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Abstract

Structural Design and Details of Architecture College

Project Team
Rola Ghrayed Isra’ Jamil Asa’d

Hadeel Qatuosh

Palestine Polytechnic University-2015
Supervisor

Dr.Maher Amer

The main idea of this project is to prepare all structural design and executive details for
The applied Architecture College for Palestine polytechnic University in wadi alhrya in

Hebron city .

This building consists of five stories and one basement and it contains all activities

required for any person.

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

318-08.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).
At =area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
e C.=compression resultant of concrete section.
C, = compression resultant of compression steel.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.
f. = compression strength of concrete .
Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
Ln = length of clear span in long direction of two- way construction, measured face-
to-face of supports in slabs without beams and face to face of beam or other
supports in other cases.
LL = live loads.
Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.
Pu = factored axial load
S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.
Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

XIII




e Vu =factored shear force at section.
° Wc = weight of concrete. (Kg/m®).

e W= width of beam or rib.

e Wu = factored load per unit area.

e ( = strength reduction factor.

e E = compression strain of concrete = 0.003mm/mm.

e &, =strain of tension steel.

e g = strain of compression steel.

p = ratio of steel area .
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Chapter 4 _ Structural Analysis And Design

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Determination of Slab Thickness.
4.3.1Compare Between a Thickness of one way and Two Rib slab
4.4 Design of topping.

4.5 Load calculations for one way Rib slab.
4.6 Design of one way Ribbed slab.

4.7 Design of two way Ribbed slab.

4.8 Design of one way Solid slab..

4.9 Design of Beam.

4.10 Design of Short Column.

4.11 Design of Shear Wall.

4.12 Design of Stairs.

4.13 Design of Basement Wall.

4.14 Design of Isolated Footing.

4.15 Design of Composite Beams.
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4.1 Introduction:

-Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

-Concrete is a construction material composed of cement (commonly Portland cement) as
well as other cementations materials such as fly ash and slag cement, aggregate
(generally a coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate

such as sand), water, and chemical admixtures.

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

-Structural concrete can be classified into:-

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m’.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m’.

In This Project, there are three types of slabs: solid slabs, one-way and two-way
ribbed slabs. They would be analyzed and designed by using programs such as Beam D,
Safe, Staad pro.to find the internal forces, deflections , and then hand calculation would

be made to find the required steel for some members.

In this Chapter, we will show the procedure for designing the several structural members
of our project, so we will discuss the steps that we followed to design the Ribs, beams,

slabs.

So, this chapter will contain a sample calculation related to one of the preceding members
contained in this project.All of these members will be designed according to (ACI —318-

code).
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4.2 Design method and requirements:-

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_11).

4.2.1 Strength design method:

-In Strength design method which formally called ultimate strength design method, the
service loads are increased by factors to obtain the load at which failure is considered to
be occurring.
This load called factored load or factored service load. The structure or structural element
is then proportioned such that the strength is reached when factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.
-The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

» Code UBC: ACI 2008.
> Material:-

Concrete: B300 J¢'=300 *0.8 =24 N /mm*(MPa) For rectangular

section.

> Reinforcement steel :-
The specified yield strength of the reinforcement {fy = 400 N/mm? (MPa)

» Mild steel : A-36.

» Connection Type: Weld, Bolts.

)

A | Y g 3 ! P
4,2.2 Factored loads:

I

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6 LL ACI—code-318—08(9.2.1).
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4.3 Determination of Slab Thickness:-

F}

oy
S

] VL T L T

TR TR =

IR 4 B 3

4.3.1Determination of The thickness of one way and two way ribbed slab:-
- One Way Ribbed Slab :R20.
- Two Way RibbedSlab :R 31

e Statically system for (R20) :-

bbbt L TTTTTTTTTT LL~26
LU LT LT T T TTI] memsias
2.07 3.77 4.47 6.45

Fig 4.2: Statically system for (R 20)

45




Chapter 4 _ Structural Analysis And Design

e Section in ribbed slab :-

_O8@20cm

Sem
cm

27 cm
35

12 em Ocm  J2cm 40cm 12cm

Fig 4.3: Section in ribbed slab

The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one
way slabs unless deflections are computed.

The minimum required thickness is:-

-Maximum span length for one-end continuous : L=6.45 m =596 cm.

- hmin for one-end continuous = L/18.5.

hoin== L/18.5=645/18.5=34.8 cm. ........... (control)
-Maximum span length for both —end continuous : L=4.47 m =440 cm.

-hiin for both-end continuous = L/21.
hmin= L/21 =447/21 =212 cm.
- The controller slab thickness is 34.8 cm.

But by deflection checked it was controlled at 35 ¢m thickness.

So Select Slab thickness h= 35c¢m with 27 cm hollow block & 8cm Topping
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< Check Thickness of two way ribbed slab:
> Two way ribbed slab( R10):-

> Statically system for (R10) :-

Discontinuous Edge

.
~.

i
AL i
IR

9P SNONUIUOISI(]
a8p7] snonunuodSI(]

3 f.,—-"'
VA A —
-

Discontinuous Edge

Fig 4.4:Statically system for(S16)
> Thickness of slab :-

Clear perimeter

hm:’n_ 180 =345+4.7+3.7+4.8 = 92.5mm ‘—_ i 5
> Limitation of deflection according to ACI:- R
| @A
Ribbed slab section :- .
bf = be = 520mm.
v YAxY Y ¥ L
c = -,
>
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s {( : 2) ( = 2333 cm

(12%27)+ (8%52)

Irib =3 (b*h%)/3

8 272 2 7 %9.74%
Irib = sz*ﬁ + 12*—13- + (8% 52%7.67%) + (12 x 27 = 9.74%)

= 77111 fomf ~4
> Statically system for beams :-

Interior Beams (B,F,47-- B,F,45— B,F,51-
B,F,53):

25 cm

-Interior Beam (Rectangular-Section).......

(B,F,47 - B,F,45 - B,F,51 - B,F,53):

» For Interior Beam (B,F,45-B,F,51 ) :-

> TFig 4.5 :Beam 45,51

_Xbxh®
Ib = . &
g &
Ib=(80x [25]13/12)= 104167 cm* “lq| I"
» For Interior Beam (B,F,47) :- 15 50 -

80 cm

Yc =(50*20*10) + (25*80*32.5) =25CM
(50%20)+ (25*80)

Ib=(80*(25>/12)) + (50*(20>/12)) + (80*25%7.5%7.5)+(20*50*15*%15) =
475000 cm*
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> For Interior Beam (B,F,53) :-

Fig 4.6:Beam47
Yc = (50*15*7.5) +(25*80*22.5) =18.4 cm
(50*15)+ (25*80)
Ib=(80%(25"/12)) + (50*(157/12))+
(80*25*4.1*4.1)+(15*50*10.9%10.9)=240956.67cm"
-For Interior Beam
-In Long direction (B,G,45) ......... L =436 cm.
77111 (2= + 80)
Is = = 441.90 » 103cm*
52
-In Long direction ((B,G,51) ........ L ione=489 cm,L ;=436 cm.
77111 (2 + 2 + 80)
s = = 804.47 = 103cm*
52
-In Short direction (B,G,47) ......... -L o= 513cm
77111 (32
Is = ———===380.36 + 103cm*

-In Short direction (B,F,53) .........

77111 (3F)
52

rzg?-* 411cm .

Is = = 304.73 x103cm*

o3 EaSiad sl daaly =
A \:E Palesiine Poiytecinic University

3 4P”u}
#‘_.._The LDialy dui.

:*

% § R

oo Juabll a3 0

‘35cm‘

25

)i

15 , 50 5
, . secwl
Fig 4.7:Beam 53
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10467 _ o3
17241.50«10%

104167
——  _=0.429
02 Zg04.47510%

475000

- =124
3™ 380.36-10%
240956.67 0.79

04= 304.73:10%

ol+o2+03+0 4

Oy = 2 =059

U2 < 05 0.59<2

where o 5, < 2

220
4.45(0.8 +
e — (_:,45 1*°°) =12.67cm

9645+ 505000
3.31

R snmned — 29em = Beon —=12.67cm ... Ok

The thickness in one way rib slab is larger

than in two way rib slab SO,

Take the slab thickness = 25 cm, 17 cm for concreteblock , 8 cm, Jor topping.

4.4 Design of topping:

Topping in One way ribbed slab can be considered as a strip of -1 meter widthand a span
of hollow block length (b=40 ¢cm) with both end fixed in the ribs.
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e R 40 Cm B

Fig 4.8: topping load.

4.4.1 Determination of dead load:-

| Ziles3cm
| Mortart 3 cm

|Coarsc Sand fill 7ecm
R Concrete Topping 8 cm

| Concrete Block
R Concrete Rib
| Plaster 3 cm

NI

Typical Section In Ribbed Slab

Fig 4.9: Typical Section In Ribbed Slab

Dead load calculations:

Dead load from: oxyx1 KN/m
Tiles 0.03x23 0.69
Mortar 0.02x22 0.44
Sand 0.07x16 1.12
Topping 0.08x25 2
Interior partitions 1 1
> 5.25

Table (4.1)Calculation of one way dead load
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o i 40 G-ttt

Fig 4.8: topping load.

