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The structural design of Medical College

Working team:

Mariam Swiety Rahma Darawesh Suhir nofal

Palestine Polytechnic University.
2012-2013
Supervisor:

Dr. Nasr Abboushi.

Project abstract

The idea of this project is the structural design of medical college. The project is
integrated medical college meet all needs of the student and researcher, where there is a
sufficient number of laboratories, operating rooms, classrooms, libraries, and offices.

The building consists of four floors with an area of 15000 m? per floor.

The design will be based on the requirements of the American Code (ACI -318-08),
and the Jordanian Code of loads. And we used some of software like (Office 2007) and
(AutoCAD 2007) to project output, and also we use some of programs for structural
design and analysis like, Atir, Safe 12.3,Etaps 9.7.1, Sap 2000,DeconSTDesign, Pca-
column.,
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List of abbreviation:

D.: Dead load.

L.: live load.

W,: factored total load.

Ln: clear length of member.

d: thickness of a layer.

v: unit weight of material.

Mp: nominal moment.

M, factored moment at section.

f: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

& strain of tension steel.

@: strength reduction factor.

Vn: nominal shear strength.

V,: factored shear force at section.

V.: nominal shear strength provided by concrete.
V. nominal shear strength provided by shear reinforcement.
As: area of steel.

A, area of shear reinforcement.

b: width of compression face of member.

bw: web width.,

d: distance from extreme compression fibers to centroid of tension reinforcement.
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h: over all thickness of member.
P,: nominal axial load.
P,: factored axial load.

S: spacing between bars.
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Chapter 4

Structural analysis and design

4.1 Introduction.

4.2 Design method and requirements.
4.3 Design of topping.

4.4 Design of one way rib slab.

4.5 Design of two way rib slab.

4.6 Design of flat plate.

4.7 Design of solid slab.

4.8 Design of beam (B021).

4.9 Design of prestressed beam.

4.10 Design of short column (C0177).
4.11 Design of punching (two way shear at interior column in flat plate).
4.12 Design of long column.

4.13 Design of stair.

4.14 Design of truss.

4.15 Design of shear wall.

4.16 Design of isolated footing.
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4.1 Introduction:

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

Reinforced concrete is logical 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 continually 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?®.

4.2 Design method and requirements:

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

4.2.1 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 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.
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4.2.2 Factored loads:

The factored loads for members in our project are determined by:

W,=12D_+16L_ ACl-code-318-08(9.2.1).
NOTE:
fi = 24 Mpa.
fy =420 Mpa

fyt = 420 Mpa , will be used at design and calculations.

4.3 Design of Topping:

4.3.1 Dead load of topping:

Tiles 23%0.03%x1.0 =0.69 KN/m .
Mortar 22%0.03x1.0 =0.66 kN/m .
Coarse Sand Fill 17%0.07 *1.0 =1.19 kN/m .
Topping 25%0.08x1.0 =2 kN/m.
Partition 2.3 x1.0=2.3 KN/m.

Total Dead Load = 0.69 + 0.66 + 1.19+ 2 + 2.3
= 6.84 KN/m.
Live Load =5%1 =5 KN/m
Wu=12DL+16LL
=12*6.84 +1.6*5=16.2 KN/m. (Total Factored Load)

_WuxI? 16.2x(0.5)°
12 12

Mu =0.3321kN.m

Mn = g.42vfc' xﬂ
6
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* 2
1000780 _, 19knm
=042 J24 6 .

dMIn = 0.65x 2.19 =1.427kN.m.
dMN =1.427kN.m > Mu = 0.3321kN.m.

bx h?

Where S, = .is the section modulus.

and @ = 0.65 for plain concrete.
No structural reinforcement is required by analysis.

Therefore, shrinkage and temperature reinforcement must be provided (ACI 10.5.4)
p =0.0018 ACI-318-08 (7.12.2.1)

As = p*b*h=0.0018*1000*80 =144mm? /1m.

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86 ~ 3 bars/ m strip
Spacing= 1000/ (number of bars) =1000/3=333.3 mm.

4.3.2 Check for max. Spacing between bars:

S=3h=3x80=240mm......... (Control)

S=450mm.

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

Use 108/20 cm (4®8/1m), with As =200 mm%1m in both directions.

As =20cm?/m> As,_. =1.44cm? Ok
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4.4 Design of one way Rib slab (R004) at ground floor slab:

4.4.1 Determination of Slab Thickness:

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non-

prestressed beams or one way slabs unless deflections are computed for simply supported
one way rib given as follow :

hmin for simply supported = L/16
=465/16 =29 cm.

h =36 cm will be used, with etolight block 6¢cm, polystrene 22cm & Topping 8cm.

% o
m‘w‘{

- F

[T
N

SR TN LA B T T

ITMI B :
Il I
[\

Fig (4-1 ):location of R004 at the ground floor slab
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4.4.2 Design Constants:

From the geometry of T-Section :
bw = 140 mm h= 360 mm t=hf =80 mm.
The effective width (be) according to ACI 8.12.2 be is the smallest of :

b =Ln/4=3.95 /4=0.987m
b, =bw+16tf =14 + 16 (8) =1.42m
b. = clc spacing between beams = 0. 64 m

Control .......... 64 cm

- Requirements For Slab Floor According to ACI- (318-08) :
bw > 10cm ** ACI(8.13.2)

Select bw=14cm

h < 3.5%bw ** ACI(8.13.2)
Select h=36cm<3.5*14 =49cm

Tf > Ln/12 >50mm ** ACI(8.13.6.1)

Select tf=8cm.

4.4.3 Load calculations:
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Fig (4-2): Typical Section at Ribbed Slab.

Tiles 0.03x0.64%23 =0.4416 KN/m /rib
Mortar 0.03x%0.64%22 =0. 4224 KN/m/rib
Coarse Sand Fill 0.07%0.64%x17 =0.7616 kKN/m/ rib
Topping 0.08x0.64%25 =1.28 kN/m./rib
Polystyrene 0.22 x0.50%0.22 = 0.0220 KN/m./rib
Block 0.06x0.50 x10 =0.30 KN/m /rib
Concrete Rib 0.28%0.14%25 =0.98 kN/m /rib
partitions 2.30%0.64 =1.472 KN/m [/ rib

Nominal Total Dead Load =

0.4416 + 0. 4224+ 0.7616 + 1.28 + 0.30 + 0.022 + 1.472+ 0.98
=5.70 kN/m of rib

Nominal Total live load =5 * 0.64 = 3.2 kN/m of rib.

Factored dead load = 1.2*Dead load = 1.2*5.70 = 6.84 KN/m of rib.

Factored Live load = 1.6*live load = 1.6*3.2 = 5.12 KN/m of rib.

Total Factored Load = 6.84 + 5.12 = 11.96 KN/m of rib.
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Live Load 12NY'm
Dead Load 56443"1 m
465

_|ﬁ

RA =RB :V%XL: 11.96

_ Wul?  11.96%4.65?

My= —— =
Y=g 8

x4.65 = 27.36KN

= 31.8 KN.m.

