume bar diameter ¢ 10 for main positive reinforcement
d 10
d = h— cover — dstirrups - 5 = 350 — 20 —8—7= 317 mm

Mu 16.3 X 10°

- — 1.5Mpa.
OxbxXd? 09x120 x 3172 pa

Rn =

m=-2_=_%0 _ 5459
0.85f,  0.85x24

50



p=i<1— ,1_2.m.Rn)= 1 (1_\/1_L59X1-5>=0_00372
m 420 20.59 420

As,req = pXbxd = 0.00372 X 120 X 317 = 141.45 mm?2

Check for As min: -

Asmin = E X bw X d ACI-318 (10.5.1)
4XFy

Asmin =% % 120 x 316 = 110.58 mm?
4X420

1.4
Asmn =—X bw X d
Fy

Asmin = :7":) X 120 X 316 = 126.4 mm? controls

Asreq = 141.45mm? > Asmin = 126.4 mm? OK

Use 20 10,A4s,provided = 157.08 > As,required
= 141.45 mm? ... Ok

= 50mm > db > 25mm.

120 — 40 — 10 — (2 x 10)
S = -

Use 2010@ 50mm .
10
d =350—20—8—7=317mm

As . fy 157.08 X 420

- - = 26.95 mm.
@ T 085xbexfc  085x 120 x 24 mm
_a _2695
X = ﬂ _-(185 = . mm.
d—x (317 — 31.71)
£= 0.003 X (—=) = 0.003 x ( ) = 0.027 > 0.005 OK

31.71
= So,support 2+ 6 - try 2010 @50mm
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v" Shear Design for Rib :

V, at distance d from support=-27.9 KN

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

1 , 1
Ve = g>< FC' X bw X d =g><\/24><120><316><10‘3 = 30.96 KN

@Vec =0.75x 3096 = 23.22 KN

0.5 Xx@Vc =0.5x%x23.22 =11.61 KN
Case 1&Case 2 not suitable
Case (3) for shear design:
@Ve > Vu > @(Vc + Vsmin)

Where Vs, is the max of

o Vspm =0.75x~xbwxd = 0.75x = x 120 x 316 x 1073 =
3 3

9.48 KN controls

* VSmin = 0-75><\/L_C><bw><d =0.75><@x120x316x10_3=
16 16

8.71 KN

@Vc + @Vsmin = 23.22 4+ (0.75 X 9.48) = 30.33 KN
OVe < Vu< @(Vc + Vsmin) » 23.22 < 27.9 <30.33

Use stirrups (2 leg stirrups )@8,Av = 2 X 50.3 = 100.6 mm?2.
(Vu—0Vc) (27.9 — 23.22)
S = =

= 6.24KN
1) 0.75
. d X Av X Fy B 316 X 100.6 X 420 x 1073 213968
T s - 6.24 - 00 mm
316
Smax > —=T= 158 mm
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Smax > 600 mm

Use stirrups (2 leg stirrups )8 @ 150 mm ,Av = 2 X 503 =
100.6 mm?2

Design of Beam(Ground Floor /B34) _~all araal 6-4

According to ACI-Code-318-08 , the Minimum thickness of nonpestressed Beams
or one way salbs unless deflections are computed as follow :

. L 4.66
hpnin fOor one — end continuous = 185 — 185 0.252m
L :
Rpnin fOr both — end continuous = 1= 21 = 0.228m

- Select Total depth of beam h= 35cm. ( hidden beam).
v' Material :-
— concrete B300 Fc' =24 N/mm?

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

= B =80cm

= h=35cm
= d=350-40-10-20/2= 290 mm
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v Statically System and Dimensions:-

1 2 3 4
A A, A A 1 .
A A A v A v =
(‘)2‘ 2.82 92§ 1.84 \ 0.5 ‘ 2.63 0.5 ‘ 2.84 0.5
“ ‘ 3.04 [ | ‘ 2.21 [ | ‘ 3.13 | ‘ 3.34
[ [ [ [
5 6
0.5 4.28 0. 3.76 0.5
— — —
4,78 4.26
1 % 1
35.
80.
A-A
load group no. 1
Dead load - Service Units:kN,meter
61.9 61.9
48.0 4810 60.4 60.4
i v i i i i
804 3 2108 1.04 992,09 3:34
T
60.4 61.7 61.7 58.8
v A S i v i v -5 v
185 | " 2.93 0.71 | 355
1 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
L lie2l L bl | 240 24,0 23,9 239
3.04 313 2.08 1.04 | 2.09 3.34
I I
23.9 24.0 24.0 241
1.85 1 2.93 071 3.55
1 1