4.4.1 Determination of dead load:-

| ZTiles3cm
| Mortart 3 cm

Coarsc Sand fill 7 cm
R Concrete Topping 8 cm

| Concrete Block
| R Concrete Rib
| Plaster 3 cm

WG,

Typical Section In Ribbed Slab

Fig 4.9: Typical Section In Ribbed Slab

Dead load calculations:

Dead load from: oxyx1 KN/m
Tiles 0.03%x23 0.69
Mortar 0.02x22 0.44
Sand 0.07x16 1.12
Topping 0.08x25 2
Interior partitions 1 1
2 5.25

Table (4.1)Calculation of one way dead load
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Live load :
Ly =5 KN/m’> ————— L; =5 KN/m? x 1m= SKN/m
Factored load :

Wy =12 x5.25 + 1.6x5 =143 KN/m.

> Check the strength condition for plain concrete, 8Mn>Ma,
where @ =0.55.

Mn = 042 4/f] Sm.......... . (ACI 22.5.1, equation 22-2).

S., (modulus of cross section of slab) = b'Th: = Eﬂ’eisf. = 1066666.667 mm"°.

gMn = 055X 1 X 042 X V24 X 1066666.67 X 10~¢ = 1.247KN.m

LU 14.3¢0.4° ;
-Mu = %{'— i 0.191 KN.m(negative moment).

pMn >> Mu = 0.191KN.m

-No reinforcement is required by analysis. According ACI 10.5.4,provide Asminfor slabs
as shrinkage and temperature reinforcement.

B s~ Q0DABL L ACI7.12.2.1
As = p X b X htopping = 0.0018 X 1000 X 80 = 144 mm®/m strip.

Try bars ¢8with As=50.27 mm?*.

Bar numbersn= = =BT s take 3 bars.

Step (s) is the smallest of:

1.3h = 3x80 =240 mm. ... control ............ ACI 10.5.4
2.450mm,
o 280 o 280
3.8 —380(75) —2.5C, = 380 (_——D) —25 .20 = 330mm
bt
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S<300 (%) =300 (%) = 315 M nneerreenennes ACI 10.6.4

Use $8 @ 200 mm in both direction, As provided =250 7m®/m , § =200 mm <Smax =
ey 240 mm.

4.5 Load calculations for one way Rib slab

i T ture Bars
One Way RibSLb Sheinkage & Tempetatu

Hollow Block

Fig 4.10: one way Rib slab.

-The effective flange width (be), according to ACI 8.12.2 is the smallest of:
-be =L/4=207/4=0.517 .
-be < bw +16hAf = 120+ 16 X80 = 1400 mm.

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

bl Control

Requirements For Slab Floor According to ACI- (318-08) .
G B e e ACI(8.13.2)

Select bw=12cm

o R ISehw ..

Selecth=35cm<35x12=42cm €1(8.13.2)
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o tf = Lnf12 2 50mMm ... .o ccoisvuncur cueen vue eecue oo ...ACI(8.13.6.1)
Select tf = 8cm.

o Unit width () = bw += block+— block

b= 12+ 404> 40=52 cm

J 2

Select bf = 52cm

b>a

27

Typical Section In Ribbed Slab

Fig 4.11:Section in one way Rib slab
e Dead load calculations:

Dead load from: 0xyxbe KN/m
Tiles 0.03%x23%0.52 0.359
Mortar 0.0Yx22x0.52 0.2288
Sand 0.07x16x0.52 0.582
Topping 0.08x25%0.52 1.040
Interior partitions 1.5%0.52 0.78
RC rib 0.27%25x%0.12 0.81
Hollow Block 0.27x10x%0.4 1.08
Plaster 0.03x22x0.52 0.343
2 4.96

o Table (4.2)Calculation of one way dead load

e live load calculations:

Live load /rib = 5KN/m*X 0.52m = 2.6 KN/m.




Chapter 4 _ Structural Analysis And Design

o Factored load calculations:
Du= 1.2 X 4.96 = 5.95 KN/m
Lu = 1.6 X2.6 = 416 KN/m,
Wu=5.95+4.16=10.11 KN/m

4.6 Design of One Way Rib slab:

< System :
One -way ribbed slab:

5
1 2 3 4 4
1 2 3 =
A Sy A 1 A Sty :I
E Ld T Ll A_j 1T
05 157 05 3.27 0.5, 3.97 05 5.95 05
% Lo L J 6.45
‘ 2.07 : 3.77 : 4.47 ; ,
52,
35,
12.
A-A
% Loading

By using BEAMD (ATIR) program we get the envelope

following;

Dead-load-service:

moment and shear diagram as the

Loading
Toad group no. 1
Dead load - Service Units:kN,meter
4.96 4.96 4.96 4.96
2.07 3.77 447 6.45
Live load - Servi
e Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
2.07 3.77 4.47 6.45
——
55
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% Moment/Shear Envelope (Factored):

) 5
Moment/Shear Envelope (Factored) Units: kN mete

WMomenis: spans 1to 4
-32. 9
-12.4 12 9
-8.85 -8.3

e t l
i 3.52"9.'57‘ 1 iz

3. 1. 37

10.5
7

072, 136 |- oo NPy liiaze. 2.63 | 3.8

. 1 }

Reactions

Factored

H . 4+ HH H
DeadR 3.12 20.73 20.15 40.18 15.58
LiveR 4.69 1714 19.75 28.87 11.38
Max R 7.81 37.83 39.9 69.05 26.97
Min R 0.6 23.42 22.69 48.74 15.08
Service
DeadR 2.6 17.28 16.79 33.48 12.98
LiveR 2.93 10.69 12.34 18.05 7.42
Max R 5.53 27.96 29.13 51.53 20.1
MinR  1.03 18.77 18.38 38.84 12.67

% 4.6.1 Design for positive Moment for Rib (R20)

Mu max. Positive for span OMu= 36.9 KN.m .
Assume bar diameter ¢ 12 for main positive reinforcement.

12

0.
d =h— cover — dstirrups —7 =350

-Check if a>hs to determine whether the section

T _section,

FA

<

56

— 20— 10—-?—“ 314 mm.

will act as rectangular or
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h
: f
:'anf = 085fc 'be'hf-(d e ?)
M, ;= 0.85 X 24 X 520 X 80 X (314 2 300) s s

My > l;— =136.9/0.9= 41 KN.m,

-The section will be designed as rectangular section with b = 520 mm.

As=p.bE .d
ot iy 01 (710
085* £ 0.85*%24
_ Mulg_ 3698107 /09
b*d*> 0.52*(0.314)*

sk
p=i (e e 2PARGE S 1_\ﬁ_z*zo.sg ORI oo
m fy 20.58 420

- As =pbe.d=(0.0019)* (520)* (314)=310.2 mm>.

=20.58

Rn 0.79 MPa

- Check for Asmin.

|{f—’
As,min =025 p _.d

=

1.4
2 ——

b,,.d

V24
As, min = 0.25 — 120 X 314 = 109.87mm>

14
As,min = ﬁuo X 314 = 125.6mm? .... Control.

As,required=310.2 mm’ > As, min = 125.6mm?

Use 2016 , As,provided = 402mm? > As,required = 310.2 mm?..0k
-Check for strain:

AS ¥y = 0:85% 7 ¥ hi%g

402 * 420 = 0.85 *24 * 520* a
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a= 159 mm
goena . 159 . g9m
B, 0.85

=(d-c¢)/¢x0.003= -:HLI.S-#XO'O(B: 0.047> 0.005...0k

< Design for Positive Moment Mu =+ 10.5 KN.m:

-Assume bar diameter ¢12 for main positive reinforcement?

d 12
d = h— cover — dstirrups -7” =350—-20—10— 3= 314 mm.
M,, =23253 KN.m 2

Mys >> -é‘c 10.5/0.9 =11.66 KN.m, the section will be designed as rectangular

section with b =520 mm.

As=p.bE .d
& feglns i
0.85* o' 0.85*24
_ Mul/g_10.66*107 /09 _
bR dE 052X (0.314)"

1 SRy 1 2%2058*%0.23
= i pae s ] s i — 0.00055
& m( jy) 20.58( \/ 420 J 090

=20.58

23 MPa

- As = pbe.d=(0.00055)* (520)* (314) = 89.8 nm?.

