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Abstract

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

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

\



(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2013, Office2013, Atir v.11.5.

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

After designing this project it's expected to gain a various results and to link
the information that have been studied in the different courses , and the analysis and
design of all structural elements and the statement of the impact of each of the
elements on the other, and then the work of structural plans of the Executive are Full
and detailed for each.

God grants success.
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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 adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs= compression resultant of compression stedl.

DL = dead |loads.

d = distance from extreme compression fiber to centroid of tensionreinforcement .
Ec = modulus of elasticity of concrete.

fc = compression strength of concrete.

fy = specified yield strength of non-prestressed rei nforcement.

h = overall thickness of member.

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

M easured face-to-face of supportsin slabs without beams and face to
Face of beam or other supportsin other cases.

- LL =liveloads.

- Lw = length of wall.

- M = bending moment.

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

- Pn = nominal axial load.

- Pu = factored axial load

- S= Spacing of shear in direction parallel to longitudinal reinforcement.
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- V¢ =nominal shear strength provided by concrete.
- Vn = nominal shear stress.

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

- Wc = weight of concrete.

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- €= compression strain of concrete = 0.003.

- €& strain of tension sted!.

. €= strain of compression stel.

p =ratio of stedl area.
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Structural analysis and design

4.1 Introduction.

4.2 factored load.

4.3 Slabs Thickness calculation.
4.4 load calculation.

4.5 Design of one way rib slab.
4.6 Design of soild slab.

4.7 Design for beam (B031):
4.8 Design of Short Column

4.9 Design of long column.
4.10 Design of stair.

4.11 Design of shear wall.

4.12 Design of isolated footing.
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Chapter 4 structural analysis and design

Chapter 4

Structural analysis and design

4.1 Introduction.

4.2 factored load.

4.3 Slabs Thickness calculation.
4.4 load calculation.

4.5 Design of oneway rib dab.
4.6 Design of soild dab.

4.7 Design for beam (B031):
4.8 Design of Short Column

4.9 Design of long column.
4.10 Design of stair.

4.11 Design of shear wall.

4.12 Design of isolated footing.
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Chapter 4 structural analysis and design

4.1 Introduction:

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

Reinforced concrete islogical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars embedded in
the concrete, which can provide the needed strength in tension.

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

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continuously changing to reflect
latest knowledge.

Structural concrete can be classified into:

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

4.1.1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
reguirements and assumptions of ACI_code (318 _08).

4.1.2 Strength design method:
In ultimate strength design method, the service loads are increased by factors to
obtain the load at which failure is considered to be occure.

Thisload caled 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.
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4.2 Factored loads:
The factored loads for membersin our project are determined by:

W,=12D_+16L, ACI-code-318-08(9.2.1).
M aterials:-

Concrete B300, Fc' =0.8*30 = 24 N/mm?=24Mpa

Reinforcement Steel, fy = 420 N/mm? =420 Mpa

fye =420 Mpa , will be used in design and calculations.

4.3 Slabs Thickness calculation: -

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non-
prestressed beams or one way, slabs unless defl ections are computed for one end
continuous for one-way rib slab given as following:

Fig 4.1 Section in oneway Rib slab
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— ) = w v
.'I-"ll' '_
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e I Bl
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'_ 5:_! | e I'IF;:E
Fig4. Spanof rib.
The minimum required thicknessis:
ﬁ: % =0.237 m for one end continuous supported(C 0,105).
%; % =0.368 m for one end continuous supported(CO0,108).
i: % =0.237m for both end continuous supported(C0,106) &
(C0,107) .

Note: from Atir the deflection =L /240 and acceptable

So:

Select 27cm block and 8 cm Topping

Select h min = 350mm
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4.4 |load calculation ;-

For the one-way ribbed slabs, the total dead load to be used in the analysis and
designiscalculated as follows :-

4.4.1 Calculation of Dead load For 1m strip:

table (4-1) calculation of the Dead load for topping

Dead load from: Oxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x16x1 1.12
Topping 0.08x25x1 2
Interior partitions 1.5x1 15
)3 5.75

=0

=

=

Fig 4.3 Typical section in ribbed slab
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w =1.20L +1.6LL

Fig 4.4 Typical section in Topping

4.4.2 Calculation of live load

Liveload :
L =5KN/m* ——» L; =5KN/m?x Im=5KN/m
Factored load :
Wy =1.2x5.75 + 1.6%x5 =14.9 KN/m.
4.5 Design of Topping:-

Check ®Mn > Mu

@=0.55 for plain concrete

M,=042\ fiSn (ACI 22.5.1, equation 22-2)

BR* 1000x80x80
— =

Sm = = 1066666.67 mm*.

oM, =0.55x0.42x1xv 24 x1066666.67 =1.21 KN.m

2
M, === = 0.198 KN.m (negative moment).
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_ Wyl

2
My=——=0.099 KN.m (positive moment).
24

M =121 KN m>M,= 0.198KN.m

No reinforcement isrequired by analysis. According ACI 10.5.4, provide A smin for
slabs as shrinkage and temper atur e r einfor cement.

Shrinkage and temper atur e reinfor cement must be provided.

Pshrinkage = 0.0018 ACI 7.12.2.1
As= pxbxh 1gpping =0.0018 x1000x80 = 144 mm?/m .

Step (s) isthe smallest of:

1. 3h =3x80=240 mm. control ACl 1054
2. 450mm
3. =380 22 —2.5C, =380 ,— —2.5.20=330mm but
5 E*I-'.-Ell
s<300 22 =300 ~—~ =300mm ACI 10.6.4
fs =420

3
Take@8 @ 200 mm in both direction , S=200mmm < S jax = 240 mm ... OK

v' Design of shear reinforcement :

_ Wyl 14904
T oz z

Vu =298 KN

Check @Vc=>=Vu
gVc =0.75 xgx fexbxh
=0.75 xgx\/ﬁx 1000x80=48.99 KN

gVc =4899 KN>>>Vu=2.98 KN

No shear reinforcement isreqired.