Fig 4.4: Statically System and Loads Distribution of Beam (B34)
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v" Load Calculations:-

Dead Load Calculations for Beam(B34):-

The distributed Dead and Live loads acting upon (B34) can be defined from the
support reactions of the R6, R7 ,R8 , R9 and R10.

Dead Load:-

Dead Load Calculation of Beam(B34):
Own weight of beam = (0.35 X 25x0.8) =7 KN.
From Rib 6

The maximum support reaction from Dead Loads for R6 upon B34 is 30.61 KN,
The distributed Dead Load from the R6 on B34.

61
—) = .87 KN
052 58.87 /m

Self —weight of beam =7 KN /m
D.L =58.87 +7 =65.87 KN /m
From Rib 7
The maximum support reaction from Dead Loads for R 7 upon B34 is 32.12 KN,
The distributed Dead Load from the R7 on B34.

( 0.52
Self —weight of beam =7 KN /m
D.L =61.77 +7 =68.77 KN /m
From Rib 8
The maximum support reaction from Dead Loads for R 8 upon B34 is 31.43 KN,
The distributed Dead Load from the R8 on B34.

( 0.52
Self —weight of beam =7 KN /m
D.L =60.44 +7 =67.44 KN /m
From Rib 9
The maximum support reaction from Dead Loads for R 9 upon B34 is 32.23 KN,
The distributed Dead Load from the R9 on B34.

) =61.77KN / m

) = 60.44 KN / m

DL—( )—6198KN/m

Self — Weight of beam =7 KN /m
D.L =6198 +7 =6898 KN /m
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From Rib 10
The maximum support reaction from Dead Loads for R 10 upon B34 is 24.96

KN, The distributed Dead Load from the R10 on B34.
24.96

0.52
Self — weight of beam =7 KN /m
D.L =48 +7 =55 KN/ m

D.L =( ) =48 KN /m

Live Load calculations for Beam (B34):-

From Rib6
The maximum support reaction from Live Loads for R6 upon B34 is 12.58 KN

The distributed Live Load from the Rib 6 on B34.

12.58
Total L.L = 24.19 KN/m
From Rib7

The maximum support reaction from Live Loads for R7 upon B34 is 12.52 KN

The distributed Live Load from the Rib 7 on B34.

12.52
L =057 = 24.08KN /m.
Total L.L = 24.08 KN/m
From Rib8

The maximum support reaction from Live Loads for R8 upon B34 is 12.45 KN

The distributed Live Load from the Rib 8 on B34.

12.45
L = 057 = 23.94 KN/m.
Total L.L = 23.94KN/m
From Rib9

The maximum support reaction from Live Loads for R9 upon B34 is 12.52 KN
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The distributed Live Load from the Rib 9 on B34.

12.52
L :ﬁ = 24.08 KN/m.
Total L.L = 24.08 KN/m
From Rib10

The maximum support reaction from Live Loads for R10 upon B34 is 10 KN

The distributed Live Load from the Rib 10 on B34.

L.L = 19.23KN/m.

~ 052
Total L.L =19.23 KN/m
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Moments: spans 1to 6

-111.8
-85.2 -84.7 64.6 -66.3

-@16b, -67.6-51.9 ,0-46.1 | ‘
0 46!
n ! ! %GI !

.4§I 64 I I0'.4 o,
e P8 olsa 0.43 M .