47
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Figure (4- 3) : loading of Rib (004).
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27.36
X=2.325
27.36
Figure (4-4) : Shear Diagram.
RA= 2¥.36 KN RB= 27.3gKN

Mu =|31.8 KN.m

Figure (4-5) : Moment Diagram For Simply Supported Rib.
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4.4.4 Check rectangular section or T-section:

Select diameter of bar = 14mm.

bw =14cm, h = 36cm
d =360-20-10—(14/2) =323mm

Mu max = 31.8 KN.m.
t
Mn, = 0.85% fcxbf xtf(d — )
Mn, = 0.85% 24 x 0.64x 0.08% (0.323 — %) * 10°= 281.73 KN..m

® Mn,=0.9*281.73 =253.56 KN.m >> Mu_,

The Rib will act as (Rectangular Section).
4.4.5 Design Rib( 004) For Flexure :
Design for positive moment:

Mu=31.8KN.m

d = h - cover-dgirmp -2 = 360 — 20 — 8 — - = 325mm

M
Mn = Mo 318 35.33 KN..m
(0 0.9
Jfc' 1.4
As... = bw)d)==—(bwd).......ccceuenc.. (ACI —-10.5.1)
(i) I = 1 wa)
V24 1.4
As i, = —F—=14)32.5)> —(14)32.5
S0 = 21a30) 14182.8)> 43 14)329)
As., =131<150............. the larger is control
As_.. =1.50cm?

min
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*1N-3
Rn = Lloz =0.53 Mpa
0.64*(0.325)
fy 420

m = - = =20.59
0.85* fc 0.85*24

2mRn
fy

1
P—a(l' 1- )

. 1 L- \/1_2(20.59)(0.53)):1.2% 10°
20.59 420

Aeq=p>*b*xd=1.28 X 107 x64x32.5 = 2.65 cm?
2.65 cm?®> As . =1.50cm’

Use 2 ®@ 14 with As =3.07 cm? > As req=2.37 cm?

Check for strain:
Tension = compression

As x fy=0.85x f x b xa

307.9*%420=0.85*24*640*a
a=9.90mm
Cc= 2 = @ =11.65mm
S, 0.85
e = (325—11.65)*01003
11.65

g, =0.08 >0.005 »>—>— 0k

4.4.6 Design of shear for Rib (R004):

The reaction at the face of support = % = 23.6 KN.

d = 325mm.
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V, at distance d = 23.6 — 0.325(1.2x5.7 +1.6x3.2) =19.7 KN

According to (ACI cod ,sec 8.13.8 ),shear strength V. provided by concrete for ribs may
be taken 10% greater than that for beams.

Ve="2f byd = V24 x 140 x 325 X 10~° = 40.87KN

gV, =0.75 x40.87 = 30.65 KN

0.58V.=15.3 KN.

0.50V:.<Vu<gV, case Il.

Min shear reinforcement is required except for concrete joist construction.

Use 2 leg @ 8@ 200mm for practical use.

2610(straight) p8/20cm  @8/20cm F
© &

AT sl
o o W
i D 10
o aSetesgugeoepagaty 10+
W=1=1=1 £ #8/20cm

Lyadd 50 gl L=100cm

2¢ 1 4 straight 2¢14{straight

Fig (4- 6) : Reinforcement of Rib (004).

51



Chapter 4

4.5 Design of Tow way ribbed slab:

structural analysis and design

F-
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Fig(4- 7):two way rib slab location at the ground floor slab.
4.5.1 Determination of Thickness for Two Way Ribbed Slab:
64 80 30
Is
36
70
14 80
Rib Section Beams Sections

Fig (4- 8): rib and beams sections
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9.30
B021(80%70)
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Figure (4- 9): two way ribbed slab.

- ZAY

DA

_ * * * *
v 0.5*0.08*0.04+0.14*0.36*0.18 _0.118m
0.5*0.08+0.14*0.36

| . 0.64x(0.117)°  0.50x(0.028)° . 0.14x(0.242)°
rib — 3 - 3 3

|, =10.082x10“m* /b

=L phe = Lwog*(0.7)° =220%10° ma.
2 12

I,y = = bh? = = *0.3%(0.8)" =1.28*10"* ma.
12 12
10.08x10"

= x5.2=81.92x10"*m*
0.64

10.08x107*

L= x4.95=77.98x10*m*
0.64
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~10.08x10™*

@= x9.85=155.17x10"*m*
0.64

-3
_ 1y 229x10° o

l, 81.92x10™

| . -
0{2=—b: 1.28x10 - 64,
|, 77.97x10

a,

-3
_ 2.29x10 _279,

. 81.92x107
|
|

Ib

1

. 1.28x10°
s2

1=

=0 = ===  _—164.
77.97x107*

a,

o ta,+ad3+ad  2.79+1.64+2.79+1.47
" 4 4
a>2

=217

ay

According to ACI-code:

o In(08-+ fy/1400)

. ACI-318-02 ( Eq: 9-12)
36+98

p=te 2931 056
L, 88

_9.3%(0.8+420/1400)

. 6 oriosg = 0-225m<036m
+ .

h

4.5.2 Load Calculation:

Tiles 0.03%0.64%0.64%23 =0.283 kN
Mortar 0.03%*0.64>x0.64>x22 =0.27 kN

Sand 0.07%0.64%0.64x17 = 0. 487 KN.
Topping 0.08x0.64%0.64>25 =0.8192 kN
Block 0.06%0.64%0.64>x10 =0.15 kN
polystrene 0.22%0.5>0.50.2 =0.011 kN

Rib 0.28%0.14x (0.64+0.5) x25=1.117 kN
partition 2.3x0.64 x0.64 =0.942 kN
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Dead Load = 4.079 KN.

Dead Load per unit area = 4.079/ 0.64*0.64= 9.96 KN/m?
Live Load =5 KN/ m?.

D, =1.2 x9.96 =11.95 KN/ m?

L, =1.6 x5 = 8 KN/m?

W, = 19.95 KN/m?

4.5.3 Calculation of moment by using coefficients method:

. 88
“8=——=0.95
Ly 9.3

From tables use Case (7 ):
C,.=0031, C,,=0036, C,, =0.031, C,,, =0.032.

1/3 (As pasitive)

Cadl=0.031

Call=0.036
Cbneg Chdl=0.031
=0.067  Cbll=0.032

1/3 (As positive)

IS SIS

1/3 (As positive)

Figure (4-10): case (7) coefficients
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Mpneg= Cb neg X Wu x L# =0.076 x 19.95% (9.3)% x0.64 =73.1 KN .m/rib.
M¥34=Cag X Wyg X L2 =0.031 x 11.95% (8.8)% x0.64=18.0 KN .m / rib.
M¥ = Can X Wy * L2 =0.036 x 8x (8.8)2 x0.64=14.27 KN .m / rib.

Ma positive = 18.0 + 14.27 = 32.27 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive

Maneg =( 1/3) x32.27 = 10.76 KN .m / rib.

M+b,d =Chat X Wyg % 1?2 =0.031 x 11.95x% (9.3)2 %x0.64=20.1 KN .m/ rib.
M*a = Can X Wy X L2 =0.032% 8% (9.3)% x0.64 = 14.17 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive .

Mp neg = (1/3) % 34.27 = 11.42 KN.m / rib.

-10.76

-73.1 -11.42
32.27

-10.76

Figure (4-11 ): moment diagram.
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4.5.4 Check rectangular section or T-section:

Let diameter of bar 14 mm.

bw =14cm, h = 36cm
d =360—20—8—(14/2) = 325mm
Mn, = 0.85% fex bf xtfx (d )
0.08

Mn, =0.85 X 24%0.64 x 0.08 X (0.325 — %) X 10°=295.6 KN.m

® Mn, =09 X 2956 = 266 KN.m >> M, .