53
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4.5 Design of Rib (R0,05) :-

Fig 4.5 Span length of Rib (R005)

% 4.5.1 Requirements For Ribbed Slab Floor Accordingto  ACI-

(318-08) .
bw=>10cm......................ceeensl L ACH(B.13.2)
Sdect bw=12cm
h<35bW oo ACI(8.13.2)

Select h=35cm<3.5* 12=42cm
tf 2 Ln/12250mm ........c.ocvieiiiiinnns ACI(8.13.6.1)

Sdlect tf=10cm

+ Theeffective flange width (be), accordingto ACI 8.12.2 isthe smallest of :

15580

==

" Pe<

= 3895mm L, istheclear span of therib.

L
4

* be < by, +16h; = 120+16x10 = 2800 mm.
* Db < center to center spacing between adjacent beams =520 mm.  Control
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v’ Statically system and Dimensions for R0,05

Seomatry Unisimetar,cm

a T

¥
»
N

]

0z 35 IUHI .10 0.8 515 F.ES
1.3 I 2.0 E.B1

v Fig( 4-6) Statically system and Dimensionsfor R0,05

v' 45.2 Load calculations:

Table(4-2) calculation of the Dead load for (R0O,05)

Dead load from: Oxyxbe KN/m
Tiles 0.03x23x0.52 0.3588
Mortar 0.02x22x0.52 0.2288
Coarse sand 0.07x16x0.52 0.5824
Topping 0.08x25%0.52 1.04
Interior partitions 1.5x0.52 0.78
RCrib 0.27x25%0.12 0.81
Hollow Block 0.27x15x0.4 1.62
Plaster 0.02x22x0.52 0.2288
> 5.65

iveload /rib = 5 KN/m? x 0.52m = 2.61 KN/m/rib
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Factored load :
D,=1.2 x5.65 =6.78K N/m.
L,=1.6x2.61=4.176 KN/m. m

W, =10.96 KN/m.

Loading
load group no. 1
| DwadiLive load - Service Lowd factors. 1 20.1.2001 50.0.00
5.71248 Bz 515
i X d ' i '] K t
4,32 1 5.01 B.81 ]

v' Fig(4-7) Dead & live load service

v' 453 Flexural Design for (R0,05) : -

MomentiShear Envelope (Facored)  Units kN meter

[oments: sgens 1{0 3

8.4
285
. 315
B i L
Q4 e T8 Ll i
e H4E5 |
= A —— ; H
G T 0BET | e | e
BE Tl ae a3 ., s
2C. e = £
437
o 2w 9.9 578 | 45 272 |

v Fig(4-8) Moment for R0,05
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Desiq of span three:

4.5.3.1 Design of positive moment :

M ymax = 43.7 KN.m.

Assume bar diameter g 12 for main positive reinfor cement.
d =h- cover - dirrups— = = 350 — 20 — 10 — 22 = 314 mm

Check if a> h; to determine whether the section will act asrectangular or T-
section,

Moy =0.85. f.. b,. hy. (d =)

a1

=0.85x24 x 520 x 80 x 314—? % 10°° =232 5KN.m
Assume J=0.9

M nt %: 23.55K N.m, the section will be designed asrectangular section with be=Db
=520 mm.

oMy s3Taa0t
Rn= 0bd? ~ 09x520x3142 0.947 Mpe.
N fy = 42“. —20.5
085f.  085x24
p:,_:, 1— 1_2.:;.:” :Hiq 1— I_szn‘i:]u.aaﬁ — 0.0023
Asreq = p.b.d = 0.0023 x520x314= 375.54 mm?®
*ChGCk fOI’ Asymin .
Asministhe maximum of :-
Asmin=0.25—2% b, d=22p,.d
Iy fy
— vii . 2
1. Asmin=0.25— 120x 314 = 109.87 mm
S 420
2. Agmin = 2120 x 314 = 125, 6mm? Control
420

As required = 375.54 mm?> Ag min =125. 6 mm?.
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.............................................................................................................

Tension sted yielding :-

Check for strain:

= As”., = 524420 _ 17 89 mm
l!.HEh_,l'r DBS=520=24
c==="%_21 04mm
By 085
£, = 0,003 “— =0.003 == =0.041>0005 ok

4.5.3.2 Design of Negative moment.
My=355KN.m.

Assume bar diameter g 12 for main negative r einfor cement.

_ My 35 51100 .
Rn= pbd? T 09x120%3142 3.33 Mpa.
_fy _ a0 _
T ossfl T o0Bsx24 20.5
p=d 1 1-ZmR _ 1 g g 2San _,gggg
m 420 205 120

Agreq = p-b.d = 0.0087 x120x314= 327.8mm”

*Ch&k f0r As’min .