79 76.4 483
148.4 169.8
122 182 |122 099| 157 156 | 1.5 184 | 239 | 239 | 256 | 17 |
ShEél' I I I I I I I I I I I 1
-311.9
1751 -203.9 0 -235.1 -246.5 1999
) -146.3 _1395 ' -136.4
-80.8 J
In N 1 1 1 1 1 1 1 1 1
I LIL I I I I I I I I T
86. \ 99.6
123.8 146.8 e 128.1 132.7
. 197.1
g 217.2 250.3
' 315.6
Reactions
Factored
In i 1 11 1 11 |
L T N AL N AL |
DeadR  82.23 210.34 212.43 250.33 334.18 421.2 126.93
LiveR 41.6 111.54 127.51 150.59 182.51 206.28 73.02
MaxR 123.83 321.88 339.94 400.92 516.69 627.48 199.94
MinR 78.98 237.78 239.4 290.29 375.09 514.98 116.43
Service
DeadR  68.53 175.28 177.02 208.61 278.48 351. 105.77
LiveR 26. 69.71 79.69 94.12 114.07 128.93 45.63
MaxR 94.52 244.99 256.72 302.73 392.55 479.93 151.41
MinR 66.49 192.44 193.88 233.58 304.05 409.62 99.21

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B34)

v Moment Design for (B34):-

Design of Positive Moment for(B34):-
(Mu=169.8 KN.m)

Determine of Mn,max
d =350-40-10- 20\2 = 290 mm
X = %d =§>< 290 = 124.59 mm
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a=BXx=124.59 X 0.85 = 105.643 mm

’ a
Mgy = 0.85% f. xa xbx (d - E)

105.643

= 0.85 x 24 x 105.643 x 800 X (290 -———

X 107
> )

= 408.92KN.m
® Mn,,,, = 0.82 x 408.92 = 33531 KN.m > 169.8 KN.m.

Design as singly reinforcement

1. Positive Moment of span (6) Mu=+169.8 KN.m

— Mu B 169.8 x 10° ey
T Bxbxd? 09x800x2902 -°MPE
ly___%20 _ 5059

m= - =
0.85f,  0.85x24

p=i<1— 1_2.m.Rn>= 1 (1_\/1_M>=0_0072,
m 420 20.59 420

As = pXxbxd = 0.0072 x 800 x 290 = 1670.5 mm2

Check for Ag min:
A's min :Exwad
4XFy

Asmin = 2% % 800 x 290 = 676.526 mm?
4%X420

_ 1.4
Asmn =—X bw X d
Fy

Asmin = % x 800 x 290 = 773.33 mm? controls
Asreq = 1670.5 mm? > Asmin = 773.33 mm? OK

— Use60 20 Bottom, As,provided = 1884.96 mm?* >
As,required = 1670.5 mm? ... Ok
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Check spacing :-

o _ (800 — (40 x 2) — (10 X 2) — (6 x 20)

c ) =116 mm > db > 25mm

= Use 6020 @110mm.
-

Check for strain:-

d =350-40-10-20/2 = 290 mm

__Asxfy _ 188496x420
¢ = 085 xbexfc 085x800x24 oo
4851 _
X = 0.85 = . mm
(290 - 57.07)
£ = 0.003 x ( ) = 0.012 > 0.005 OK

57.07

2. Positive Moment of span(5) Mu=+148.4 KN.m

Mu 148.4 x 10°

Oxbxd? 09 x800 x 2902 pa

Rn

m=-—2_=_*° _ 5059
0.85f,  0.85x24

o= i<1 _ i Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00624.
m 420 20.59 420

As = pxbxd = 0.00624 x 800 X 290 = 1446.77 mm2

Check for Ag min:
A's min :ﬂxwad
4XFy

Asmin = 2% % 800 x 290 = 676.526 mm?

4x420
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1.4
Asmn =—X bw X d
Fy

Asmin = 417”; x 800 X 290 = 773.33 mm? controls

Asreq = 1446.77 mm? > Asmin = 773.33 mm? OK

= Use50 20 Bottom, As,provided = 1570.8 mm2 > As,required =
1446.77 mm?2 ... Ok

Check spacing :-

(800 — (40 x 2) — (10 X 2) — (5 X 20))
S = 4

=150mm > db > 25mm

= Use 5020 @150mm.

Check for strain:-
d =350—-40—-10-20/2 = 290 mm

As X fy 1570.8 X 420
= 40.425mm.