= CheCk fOl‘ As,min-
A . 2 V f’
s,min = 0.25—— b d>—b d
Iy 5
>

; V24
As,min = 0.25 0 120X 314 = 109.87mm?>

: 14
As,min = EIZO X 314 = 125.6mm* ...Control.
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AS, min = 125.61727712 > As, required: 89.8 mm2
Use 2910 , As,provided = 157.1mm? > As,required = 125.6mm?.. 0k

-Check for strain:-

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

158 * 420 =10.85 *24 * 520* a

a=6.25 mm
B, 0.85

z, =(d-—c)/c><0.003=%ZS-EEXO.OO3=O.125>O.OOS...DIC

*Design for positive moment Mu = 7.6 KN.m

-Assume bar diameter ¢ 12 for main positive reinforcement
d
= h — cover — dstirrups ——22 =350—-20—-10— = = 314 mm.
M,, = 23253 KN.m

M,
Mps>> —; =7.6/0.9 =8.4 KN.m,the section will be designed as rectangular section with b=520mm

As =p.bE .d

A T R L
0.85* £ 0.85%24

_ Mul$_ 84*107/09
Rt
b*d*  0.52*(0.314)°

1 2mRn 1 >*
e T = 1 [1._2*20.58*0.18
m( Sy J 20.58( \/1 450 = 0.00043

- As = p.be .d = (0.00043)* (520)* (314) =70.28 mm?*

=20.58

=0.18 MPa




Chapter 4 __ Structural Analysis And Design

-Check for A min

2
(control) As, min = 125.6 mm* >As, required =70.28 mm

Use 210 Bottom ,As, provided = 157.1mm? > As,required
= 125.6mm>..0k

-Check for strain :-

_ Asfy _ 157.1X420

a it ST = 6.22?71771
0.85» fc 0.85X520 x22
=2 =582_-732mm
Sl 314 — 732
s. = 0.003 ( ' C) = 0.003 (—————) = 0.126 > 0.005...... 0k
S c 7.32

Note: All spans with Positive moments less than 10.5 KN.m will be
Reinforcedwith 10 .

% 4.6.2 Design for negative Moment for Rib (R20 ) :

-Mu= 40.2 KN.m ( maximum negative moment at the face of support —ACI 8.9.3)

-Assume bar diameter $12 for main negative reinforcement.

- - db 12
d = h — cover — dstirrups e =350—-20-10 o 314 mm.

F

Mul¢g 402%107/0.9
- = =0.87 MP
b*d®  052*(0314)’ A

1 2mRn 1 2%20 *
p=—|1— [1— = 1 et .58*0.87
m[ e J 20.53( \/1 o =0.00211

As =pbe.d=(0.00211)* (520)* (314) = 344.52 ym? .

-Check for A, min.
As, required =344.52 mm® > As, min = 125.6mm?

Use 2916 ,4s,provitded = 402mm? > 45, required = 344.52mm?. ..0k
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-Check for strain:
As*fy=085*7,*b*a

402 * 420 = 0.85 *24 * 520* a

a= 159 mm
Cc =.ﬁ.=ls'_9 =18.7mm
B 0.85

£, = (d—c)/ cx0.003= 3—1-%—;—158—'1x0.003= 0.047> 0.005....0k

*Design for Mu=-12.9 KN.m

Assume bar diameter $12 i
d 2
d = h— cover — dstirrups ——23 =350—20—10 Wi i 314 mm.

Mul¢ _129*107/09 _

= = 27 MPa
b*d 0.52*%(0.314)

RI1=

& %
L T 1_\/1_2 20058¥ 0BT N e
m Iy 20.58 420

As = p.be .d = (0.00064 )* (520)* (314) = 104.49 mm”* .
-Check for As minimum:-
As, min = 125.6mm® > As, required =104.49 mm?

Use 2610 ,As,= 157mm? > As,required = 125.6mm>. Ok

-Check for strain:
Asfy, _ 157.08X420 _
3 08sb f,  oBsx1zox23 26.95 mm
26.95
== =22=3171mm
d 314—31.71

e, = 0.003 ( ) =0. ( =
= 0.003 3171 = 0.0267 > 0.005

61
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-Check for strain:
As*fy=0.85*fu*b*a

402 * 420 = 0.85 *24 * 520* a

a=15.9 mm
Cc Bl 15—2 =18.7mm
B, 0.85

£, =(d—c)/ cx0.003= %?lw.oos: 0.047 > 0.005....0k

*Design for Mu=-12.9 KN.m

Assume bar diameter $12 -
d 2
d = h — cover — dstirrups ———23 =350—20—10 & 1 314 mm.

_ Mulg_129*107/09_

= 2 27 MPa
b*d 0.52*%(0.314)

Rn

* %
Ly mERl 1 1_\/1_2 20.58*0.87 | _ o sooed
m Iy 20.58 420

As = p.be .d =(0.00064)* (520)* (314) = 104.49 mm* .
-Check for As minimum:-
As, min = 125.6mm® > As, required =104.49 mm?

Use 2610 ,As,= 157mm? > As,required = 125.6mm?. ok

-Check for strain:
A S7 -
s.fy 157.08X420
= —_ 7
3708t £,  oEsx1zox2t 26.95 mm
_a _ 265 _
e oes  SL71mm
d 3143171

£, = 0.003 ( ) =7 ( =
z 0.003 3171 ) = 0.0267 > 0.005

61
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-Check for strain:
As*fy=085*f.*b*a

402 * 420 = 0.85 *¥24 * 520* a

a=15.9 mm
Cc =i=.§;9- =18.7mm
B, 0.85

s (d—c)/cxo.oos=31‘;;—178'7-xo.003= 0.047 > 0.005...0k

*Design for Mu=-12.9 KN.m

Assume bar diameter $12 %
d -
= h — cover — dstirrups —?b =350—20—10 o = 314 mm.

_ Mu/g_129*107/09 _
b*d*> 052%(0314)2

£ £
Sl - ZeEg R {1_2 20.58%0.87 1| & A{aEV
m Fy 20.58 420

As = p.be .d = (0.00064)* (520)* (314) = 104.49 mm* .

27 MPa

-Check for As minimum:-
As,min = 125.6mm® > As, required =104.49 mm?>

Use 2010 ,As,= 157mm? > As,required = 125.6mm?>. Ok

-Check for strain:

Asfy __ 157.08x420
4 08sb f,  oOEsx1ZOox2: O

_a _ 2695 _
e== by 31.71 mm
d—c 314 —-31.71
5¢=0.003( )= . ( e P
s 2 0003\ 5557 ) =00267> o005 0k
61
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an 12.9 KN.m will be

Note: All spans with Negative moments less th
Reinforcedwith 10,

% 4.6.3 Design of Rib for shear

0% greater that for

Shear strength V., provided by concrete for the joists may be taken 1
ced ribs.

beams. This is mainly due to the interaction between the slab and closely spa
(ACI, 8.13.8) .

From shear envelope diagram: V,, =33.2 KN

11— 11
Ve =——&/fb,d= —6—\/’51 X 120 X 314 X 1073 = 33.84KN

g Vc =0.75 X 33.84 = 25.38 KN

, G ;
V,min = —gV’ fib,.d= Ev’24x 120 X 314 X 1073 = 11.54KN

i 1 =
Vsam ™= gawd = § % 120 X 314 X 1073 = 12.56 KN — control

oVe<V, <o(Ve+V,mn)

o Ve=25.38< V,=33.2< o( Vc + V, s, )=37.94 —Case 3
minimum shear reinforcement is required (A, ;n)
Use stirrups U — shape (2 leg stirrups ) $8 Av = 2 X 50.26 = 100.53mm".
If W< ¥!

V=V, -V.=V,/$-V=33.2/0.75 -33.84 =10.42 KN

Then

Smax == =—=157mm  — control

» Check for V.

smin*
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'Vs,min=12-56K‘N

S = minimum of :

requirsd
34yfye _ 3x10053X420 _ 4056 56 mMm—....e0veeneerens control
g 120
X 10053 X
M = e 420 =1149.15mm

b 24  120x+24
Take S=140 mm

Use stirrups U- shape (2 leg stirrups )$8/14cm c/c

4.7 Design of two Way Ribbed slab:

4.7.1 Design of two way Ribbed Slab (R31):-
4-7.1.1 Load Calculation

> Determination of Dead load

Dead load from: W =yxV KN
Tiles 0.03%x23x0.52x0.52 0.186
Mortar 0.02x22x0.52x0.52 0.118
Coarse sand 0.07x16%0.52> 0.302
Topping 0.08%25%0,52x0.52 0.540
Interior partitions 1.5%0.522 0.405
RC rib 0.17%25%0.12%(0.52+0.4) 0.469
Hollow Block 0.17x10x0.4x0.4 0.272
Plaster 0.03x22x0.52? 0.1573
> 2.5 RS

Table (4.2)Calculation of two way dead load

63
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2.5

_ =2 __-924KN/m?> Totalliveload = 5KN/m~
0.52 X 0.52

DL

> Determination of factored dead & live load

Factored dead load = 1.2 X Dead load = 1.2 X 9.24 = 11 KN/m~.

Factored Live load = 1.6 X live load = 1.6 X5 =8 KN/m~

y Wu= 11+ 8 = 19KN/m2

> 4.7.1.2Design for Positive and Negative Moment:-

i Discontinuous Edge
Wi
¥/
= =
1“: | Z" g
o 2
5o = =
§ i = =
: = =
s = =
\ | ?: 2
\ 7 >
x|. ﬁ = E
\ | = &
® ()

- e

P ey

Discontinuous Edge

> Moments calculations

Ma = Cawla®bf and Mb = Cbh wib®bf

la 331
R el V4

-Negative moments:

la
Ca::sg (",—5 = 0.75) = 0.069
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M — 0.069*11% 3.31% % 0.52 = 4. 32KN.m/rib

aneg

la e
G (1_5 P 0.75) = 0.022

Mb.neg = 0.022* 11=* 4.362x0.52 = 239KN.m/fib

-In short direction:

d 14
d = h — cover — dstirrups —?*’ =50 20 -8~ = 214.5mm.

i, gl -

n= Gpai o 09 X520 X 21452 P*
Vv 420

m £ 20.6

= 085fc 085%24

1 ZmR 1 ‘ 2x%20.6x0C.2
1 1225 ] = (1 ’1_-__:_'_'_~ = 0.00047
m A\ 220 20.6 N 420

As = p.b.d = 0.00047 x 520 X 2145 = 53.37mm?