As ministhe maximum of :-

Asmin=0.25L% b . d=1p, d
Iy Iy
_ V4 . 2
1. Asmin=0.25222 120 x 314 = 109.87 mm

2. Asmin =7 120 X 314 = 125. 6mm? Control
As’required = 3278mm2

Use3812, As provided = 339 MM > Ag required = 327.8mm% Ok
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Check for strain:

_ sfy 0 339x420

a= i = —— =58.16 mm
l:I.EIEtht NE5=120=24
C=— = 2816 _ 68.42mm
By 045
i 346842 _ 9.0107 > 0.005 0k

€,=0.003 — =0.003 —

H42

v' 4.6.3.3 Shear Design for (R0,05):

Shaar
R -I00E
i S -246 P
1 . -.-... : 1 Il } |
T T T ]
20,4 25
v" Fig(4-9) Shear for R0,05
Moment/Shear Envelope (Factorad)  UnitstkM.meter
Fesctinng
Facimrad
I | . TR | ]
T T T L |
Deads 1273 3045 L5107 12T
LieR 5.8 23353 na 12:15
Wax R 2082 53178 TE.ET ac.ez
Win R 1037 a7.05 5751 1214
Sarvics
Deads 121 2535 400 15,65
LiveR 6.5 458 19,28 T.5%
Max R (% 3906 501 2224
Win R £.26 293 L5 2E 15.25
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Viumax =36. 6KN

Shear strength V., provided by concretefor thejoists may betaken 10% greater
that for beams. Thisismainly dueto the interaction between the slab and closely
spaced ribs. (ACI, 8.13.8).

Vo= 4 fib,d="vZ# x 120X 314 X 103 = 33.8KN

2V =0.75%33.8 =25.38 KN.

— Check for Cases:-

1- Casel: Vu < &

A

25.38_

36.6< 5 12.69.......Not satisfy

2- Case?2 :%< Vu < o Vc

12.69< 36.6< 25.38...... Not satisfy
3-Case3: pVe<Vy <P(VetVsmin)
Provide minimum shear reinforcement
Vmn 2 —o%  fi*by*d=— = V24*0.12*0.314*10°= 11.53KN.
Pvsmin = 8.65
> s+b,+d=:+012+031410°= 1256 KN
Pvsmin =9.42.......un..... control

d)VC = 2538K N < Vu 366K N < d)(VC'l'Vs_min ) :388KN ...... SatISfV

~Case (I11) issatisfy — shear reinforcement is required.
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Use 2 Legth8 for stirrupswith A, = 100.52 mm?

_(b‘u’:min_‘il._-ﬂ_
vs—-—q) T =13

_ Avefyted _ 100.52:420-314

- 10°% = 1055.46 mm
Vsmin 1256

s s‘—z‘= ?= 157mm.
< 600 mm.

Select 2 1eg h8 @ 15cm

Eﬁw TiE

v" Fig( 4-10) Design for (R0,05)
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4.6Design of Solid slab:

4.6.1Slab thickness:

For one end continuous = ;—4 = % =0.18m
For both end continuous= :—ﬂ = % =0.158 m
For both end continuous= :—H = % =0.143m
For both end continuous= % = % =0.136 m
For one end continuous = :—ﬂ = % = 0.165m

Takeh =35 cm.
Assume use $18 , d= 350 -20- — = 321mm.

Chapter 4 structural analysis and design

Lz

=

@m@@w& R it

415 ! 400 ! Fye !

381

1493

i

Bz

Fig (4- 11): solid Slab.
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4.6.2 Load calculations;

Material Axhx1 Load (KN/m)
Tile 0.03%x23%x1 0.69
mortar 0.03x22x1 0.66
sand 0.07x17x1 1.19
partition 2.3x1 23
Self weight 0.20x25x1 8.75
: =T
Liveload = 2x1=2~*
Feometry Uritsimstercin
1 » 1 - N 5 [
1 z 3 4 5
E A —— —T A —t A —— o :[
) — et A L A — A
0.8 168 0.5 1.1 i3 362 0.8 1M 0.8 TIT Y]
y 13z 4 . 4.42 1.8 307 .
3L,
100,
A A

Fig (4-12): geometry of solid slab.
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Lzading
lead graup no. 4
Dead'Live load - Service Load fachars: 1.20,1. 20 50,100
129/2.0 128720 15820 2,002 Tz |
il 43 4 442 T ETY ]‘ 357

Fig (4-13): loading of solid dab.

MomontiEhrnar Fnvreopn {Factnrmdy Hnits-kH mrtrr
Moments: spans 1o &
=15
5 -28.4 -20; -0 8
.-'I .-"~. -4 -, -y
AL M5 Sz Az S A 163 7% 38
| EEE S | S BT AR | S hEBR
\ i | T J,f1.23| ! 835 3 'J,-'1.!.t?| T |
| . l? J] i SRR | ].? ot é LA Y | ,l.' . |4
~ SOF9 08 e o i !" i 088 - ¥ E -
e ) s oo *._‘ o R 1 - 5 A
H‘f"l\ - 54 0. & i .71 a, [T s _JL/'R
TR 20.9 i
241
xp.2
1.73 .50 k4 A | 2:21 ey | 1.3 1.8 2,38 1.5%
Ehear
~45.5
-11. 5 a7 -3 74
; ' ML - t -3N.A
s o S - 3R ;
Ca - - -
| A |1 i) Il
T arm — i ’
S 2 EFa T 6.3 eng = #A
40.3 42.4 5 4.6

Fig (4-14): envelop moment and shear diagrams of solid slab.

4.6.3 Check whether the thickness of the slab isadequate for shear:

Vmax = 41 KN.
Ve =;‘_ b, d= ;‘_\/ﬂ x 1000 % 321 % 1073 = 262.1 _l“:;
BV, = 0.75x2621 =196.57

Viymex <8V
No need to increase the slab thickness, its adequate enough.
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4.6.4 Design for flexure:

4.7.4.1 Design for positive moment:

For My =+29.2 KN.m
My
R”__ﬂuHE
29.2x10%
fin = 0.9x1000x32 12

=0.31 Mpa

f
m= —1;
0.5,

420
0.85%24

= 20.59

2m.Ry
n 420

1 222059031
I et ik Ll

20.59 4210

p= = 0.00074

As=p.b.d =0.00074 % 1000 % 321 = 237.5 mm?2
Asmin = 0.0018x b x h =0.0018x 1000 x 350 = 630 mm? > Asreg

n¢18: &30 318 ,¢18@250

254.5 - mELrip

Step (S) isthe smallest of:
- 3xh =3x200 =600mm.
- 450mm.