The Rib will act as ( Rectangular Section ) .

4.5.5 Design Rib(S015) For Flexure:
4.5.5.1 Design for positive moment:

d = 325mm

M, =34.27 & Mu = 32.27 KN.m/rib.

M, oo 3427
Mn= = =38.08 KN.m
0.9
As . = i (ow)(d)> 4(bw)(o|) .................... (ACI -10.5.1)
4(ty) fy
J24 1.4
As., =—F——=I(14)32.5> 14)32.5
Son = g 148252 12 041625)
Asi, =1.32<150............. the larger is control
As .. =1.50cm’
Mn
Rhn= ——
b*d?
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38.08*10°°

= == — =056 Mpa
0.64* (0.325)

fy 420

= - = =20.59
0.85*fc  0.85*24

2mRn
fy

1
p=— (- 1=
m

L . Jl_w ) = 0.0014

P~ 2059 ¢ 420

Areqg=p> b xX d=0.0014% 64* 32.5=2.91 cm?

2.91 cm?> As ;. =1.50cm*

Use 2 @ 14 with As=3.079 cm? > Asreq = 2.88 cm?

Calculate (d):

d:36o—20—8-§= 325mm

Check for strain:

Tension = compression
As X fy=0.85 % f,x b xa

307.9*420 = 0.85*24*640* a
a=9.90mm
_a 990
" B 085

(325 11. 65)X0 003

——=11.65mm

g, =0.08 > 0.005 —>—>— 0K
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4.5.5.2 Design for negative moment:

Mu =11.42 & Mu = 10.76 KN.m /rib.

Asumme @ 10 will be used .
dp 10
d = h—CoVer—dstirrup—7 :360_20'8‘7: 327mm

Myne  11.42
Mn = — = =12.70 KN .m
® 09

take As,,, =1.50cm’

* -3
n= 1270710 ~ =0.848Mpa
0.14*(0.327)
m = 20.59
1
oe L \/1_2(20.59)(0.848)): 0.0021
20.59 420

Areg=px bxd=21% 10% % 14% 32.7=0.97 cm?

As=0.97cm?<As . =1.50cm’

Use 2 ® 10 with As = 1.57 cm? > As_,, =1.50cm* |

Since , no reinforcement less2 @ 10 is used for Mu =10.76 KN.muse 2 ® 10 .

Check for strain:

Tension = compression

As X fy=0.85x f x b xa
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157*420=0.85*24*140*a
a =23.088mm
B 0.85
327-27.16

e, = (5 =2222)X0.003
27.16

&, =0.03>0.005 >—>— ok

For My = 73.1 KN.m/rib.

Assume @ 22 will be used,

d=h — cover - dsimp — 22 =360 -20 -8 -2 = 321mm

My  73.1
Mn = —=—— =8122KN.m
)
As . =150cm’
* -3
n= &102 =5.63 Mpa
0.14*(0.321)
m=20.59
1 . :
- - Jl_w)zom,
20.59 420

Areq=p> b X d=0.0161 X 14% 32.1=7.24 cm?
As=7.24 cm?> As,,. =1.50cm’

Use 2 @ 22 with As =7.60 cm? > As req = 7.24 cm?

Check for strain:

Tension = compression

As X fy=0.85 % f,x b xa
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760*420=0.85*24*140*a

a=111.79mm
B 0.85

¢ = (321_131'5)X0.003
131.5

&, =0.0043<0.005

Mn=.0.85% fcxbxax (d-3)

111.79

Mn = . 0.85%24% 140% 111.79 (321 - ) — 84.65 KN.m

® = 0.65 + (€5 —0.002 ) (250/3)
® = 0.65 + ( 0.0043 — 0.002 ) (250/3) = 0.84
® Mn=0.84 x 84.32=74.0 KN.m >Mu = 73.1 ..... OK.

4.5.6 Design of shear:

Lo/ L,=8.8/9.3=0.95
From Table , Case (7)

W,=0.33, W,=0.67.

W, =19.95 72 ~ 20

The total load on the panel = (20 <9.3x8.8) = 1636.8 KN.

The load per rib at the face of long beam is = (0.33%1636.8x0.64 / (2% 9.3 ) =18.6KN

The load per rib at the face of short beam is = (0.67*<1636.8x%0.64 / ( 2% 8.8 )=39.88KN
Vu =39.88 KN.... Control.

The critical section for shear is at distance (d) from the face of beam, d = 325mm.

Vi =39.88 - W, be d = 39.88 — 19.95 x0.64x0.321 = 35.77 KN
Ve ==\[fZbyd = 24 X 140 X 0.321 = 40.36KN
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oV, =30.27KN
Vud > ﬂVc

1 r 1
Vs,minZ 16 ﬁ;bwd = gbwd
Vs min= 1—16VZ4 X 140 X 0.321 = 14 KN

Vemin = X 140 X 0.321 = 15.167KN cont.

D (Vsmin + V¢ ) =0.75 (40.36 +15.167)= 42.03 KN

Min. shear reinforcement must be provided.

Let use 8 double leg , with A, =100.5 mm?

Al?
5= fy — 100.5X420%321 — 9045mm
Vs min 15.167x1000
but Smex< 5 =22 = 162.5 cont. , Smax < 600
use ¢8 double leg @150mm
29722 (straight) @5/ 20cm @0/ 20cm —
o &
45 710
288/15cm
L=100cm

281 4 straight

Figure (4- 12): Reinforcement for Rib ( S015)
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4.6 Design of Flat Plate:

We use SAFE Program to design the flat plate in the project . Each plan was divided
into 5 parts by expansion joints and entered into the SAFE Program as parts .

4.6.1 Drawing the Plan as DXF :

We draw the plan on the AUTOCAD as DXF format . After entering the drawing into
SAFE Program , we define all materials , members and combinations , and redraw it there

Fig (4- 13):plan on AutoCAD as DXF
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Fig (4- 14):plan on SAFE Program

4.6.2 Determination of Slab Thickness:

We can determine min. thickness of Flat plate which is without interior beams and drop
panel (with fy = 420 Mpa ) , as following :

1. for Exterior panels without edge beams:

1 10
span length (L = 10m) —»—-- hp,;, = % =30" 0.333

2. for Interior panels:
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1, 10

ﬁzﬁz 0303

span length (L = 10m) »—- hp;, =

Use slab thickness =35 cm .

4.6.3 Determination of the Loads:

For the circular part in 1% plan :

Tiles = 23*.03=0.69 KN/m?

Mortar=22*0.3=0.66 KN/m?

Sand=17*0.7=1.19 KN/m?

Partition=2.3 KN/m?

Total Super dead load =0.69+.66+1.19+2.3=4.84 KN/m?

Live load = 5 KN/m?

Then , we enter these values into the SAFE drawing and apply the self weight as
service loads .
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4.84
4.84
4.84
4.84

484

4,84
4.84
4.84
4,84
4.84
4.84
4.84
4,84
4,84

5.00
5.00

5.00

5.00
E.UOI
5.00

5.00
5.00
5.00
5.00
5.00
5.00
5.00

5.00

Fig (4- 16):live load
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4.6.4 Check the Allowable deflection:

After finishing the whole procedure, and running the program, we should compare the
deflection with the maximum one.