@ = 085 xbexfc’ 0.85x 800 x 24
_ 40425
¥ = Togs T oM
(290 - 47.56)
£ = 0.003 x ( ) = 0.0153 > 0.005 OK

47.56

3. Positive Moment of span(1) Mu=+79 KN.m

B Mu B 79 x 10°
T Oxbxd?  0.9x800 x 2902

Rn = 1.305 Mpa.

m=-—2_=_*0 _ 5059
0.85f,  0.85x24

o= l<1 _ i Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00321.
m 420 20.59 420

As = pXxXbxd = 0.00321 x 800 x 290 = 745.52mm?2
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Jre

Asmn =—X bw X d
4XFy

Asmin =% % 800 x 290 = 676.526 mm?
4%X420

1.4
Asmn =—X bw X d
Fy

Asmin = :7‘; x 800 X 290 = 773.33 mm? controls

Asreq = 745.52mm? < Asmin = 773.33 mm?

= Try As min = 773.33 mm?
= Use4® 16 Bottom, As,provided = 804.25 mm2 > As,min =

773.33 mm2 ... Ok

Check spacing :-

¢ (800 — (40 x 2) — (10 x 2) — (4 x 16))
B 3

=212mm> db > 25mm

= Use 4016 @210mm.

Check for strain:-

d =350-40-10-16/2 = 292 mm

_ _Asxfy _ 80425x420 __
@ = 085xbexfc  085x800x24 <
X = 085 = 24.35mm

(292 - 24.35)
€ = 0.003 X ((— =) = 0033 > 0.005 OK

v So,Span 2 + 3 + 4 inAs,min - try 4016
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Design of Negative Moment for(B34):-
(Mu=-192.8 KN.m)

DO Mn,,,, = 082 % 40892 = 33531 KN.m > 192.8KN.m.
Design as singly reinforcement

1. Negative Moment of support(6) Mu=-192.8 KN.m

A Mu B 192.8 x 10° _ 3184 M
" T Oxbxd? 09x800x290% pa.
=y __120 _ 5459

T 0.85f, 0.85x24

p=l<1— 1_2.m.Rn>= 1 (1_\/1_M>=0_00829,
m 420 20.59 420

As = pXxbxd = 0.00829 x 800 x 290 = 1922.85 mm?2

Check for Ag min:

J7e

Asmn =—X bw X d
4XFy

Asmin = 2% % 800 x 290 = 676.526 mm?
4%X420

_ 1.4
Asmn =—X bw X d
Fy

Asmin = % x 800 x 290 = 773.33 mm? controls
Asreq = 1922.85 mm? > Asmin = 773.33 mm? OK

= Use70 20 Bottom, As,provided = 2199.11 mm2 >
As, required = 1922.85 mm2 ... Ok
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Check spacing :-

. (800 — (40 x 2) — (10 x 2) — (7 X 20))
B 6

=93.33mm > db > 25mm

= Use 7020 @90mm.

Check for strain:-

d =350-40-10-20/2 = 290 mm

__Asxfy _ 219911x420
¢ T 085xbexfc  085x800x24 "o
_ 5659 _
X = (L85 = . mm
€ = 0.003 (290 - 66.58) 0.01 > 0.005 OK
= . X = . .
658

2. Negative Moment of support(5) Mu=-137.2 KN.m

B Mu B 137.2 x 10°
T @xbxd?  0.9x800 x 2902

= 2.266 Mpa.

Rn

m=-2_=_*° _ 5059
0.85f,  0.85x24

o= 1(1 _ |1 Z-W-Rn> =1 (1 _ \/1 _M> = 0.005734.
m 420 20.59 420

As = pXxbxd = 0.005734 x 800 x 290 = 1330.22 mm2

Check for Aq min:
Jre

Asmn =— X bw X d
4XFy

Asmin = 2% % 800 x 290 = 676.526 mm?

4x420

_ 1.4
Asmn =—X bw X d
Fy

Asmin = % x 800 X 290 = 773.33 mm? controls
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Asreq = 1330.22 mm? > Asmin = 773.33 mm? OK

= Use50 20 Bottom, As,provided = 1570.8 mm2 > As,required =
1330.22mm?2 ... Ok

Check spacing :-

¢ (800 — (40 x 2) — (10 x 2) — (5 x 20))
B 4

=150mm > db > 25mm

= Use 5020 @150mm.