- s$=380 22 —25€ =330mm
LY
S=300 %,? = 300mm cont.
3y

S=250mm <Sax Ok
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For M =+9.9 KN.m
Rn=0.107 Mpa.
p = 0.00025

As :818 mm2< Asymin .

312

Ng1s = ,18@250mm

mELrip

For M, =+20.9 KN.m
R,=0.23 Mpa.

p = 0.00054

As=173.2 mm?® <Ag min.

318

Ng18= , 18@250mm.

m strip
For M,=+9KN.m
R,=0.097 Mpa.

p = 0.00023

As =73.83 mm>< Ag min.

318

mEirip

Np18= ,18@250mm.

For M,=+24.8KN.m
R,=0.267 Mpa.
p = 0.00064

As :2057 mm2 <A5’min .

318

mEirip

Np18= ,18@250mm.
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4.6.4.2 Design for negative moment:
For M,=-204KN.m

Rn=0.22 Mpa.
p = 0.00053

As =169.04 mm? <Agmin .

416

Np1e=———— ,16@200mm.
m ELrip

For My,=-151KN.m

R,=0.16 Mpa

p = 0.00039

As=124.9 mm?® < Agmin.

416

Np1e=———— ,16@200mm.
T sET Lp

For My =-149KN.m

R,=0.16 Mpa

p =0.00038

As=123.3 mm?® < Agmin.

416

Np1e=———— ,16@200mm.
m ELrip

For M,=-16.3KN.m

R,=0.18 Mpa.

p = 0.00042

As =134.92 mm? < Agmin.

416

Np16= ,16@200mm.

mEirip

67
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4.6.5 Temperature and shrinkage reinfor cement:

Asmin = 313.2mm?

3132 410

Ng1o———— =
$12 78.5 m strip

,10@250mm.

4.7 Design for beam (B0O31):

v" Fig( 4-15) Span of beam
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Geometry Unitazmeter,cm

i : 3
2
- A
1 2 | S | i j
IS 3.62 0 582 0.35
1.2 R
BE.
0.
A
Fig (4-16 ) :geometry of BO31.
Loading
asd group no, 1
Dead/Live fzad - Jervice Loac {actors: 1.20:1.2001.60,0.00
) ]
(LT 1T AR A SRV A A -4 1.
i ; 61
Fig (4-17) :dead +live load for BO31
Moments: apans T1a 2
=333
2407 - TN
T P
d s
BT
| [ i i [l
P = 1.451.14 e
sfiges segin | ARt !
288 I | ~35.9
TE.
2636
125 284 | 366 : 244
T T T

. Fig (4-18 ) :moment diagram of BO31.
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Shear

Fig (4-19) :Shear diagram of BO31.

4.7.1 Check whether the section will be act assingly or doubly reinfor cement
section:

d= h— cover — dyirpup — = = 550 — 40 — 10 — = = 490 mm,

c ="—;d: i;x490:210mm.

a=[f,.c=0.85x%210= 178.5 mm.

M, max = 0.85x fC' x ax b x (d - 2)= 0.85 x 24 x 1785 x600( 490- )
Mpmax = 919.7 KN.m.

g =0.82, 8Mp max = 754.17 KN.m > M= 240.7KN.m.
Design the section as singly reinforcement section.

4.7.2 Flexure design:

4.7.2.1 Design for positive moment:

For M, =+78.8 KN.m
My
Rn phdE
7R.81x10%
fin = 0.9 600x 4902

= 0.607 Mpa

f
m= —1—
0.85f,

420
0.85x24

= 20.59
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- _l . " 2m.Ry
p_ m 1 1 420
p=oom 1— 1-F22 =000146

As=p.b.d =0.00146 x 600 x 490 = 429.24 mm2

Asymin 2025 L: bw d E ﬂ bw d
¥ Ty

I

NEE
420

Asmin =0.25 600 x 490 = 857.32mm*

Asmin = - 600 X 490 = 980 mm”

Let use ¢p20,with Ac=314.15 mm? —> n= *:Tﬂ - = Abars, with A, =
1256.6mm?=.
Check for placement of bas:
S=E|'I'Hi'l 40=2 ail 0 2=d=20 - 140]"}1?71 ~ Zsmiﬂ ﬂk
Check for the strain:
_ A}.IP = 1256.6x420 - 4311m?n
0es5h 1 DES=Ga00=24
= = P11 — 50.71mm
By 0B85
g, =0003 =5 =0003 “—" =0025>0.005 Ok
2=0.9,
DOMn-0A,, d—2 =09x1256.6 420 490 — 2 =2225KN > M,

.'f.j}r

For M,=+263.6 KN. m
R,=2.03 Mpa
p = 0.0051

As=1499.4 mm? > Agmin.

_ 14994

Nep20 = - =520 with As = 1570.75 mm2
31415
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check for placement :
S=100mm>25mm ok
Check for strain :
a=53.89mm, € =63.4 mm.
£5=0.020 > 0.005 ok ,
2=0.9

FMp=274.93 KN.m>M,.

4.7.2.2 Design for negative moment:

For M,=-240.7 KN.m
R,=1.85 Mpa
p = 0.0046

As=1352.4 mm? > Agmin.