+ Check for As,min_.

[f 1.4
”f"b“ d>—b,.d

e

As,min = 0.25

V23

320

As,min = 0.25 120 X 214.5 = 75mm?

1.4
As,min = 0 X 120 x 214.5 = 85.8mm* .. Control.

As,min =85.8mm* > As,required = 42.6mm>

Use &10 with As=78.53mm” .

Use 2$10,Top As,= 157mm* > As,required = 85.8mm?

Ok

*Check for strain:
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A y 157 %420
== = : N = 6.21mm
0.85b f.  0.85X520X2%

A 2145 —7.3
. = 0.003 (‘_i_f-) = 0.003 (-—7—3——) — 0.085 > 0.005 ... 0k
: = :

* Check spacing :

4 120-20X2-8Xx2—-(2x10) __

S 44 mm > 25 OK
1

-In long direction :

o M, 239%10° S s
n= il 0D XSO X2IASE T
fy 420
m = = = 20.6
0.85 fc' 0.85* 24
” [ I1% 2
pz_l_(l = ~v§nﬂn> = _1_(1 L= iﬁiﬂil) = 0.00026
m N\ 420 20.6 N 420

As = p.b.d =0.00026 x 520 x 214.5 = 29.55mm?

x Check for As,min..

I £t
/ 1
iy e

.4—b
ﬁ- w — j;- w*

As,min = 0.25 d

~

Y22 120 X 2145 = 75mm?

220

As,min = 0.25

14
As,min = i 120 x 214.5 = 85.8mm? .. Control.

As,min =85.8mm?® > As,required = 29.55mm?>

Use &10 with As=78.53mm?> .

As 85.5

Asd10  78.53

=1.08% 2.

Use 2$10.Top As,= 157mm® > As,required = 85.8mm?.

Ok

*Check for strain:
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_ Aspy _ _157x420

= = 6.21 mm
0.85b f,  0.85X520x24

a

3 d—c 2145 -17.3
s.= 0.003 (—-—) = 0.003 (_____
2 c 7.3

) = 0.085 > 0.005 ...... 0k
* Check spacing :

__120-20X 2-8x2—-(2X%10)

S = 44 mm > 25 OK
1

-Positive Moments:-

la
o (E - 0.75) =0.028

M =0.028* 11 3.312* 0.52 = 1. 75KN.m/rib

apos,dl

M =0.045*8%3.312%0.52 = 2.05KN.m/rib

apos,ll

Mg pos = 1.75+2.05 = 3.58 KN.m/rib
la
e (E = 0.75) = 0.009
My 0 a1 = 0.009= 11 *4.36% > 0.52 = 0.97 KN.m/rib

la
1. (E = 0.75) =0.014

My posny = 0.014 =8 = 4.36%%0.52=1.11 KN.m/rib.

My s =1.11+0.97 = 2.08 KN.m/rib

» Negative moments at Discontinuous edge (i positive moment):
= :

» 1
anegedge = 5 *3.58 =1.2 KN.m/rib

M

1
anegedge = 3 *2.05=0.68 KN.m/rib
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o Short Direction:
Design for positive moment (Mid Span)Mu = 3.58

KN.an

>
> bf = 520 mm

Assume bar diameter &14 for mainpositive reinforcement.

d 14
d = h — cover — dstirrups —?b =250-—-20—-8— e 214.5mm.

M, 3.58 x 10¢

= = = = 0.16 Mpa.
Rn = G5a% ~ 0.9 x 520 x 214,52 e

Ny .
~ 085 fc' 0.85x24

ol e I O T il _ 2x206x016\ _ 06038
P | 120
m \ N

m 20.6

220 20.6 22

As = p.b.d =0.00038 x 520 x 214.5 = 42.65mm?

« Check for As,min..

[ 14
As,min = 0.25 ig-bw. d>——bhed
As,min =025 120 X 2145 = 75mm®
1.4
As,min = — 120 x 214.5 = 85.8mm? .. Control.

As,min = 85.8mm* > As,required = 42.6mm*

Use $10 with As=78.53mm" .

Ay @58

As10 78.53

=108 2.

Use 2910 ,Bottom As,= 157mm” > As,required = 85.8mm?

*Check for strain:

ok
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As fr 157X 420
=iy ;= ——————= 6.21 mm
0.85b f.  0.85X520%x2%

%
=582 _ 73mm

c=—
B, 0.85

’ 5-73 _
e = 0.003 (?-J) — 0.003 (—2-35‘-33——) — 0.085 > 0.005 we o Ok
: = _

* Check spacing :

120-20Xx2-8X2-(2x10) __
e 1

44mm>25 OK

S
* Design for Discontinuous edge

1 - = 5 2
A= %As,pos = 3 % 157mm? = 52.33mm? < As,min = 85.8mm

min As = 85.8 mm?> (control).

== 2= =109
"= Asp10 785

Use2 10 ,with As = 157mm>.
Long Direction
> (Design for positive moment (mid span)), Mu = 2.08 KN.m,

Assume bar diameter $14 for mainpositive reinforcement.

d
d = h — cover — dstirrups — —223 =250-20-8- 1?4 = 214.5mm.

g oo M. 208x108
"= Gbd® 09 x520 x 21452 _ 009 Mpa.
AL TN e R0, s
o8s 7o osses 206

1 i (
o=—|1- ,’1—-% & oalgfrg o l4 _ 3X206x0.09
m \ 420 20.6 'V' T a0 ] = 0.00042

As = p.b.d =0.00042 x 520 X 2145 = 47 8mm?
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*Check for As,min
As,min = 85.8mm*

As,min = 85.8mm° > As,required = 47 8mm*

Use &10 with As=78.53mm? |

feAs - GBS NGRS 2.
Asd10 78.53

: = - Ok
Use 210 ,Bottom As,= 157mm? > As,required =85.8mut..

*Check for strain:
_Asp.  _ 15Tx420

T = 6.21 mm

0.85b f,_. 0.85x520x2%
c= 9 58 7.3mm

2 0.85

= 5—-73
g, = 0.003 (a C) = 0.003 (2—1i§——) = 0.085 > 0.005 ...... 0k
7 c 73

*Check spacing :

__ 120-20x2-8x2—(2x10)
1

= 44 mm > 25 OK

S

4.7.1.3 Design of Two way Rib for shear :

w la—o754 —076Wb(la—075 = 0.24
“(lb_ 5 )_ i 7 )_ =

o The total load on the panel being (3.31 X 436 X 19 = 2742 KN)

The load per rib at face of the long beam is (0.76 x 274.2 x isg— = 1242 KN)

R 2% 436
. Vud = 1242 - 19x 052 x0.2145 =10.30 KN

71 — 3185 §
Ve =—4&/f/b,d =—5—\@¥ X120 X 214.5 X 1073 = 2311 KN

# Ve =0.75 X 23.11 = 17.33KN.

oVc>V, —noshear teinforcement is required
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- According ACI 10.5.4,provide Asminfor slabs as shrinkage and temperature

reinforcement.

="0.0018% et ACI7.12.2.1

pshrinkags
As = p X b X htopping = 0.0018 X 1000 X 80 = 144 mm? fm Strip.

Try bars 8with As=50.27 mm®.

As 144
Bar numbersn=—"—"= =R s o take 3 bars.

AS(QQ)
Step (s) is the smallest of:

13h = 3X80 =240 mm. ... CONMOl coorrerreveeeon ACI 10.5.4
2 450mm.
3.8 =380(359) —2.5C.= 380 (—8"—) —25.20 = 330mm
fe ‘;4?.0
but.......
S<300 (—89) =300 (ﬂ) — S esine ACI 10.6.4
fs -:_-400

Use $8 @ 200 mm in both direction, As provided =250 mm®/m , S =200 mm <Spe =
240 mm.

4.8 Design of One Way Solid Slab....Pos. (59):-

Fig. (4-12): One way solid slab
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» Code UBC: ACI 2008.

» Material:- 3
Concrete: B300 f2'=300 ¥0.8=24N/ mm?(MPa) For rectangt
section.

> Reinforcement steel :- A
The specified yield strength of the reinforcement {fy = 420 N/mm?* (MPa)

Live load(KN/m2) fc fy
LL = 5 KN/m2 f¢ =24 Mpa fy = 420 Mpa

» Factored Loads :-

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6 LL ACI — code — 318 —08(9.2.1).

4.8.1 Determination of The thickness of two way Solid slab -

The minimum required thickness according to ACI is :

length  5.94

- i 5o = 297 cm

So Select Slab thickness h= 35c¢m.

4.8.2 Determination of The Loads of one way Solid slab:

Dead load from: W =yxV KN
Tiles 0.03x23
Mortar 0.02x22 ?)4613
Coarse sand 0.07x16 1.12
 slab 0.35%25 8.75
Interior partitions 1.5 ]
Plaster 0.03x22 01 ?6
2 13.16

Table (4.3)Calculation of one way dead load
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Total Dead Load = 13.16 KN

Total live load = 5 KN/m?