L
max.def.(A) = 360

for max.span L = 10m »—-—- max.A.= 360 27.8 mm

A= —8.784 mm < max.A= —27.8

4.00

3.00

2.00

1.00

0.00

=1.00
-2.00
-3.00
-4.00
-5.00
-6.00

-7.00

-8.00

-9.00

Fig(4- 17):Deflection (service)
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4.6.5 Design of Moment:

200

-300.

-400.
-500.
600,
=700,

Fig(4- 18):moment in X-direction
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Fig (4-19 ):moment in Y-direction

Therefore , the Bottom reinforcement is $12@10 cm c/c and the Top reinforcement is
$16@10 cm c/c as Basic Meshes with additional reinforcement in some areas .
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Fig (4-20 ):reinforcement of 1% part in 1* plan
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4.7Design of Solid slab:

4.7.1 Slab thickness:

. L 6.28
For one end continuous = Pyinievale 0.249m
. L 6.65
For one end continuous = Py 0.237m

Take h =25 cm.
Assume use §18 , d= 250 -20-—> 221mm.

= | —
1_ meter strip
%
iNiti) 605 4R3
E.28 565 5.28
 — -
Fig (4- 21): solid slab.
4.7.2 Load calculations:
Material Axhx1 Load (KN/m)
Tile 0.03x23x1 0.69
mortar 0.03x22x1 0.66
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sand 0.07x17x1 1.19

partition 2.3x1 2.3

Self weight 0.25%x25%1 6.25
> [ w1 ]

Live load = 5x1= 5 XX
m

1 2 3 4
1 2 3
A A A j
|:: A_] L J S
Il:I.BI 5.7 IO.BI 6.05 IO.GI 4.89 IIJ3I|
b 6.3 b 6.65 o 5.34 t
I I I I
25
100.
A-A
Fig (4-22 ): geometry of solid slab.
11.0 11.0 11.0
6.3 6.65 534
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00 s.@u
6.3 6.65 534

Fig (4-23): loading of solid slab.
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“Moments: spans._Jfo 3

-96.4
-72.7 -74.5 -78.9

1.812.39 , | /lk\ ‘
f T
N =t 4 H
47.1 51.3

71.2

| 2.52 , 3.78 | 3.33 , 3.33 | 3.2 . 214 |
I T T T T T 1

Shear

-82.3
-75.9 65.3 -T1.7

435 46.7

55. 48.7

76.2 9.9 71.5 662

Fig (4-24): envelop moment and shear diagrams of solid slab.

4.7.3 Check whether the thickness of the slab is adequate for shear:

Vimax = 75.9 KN.

_ l y _ l -3 _ KN
V.= 61( foby,, d = 6V24 X 1000 x 221 X 1072 = 180.45 T strip
gV, = 0.75x180.45 =135.3—_

1m strip

Vu,max < 2 VC
No need to increase the slab thickness, its adequate enough.

4.7.4 Design for flexure:

4.7.4.1 Design for positive moment:

For M, =+71.2 KN.m

_ My
"™ gpaz
71.2x10°
Rn=——"—— =1.62 Mpa
0.9x1000x2212
f;
m= —*—
0.85f;
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420
m=
0.85%24

1 2.Mm.R,
p= ;(1 N L arra )

1 2X20.59%X1.62
p=— (1 - \/1 - ) = 0.0041

A, =p.b.d =0.0041 x 1000 x 221 = 906.5 mm2
Asmin = 0.0018% b X h =0.0018x 1000 X 250 = 450 mm?* < A req

Nots = = = 2918 418@250.

2545 m strip

= 20.59

Step (S) is the smallest of:
- 3xh =3x250 =750mm.
- 450mm.
280

- S= 380<Z—> — 2.5C, = 330mm

3y
280

SS3OO<2—> = 300mm cont.

3y

S=250mm <Spax Ok

For M,=+47.1 KN.m
Rn,=1.07 Mpa.
p=0.00262

As =578.62 mm? > Aqmin.

3¢25
m strip

Ng16 =

,$16@333mm

But 333mm > Spax . SO use $16@250mm.

For My =+51.3KN.m
Rn=1.17 Mpa.
p=0.0029

AS =6327 mm2 > Asimin.

4$25

m strip

Ng16=

,$16@250mm.
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4.7.4.2 Design for negative moment:

For My=-745KN.m
Rn=1.695 Mpa.
p=0.00422

As =932.3 mm? > Ag min.

_ 4925
Ng18=

,$18@250mm.

m strip

For My=-58.4KN.m
Rn,=1.33 Mpa.
p=0.0033

AS :7235 mm2 > As'min.

425
m strip

Np16= ,c1)16@250mm

4.7.5 Temperature and shrinkage reinforcement:

Asymin = 450mm2

450 412
113.1 m strip

Ng12= ,12@250mm.

T18@250 TiEaz50 T12@250

Tigazs4 TiE@250 TIE@250

Fig (4-25 ):reinforcement of solid slab.
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4.8 Design for beam (B021):

] B
0148 £0148 O] e 0150
m ~e o u i
AL
o et e o
‘?g-! I 0159 CO180 mu 1
e 1 [ i [ ]
L] HEN
:c_ﬁ'\" Sﬁa\: 50"3 SQ;L'\ =
L AL <1
ATITEE Fai7d Co171 bd172 (11T En1 3
I [
“cmr? qUT7E 0178 cnig
[ | || o i SO'@ [ | i
(] |
P37 cofea | 1o
m —m

Fig (4-26 ): Beam B021

4.8.1 Load calculations:

- Dead load for two way rib slab =~ 10 K—IZ .
m

- Dead load for one way rib slab = 5.7 Ijn—N :

- The service dead reaction upon the beam from the two way rib slab
=44x10=44 =2

- The service live reaction upon the beam from the two way rib slab
=44x5=22 %

- The service dead reaction upon the beam from the two way rib slab

- =2x415x10=83 °% .
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The service live reaction upon the beam from the two way rib slab
=2x415x5=415 — .

The service dead reaction upon the beam from the two way rib slab
=2Xx44x10=88 .

The service live reaction upon the beam from the two way rib slab
=2X44x5=44

The service dead reaction upon the beam from the one way rib slab

_ 5.7x3.95 _ 11.26 KN
=————=1126 KN — er = 17.6 —

The service live reaction upon the beam from the one way rib slab
520 x 0.64 = 3.2°%

m m
— 3.2X3.95 6.32

=6.32 KN ._>m=9.88%

The weight of the beam and the floor materials acting directly on the beam:

MATERIAL AXLxy Load X~
m
RC concrete 0.8x0.7x25 14
Tile 0.03x0.8x23 0.552
Mortar 0.03x0.8x22 0.528
Sand 0.07x0.8x17 0.952
Partition 2.3x0.8 1.84
>D | 1782 |

Live load upon the beam = 5x0.8 =4 %

.

£t
S

9.3

TS
A~

8.3 03 8.8
T

9.3

T

=
J=
T

9.8

9.1 9.6

9.8

80.
A-A

Fig (4-27) :geometry of B021.
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44.| |44, 8. 8. 44.| |44
118 138
113 v gzl 133 1%3
465 05 466 455 | 455 48 | 4B 465 05 485
1 | | T

Fig (4-28 ) :dead load for BO21.