1352.4

Ngp20 = =520 with As = 1570.75 mm2

31415

check for placement :
S=100mm>25mm ok
Check for strain :
a=53.89mm, € =63.4 mm.
£5=0.020 > 0.005 ok ,
2=0.9

FMp=274.93 KN.m>M,.
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4.7.3 Design the beam for shear:

Vumax = 245.1 KN.

dy 24

d=h — cover —djrryp — ~ =550 —40 — 10 — — = 490 mm.

1

Ve=: ffb.d ==v24 X600 X 490 X 10~% = 240,05 KN

4.7.3.1 Check for section dimensions;

Wy 2451
V.= I o .=
ST o £ oS

—240.05=86.75 KN

2
3

Vomac==  fib.d =224 % 600 X 490 X 10~% = 960.2 KN

Vs<Vamax SO the section islarge enough.

4.7.3.2 Check for the case of shear:

Vgmin = ﬁ f'b.d OR = —Z b.d which is larger.
Vemin=—v24 X 600 X 490 x 103 = 90.02 KN
14

Vgmin =7 X 600 X 490 X 10" =98 cont.

D(Vamin +V¢ ) = 0.75(98 +240.05) =253.53 KN.

Vu<@Venn+Ve)  case( ll). for shear design

{

=

Smax =

4940
2

=245mm OR Sy = 600mim

ta |

Shax =245 mm  cont.

By using ¢ 10 double legs stirrups, A, = 157.1 mm?
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_ Apfyr 157154202490

g = d = = 372.69 mm

¥y B6.75x 1000

Use 2leg $10 @50mm

For all spans 2 leg $10 @50mm will be used for stirrups.

LI o
= o

T g 150 T) LTIJ

| A 1210 : L I:-*Z]. A 120 |

| 3 B |
o | || omhe |[igevacuthe ||| |[lemmbal || |[]] sed)
! e R ;
| 4720 T20 |
| i |
. &0/55 . | &0/55 o
=0 363 &0 S63 as

|

L eosd 4 630

57

ay

Fig (4-20): detail of BO31.
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4.8 Design of Short Column:

Column (C04) in the Ground Floor of the Medical College.

4.8.1 Load Calculation:

P, = 6000 KN .
¢ Pa=Py (2=0.65 for tied column) .

Let p=0.025

As=0.025 A,

¢ Pomax = 90.8 0.85f A, — A, +A.f, =0.65x0.80.85x24 A,—00254, +
C.O021'%0204g

6000x 10°=15.84,, nb9

Agreq= 379746.8 mm’,

Ag=ax h Takea=650mm h =584.3 mm

Take h =650 mm , Ag= 422500 mm® > Ag e ok .

4.8.2 Check Slenderness Effect:

In both direction:

$534_12 g M3 ACI(10.12.2)

M2

Ly : Actua Unsupported Length .
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B =

r: Radius Of Gyration = 0.3xh =

K =1.0, According to ACI 318-08 (10.12.2) the effective length factor (K) shall be
permitted to be taken as 1.0

L,=3.75m.

r=0.3 X 0.65 =0.195

LOX375 = 34 —12% 1.0
0.195
19.2 < 22 , short column in both directions .

4.8.3 Select the longitudinal bars:

¢ Pomax=0.65 % 0.8 0.85 % 24 422500 — A, + 4204,
A +eq = 7306 mm? , try $25 with As =490.87 mm?

Use 18 ¢p25 with A;=8835.7 mm* >4 ,., oK

_ As __ B835.7
p= Ag 422500

= 0.0209

4.8.4 Design for ties:

use ties ¢10 with spacing shall not exceed the smallest of :

- 48xd, =48 x 10 =480 mm.
- 16 xd,=16x 20 =320mm. Cont.
- Theleast dim. Of the column = 500 mm.

Use $10 @300 mm.
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4.8.5 Check for coderequirements:

G50=40x2=10m2=2520H

- clear spacing between longitudinal bars = = = 80mm

80 mm > 40mm
>1.5d,=30 mm. ok
- grossreinforcement ratio = 0.0209 , 0.01 < 0.0209<0.08 ok
- NO of bars = 18> 4 bars for square columns.
- min tiesdiameter : $10 for ¢$32 longitudinal bars and smaller.

65%65
o

[ 18025 | =17

W

L

[] ; t,n 5 e : ' | ::'-.'.-I

s )

Fig (4-21):C04 detail
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4.9 Design of long column (C02):

Pu=1234 KN

Pu=560 KN

Pu=1794 KN

4.9.1 Check the slender ness effect:

(non sway system)

<3412 T

T ﬁfg

ACI 10.12.2

r= —=03h=03x%05=0.15

B =

Ly,=3.75m

kly _ 1x375 =25=34—-12 =22

T .15

So the columniislong at x and y directions.

4.9.2 Calculate emin ;M min:

€min =15 +0.03h =15+0.03%500 =30mm.
Mmin= Pu X €nin=1794%0.030 =538.2 KN.m

E.=4700 f'=4700v24 =23025.2 Mpa.

i) !3
I, = 2 = 3.13 x10°mm?®.
97 42

Dy _ 12341

Bans = Py 1794

=0.69 <1.
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_04E g _ D4x230252x313
" 1+fpdns 1.69

E.l =17057.72 KN.m*

4.9.3 Determine of Euler buckling load:

miEl _ miw17057.72
Kly 2~ 3752

P.= = 119718 KN

4.9.4 Calculate the moment magnifier factor:

C,=0.6+04 M1
-

2

=1

Cm 1

6ns: " Fy = 1794 =124>=1

TO7EF; = G7Exi19718

The magnified (e) and (M):
e= 6nsGﬂnin :13 X30 :39 = 40mm

M = 8ps Mpin =1.3 x538.2 = 699.66 KN.m

4.9.5 Select the column reinfor cement:

computetheratio e/h:

£ 40

- =—=0.08

b 500

computetheratio D :

_500=-Zx40-2x10-14
5060

=0.772

Use interaction diagrams A-9b and A-9c to determine p 4 for the selected
dimensions : h=500mm, b=300mm. The interaction diagrams are entered with
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¢Fn_Pu_1794x103x0145_173
Ag —Ag 500x300 T 7

Diagram A-9b (for y=0.75) , p 4=0.01

Diagram A-9c (for y=0.9) , p 4=0.01

p ( y=0.75) =0.01

4.9.6 Select the reinfor cement:

Ag = p g xAg = 0.01 x(500x300) =1500 mm?