> Determination of factored dead & live load

29 KN m:.
Factored dead load = 1.2 X Dead load = 1.2 X 13.16 = 15.8KN/

Factored Live load = 1.6 X live load = 1.6 X5 = 8 KN/m~

, Wu=15.8+ 8 = 23.8KN/m2

4.8.3Design of one way Solid slab against shear :
-one way shear in short direction :
d = h — cover — dstirrups = 350 — 20 — 10 = 320 mm.

Vu = 23.8 % (594\2) - 238%.32 = 63.18KN .

.

Ve ==+F bd ==v24 x 1000 X 320 X 10~° = 261.27 KN

ANl =
O\ =

oVe>V,
No shear Reinforcement is required .

4.8.3Design of one way Solid slab against bending moment:

> For bending moment :

*Positive Moments:-

Mu=70.6%297 - 23.8 %297 «0.5% 297 = 103 KN.

o Ma o ISR 105 ;
"= Bba® ~ 09 x 1000 x 3202 1 Mpe.
m= o= =206

1 fq _2mR 5 | ‘
p=2(1- ,1_%>=—.(1— ,'1—:":"_\‘:":1&):0.0027
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As = p.b.d =0.0027 X100 x 32 = 8.7cm?/m

Asmin = p.b.d = 00018 x100 x32 = 5.76cm?/m
Ok

— g8.7cm’ /m.

Use $16/20cm ,Bottom As,= 10cm?/m > As,required
- According ACI 10.5.4,provide Asmin for slabs as shrinkage and temperature
reinforcement.

As = p X bX hslab =0.0018 X 100X 35 = 6.3 cm?/m strip

—6.50 cm?/m ,S = 120 mm <Spax =

Use $10 @ 120 mm in both direction, As provided
240 mm.

4.9.Design of Beam ( B,48.FG)

4.9.1 Load calculations

The dead load within the beam width = 0.35%25%0.5=4.37 KN /m
The live load within the beam width = 5%0.52 =2.6 KN / m

The support reaction ( service ) from Dead loads of Rib (R34 ) upon beam ( B48F) is(7.89 KN).

The distributed Dead load from Rib ( R34 ) on Beam ( B48F):

7.89
DLfromnib= g 55 = 15-17KN/m

The support reaction (service ) from Live loads of Rib (R34) upon beam ( B48F) is (4.29 KN) . The
distributed Live load from Rib ( R34 ) on Beam ( B48F):

LL 0 = 8.25KN
fromRib = 0.52 =2k /m
- The weight from Dead loads of Wall upon beam ( B48F) = 4*0.3*20= 24 KN/m

< beam system
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Geometry

Units:meter.cm

4
48 3 4 5
9
- -3 A?j:ﬂ]
= 5 A
ﬁ T ﬂ 05 41.83 0,3).48)-5
05 285 05, 3.75 05 w
. 335 e 4.25 : M
— T
35
50.
A-A
Loadin

Loading

~Toad groupno. 1

Units:kN,meter

Dead load - Service
151 151 151 15.1 131
3 ¥420¥ g 420 A
335 425 537 223 0ss]|

Live load - Service

Load factors: 1.20,1.20/1.60.0.00

l 8.251 l

[&]

425

[ [ o [ [ ] bad jabs

537 223

Moment/Shear Envelope (Factored):
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Assume bar diameter $20 .

Saihaar Enveiope (Facomd) UnitskN.metes
W(D 5
<1 -57.9 g3.e 1.211
34 -52.44 2 198 = -
1,723,123 L] 0.8
I (R 1 = 193] '___*1_’1_1,_, 545459
salo'es . s‘s'fg',za l\ 0.87 i
s 30.1 J
36. 59.6 223 0.88
69
o, 2.01 ! 1.91 ' 2.34 ! 2.68 2
Shear 929.6
86 -€9.3
}4‘
2.7
51.2 57.2
75.8
% Reaction:
Reactions
Factored
[ (I8 £ 11 1 0 L
L § 55 Tt L5 IR |
DeadR  30.09 92.26 117.45 11085 6.35 16.65
LiveR  21.16 60.07 70.43 68.71 32.4117.12
MaxR 51.25 152.24 187.88 179.886 38.4733.78
MinR 26.02 111.88 1842 1191 -16.538.99
Service
DeadR 2508 76.88 97.88 92.45 5.29 13.88
LiveR 1323 37.55 44.02 4294 20.0710.7
MaxR 383 114.43 1418 1354 25.3724.58
MinR 2253 89.15 114.59 97.55 -9.01 8.09
4.9.2 Design of positive and negative moments -
» Design for maxi iti s : .
g mum positive moment, Mu = 59.6 KN.mn
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d, 20
d = h — cover — dstirrups ———2—=350—-40—8~ >

= 292mm
y reinforced section:-

Check whether the section will be act as singly o doubl

Maximum nominal moment strength from strain condition £, = 0.004
3 3

Cmax = —d = —*% 292 =125.14 mm.
7 7

a=B8,C=085* 125.14 = 106.4mm

- 085.f.a.b.(d-3)

Mnmtzx

M,y = 0,85 24 = 106.4 = 500 292~ 1ef)107¢ =259.16 KN.m
D080 s OM,,,.. = 0.82*259.16 = 212.5 KN.m

M, < OM, = 59.6 KN.m < 212.5KN.M cce e vev ves v vn e ....design as singly
B M SOSIDE i

= 0bd? 0.9 x 500 x 2922

m=L_— 320 _ —206

0.85F¢' 0.85:2%

S e T e | {. 2x20.6x155
i \ = e . ) 9pess

~\

As = p.b.d =0.0038 x 500 X 292 = 554.8 mm?2

*Check for As,min_

,"_r-
T e
f;_ f; w
4 V24
Smin = ozsm 500 x 292 = 425 7mm?

77
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L 500 X 292 = 486.67mm? .....Control

ASmin = Ea

.. OK

As,required = 5548 mm? > As,min = 48667 e creoe et

Use $14 with As= 153.9 mm?® .

5548
n=2_= Z2=4014
Asd14 15383

Use 4014 with As,= 615.75 mm?® > As,require
o Check for strain

Az gy 5.75%420
a=——~L-s'Jr ,=——————-61° S =2535mm
0855 fi  0.85X500x24

=2 =22 _-2982mm
3 0.85
d—c 292 — 29.82)
c = REEREEE) [ = 0.02 > 0.005 ok
e, = 0.003 ( - ) 0.003( =
used = 0.9

25.82

Mn = asf, (d—2) = 61575 x 420(292 - Z2) » 107 = 71.65 KN.

dMn=0.9%71.65 = 64485KN.m > Mu = 59.6 KN.m ... ... ... OK

e Check for spacing:

500—40=2—-8x2—4x=14
s = = =116 mm> 25...........0k

» Design for positive moment, Mu = 36 KN.m
Assume bar diameter $20,

N ; d, 20
=5 3} ; (el
h — cover — dstirrups 5>~ 350 -40 -8 - > 292mm

M, 36 x 108

R = = = — 1
n N 0.9 X 500 x 2922 = 0.924&1})&.

78

d = 554.8mm -

2

m

Ok
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g e
N [[_zmBa)_ 2 (4 J1- __/2><2°~6>‘°'9-) =.0022
== 1- ‘J[ 420 20.6 Al 420

As = p.b.d =0.0022 X500 x 292 = 321.2mm?

*Check for As,min..
e
4
As,min = 0.25 1/-f—ﬁ-b‘.,.d >—b,.d
Y22 J00 % 292 = 425 7mm?
is =025 X = Jmm~
As. .. = 025 220

1.4

27 500 x 292 = 486.67mm? .... .Control
420 -

ASmin =

As,required = 3212mm* < Asmin= 486.67 mm? .....0K

Use 14 with As= 153.93 mm? .

As 186.67
n= = ——=4014
As$14 153.93

Use 414 with 4s,= 615.7 mm® > As,required = 486.67 mm?>.....0k

e Check for strain

Asfy 615.75X420
=t = = 25.35mm
0.85b f.  0.B5X500x24 :

a

@, ., 3535

e 29.82 mm

d— C) i (292 —29.82
: = ) =0.02> 0005 ok

Mn = Asf, (d—%) = 615.75 = 420292 - 22) % 107 =71.65 KN.m

dMn =0.9*71.65 = 64.485KN.m > Mu =36 KN.m OK
o Check for spacing:
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500—40%2—8*2—4*1%_ 445mm > 25
Sh= 3

.ok

: Jju=—82 KN.m
- Design for maximuim negative moment, Mu A

Assume bar diameter $20.