Check for strain:-
d =350—-40—-10-20/2 = 290 mm
As X fy 1570.8 X 420

@ = 085 xbexfc  085x800x 24  ro-AEomm
_ 4045
¥ T Togs T robmm
(290 - 47.56)
€ = 0003 X (——zz—) = 00153 > 0.005 OK

3. Negative Moment of support(1) Mu=-67.6 KN.m

Mu 67.6 X 10°
Rn = 1.116 Mpa.

T Oxbxd?  09x800x290%

m=-—2_=_*0 _ 5059
0.85f,  0.85x24

o= 1(1 _ |1 Z-m-Rn> =1 (1 _ \/1 _w> = 0.002735.
420 20.59 420

m

As = pXxbxd = 0.002735 x 800 x 290 = 634.31 mm?2
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Jre

Asmn =—X bw X d
4XFy

Asmin =% % 800 x 290 = 676.526 mm?
4%X420

1.4
Asmn =—X bw X d
Fy

Asmin = :7‘; x 800 X 290 = 773.33 mm? controls

Asreq = 634.31 mm? < Asmin = 773.33 mm?

Try As min = 773.33mm?

= Use4® 16 Bottom, As,provided = 804.25 mm2 > As, min =
773.33 mm?2 ... Ok

Check spacing :-

¢ (800 — (40 x 2) — (10 x 2) — (4 X 16))
B 3

=212mm> db > 25mm

= Use 4016 @210mm.

Check for strain:-

d =350-40-10-16/2 = 292 mm

_ _Asxfy _ 80425x420 __
@ = 085 xbexfc  085x800x24 <
_ 207 24.35
(292 - 24.35)
€ = 0.003 X ((— =) = 0033 > 0.005 OK

So,supprt2 + 3+ 4inAs,min - try 4016
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v" Shear Design for (B 34):-

Case 3:

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

Use stirrups (2 leg stirrups ) @10 ,Av = 2 X 78.5 = 157 mm2

V= 250.3KN .
1 1
Ve = ofchyd == gxmx350x290=82.87KN.

@Vc= 0.75x82.87 = 62.1525 KN
Case (3) for shear design:
@Vec > Vu > @(Vc + Vsmin)

Where Vsmin is the MAX of :

® Vsmin > 0.75 X (%) x bw x d =0.75 x (%)x800x290x 1073

= 58 KN Controls

VFc’

Q)Vsmin > 0.75 (?) X bw X d

V24 3
= 0.75 % ET3 X 800 x 290 x 10™° = 53.28KN

@Ve > Vu > @(Vc + Vsmin)

62.1525 < 250.3 < 120.1525..... not satisfied

Cases 1&2&3 is not suitable
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Case 4 :-

1 — V24
vy = 3 fc'b, d = X 800 x 290 x 103 = 378.854 KN

DWe + Vgmin) < Vy < O(ve + vy)
120.1525 < 250.3 < 346.293 OK
shear reinforcement is required
Use 2 leg @ 10

Av = 157 mm?

Vu 250.3
Vs = ? - Ve = ﬁ - 82.87 = 250.86 KN.
AV X fyx d 157 x 420 x 290 3
S = Vs = 25086 X 10 = 76.23 mm.
d 290
Smax S'Z = — =72.5mm.control

or
Smax <.300 mm.

= Use2leg® 10 @70mm
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4-7 Design of Column (C12) 3¢l euouas

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

v Load Calculation:-

Service Load:-

Column wieght = 3.7 X 0.5 X 0.25 X 25 = 11.5625 KN

Dead Load = 134.438 + 11.562 = 146 KN
Live Load = 60 KN

Factored Load:-
Pu=12x(146) + 1.6 x 60 = 271.2 KN

v Dimensions of Column:-

Assume Py =0.01

@Pn = 0.65 X 0.8 x Ag[0.85Fc'(1 — p,) + py X Fy]
271.2 =0.65 X 0.8 X Ag[0.85 X 24 x (1 — 0.01) + 0.01 x 420]