15010
153.9

Ngp14 = = 1014

Use 1024

4.9.7 Design the stirrups:
The spacing of ties shall not exceed the smallest of:

- 16x dy = 16x14 =224 mm cont.
- 48xds =48 x10 =480 mm
- Least diminution of the column =300 mm

Use $p10@200mm.
DDx30
! e
L
wlOee 25
| L—1 95
[:_] ) :j U : - - - : BT i = [=1=3
[ 0.0 2=
o1 oER=D
L—a>

e

Fig (4-22 ): C2 detail
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4.10 Design of stair:

{:-_Lfgxg_-e_xxy?'_{x:-‘: T AT ;';‘g_ i
o | | | | 2 -
Y 2y S
D

. L .-
e 3 '\*}‘

A e ! e
E I.- el -.I ._}_
IR ] e
e

i e

=] - AT

g o u
— L
=
[ - LB ] "y
m '._‘m__.- 'f
=~k Fr .\<\.'
1 &
(x*.
Ve

o R o o ey e
SERCORR SRR R S R TS R s Rl

Bk i b
-— ] [ ] . —
Fig(4-23) stair plan

4.10.1 Deter mination of Slab Thickness:

For Flight:

L =(1.1+3.3+04) =48 m.
hreq = L/ 20.
hey=4.8/20=0.24m

In the case presented here, where the slab end is cast with the supporting beams and
additional negative reinforcement is provided, minimum thickness can be assumed to be:

hre= L/28..
heg=(4.8/28) =0.17m
Takeh=25cm.
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For Landing:

L =5.80m.

hyeq = L/ 20.

hreq = 3.80/ 20 = 29 cm.
Use h=35cm.

4.10.2 Load Calculations:

{170
300

The stair slope by 6 = tan = 29.53.

For Flight :
Dead Load for flight:
concrete = (25*0.25*1)/c0s29.54 = 7.183 KN/m

plastering = (22*0.03* 1)/c0s29.54= 0.758 KN/m
stair steps = (25/0.3)*((0.17*0.3)/2)= 2.125 KN/m
mortar = 22*((0.17+0.35)/0.3)*0.02* 1= 0.762 KN/m

tiles = 27%((0.17+0.35)/0.3)*0.03* 1 = 1.404 KN/m

Total Dead Load = 12.232 KN/m

LiveLoad=5 1=5KN/m.
Total Dead Load For Flight = 1.2° 1230+ 1.6 5=22.76 KN/m.
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L anding Dead |load computation:

Concrete = (25*0.35* 1) =8.75KN/m
Plastering = (0.03*22*1) = 0.66 KN/m
Morter = 0.02*22*1 = 0.44 KN/m

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

Total Dead Load = 10.51KN/m

LiveLoad=5 1=5KN/m.
Total Dead Load For landing=1.2" 10.51+ 1.6° 5=20.61 KN/m.

By using ATIR program use b = 100 cm.

kad group no. 1
Deadilivz ozd - Sznice Loaz faciors: 1,207 261220 00

Fig(4-24) Loads on Flight.
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Momsnt/Shaar Envalopas (Factorad) Unis: kN mebar

Bl s wpans 1 Lo d

423

Fig(4-25)Moment and Shear on Flight.

4.10.3 Design of Shear for flight:
= Assume @ 14 for main reinforcement:
So, d =250 - 20 - (14/2) =223 mm.

= Vu=422KN.

_0.75*\/24*1000* 223+ 103
6

= fVc =136.6KN

= Vu=422 KN< @Vc=136.6KN..

Depth of flight isok. So, thereis no shear Reinforcement required .
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4.10.4 Design of Bending Moment for Flight:

Mu =57.5 KN.m.
Mnreq=Mu/0.9=57.5/0.9=63.88 KN.m.
Assume bar diameter 14 for main reinforcement.

d=250-20- (14/2) = 223 mm.

R = Mn
b xd 2
*
R :M =1.28MPa. .
1000* (223
_ by
0.85" fc
=420 _ 50583
0.85° 24
C 18 ] 2R, 2me° \/ 2¥20588*1.280_  (o0c
mg f, g 20. 588 é 420 5
Asreq=0.00315" 1000 223=702.45mm*"........... control

Admin=0.0018" 1000  250= 450 mm?
S=153.9/702.45 =0.178 m.
Use 14 @ 20 cm. Use5d14.

Check for spacing:

3h=3" 250 =750 mm.

S=450.
= 380 280 25=20 =330
5= 06672420 = Ssumm
280
§ =300 = 300mm...... control. Ok

0667420
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Secondary Reinfor cement:

For shrinkage & Temperature As provide equal :
Asmin=0.0018 B h=0.0018 1000 250 = 450 mm?
Use3®d14/mor 1 14 @ 300 cm.