20
j £ _g§——=292mm
d=h—cover—dstzrrups——§-=350—-40 8 > 2 .
Check whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition £, = 0.00%

3 3

Cmax = —d = —% 292 = 125.14 mm.
7/ 7

a=B,C= 0.85%125.14 = 106.37mm

M

nmax

= 085.f.a.by.(d—3)

106.37

M, = 0.85%24%106.37 * 500( 292 — ) %10”¢ = 259.1KN.m

O=082 5 - e OM,,,0 = 0.82 % 259.1 = 212.46 KN.m

M, <OM, =82KN.m < 21246KN.m ...ce.......... ... design as singly

B oo M el
" @bd? 0.9x500x2922=2-13 Mpa.
e 1
™ = Gaife~varg: = 20.6
1 B ey B oo M
p==fi g TRl l
m( I 20 |06 1—J1—ZX2°'6\"2-13 Gitio
420 = 0.0053
A

s = p.b.d =0.0053 x 500 x 292 =773 8mm?2

80
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*Check for As,min..

As,min = 486.67mm”
2 in= m? .....0k
As,required 773.8mm* > As,min= 486.67 m

Use 14 with As= 153.93mm” .

_ s TR G4

n Asdid T 15393

. = 2
Use 6514 with As,= 923.58 mm?> As,required = 773.8 mm-......0k

e Check fOT strain

Asf, 23.58x420
o fefy  RISHAID . Somam

a7 08sp s,  085x500x24

38
c=—=—=447mm
B, 085

d—c 292 — 44,7
£ = 0.003 ( ) = 0.003 (—421»—7—) = 0.016 > 0.005 ok
NG o .

used = 0.9

Mn = Asf, (d—) = 92358 » 420(292 — £) « 10 = 105.89 KN.m

bMn=0.9*105.89 = 953KN.m > My = 82KN.m..........OK
Check for spacing:

z iy
= =64mm>08 A7) /2

4.9.3 Design Beam (B48FG )for Shear

Vumax =81 KN

d =292 mm
3 e 1 R
Ve =-=_/f! =
c 6\fcb‘-.-d—g\’24 X 500 X 292 x 19-3

=1192 KN
g Ve =075 x1192 = 89.4 KN.

81
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¢ LC —('; x 119-2 >3 89.4 > [ u e 81KA soe o
.

No shear reinforcement is required

Use stirrups ¢1° @10 cm

4.10. Design of short Column (C45) ¢

column 17

Figure (4-26) : Geometry Of Column (C45)
4.10.1 Design of Longitudinal Reinforcement :

> Selecting column dimensions:
Pu=4918 KN
pg=157%
As=pg *Ag=0.0157Ag
¢ Pnmax = Pu
¢Pn,max = ¢ *0.8 [ 0.85*fc'(Ag-As) + As*fy ]
$=0.65 — for tied column.
4918*10° = 0.65%0.8 [ 0.85*24(Ag-

4943 %103

Ag=trd Wi
E=S o = 20%0 St

0.0157A¢) +0.0157A¢*400 ]

Ag=a" —a =g =\/3533933 593.5 mm

Try a = 600mm | G

> Check for Slenderness s
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b= 600 mm , h =600 ™™

klu 1 ACT —(10.12.2)

et 10 Sy ot d 0010 €/0 18100 10:81E

___<34—12M2

r

rted (unbraced) length.

. ] unsuppo
S 1 for braced frame)-

K: effective length factor (K=

= P o | R T AL
{ — P~ § [ I ¢ SR R
R: radius of gyratIOIl {

1, == 0.3*0.6= 0.18

For rectangular section.

Lu=3.4m

Mi1/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.

ik ik ACT—(10.12.2)
LU T D Ml N .

r v M2

1"3: ~18.89<22

So , Short Column in both direction

> Selecting longitudinal bars:

#Pn=0.65%0.8 [ 0.85*fc'(Ag-As) + As*fy |
¢ Pn=0.65%0.8 [ 0.85*24(600%-As) + As*400 ]
4918*10°=0.65%0.8 [ 0.85*24(60(?
_ [4918x10° 1

Ss= | ~
e 7344000]T9.6 = 5568.2 mm?

Lds 5568 -
Ag 360000~ 00154 >0.01

So, Take pg =0.0154
Use © 20, with As = 314 mm2
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_ 5568217 73bars ,
314

Use 18420 with AS=

5652 mm? > As, TequiTe

» Design For Ties :

of ties shall not exceed the smallest of:

Use ties® 10 With Spacing
1) 48*ds= 48%10 = 480 mm
2) 16*db =16%20=320 mm - Control

3) Least Dimension of Column = 600 mm
So, Use @ 10 @ 200 mm.
» Check For Code Requirements :
1) Clear Spacing between longitudinal bars

600-40%2—10%2—6>20
=76 mm > 40mm

5

spacing =
> 1.5%db=30 mm - OK
2) Gross Reinforcement Ratio:
0.01< pg =0.0154 <0.08 - -OK
3) Number of bars : 18 > 4 —for square section -- OK

3) Minimum ds: @ 10 for ® 16 Bars -- OK
4) Spacing Of Ties : S=200 mm — OK




/
#10©20
IS = L=228
——]

5%

10

10

o '
@ L4
. sz - -
e o B @ L 4
A nd
1820
60 .
i SR S B $10@20
i L=170
10
52
12 g
B2
¢22§ 2 22 =
10 82

Figure (4-27) : Details Of Column ( C45)

4.11 Design of Shear Wall (SW ) :-

To design shear walls we use (CSI ETABS) Software » and this diagram from ETABS.

manua example of shear wall design :
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Tiod Floor o

Second Floor <

At Floer :
6303KN
=
Ground Tl :
780.4KN
"_ (o ok xaivna s rass
Bozemmt Fhoor ﬁ
Ve

Figure (4-28) Shear and Moment Diagrams of Shearwall

Fc(MPa) Ty (MPa) t(cm) LW (m) il
24 400 25 5.4 4

4.12.1: Design of shear

Y Fx=Vu="T804KN

4.12.2: Design of the Horizontal reinforcement:

The critical Section is the smaller of

Iw 54

e it 2 control

hw 20

e ——— =10

e
storyheight = 4,
d=08><lw—08x54=4.32m
S5 —
OVamax = OV f,'hd
=0.75 = 0.83 = y22x 250 . 22
50=4320 = 3293.61(]\[ >V,




a e

V24 =250 = 4320* 10

—_—

V’fc,hd =

=

Vo=

Al =

iy /24 %250 * 43
S —0.27v 24
v, = 027Vf'hd+ ;-

'
49303152 _ M, —3152 _ . _ 3729.85KN.m
G 5 T 4-27 >

4
M Al 3729.85 < E;__

0 32 =2.08
v 2 a2
u

lw (0‘1\1'1 fc:’T 0.2 l“.h) }"d
V.= 0.05\,"}(;-'%' i’l 3
W R
5.4(0.1V24 +0)
2.08

b 3
i 14

= [o.os»@i+

Vs =Vn—"Vc
Vs = (780.4/0.75) — 881 .8 =158 .7KN

V. 1587%103 2
4, 6. 1p8d IR 0.09184mm"~ /mm
S f,d 400=4320

I WL 0.000367 < 0.0025
= s*h x 250 Ehas B

Use ¢ 12 As=113.04 mm?

_ Zenisoag, . o8
Seos0 09885 5364 73y,

-Max. Spacing is the least of -
l, 5400

5 T = 1080 mm

............... control.

Use ¢ 12@250mm in tow layer

4.12.3; Design for Vertical reinforcement :

87

-3 — 831.8[(:\' 0 COTEE

50+ 1073 + 0 = 14285KN

]250 « 4320 = 1073 = 1638.14 KN
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2% a7

— 2

hy _
Lw 54

Ty 025) > 0.0025
l

o . >00025+05 (2.5 = ——-) (p, — 0.0
rmun

_Max. Spacing is the least of:-

1, 5400

W 1800mm
3 3

3h = 3% 250 = 750mm

Use & 12@250mm in tow layer

4.12.4 : Design of bending moment :

= (5400

= * 2% 113.04 = 4883. 2
250) 4883.3 mm

st

et (As: )&_( 4883.3 \ 400
L.h/f' \5400x 250) 24 GNasd

P,
a= =
LA
IR a0 P 0.0603 + 0
L, 2w+0858, 2=0.0603+ 0.85=085 0072

oM, = @|0.54 £l (14 F, C
= Stiy w A —— 1 Serl el
o l“_)}

St

=0.9[0.5 * 4883.3 + 400 «
3 =400 = '
>400(1 +0)(1 - 0.072)] + 1076 = 4404.8KN.m

Try $14@200 mm

o (5400
i - ) *2%153.86 = 6646.75m~m:
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664675 400 _ 5082
_(f_:;,),;:( oo-zso)’z’dfﬂ '
A

SR
0.082+0 e

G w+a ___
L >+0082 +0.85% 0.85

g o WP
2w + 0.858;

om, = 8|0.54.fL(1F - f —3 ~~)]
— 0.9[0.5 * 6646.75 * 400 x 5400(1 + 0)(1—0.093)]* 107° = 6510.89KN.n
@M, = 44048KN.m > Mu = 4930KN.m Ok

use ¢ 14@200 mm for vertical reinforcement

i"y()( TSI ST STy ST = Q
B R R R TR N S A RSy
?‘/
PN

A

T //»;m;zm@Q@%yszﬂwwxxy;r;

Fi
‘gure (4-29) : Stair (ST1A)
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NOTE: Material

> *B300.... .
put for rectangular section ( f¢=3

; ion
2(MPa) For circular sect

'=30N / mm
- 0*0.8= 24MPa) -

> Determination of Thickness:
7. Rise=3.4/20= 18 cm

u e e o L o
;:iht 1; cm 30 cm SRN/m2 24 Mpa 420 Mpa
. Minimum slab thickness for deflection is (for simply supported one way solid
slab)
h,min=1L1/20
h,min =(0.8+3+0.4) / 20 =4.2 120721 el i wivnisarsss take h=25 cm.