465 465 455 300 455 a8 300 44 465 1 465
H I I H
Fig (4-29 ) :live load for BO21.
-1286.6 -1351.9
-1058.2  -10835 10112 -1139.2 , -1121.2
-776.8 , -770.6
. . /M>°\ : : ——
L 1 3'.1. \ 3'3.2!. 1
' | 1.@1”5 | 1148 1187
1259 y st T 1245
ey 763.4
10278 1006.4
. Fig (4-30 ) :moment diagram of B021.
663.3
6411 gy 5203 fo33 114
. _4(]5_3-4242
M L1 i i L1y i
1 T I T Li|
cgq 5758 539.7 -
&70. 6477

Fig (4-31) :Shear diagram of B021.
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4.8.2 Check whether the section will be act as singly or doubly reinforcement
section:

d= h — cover — dygipup — 2 = 700 — 40 — 10 — = = 637.5 mm.

¢ =2d= 2x637.5=273.2mm.
a= B,. ¢ = 0.85 x 273.2= 232.2 mm.
Mo, max = 0.85x fc' x a x b x (d - £)= 0.85 x 24 x 232.2 x800( 637.5- =)

Mnpmax = 1975.8 KN.m .
g =0.82, 8 M, max = 1620 KN.m > M= 1139.2 KN.m.
Design the section as singly reinforcement section.

4.8.3 Flexure design:
4.8.3.1 Design for positive moment:

For M, =+1027.8 KN.m

_ My
Rn= @bd?
1027.8x10°
Rn = ———— = 3.51 Mpa
0.9x800%637.52
m= 2
0.85f]
420
m= = 20.59
0.85%24

1 2.m.Ry
p= ;<1 ENEarre )

1 (1_\/1_2x20.59x3.51 >=0.00935

P= 2059 420

As = p.b.d=0.00935 x 800 x 637.5 = 4709.95 mm?2

Acmin=025L b a>1%p g
fy fy

Asmin =0.25 122 800 x 637.5 = 1487.2mm”

Asmin = ——=800 X 637.5 = 1700 mm?
420
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_ 4709.95
T 4909

Let use $p25,with A;=490.9 mm? > n
4909mm?2.

= 10 bars,with A; =

Check for placement of bas :

_800—40x2—10x2-10%x25
9

S = 50mm > 25mm ok

Check for the strain:

_ Asfy  4909%x420
0.85b f! ~ 0.85x800x24

= 126.3mm

=2 = 1253 _ 148.63mm
B, 085

637.5—-148.63
148.63

e, = 0.003 (=5) = 0.003 ( ) =0.009 > 0.005 0k

@=0.9,

126.3

@ Mo =04, (d - g) = 0.9 x 4909 x 420 (637.5 — T) = 10658 KN > M,

For M, =+648.7 KN.m
Rn=2.22 Mpa.
p=0.0056

As =2856.72 mm? > Ag min

os = 285672
9257 "490.9

= 625 with As = 2945.4 mm?2

check for placement :
S=110mm>25mm ok
Check for strain :
a=758mm, € =89.2 mm.
s = 0.018 > 0.005 ok,
2=0.9

g M, =667.6 KN.m>Mj.
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For My=+763.4 KN.m
Rn=2.61 Mpa.
p=0.0067

As =3401.53 mm? > Ag min.

e = 340153
925~ 4909

= 7025 with As = 3436.3 mm2

check for placement :
S=87.5mm>25mm ok
Check for strain :

a=88.4mm, ¢ =104.4 mm.
es = 0.0153 > 0.005 ok ,
2=0.9

g Mp=771.23 KN.m> M, .

For M;=+1006.4 KN.m
Rn=3.44 Mpa.
p =0.009

As =4604.31 mm? > Ag min |

o = 460431
9257 "490.9

= 1025 with As = 4909 mm?2

check for placement :
S=50mm>25mm ok
Check for strain :

€s = 0.009 > 0.005 ok ,
2=0.9

g M, =1065.8 KN.m > M,
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4.8.3.2 Design for negative moment:

For M, =-1083.5 KN.m
Rn=3.7 Mpa.
p=0.0098

As =4996.9 mm? > Aq min

e = 39969
9257 "490.9

= 11¢25 with As = 5399.9 mm2
check for placement :

S=425mm>25mm ok

Check for strain :

a=139 mm, € =163.5 mm.

es = 0.0087 > 0.005 ok ,

2=0.9

g Mp=1159.4 KN.m> M, .

For My =-1139.2 KN. m.

Use 11$25 with g M, = 1159.4 KN.m > M, .

For M,=-776.8 KN.m.

Use 8¢p25 with g M, =871.3 KN.m > M, .
4.8.4 Design the beam for shear:

Vumax = 647.7 KN.
dp 25
d=h — cover — dgtirrup — - = 700 — 40 — 10 — - = 637.5 mm.
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Ve==2\/fib.d = =VZ& x 800 X 637.5 X 1073 = 416.4 KN

4.8.4.1 Check for section dimensions:

Vo= 2_y =277 _ 4164 = 4472 KN
] 0.75

Vomax = =/feb.d = 2V24 X 800 X 637.5 X 107 = 1665.7 KN

Vs < Vsmax SO the section is large enough.

4.8.4.2 Check for the case of shear:

Vemn===+fib.d  OR = - b.d  whichis larger.
Vmin = == VZ& X 800 X 637.5 X 107 = 156.2 KN

Vemin == X 800 X 637.5 x 1073 = 170 cont.
3

DB(Vsmin +V¢ ) = 0.75(416.4 +170) =439.8 KN.

V) =2V, =2x%x416.4 =832.8KN

Vemin =170 < Vs =447.2 <V = 832.8KN case (V) for shear design.
Smax< 5="2=31875mm OR Spa < 600mm

Smax =318.75 mm  cont.

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

_ Avpfyt , _ 157.1X420X637.5
Vs 447.2x1000

=99.6 mm

S
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Use 2 leg $10 @100mm

For all spans 2 leg $10 @100mm will be used for stirrups.

0L 380 L 415 A 945 L 980 045
| 8,70 il o070 il 507 P 80,/ L
05 9.0 07, T 37, 895 i g, 830 0
77 7|7 7|7 7|7 rd

11725 T.B. L=700 8T25 T.B. L=700 11725 T.B. L=7110
25 212 T.B. L=700 2T12T.B.L=350 2T12T B.L=350 2112 Z;E L=700
675 3 25
6725 B.B. L=1000 10T25 BB, L=1000
10725 B.B. L=1000 7725 B.B. L=1000
11 ~ o
11725 -
~0) 62 62
7T25 7z
80 : Tio@70,L.=290
SEC 1-—1
SCALE 1:20

Fig (4-32): detail of BO21.
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4.9 Design of Prestressed Concrete Beam:

Beam (B141) in 1* Floor of the Medical College.

fci' =29 MPa
fci =41 MPa
fy =420 MPa

fpu = 1860 MPa

fre =1066 MPa

fci=0.6x*fci'=0.6%29=-174

.3 - 3
ftl—ﬁ*\/fCl =" 29 = 1.35

fes =0.6%fc'=0.6+x41 = —24.6

7.5
— %

.75
12 \/fC = E*\/‘l-_—‘l-

fts =

4.9.1 Section Properties:

The beam is Simply supported with span length L =20m .