Ag=21.38 mm2
Assume Rectangular Section
h =250 mm

b = 21.38/250= 404.36m
Select b=110cm

Fig 4.6: Column section (C12)
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v" Check Slenderness Parameter:-

klu M,
—<34-12—<40
T M,

Lu: Actual unsupported (Unbraced) length.
K: ef fective length factor. According to ACI 318
— 2002 (10.10.6.3) The ef fective length factor k, shall be permitted to be taken as 1.0.

r : radius of gyration = \/L: ~03h ......c...... ... For rectangular section
Lu = 3.7m

M1 1

M2

K =1 for braced frame.

e about X-axis (b=0.25m)

o MU 34 12M1 49
Tr M,
(1x3.7)

———— = 4933 > 22
(0.3%0.25)

Column Is long In direction x

e about Y-axis (b= 1.10m)

o MU 34 12M1 49
T M2
(1x3.7)

— = 11.21 > 22
(0.3x1.1)

Column Is short In y-axis
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v Minimum Eccentricity: -

miney = 154+ 0.03xh = 15+ 0.03 X 250 = 22.5mm
ey = 0.0225m

Mu, = mine X Pu = 0.0225 X 271.2 = 6.102 KN.m

v Magnification Factor:-

C
Sps = "Igu >1.0and <14
1

~ 0.75XP,,

M;
Cp = 0.6 + 0.4 [—] > 0.4
M,

C,=06+04%x1=1204

T2EI
Per = 2
(KLu)
Ec.lg
El = 04
1+pd

Ec = 4700,/fc’ = 4700 x 28 = 24870 Mpa

12Dl (1.2 X 146)

= 0.65 < 1
Pu 271.2
(bh3®) (1.1 x 0.253)
=] = " = 0.001432 m4
2503

(0.4 x 24870 x 1100 x

12
— 8727.3 KN. m2
(1+ 0.65) m

EIl

% X 8727.3

= A x3.7)? = 6291.819 KN

pCI‘
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1

~ 2712
0.75 X 6291.819

Sps = =1.06>1.0and < 1.4

1

v" Design of Moment Mnx.

Mn, = 8ps X Mu = 1.06 X 6.102 = 6.474 KN.m

e, = 8ps X mine = 1.06 x 0.0225 = 0.0239 m

v' Interaction Diagram:-

e, =0.0239m , h=025m

e, 0.0239

A 025 - 0.0956

d—d 250—2x(40+10+%)

y = 3 220 = 0.52

@ xPn _Pu 271.2

=, —— % % 145=0.143Ksi
Ag  Ag ' 250x 1100 St

e Form Diagram A-9a ( y = 0.6)
pg = minpy = 0.01

e Form Diagram A-9b (y = 0.75)
pg = minpy = 0.01
So, pg =minp, = 0.01

ASyeq = p X Ag = 0.01 x 250 X 1100 = 2750 mm?

Use 14 ®16 Wlth As, provided = 2815 mm2 > As, required = 2750 mmz. — 0Ok
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Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-
spacing <16 xd, =16 X 1.6 = 25.6cm
spacing <16 Xxd, =48 x 1.0 =48 cm

spacing <40 cm

Use P10 @ 20cm .

L=17/8
2010020

SO

I

1 W 0 37 42 37

25

Fig 4.7: Column Reinforcement Details. (C12)
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4-8 Design of stairs gl axal

Concrete B300 fo’=24N/mm?.
Reinforcement Steel f,=420 N/mm?,
Wall thickness=20 cm, Cover = 20mm.

KRR RRIRIRRIARIN
3 12¥15F3071 14
1.23
o ©
9
m

ol Lhis 1(4-8) Jsall

1) Design of Flight.

e Structural System.