= Use h =25cm.
0= tan(18 /30) = 30.9°

h,min (cm) 5

23 30.9°

> [Load Calculationg
Dead Load calculations of Flight :

0.03 x 23

Plaster = £ '
cos30.9 0.81 Kl\'/?n

0.25 X 25

concrete = —— = _ >
c0s30.9 728 KN/m

03 +
mortar = w 0.02 x

= 22 = 0748 KN /m

0-3 'z— 0-18

stair = LS AR

S0



Total load (DL) ~ 12.21 KN/m

Live load (LL) = SKN/m

Dead Load calculations of Landing

material
Tiles
Mortar
RC

Plaster

gama h(m) L’%m
22 0.03
2 0.02 1
25 0.25 1
2 0.03 1
Total load (DL)

Live load (LL) =5 KN/m2

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

For Wy,  » W=12*1221+1.6*5=22.65 KN/m

For Wi, , W=12%8.03+1.6*5=17.63 KN/m

w Sflight (KN/ m) WIanding (KN/ m)

22.65 17.63

- Structural System Of Flight'(FLl) :

......
......
S —
“aaa
.......

. 40

Figu :
re(4-30) . Structura] system of flight
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icht:
Check for shear strength For Fligh

Assume 9 14 for main reinforcement:—
sS

== m
d=h—20—db/2=250—20— 14/2=223m

Vu =29.54KN at distance d .

0.75* A #1000 * 223 _ 36 sKN /m
oVe = 5

yu=32.1 KN < 0.5% #Ve=6828 KN.

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN)

¢Vc(KN)

614 250 223 29.54

136.56

> Design of Flexure By Hand Calculations:
- Design for Flight:

Mu = 30.375 *2.1 -22.65%1.5*.75= 41 KN.m
Mn=Mu/09=41/09=456 KN.m/m

d=h—20—db/2=250—20—14/2=223 mm

Rt
b-d?
R 45.6*10°¢

"~ 1000 #2032 =~ 0-%2MPa .

m =¢
0.85 X fo!
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a

_ 420 _206
0.85% 24

¥20.6%0.92 | _0.0022
2mR,, 2 fi= l__z_._————/
1 = 420
pre I 7 206

= 450mm2/m.... OK

m:'_'

2.
= /m > ASnin
AS = 0.0022*1000%223 497.1 mm

2
As .=0.0018*b*h=0.0018*1000*250= 450mm” /m

Use @ 14 then,

Mu(KN.m) m Rn p ASeqmm?®) __ Asuin(mm®)  Sm
39.54 506 0.88Mpa 0003278  763.957 450 %

Use ® 14 @ 20 cm ¢/c , As = 769.6 mm?2/m strip
- Step ( s) is the smallest of :-

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

280

<380(——) 25%¢,

z »o) 2.5* 20 =330mm

5300(2‘io =300 * i" $
=) ( ) 300*(), ) =300 mm ... (control)

- Check for strain:

Tension = Compression
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s BURd

A * =08
Y 4%1000* a

769.6*420=0.85"2
a=15.84m

oo 1582 _qg.64mm
B 085

s 223-18.64 4 003
: 18.64
g, =0.033> 0.005—>0k

ture & Shrinkage reinforcement:

» Tempera
bx h=0.0018x1000x 250 = 450mu” fm

ASgprinkage = 0.0018x

Use @ 14 @ 30 cm c/c, As prov = 461.8.33 mm2/m strip

- Step ( s) is the smallest of :-

1. 5*h = 5* 250 = 1250 mm

2. 450 mm - control

ASShrinkage (nﬂn2 ) S(mm) db (mm)

450 300 D 14

WRA =344 KN/
m WRB=344KN/m  From Hand calculations

Load For Landing = WR4 = 344 KN/m

- Design for landing (S1):

qu =30.375+17.63= 48 KN/m

YU A8 %412 48+223 = 8550 kN

- Check for shear Strength (S1)

Assume @ i
12 for main reinforcement'

d=h-20-
0 db/2=250-20-12/2=223
mm
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0.75 * 24 #1000 *223 _ 136 56 KN /m
¢VC = 6

136.56 KN/m -

vu= 8520 KN/m < gve=

_ Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 120.6 kN.n/m
Mn =Mu/09=120.6/ 0.9 = 134 KN.m/m
d=h-20-db/2=250—-20— 14/2 =223 mm

Ry Mn
b-d?

g JH
1000 *2232 i -7MPa .

m = -ﬁ)
0.85 % f¢!

: 2
=—li 2l
’”( \f\me[l\/le s
. 25127 |-o.

ASre . min
T 0 2m~/m oo O

A8,,=0.0018* *
b*h = 0.0018*1000*250 =
Use @ 16@ 10 ¢m ¢cle B
Mu(KN.m) m Rn
p A R
N ASspin( mm 12) -
/
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1560 450

120.6 20.6 2.7 Mpa .007

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

2. 450 mm

<380 (%)-25*Ce

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

< 300(%) —300*(ﬁ)— 300 * (£2=) =300 mm (control)

S s
- Check for strain:

Tension = Compression
A* fy=0.85*% fc' *b*qa
2000%420=0.85%24*1000*q
a=41.3Tmm

223-48.6
& =“*O
S e

£,=0.01>0.005——s o

» Temperature & Shrinkage reinforcement:
ASGiiaee =0.0018x bx ) = 0.0018x1000x 250 = 450mm>? hm

Use @ 14 @ 30 cm c/c, As Prov=461.8 mm2/m stri
3 p

- Step (s) is the smallest of :-

L. 5%h = 5% 250 = 1250

2. 450 mm — control
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S(mm) dp (mm)

AsShrmkage ( mm2 )
amm—— /
450 300 D 14
s
§108156

L

M@/ #1001 65 N \
R
3 Lﬁ%&%

210

2
A—

d T 1=230
p10@15 L=330
BL=260

910@15 L=360
T L=200

151

Figure (4-31)

:section of Landing
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W) :-
4.13 Design of Basement WalL(__]}____L—

i ==z

Wsu=2.5KN/m  Ws=31.5 KN/m

Figure (4-32) : Geometry Of Basement Wall (BW)

Fc'= 24 MPa, Fy = 420 MPa ,0s = 1 8KN/m’, gal 1= 400 KN/m?, ¢ = 30°,
surcharge = 5 KN/m?
Wall Thickness =25 ¢cm

Consider at rest pressure
C,=1-sin¢ =1—5in30 = 0.50
W,=C,*h*y =050%3.6%18=315 KN /m*

Wea =C %P =050*5 =250 KN /m?

From Atir we have moment and shear envelop

98



i esign
Chapter 4 structural Analysis. And Desig

Units:

meter,cm
Geome try

i ” T

035 , i ' 3.6
,,,,,, e ’”“"i
{
25 1
[ |
- 400.
A A
Loading
foad groupno. 1 Uniis it e
Dead load - Service —
T | j 315
e ittt NS, SN 3 - 4 X X
| 250
| ) 36 T )
Moment/Shear Envelope (Factored) Units:kN,meter
‘Mmﬂ:'»__..._sx&w 1
|
t {
: .t
47
8.
| Shee
i B —
1 ; S | - 3 -
”_1
|
' 845 ——
H’\ =l
273 253 e L T

Figure (4-33) . i
(4-33) : Loading anq Envelope of Basement Wall (BwW1 )

4.13.1; Design Of Shear
Check for wall thicknesg

d=250-50-20/2 = 190
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-3 =116.35 KN
0.75 = _ 1000 * 190 * 10
¢ cd=——V24%10
oV = 'e“/?i - ¢
t)=34.50 KN _
Vu (At face of SUpPO ) ¢V, will be greater than Vud - OK

¢V.>Vuat face of support , So
The thickness of Wall is Adequate Enough

4.13.2 : Design for Flexure :

Mu = 34.2KN.m
Mn =38 KN.m
Mn
R = bed?
0 6
R =30 __105MPa .
" 1000 *190
m = i
0.85x f&'
420
® S 0R5woa

1 2mR
AL P peilh o B 1_\/1_2*20.58*1.05 — 0.0026
m i 20.58 420

Asteq=0.0026*1000*190 = 494 mm?/m

........... control
As min ( for bars < 16 = 0.0012*1000%250 =300 mm?2/m
i V24
Asmin=——(pw)(d) = = 2
X5 )d) 4(420) (1000)(190) = 554.mm?> / m

Ay e =%<bw)(d) L
494.00 mm’/m < A mip = 633.3 mm
Use ®10/12 cm As provideq — 658.33 mm%m
For horizontal bars yse the half of the min. in each sid
0.5%Ash min=0.5%0.002*250%1 000 = 250 mm?2/py, :
Use ¢ =8

As=
2/m

100

220 1000)190) = 633 3mm? /m ... (control)