The beam is rectangular (60*140) cm with the following section properties :

b =600 mm
h = 1400 mm

Ac = b xh = 600 * 1400 = 840 * 103mm?
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_bxh? 600 * 14002

= 196 * 10° 3
G G 6 *10°mm

=§=T=700mm

r?2 = (0.3 *h)? = (0.3 * 1400)% = 176.4 * 103mm?
w,=y*bxh=25%06%+14=21KN/m

_(wx1?)  21x20?

L= 5 3 = 1050 KN.m

feci = fti — %* (fti — fci)

700
feci =1.35—

200+ (135 +17.9)

fcci = —8.025
Pi = fcci * Ac = 8.025 * 840 = 6741 KN

196

S M
e mid = (fti — fcci) *P_i+ ~ = (1.35 + 8.025) x—— +

Pi 6741

e mid = 430 mm

= * = . *
een fCCl Pl 7

eend = 235mm
4.9.2 Check Allowable Stresses:

a. Stage Pi alone (eend=235mm):

1= —Pi*(l_e*C>

Ac r2

86
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—-6741 ( 235 %700
= *

= - )= 054
840 176.4 * 103)

—Pi exC
f2 *(1+ )

Ac 2

= —15.5

—-6741 < 4 235 %700 )
b3 ——————————
840 176.4 % 103

0.7 * fci' = —0.7 %29 = 20.3 > 15.5

6 — 6
E*,/fcz = E* 29 = 2.69 > 0.54

b. Stage Pi + M_ at Beam Center (e mid =430 mm ):

1 —Pi ( e * C) M,
= * —_ —
f Ac r2 S
_ —6741 ( 430*700) 1050 _ S 67 536 = 031
840 176.4 = 103 196 7 R
5 —Pi (1+e*C>+MO
= E3
f Ac r? S
g o741 ( 330+ 700 ) L1050 04 536= —1636
f 840 176.4 * 103 196

0.6 * fci' = —0.6 29 = -17.4 > 16.36

3

. 3
E*,/fa = E* 29 =1.35 > 0.31

c. Stage Pi + Mtot at Beam Center (e mid =430 mm):
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1 _Pl (1 e *x C> R ]\4o M tot
= * — * — —
f Ac r? S S
1 —6741 ( 430 % 700 ) 1050 3600
= —_—_— ] % —_
f 840 176.4 % 103 196 196

fl1=54-536-17.35= —18.33

—Pi ex(C M., M tot
*(1+ )*R+

_.|_
Ac r2

2 =
f S S

5 —6741 (1 4 430 * 700 ) 0.95 + 1050 N 3600
= * — ] % 0. _
f 840 176.4 % 103 196 196

f2= —-20.6+536+18.4 = 3.16

0.45 = fc' = —0.45%41 = —18.45 > 18.33

12

12
E>|<‘/f'C,: E*V4 :64' >316

4.9.3 Check The Design Strength:

Use 30 Tendons with 1014
Aps = 30 * 98.7 = 2961 mm?
As = 10 % 153.9 = 1539 mm?

dp = C + emid = 700 + 430 = 1130mm

14
d = 1400 —-40—-10 -5 = 1343mm

0.5 * fpu = 0.5+ 1860 = 930 MPa

fpe = 1066 MPa > 930
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The approximate ACI Equation can be used for determining fps.

b u d

fps = fpux [1—;—1*<pp*%+%*(a)—w’)>]
_ Aps 2961 0.0044
PP = dp ~ 600+ 1130
_As 1539 0.00191

P=p+d  600%1343
p 000151 0.434 < 0.75
pp  0.0044 '
fry 1676
L =090 =0.28
fpu 1860 oTmT P

B1 = 0.85 — 0.007 * (fc’ — 28) = 0.85 — 0.007 * (41 — 28) = 0.76

Y _ 000191 « 29 _ 0.019566
= * — = (). * = ().
@EPE 41
w’ =0
1860 # |1 = 228, (0.0044 - 1360 , 1343 (0.019566 — 0)
= (1 — = 0. * ——— * (0. —
fps 0.76 41 T 1130

fos =1707.3 MPa

C=T

085+ fc'*axb=Aps* fps+ As * fy

0.85 %41 xa =600 = 2961 * 1707.3 + 1539 * 420
a=272.7mm

272.7
Mn = 1539 % 420 * (1343 — 1130) + 0.85 * 41 * 600 * 272.7 * (1130 - T)
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Mn = 138 + 5666 = 5804 KN.m

_a 272.7 _ 3588
~B T 076  COoCmMm
dp—c 1130 — 358.8
es = 0.003 = = 0.003 x ———— = 0.0065 > 0.005
358.8
--- ¢ =090

@Mn = 0.90 * 5804 = 5223.6 KN.m > Mu = 5000KN.m -»—-- 0.K

4.9.4 Design for Shear reinforcement:

For shear design , take the critical section at h/2 from the face of support
(ACI111.1.32).

h 1400
5= = 700 mm from face of support
h  support width
x = > + > =700 + - = 1000 mm from center of support

w =944 KN/m

Vuy = R— (W *x) = 944 — (94.4 * 1) = 849.6 KN

2 2

x
Mud=R*x—w*7=944*1—94.4*7=896.8KN.m

0.4 * fpu = 0.4+ 1860 = 74 MPa < fpe = 1066 MPa — Use ACI altenate method
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e end — e mid 430 — 235

eq =eend + I *0.7 =235+ —0 " 0.7 = 248.65 mm

2 2

dp =C +ez; =700+ 248.65 = 948.65mm > 0.8 * h = 0.8 * 1400 = 1120mm

— Use dp = 1120mm at the critical section .

1 1
min.VC=g*,/fc’*b*dp=g*\/4_*600*1120=717.15KN

5 5
max.V, = E*’/fd *b*xdp = E* 41 x 600 * 1120 = 1792.875 KN

Vu=dp _,  849.6+1149.5
* =
Mu 896.8

1 V,*xd
ch[%*w/fc’+5* uMup]*bW*dp

*x1073 = 1.089 > 1.0 »—»— Take it = 1.0

1
— %

Ve= [20

V41 + 5 * 1.0] * 600 x 1149.5 = 3669.3 KN > max.Vc = 1792.875

— Take Vc = 1792.875 KN

@Vc =0.75%1792.875 = 1344.66 KN

1

1
E(pVC =3 * 1344.66 = 672.33KN

1
oVe >Vu > E(ch

1344.66 > 849.6 > 672.33

Item n —»—— min. shear reinforcement is required .
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Avgim 1 bw 1 600
> — % — = — %
S T3 fy 3 420

=0.476

1 Jfc 1 Va1
> — % * hbw = — %
16 fy 16 420

Aps * fpu dp 2961 * 1860 1120
80 fyxdp bw 80%420=+1120 600

* 600 = 0.572 »—>—- Conrol

By using §10 with As = 2 = 78.5 = 157 mm?

Av,... 157
?mz—gﬁ:MW2ﬁﬁﬁS=2anl

— Use P10@25 cm as shear reinforcement .

' 1500 17
1
1500 “1 /
132 |132
52

TI0@25,L.=390

SEC 1-1
SCALE 1:20

Fig (4- 33):cross section at mid span.
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132

' sz
T irr2| 257 /1
2710
F 40~ (99
g ~17?
I X X X )
A?.Q?E 1017714 50
F—60— T10@25,1=390
SEC 2-2
SCALE 1:20

Fig (4-34 ):cross section at the end of span.