L.

|

|

I

| |
Pe e
A=t =

40 crrm 3.3 m 4.0 crIT

oAl balal JALaY) JUai ;(4-9) JSal)

e Limitation of deflection:

h (min) = L =29 -205cm = Select h =21 cm.
20 20
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29 -16.7cm > Angle (a): tan (o) = 16.7/27.5— a=31.3°

24

e Calculate Loads of The Flight.
oAl e Aadl gl dduall Jlea¥) 1(4-4) Jsaa

(KN/m) Jasdi Balall

1 . »
6.1 0.21X 25X1X (——) (Flight) Jaalad)
1.01 0.04x 23X (g) (Horizontal Tile) -8 k3
0.38 0.03x 23X (%) (Vertical Tile) (sl 53 1311
0.66 0.03Xx 22x1 (Horizontal Mortar) 4:88Y) 4 Giaud) 45 gall
0.37 0.03X 22X (%) (Vertical Mortar) 4l ) 4iiaudy) 45 gal)

1

3 jLadl

0.88 0.03X 25X1X (——) (Plaster) 3 _lail)
2.09 0.5x 0.167%x25 (Triangle Concrete) 4xilu Al da 1)
11.3 g el

Dead Load =11.1 kN/m & Live Load = 3kN/m

= Factored Load (qu).
gu=1.2 x Dead Load + 1.6 x Live Load

=12x11.3+16x3

=18.36 kN/m.

e Internal Forces of Flight.
= Shear Force Diagram.
— Au = (qu/2) x3.3 =(18.36/2) x 3.3= 30.3 kN.

Max. Vu of Flight = 30.3%x cos 31.3 = 25.9 kN.
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qu=18.36kN/m

258
259

Au=30.3 kKN

303

Au=30.3 kN
oM e s Jisell Gaill o8 (4-10) Sl

= Bending Moment Diagram.
Max. Mu of Flight = 30.3x2.05 — 18.36%1.65x%0.825 = 37.1 KN.m

qu=18.36kN/m

Au=30.2 kN

37.1kN.m
oAl e agiall 1(4-11) JSal

e Design of Shear Force:
d =210- (20+0.5x12) = 184 mm

1 1
DO xVec=0.75 xgx fc'xbxd=O.75Xg><\/24x1000><184=112.6kN

O XVc=112.6 kKN > Vu max=25.6 KN

So, No Shear Reinforcement is required.

So, (h=21 cm) is O.K
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e Design of Bending Moment:
Mu =37.1 KN.m

_ My __ 371x10° = 1.22 Mpa fy 420 — 206
@bd?  0.9%x1000x1842 ' ' .

- 0857,  0.85x24
p=l<1 - |1 —%> =L<1 —\[1 _w> = 0.00299.
m 420 20.6 420

> As req = p.b.d = 0.00299x1000x 184 = 550.4 mm?,

Rn

= Check for As min.
As, min = 0.0018xbxh = 0.0018x1000x210 = 378 mm?
9 As, req = 5504 mm2> AS, min — 378 mm2
USG 4@14 BOttom W|th As’ provided = 616mm2 > As' required = 5504 mmz. ad Ok
= Check for strain:
Asfy _ 616Xx420 a 12.7

= . = =12.7mm cC=—=—"7-=149mm
0.85b f,  0.85X1000x24 B, 085

d—c 184 — 14.9
& =0.003{—— ) =0.003|—————=—)=0.034 > 0.005 —» Ok
c 14.9

2) Design of Landing.

e Limitation of Deflection.

h (min) = L =29 - 16 cm = Select h =21 cm.
20 20

e Calculate Loads of The Landing.

Adaead) o Gad) gl &l Jlea¥l 1(5-4) Jsoa

(KN/m?) Jaall

yxt

5.25 21 (Slab) Aadl)
0.88 4 (Tile) L3
0.44 2 (Mortar) 4gitaud) 4 sal
1.19 7 (Sand) JaJl
0.66 3 (Plaster) _lail
8.42 £ sanall
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Dead Load = 8.42 kN/m & Live Load = 3kN/m

= Factored Load (qu):
Qu=1.2 x Dead Load + 1.6 x Live Load

=12x842+16x3
=14.9 KN/m.

e Design of Slab (2) Far from The Flight.
OS5 agle 5 aalall dalesS Jass Vi ddawll ally cudl deal) o DS daa 2 8 dihidl Lo cany
Leale Jd 250 ) 050 an oA (4-27) JSAN B jeda LS Lede dadl gl JlaaY)

Vu (at distance d = 184 mm from the face of support)

14.9kN/m

1 1

Au=23.8 kN Au=23.8 kN

el e 2 dskial) o JLadY1 3535 deall 1(12-4) JSAI

Vu =23.8 — 14.9%(0.15+0.184) = 18.8 kN

2 2
Mu = 25 2 1992 g

¢+ Design of Shear Force:
d =210- (20+0.5x12) = 184 mm

1 1
ﬂXVC=O.75><g>< fc'xbxd=0.75 XEX\/24X1000><184-=112.6kN

@ XxVc=1126 kN > Vu max=18.8 kN

So, No Shear Reinforcement is required.