4.10.5 Design of landing(S2):

thickness =35 cm.
Total Dead Load For landing=1.2" 1051+ 1.6° 5=20.61 KN/m.
Wk = Rsi(per mater) / B = 36.1/2 = 18.05 KN/m

|nzd graup no. |
DeadiLive |nad - Serice Load faciors: 1,201,201 600,00

B

EELL

af

Fig(4-26) Loads on Landing.
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Moment/iShear Envelope [Factored) Units: KM, meter
slomanis: Epans T to
—t —i
2 184, 2 g
Shear
=052
502 ="
s
1052

Fig(4-27) Moment and Shear Diagram.

4.10.6 Design of Shear for Landing:

Vu=90.2KN.

_0.75* \24*1000* 323+ 10°
6

Vu=90.2KN < @Vc=197.8 KN.

fVc =197.8 KN

Depth of flight is ok. So, there is no shear Reinforcement required.
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4.10.7 Design of bending moment for landing:

Mu = 154 KN.m.
Mnreq =154/ 0.9 = 171.11 KN.m.
d=350 — 20— (14/2) = 323 mm.

Mn

R, =——
" bxd?

_17111%10°
1000* (3232

m=_Y
085 fc

=1.64MPa .

420
m =——
0.85" 24

18 2mR 9 & * *1.64 0
p=lG AR 1 @ \/1- 2720.58871.64 2 _ 4 oo407
mg fy 5 20.588§ 420 P

Asreq=0.00407 1000  323= 1314.61 mm? ... control

= 20.588

A Smir=0.0018" 1000 350 =630 mm?

Use 14 @ 12 cm. Use9d14

Check for spacing:

3h=3*350=1050 mm

S=450
_3g9 220 2520 =330
§=9% 0667+420 < = osumm
280
§ =300 ——— =300mm...... control .

0667420

Use 19 14@ 8 cm.
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Secondary Reinforcement :

For shrinkage & Temperature As provide equal :
Asmin=0.0018 B h=0.0018" 1000 350 = 630 mm?

Use5®14/mor 1d 14 @ 20 cm.

- LI o T
B T T Ut S

[
T o f—n55 £
; ey SATE ) M
LM .
S
LecEr
e Yy

s et e Fo— 7303

At :

N T

GETTTSE N RN et T
L—2u e SRR SUREEETIEEN ALy Al

SR A

Fig(4-28) Reinforcement Detail for Stair
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4.11 Shear wall (No 5) design:

II

Bl I

Fig (4- 29): the shear wall.

Fig (4-30): moment and shear for the shear wall.

Shear wall thickness, h = 25 cm.

Story height, hy, =4.10 m

4.11.1 Check max shear strength permitted:
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BV max =0.75 x0.83x  f! xhxd
let that d= 0.8 L,y =0.8 x7.5 =6m

BV 1 max =0.75 x0.83x+/24 x250%6 =4574.4 KN >V, =984.22 KN ok .

4.11.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:

Laxr 7.5
- —;—‘ =y 3.75m cont.
Hor 44,10
. 2w PN _gom
2 Z

- Story height = 4.10m.

V. isthe smallest of :
1

- Vo= flhd=-v24 x 250 X 6 = 1224.7KN cont,
- Ve=027 fhd+"-%=027v24 x 250 X 6+ 0.0 = 1984.08 KN
I"llg.l

Lw 01 fl+ 0.25

hd

- V&= 005 ff+—w—rp

Wi 2

M, at critical section = 6102.2+984.22* (4.68-3.75_=7017.52KN.m

01752 72 _ 33800 ok
G954.22 2 .
V.= 0.05v24 +“”‘f% 250 X 6 = 1998 KN

4.11.3 Deter minerequired horizontal reinforcement:

V,=984.22 KN.
0.58V . = 0.5x0.75%x1224.7 = 459.2 KN.
V> 0.58V.: need reinforcement.

Vo= V,—- V= 2 — v =282 1594 7=8759KN.

a 0.75
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_As A Vs _ B7S9x10% _ 0.035 mm?=

p - 5.h "5 - f_},.c! - 4206000 mr
_ D035

p=——=0.00014 < 0.0025

250
by using $12
Zx1131
P=Tmm = 00025, s=362mm.
max. spacing is the smallest of:
- 2 =T"=15m
5 5

- 3h=0.75m.
- 450mm cont.

For horizontal reinforcement use $12@250mm.

4.11.4 Determinerequired vertical reinforcement:

Shy  5x410

L 7.5
Pumin > 0.0025+ 0.5 2.5 — £ (p;— 0.0025)= 0.0025,

take p,= 0.0025.
max spacing is the least of,

Ly _ 75 _
. =2 2.5m

- 3h=0.75m.
- 450mm cont.

= 2.73m.

Use ¢ 12@250mm.

4.11.5 Design for flexure (uniformly distributed flexure reinfor cement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement ¢12@250mm.

7500
Ag=-~%2x1131=678538 mm*
Ast LT7E5.8 420
= & 2o 220 = 0063
Lwht [ ToO0x=250 24
lJ
a=—-—=00

Lwfih
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co_ {4 2 _ 0.063+0.0

L= = =0.074
L Ziul l-.l.H.l'-Iﬁ! 20063+ 085085
oM, =g 05A. fL, 14+-% 1-%

n— . SUiy "d‘!--'r}' Lo

=0.9 0.5 % 6785.8 x 420 x 7500 1 —0.074 % 10~°=890.07 KN.m
oMn< My,

the uniformly distributed vertical reinforcement ¢p10@300, is not adequate for flexure
therefore the amount of vertical reinforcement must be increased.