4.10 Design of Short Column:

Column (C0177) in the Ground Floor of the Medical College.

4.10.1 Load Calculation:

P, =9500 KN .
¢ Ph=Py

Let p=0.025

(9=0.65 for tied column) .
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As=0.025 A,

¢ Pnmax = $0.8[0.85f, (4, — As) + Asf,] = 0.65 x 0.8[0.85 x 24(4, — 0.0254,) +
0.025x4204g

9500% 10%=15.84,

Agreq = 601159.3 mm?,

A;=a°  ,a=7753mm

Take a =800 mm , Ay= 640000 mm® > Ay eq ok .

4.10.2 Check Slenderness Effect:

In both direction:

Tr<34-12x ACI(10.12.2)

r =

L, : Actual Unsupported Length .

r: Radius Of Gyration = 0.3xh = f

I
A

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,=480-0.7=4.1m.

r=0.3x0.8=0.24

1.0x4.1
0.24

<34-12x1.0

17.1 < 22 , short column in both directions .
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4.10.3 Select the longitudinal bars:

@ Pomax =0.65 X 0.8[0.85 x 24(640000 — A,) +X 4204,]
Ag req = 13046 mm? , try $25 with As =490.9 mm?

Use 28 $25 with A; =13745.2 mm*> A .,  OK

_ As _ 137452
p Ag 640000

= 0.0215

4.10.4 Design for ties:

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

- 48Xxd; =48 x10=480mm.
- 16 X dp=16x 25 =400 mm. Cont.
- The least dim. Of the column = 800 mm.

Use $10 @300 mm.

4.10.5 Check for code requirements:

800—40%x2—10%X2—-25X8

- clear spacing between longitudinal bars = . = 71.5mm
71.5 mm > 40mm
>15d,=37.5mm. ok
- gross reinforcement ratio = 0.0215 , 0.01 < 0.0215<0.08 ok

- NO of bars = 28 > 4 bars for square columns.
- min ties diameter : $10 for $32 longitudinal bars and smaller.
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28T25 11 72 (2
LI L L 1f
» L |
» L |
80 7o 72 72
. a 72
- L ] - ff
80 T10@30,L=310 6T108©30,L=95

Fig (4-35):C0177 detail

4.11 Design of punching (two way shear) at interior column in flat plate

For column C1177

hc1143 5 AR mciies
8650
mcii7e 8750 mcii7e
c1174]
Ic1197 01-196 o C1195

Fig (4- 36): C1177.
Column section is 700x700

hs|ab = 350m m.
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Flexure reinforcement of the slab is ¢16.

4.11.1 Load calculations:

Dead load of the slab :

material v.A Load (KN/m?
Tile 0.03 x23 0.69
Mortar 0.03x22 0.66
Sand 0.07x17 1.19
Partitions — 2.3
Self weight 0.35x25 8.75
> 1859 ]

Live load =5 K—AZI
m

davg = hgiqp— cover —d, = 350 — 20 — 16 = 314mm.

The critical section for 2-way shear is at ( %) from the face of the column.

g=3ﬁ=157mm.
2 2

The perimeter length of the critical section = b- = 4x1014 =4056mm.

The area enclosed within the critical section = 1.014% = 1.0282 m?.

4.11.2 Compute the shear force acting on the critical section:

W,= 1.2 D+ 1.6L =1.2 x13.59+1.6%5 = 24.31%.

The factored shear force on the critical section V,, =24.31(8.75%8.65 -1.0282) = 1815 KN
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4.11.3 Compute gV :

700
B= — =
700

o= 40 , for interior column.

V. is the smallest of :

- 2(1+2)Jfib.d=05%/f.b.d
- (2R d=04x [Fb
; gfc'.b".dzo.333>< 7l.b°.d cont.

V. =0.3333v/24 x 4056 X 314 = 2079.8 KN
7 V. =0.75x2079.8 = 1559.8 KN.
OVe< Vi, Shear reinforcement is required

Using shear studs as shear reinforcement.

For this Vo= 7 4/f.b".d = V24 X 4056 X 314 = 1559.8 KN

Vi 1815
Vez U =V, = £ —V, = =2 —1559.8 = 860.2KN

SO Vs req = 860.2 KN.

The max value of g V, allowed with headed shear studs is :
8 Vi max = fa§ f.b".d = 0.75 x gx/24 x 4056 x 314 = 3119.6KN > ‘% = 28_7155 —
2420 KN ok.

4.11.4 design for headed shear studs

To determine the properties of shear studs reinforcement the trial and error process will
be used.
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R0 1504 %ﬁ /o

371.0

115.0

Fig (4-37): detail of stud rail.

Try a 12 stud rails ,each with nine 12mm diameter studs (A, =113.1 mm?) ,with 40 mm
diameter head ,and f,,; = 420 Mpa.

N |

The spacing to the first set of shear studs (s.) is to be taken < - = 157 mm..

Take it = 150 mm.
The area provided by the inner row of shear studs is :

A, =12x113.1 = 1357.2 mm?

_ Anytd __ 1357.2x420%x314

V.
s S 150

=1193.25KN =V, ¢,
The outer most studs at : 8x150 =1200 mm , from the face of the column.

And the outer critical section at 1200+ % =1357 mm , from the face of column.
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700
13577 i 13572
-
700 oo 70 |esaaaa 700
13572 | 135742

Fig (4-38 ): stud rails.

The perimeter of outer critical section = 4(700 +1357+/2) = 10476.4 mm.

The area inside the outer perimeter = 4(0.5 x1357%1357) +4(700%1357) +(700x700)
=8 m?

Now check the shear stresses at the outer critical section :

V, = 24.31(8.75 x 8.65 —8) =1645.5 KN
B V=075 X -VZ4& X 10476.4 X 314 = 4028.9 KN

GVe >V i, the assumption is correct.
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4.12 Design of long column (C0305):

Py =6000 KN
D, =3880 KN

Ly, = 2120 KN

4.12.1 Check the slenderness effect:

(non sway system)

KLy
s

<34-12 (%) ACI(10.12.2)

2
r:\lgz 0.3h=0.3x0.6=0.18

L,=4.8-0.7=4.1m

My _ X4 _ 998> 34— 12 = 22
r 0.18

So the column is long at x and y directions.

emin =15 +0.03h =15+0.03%600 =33mm.
Mmin= Py X enin=6000x0.033 =198 KN.m

E. =4700,/f; = 4700v24 =23025.2 Mpa.

3
l, =2 = 1.08 x10%° mm?*.
97 12

dns = Dy _ 3889 =0.65 <1.

P, 6000
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_04Ecly;  0.4x23025.2X10.8

E.l

“1+4Bdns 1.65

= 60284.16 KN.m?

4.12.3 Determine of Euler buckling load:

p = m2El _ m?x60284.16
© 7 (K12 (4.1)2

= 35394.46 KN

4.12.4 Calculate the moment magnifier factor:

Crn=0.6 +0.4 (Z—) =1

2

__Cm 1
Ons = Pu 6000 =13>1
0.75P¢ 0.75X35394.46

The magnified (e) and (M):

€ = Ons €min =1.3 X33 =42.9 = 43mm

M = 6ns Mmin =1.3 X198 = 257.4 KN.m

From the interaction diagram constructed in PCA _ COLUMN program: p=0.0308

& & & & & &
[ ] &
b4
* —|x ™
& »
& » * » » *
600 x 600 mm
3.08% reinf.