So, (h=21) is O.K

78



% Design of Bending Moment:
Mu =19.1 KN.m

_ My _ 19.1x10° — 0.63 Mpa = £ 420 206
¢bad? 0.9x1000%x1842 ' ) .

T 0.85f, 0.85x24
p=1<1 R _m> =;<1 _\[1 _M> — 0.0015.
m 420 20.6 420

> A req = p.b.d = 0.0015x1000x184 = 279 mm>,

Rn

= Check for As, min
As, min= 0.0018xbxh = 0.0018x1000%x210 = 378 mm?
2> A req = As, min = 378 mm?
USG 12@20 BO'['[OITI Wlth As’ provided = 565mm2 > AS, required = 378 mmz. — Ok

= Check for strain;

Asf 565x420 a 116
= Y = = 11 === 1
0.85b f’c 0.85x1000x 24 -6 mm ¢ B, 0.85 3.7 mm

d—c 184 — 13.7
& =10.003 )= 0.003 —137 )= 0.037 =2 0.005 - 0Ok
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ALY aanaill 5 sl & Sl

e Design of Slab (1) Near from The Flight.
afde 5 caalill dale oS Jard () 5 ddanall all 5 il Jaall (e IS Jan 2 o8 ) dadaiall e sy
Leale Jad¥) 253 ) 050 Gaw (oA 5 (4-28) JSAN A eday LS Lgple QB gl Jlea¥) (555

45.2kN/m

N N

Au=72.3 kN Au=72.3 kN
Al e | Askial) e JLadY) 505 Jeall 1(13-4) JSall

Vu = 72.3 — 45.2x(0.15+0.184) = 57.2 kN

uxL? _ 45.2x3.22
8

Mu =1 =57.9 kN.m

¢+ Design of Shear Force:
d =210- (20+0.5%12) = 184 mm

1 1
B xVe=075X=X fc’><b><d=0.75xgx\/ﬂ><1000x184
= 112.6 kN
@xVc=1126 kN > Vumax=57.2 kN

So, No Shear Reinforcement is required.

So, (h=21) is O.K

¢+ Design of Bending Moment:

Mu =57.9 KN.m
My _ 579x10°
Rn = @bd2 ~ 0.9x1000x1842 1.9 Mpa.
_fy 420

= ;= = 20.6
0.85f, 0.85x24

p:l 1— 1_2.m.Rn :L 1— 1_2><20.6><1.9 = 0.00476.
m

420 20.6 420

> As req = p.b.d = 0.00476x1000x184 = 876 mm?.

= Check for As, min
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ALY aanaill 5 sl & Sl

As min= 0.0018xbxh = 0.0018%1000%210 = 378 mm?
-> As, req — 876 mm2 > As, min — 378 mm2
Use 5@16 Bottom Wlth As, provided = 1005 mm2 > As‘ required = 876 mmz. — Ok

= Check for strain;

Asf 1005x420 20.7
= x =20.7 mm C=i=@=24.3mm

T 085bf.  085x1000x24 B

d—rc 184 — 34.3
& =0.003{—— | =0.003{ —=——=—]=0.02>0.005 - 0k
c 34.3

_._N’__

#10820cm A¢12

#0B20cm

U-haak  4p12
#1 T 1§

: ,:__|_=125cm|

renaill Aglae (o ildl] mabasill (o LAl OMA Liemii g Ukd 1(14-4) JS1)
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1. Building Code Requirements for Structural Concrete (ACI 318M-11)
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3. Reinforced concrete |, I, Il “ DR. Nasser Abboshi’’ & Dr. Maher Amro
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