Try ¢p14@150,

7500

Aﬁ:m % 2 % 153.9 = 15390 mm*

15390 420
W= — =0.239
7500x150 24
c 0.239
= =0.199

Lw T oax 0.239+0.B50.E5

@M, =0.9 0.5 % 15390 % 420 x 7500 1 —0.199 x 107" =17474.07KN.m >M,,

Use $14@150 for vertical reinforcement.

Fig (4-31 ):top view for the wall

4.12 Design of I solated Footing (FD):
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Loctions

1.1

OBh__

.......

Fig (4 -32):detail for the footing

Pp = 2680 KN (service).

P. 1460KN (service).

Pu =5552 KN ( factored).
Column Dimensions D = 75 cm.

Allowable bearing capacity gai= 400 KN/m?.

4.12.1 Area of Footing:

Soil Density = 20KN/ m 3

liveload =5 KN/ m?2,

assume h= 80cm.

0 atne = 4000-5-0.7" 25-0.8" 20 = 359 KN/m 2

PD +PL _ 2680+1460
gal Inet 359

Area A= =1153

Use L=3.66m,B=3.65m, A=133m?

4.12.2 Depth of footing:
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Assume h=80cm.

Check one-way shear:

|1

=N

Inzlinan] crack

Crltlcel sectian “ar ; ;
e —u Tributery wress for
-y dhasr one way shesr

Sl .
umn

Fig (4- ):oneway shear. I///’f

Orna-way shaar.

P, _ 5552

—u_ =417.4 KN/ m2
Area 13.3

qult =
d8-75-10-7=708 mm

0.75,
=124 24+ 3.65* 0.708* 1000 = 1582.49KN
FV.=F %w/ f.%,d = 6

Vu=q,, &2 49 L
e 2 2
vud=4174" B89 _ 7060 365-11868KN
e a
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2V =0.75 x1582.49 = 1186.8 KN > V4= 1130 —+—+——+ ok

Check two-way shear:

Tributary area o
two-way shaar

i

/ b
7

\

fol—

Critical section
for two-way shear ™

] e
el + .71
rd
L+

L
/ shear.
708 Two-way shoear,

=—= 354mm.

Fig(4- ):twoway

To caculate V, at the critical section which take circular shape with radius equal
0.375 +0.354 = 0.729m

Inner area=( radius) ?xm = 0.729 ? xm = 1.668m?

Outer area = area of the footing = 13.32m?

Vu = qu (outer area— inner area) = 417.4 x(13.32 - 1.668) =4863.5 KN

According to ACI , V¢ shall be the smallest of :
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v =%§ +b£g\/f7¢bd = O.S\/E%od
c@

Where:

b.=a/b=80/80=1

bo = Perimeter of critical section taken at (d/2) from the loaded area
=" (0.75+ 0.708)= 4.58m

as =40 for interior column.

fV.=0.75 0.33/24" 458 0.708 1000=39317KN

pVc=39317 KN = Vu =4863.5KN
SO hnot70cm  ,h=90cm

4.12.3 Design of flexural reinforcement:

oo, w2 g as
g €2 2g5 €2 2g

=874 365 B2 000 6886 080 _ 160 6 knm
e

&2 295 &2 2g

Mn = 1601.6/0.9 = 1780 KN.m.

Mn

"= v

97



Chapter 4 structural analysis and design

1780* 103

n=——————— =0.746 Mpa
3.65* (0.808)

fy 420

m = _ = =20.59
0.85* fc  0.85*24

1 2mRn
p=—(1- [1- ——)
m

fy

1 ‘- \/1_ 2(20.59)(0.746)
20.59 420

p ) 0.0018

Areq=p b d=0.0018 3650 805=5308.5mm?..... control
Asmin=0.0018" 3650 900 = 5916 mm’
So, Use39 ® 14with As= 5852 mm? > Asreq =5308.5 mm?... in both directions.

4.12.4 Development length of flexural reinfor cement:

Ldfor @ 14:
Ldzg, fy ,a"b g’ I, 23,420,110.8 1’18:444.5mm
10 /fct &K, +CO 10 /24 25

Available length = ((3650-750)\2)-75=1375
=1375mm>4445mm ............... ok

4.12.5 Development length of column reinforcement:
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Ldfor ® 22:
. fy 420,
= do = ——  22=472mm
N 4.[tct M24
L4=0.043" db" fy=0.043" 22" 420 =398 mm
\ L, =472 mm

Available embedment =900 75 - (2 x18) = 789 mm > 472 mm
\ OK.

4.12.6 Load transfer at the column-foundation interface (Dowels design ):

FPnb=F (0.85fc® - \/%)

A, =1 (D%4) = N(0.75%4) = 0.44m"
A,=3.65  3.65=13.32m

JE: 1332 ..,
A 0.44

LA
A

FPnb=0.65" (0.85" 24" 0.44" 2)" 1000 = 11668 .8KN
F Pn =11668 .8 > Pu = 5552 ......... ok

In column:
F Pn,b =F (0.85 fc®Al)

F Pn,b=0.65(0.85" 24" 0.44" 1000) = 5834 .4KN

@Pnp = 5834.4 KN > py = 5552 KN

and the minimum reinforcement of dowels;

As=0.005" (M (0.75%/4)) = 2207 mm?
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Chapter 4

4.12.7 Lap splice of column:

Ls=0.071fy.db =0071"

420 22 =656 mm. Use 660 mm .
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Fig (4 -33):detail for the footing
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

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

deflections.

Solid one-
way slabs

£/20

£124

£/28

£Mo

Beams or
ribbed one-
way slabs
Motes:

Values given shall be us%d diractly for members with normalweight concrete
(density w, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions. the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w,_, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603w,,) but not

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

£NM6 £/18.5 €121 L8

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