-3 =116.35 KN
¢ SRS o7. 1000+ 1907 10
T el
¢VC 6 fﬂ N
Vu (At face of support ) = 3450K | i S o
¢V.>Vuat face of support , So ¢ Ve will be gr

The thickness of Wall is Adequate Enough

4.13.2 : Design for Flexure :

Mu = 34.2KN.m
Mn =38 KN.m
5 Mn
s T
0 6
:_ﬁ?‘l@_fLOSMPa .
" 1000 *190
m = b
0.85 f¢'
SIBEL. =20.58
0.85x 24

1 f 2mR ¥ -
e Dl el 1_\/1_2 20.58*1.05 ) _
m( £y } 20.58( 420 B

Asteq=0.0026*1000*190 = 494 mm?/m ... control
As min (for bars < 16 = 0.0012*1000%250 =300 mm2/m

A \24
A s min= =
s Gy (bw)(d) 20 (1000)(190) = 554.1mm? / m

14
As min=—"_(} 14
(15’)( e 220 1000)A90) = 633 3mm? /m .. (control)

494.00 mm’/m < A i = 633.3 mm
Use ®10/12 em As provideq — 658.33 mm?/
For horizontal barg use the half of the min, ip each m
0.5*Ash min=0.5%0.002#250%1 90 = 250 I;lmz L
Use ¢ =8 -

As=
2/m
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n each side

atal bare @ 8@20 cm i .
old the horizontal bares

Use for horizo
ertical in outer side to h

Use ¢10@20 cm for v
-Check for strain:
Tension = Compression
A fy= 0.85*% fc' *b*a
658.33*%420= 0.85% 24*1000*a
a=13.55mm

a _1355_1594mm
5. 085

i 13%;:-15%24— £0.003 = 0.0327)0.0050k. ..

£, =0.01108.005—>0k

=
g
- Check for step :

Smax =450 mm , 3*h = 3*250 = 750mm

Note : all steps are less than Smax , So its OK

Dl
L)
. _T10320
S =R
Sla 8l ]
s & T10920
Sl e 5 100
B R R o2
5

Figure (4-34) : Rej
) Remforcement Detail of Base
ment Wall (BW )
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4.14 Design of Isolated Footing (F6):-

4.14.1 Determination of Loads:

Total factored load =3000KN.

Total services load =2608.1 KN
Column Dimensions = 50*50 cm.

Soil density = 18 KN/m3.

Service surcharge= 5SKn/m2.
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=0.4 18 =7.2 KN/m2.

qallow =400 -7.2 - 12.5 =380.3 KN/m2

4.14.2 Determination of Footing Area:
A=2608.1/380.3=6.85 m"2
Try 2.7 *2.7 m with area =7.29m? 2Areq = 6.85m?2

Determinate qu = 3000/7.29 = 411.52 KN/m?2

N
1

B b

Fig (4-35): Isolated F6

4.14.3 Determinati
¢termination the depth of footing baseq on shear strength:

Assume h =65 ¢cm
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\u4 rength :
4.14.4 Check for one-way shear st L4 H
055KN Inclined crack
e 2-0.555)*2.7=6 I
Vu=411.52*(= 0.50/

Critical section for el
one-way shear

NN

Trit
ong

¢.Vc=¢-('é‘* fO*b, *d)

d
V=075 124 *2700%555=917.64KN o4 N
! s . 6

$7c=917.64KN > Vu=605.5KN 1 I

.. Safe

One-way shear.

Fig (4-36): One waye shear.

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

The punching shear strength is the smallest l—\l '
value of the following equations:
Inclined crack |
g7 gl D Nooway st
V. =¢.—|14+=
¢ 6 ﬁc ~f;: od

/ 7
o
oV, = ¢.li

(o4 ) ’ 7
2\8,/a N/ bd
j//,g /
28 =¢-%\/fc'bod &

Two-wav shear.

Critical section
for 'Wb-way shear ~

a

Fig (4-37); Two-way shear.
Where:

= Perimeter of Critica] S€ction takep at (d/2) from tp, b
e

loaded areq
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5 +0.5)=4.22m
d 1)+2d+a2)= 2(0.555 +0.5)+2(0.55
b, =2(d+4a

for interior column
B=500/500= 1

0.75 + [24 *422%0.555=4302.71Kn
[ bd___*(1+2/1)
PV, =~ (l+ )

075 40*0.555 )* 24 *4.22%0.555 = 5206.75i
$Vc = [ +2]\/ de bt =" ( 422

1 045 & J24 * *(.555=2868.4Kn
= _1/ d= 24%492%0.
¢'VC ¢’ 3 f;‘ bo 3

V. =2868 47Kn ... Control

Vu=411.52*{(2.7%2.7)—(0.5+0.555)*(0.5+0.555)} = 2543 .194AN
CVE > Vi ! satisfied

4.14.6 Design of Bending Moment:

L L@
Mu= ult w R e 05 s
u= (q1 X X(z 2)) (2 2)

2.7 050 27 1050
(411 52 x 2 7X(T —T)JX 0 5(7 —T) 672.21KN.m

Mn=672.21/0.9 = 746.9KN.m

d=650—-75—20=555 mm
o Mn 746 9x10°¢

b* g2 m=0.8981\@a
Iﬂ=£=42\0_2
0.85/' 0.85%07 ~ 20-%9
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1 2mKn)
s
m Y
6 1__2x20.59x0.898)=0‘002187
P=73059" 420

00x555= 3277.21mn’* [ m

As,,, =0.0021870%27

As . =0.0018 *2700 * 650 — 3159 mm* /m

Aspgp = 30772 I | m> Ay = 3159mm” [m

02
54.46

12.8

# of bar in on meter =

Use 13@18with As =3308.09 mm2/m >As req =3277.21

In tow direction

- Check of strain

A* fy=085* fc' *b*q
3277.21*%420=0.85%24*2700* 4
a=2498mm

il 1. 198

= E = 0\85 = 29.39mm
_555-2939
_ <2989

g, =0.053> O.OOS\Mk

&

S
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a

=29.6cm
0x1.6= 29.
xdb = 0.044 x42
Ld2)req = 0.044 xfy

Ld =32 92cm >Ld 2)re =29 GCIII')COIIUO'
) (2)req ‘
(1)req .

Available Ld = (650—75—2*18)=539mm.

Available Ld =53.9cm >Ld(1)req=32.92CM

9 kK VPP o

—
db

. b
Qreg = 10 /.l-\f'ﬁ:

9 420 1%1+038

ldo. = —— 4 ————* »18 = 444.4mm
Greq = 10 1 \@ 25

Ld available = 650-75= 575mm
Ld available= 575 mm > 1d_ req=444.4mm

4.14.8 Design the column — footing joint:
Total factored load = 3000KN.

The allowable bearing on the base of the column is:

#(0.85 fcAl) = 0.65* 0.85* 24 * 500* 500 = 3315Kn

The allowable bearing on the footing is:

,A2

0.85 oAl [—='=

é( JeAl) T 0.65*0.85*24*500*500*2=6630Kn
Total factored load = 3000<6630Kn

AS i =0.005 * 4g = 0.005 * 500 * 50 =1250 mm? /

Pu—gPnp

A dowels=
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S50

Figure (4-38): Footing’s Details.

4.1S Design of Composit Beams (CB):-

B30 20 _m 010012 cm EICP0E R0 m

......... e
.,_.-n-n----------:::.--.::1 ~
I \ QL I 1 ¥
4:)’5'“-";‘1'(:'! 1 J‘z'lQ@’BCf—m }
W14x5I06135; } \\
e — 1 W14x4TZ0K4S)
- B 1
Figure (4

-39): Composit Beam

Assume a= 1 in

Assume d= 19.6in
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= 2
Vi 364479 £ 22 5 )
X u 22 /195 - l/_.’~ i
; 5 a’ - 50{ : :
ASrgg = T o L Xk
rég ;b f\ (: + 2)

Select W_(14*500)

4.15.1- plastic neutral axis in the slab :-

Case 1 : Checc if a<ts

Cc=.85fcabe

Be=b0=450cm=177.1in
Be=L/4=155/4=387.5cm =152.4in control
Fc =28 mpa = 4000 psi

T=As*fy

Fy =50 ksi

0.85 *4*a*152.4 = 147 *50

a=14.18

a=14.18in > ts=13.78

4.15.2 The compressive force in the slab ;-

Cc=0.85Fc be ts

—085% 4% 152.4%13.78 = 714024 kips

As Fy— -
Cs =22i¥=0esfchets

ST 713024
= \2 = 104.88 kipS
Yy the
2 ngof the W14 500 (bf 17 is i

=‘50\1_’ =0.12in <(tf=3 Sin)
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.1719.2 i
a8 =8.84in

147~ 9.8~
y=147-0.817

13.78/2 = 17.65in

d1=19.6- 8.84 +
d2=19.6 - 8.84- 04= 10.36in
* 1 +Cs *d2

4% 17.65+ 104.88%10.36)/12 =10592.

dMn =Cc

=(7140.2 64 kips.ft >Mu ok
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4. Building Code Requirements for Structural Concrete(ACI 318M-04)a;
Commentary, USA, 2002.
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