Fig (4-39 ):the results from PCA_COLUMN program.
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4.12.5 Select the longitudinal bars:

A, =p xAq = 0.0308 x(600)* =11088 mm?

e =11088
928 Tg15.8

= 1828

Use 1828

4.12.6 Design the stirrups:

The spacing of ties shall not exceed the smallest of:

- 16x dp =16%28 =448 mm cont.

- 48xds =48 x10 =480 mm

- Least diminution of the column = 600 mm
Use ¢10@300mm.

4.12.7 Check for code requirements:

600—40X2—-10X2—-6X%X28

- clear spacing between longitudinal bars = - = 66.4mm
71.5 mm > 40mm
>1.5d,=42 mm. ok
- gross reinforcement ratio = 0.0308 0.01 < 0.0308 <0.08 ok

- NO of bars = 18 > 4 bars for square columns.
- min ties diameter : $10 for ¢$32 longitudinal bars and smaller.

17 32 17 42
bl Bd 77 i1
» L |
60 18728 52 |52 52 52 11 12
» L |
b N
32 42
oo
60— TI0@30,L=190 T10@30,L=210 2T10@50,L=75

Fig (4-40 ): C0305 detail
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4.13 Design of stair(No 4) :

i
L
— s mi
(A) ) ~ 4A)
==
3 L .

Fig(4-41) stair plan

4.13.1 Determination of Slab Thickness:

For Flight:

L = (1+4.65+1.75) = 7.4 m.

hreq = L/ 20.

Nreq = 7.4 /20 = 0.3665 m = 36.65 cm.

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:

hreq= L/28 .
Nreq = (7.40/28') = 0.264 m. = 26.4 cm
Take h =30 cm.
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For Landing:

L=3.6m.

hreq = L/ 20.

Nreq = 3.6 /20 =10.18 cm.
Use h=30 cm.

4.13.2 Load Calculations:

The stair slope by 6 = tan™! (%) = 26.56.

For Flight :
Dead Load for flight:

0.15 + 0.35

Tiles = 23 (T) *0.03*1=1.15KN/m
0.15+ 0.3

Mortar = 22 (T) *x0.03*%1=099KN/m

o 25 70.15 x 0.30

stair stips = —(—) *1=1875KN/m

0.3 2
l b—(25*0'3*1)—8381(1v
S = \"cos 2656 ) ~ /m
Plast —22(0'03*1>—0738KN
aster = c0s26.56) /m

Total Dead Load = 13.133 KN/m.
Live Load =5> 1 =5 KN/m.
Total Dead Load For Flight =1.2%x13.133 + 1.6 x5 = 23.76 KN/m.
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For Landing :

Dead Load For Landing:

Tiles = 23%0.03%1 = 0.69KN/m
Mortar = 22>%0.03%1 =0.66KN/m
Slab = 25%0.30% 1= 7.5KN/m
Plaster = 22*0.03*1= 0.66 KN/m

Total dead load for landing = 9.51 KN/m.
Live Load =5%1=5KN/m.

Total Dead Load For landing = 1.2x9.51 + 1.6 x5 = 19.41 KN/m.

By using ATIR program use b =100 cm.

load group no. 1
Dead load - Service Units:kN,meter

Jazs) | Jars] |
1. ) 4.65 ) 1.75
T T
Live load - Service Load factors: 1.20,1.20/1.60,0.00

1.756

e S A D D " O O O e e

Fig(4-42) Loads on Flight.
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Moment/Shear Envelope (Factored) Units:kM meter

Momenis: spans Tio 1

| 3.7 148.3 37

71.9 7104

Fig(4-43)Moment and Shear on Flight.

4.13.3 Design of Shear for flight:

= Assume @ 14 for main reinforcement:

So, d =300 — 20 - (14/2) =273 mm..

Vu=71.88 KN.

WCJJ?;bW*d

_ 0.75*/24*1000*273*10°®
6

Y =167.2KN

Vu=7188 KN< @.Vc=167.2KN..

Depth of flight is ok. Since, there is no shear Reinforcement .
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4.13.4 Design of Bending Moment for Flight:

Mu =148.3 KN.m.
Mnreq=Mu/0.9=148.3/0.9 =164.78 KN.m .
Assume bar diameter 14 for main reinforcement.

d =300 20— (14/2) =273 mm.

R, = Mn
b-d?
*1N6
0 = m = 2.21Mpa .
1000* (273)
MmooV
0.85x fc'
m —— 220 _ 50588
0.85x 24
1 2mR, * *
p=—l1- - _ 1 1_\/1_ 2%20588%2.21) _ o (oeeo
m f, 20.588 420
As req = 0.00558 % 1000% 273= 1524 mm*~........... control

Amin=0.0018 x 1000 % 300= 540 mm?
$=153.9/1524=0.10m.
Use 10 @ 14 /m OR use ®14 @ 10 cm.

e Check for spacing:

3h=3>300=900 mm.
S=450.

s=380( )—2.5*20=330mm

0.667 = 420
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280
0.667%420

s = 300( ) = 300mm...... control.

Use 10 14@ 10 cm.
e Secondary Reinforcement:

For shrinkage & Tempreture As provide equal :
As min = 0.0018 x B x h =0.0018* 1000 300 = 540 mm?
Use4 ®14 /mor 1d 14 @ 25 cm.

e Check for strain:

Tension = Compression

A *fy=0.85* fc' *b*a
1524*420=0.85*24*1000*a
a=31.38mm
-2 —31'38 =36.9mm
yix 0.85
273-36.9
Eg=—FTT
36.9

g, =0.019 > 0.005—— o0k

*0.003

4.13.5 Design of landing:

same thickness =30 cm.

Total Dead Load For Flight =1.2%9.51 + 1.6 %5 = 19.41 KN/m.
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Toad group no. 1
Dead load - Service

Units:kN,meter

9.51
475 475
1.65 , 03 1.65
T T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00
| Y " | Y T
1.65 | 03 1.65
T T
Fig(4-44) Loads on Landing.
Momenis: spans Tio 1
[l 1 1 |
T T
1.8 18.2 1.8
I T 1
Shear
AT -18.9
| i i
T T
17.5

Fig(4-45) Moment and Shear Diagram.

4.13.6 Design of Shear for Landing:

= Vu=18.92 KN.
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u ¢\/C:—¢\/?;bw*d

_ 0.75*1/24*1000*273*10°°
6

* Vu=1892KN< @.Vc=167.2 KN.

- AV =167.2 KN

Depth of flight is ok. Since, there is no shear Reinforcement

4.13.7 Design of bending moment for landing:

Mu = 18.22 KN.m.
Mn req = 18.22 /0.9 = 20.25 KN.m.

Assume diameter bar 14 for main reinforcement . because the bar in the landing will be
placed on the top of the main reinforcement .

d= 300 — 20 — 14 — (14/2) = 259 mm.

R, = Mn
b-d?
* 6
o DM
1000* (259)
m =—fy
0.85x fc'
m = 4—20 =20.588
0.85x 24

1 szn * *
p=—|1- [1- _ 1 1_\/1_2 20.588*0.30 | _ 1 10072
m f, 20.588 420

As req = 0.00072 % 1000 % 273= 186.38 mm?
AS min = 0.0018* 1000 * 300 =540 mm?... control

As < As min ..
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Use4 ®14 /mor 1d 14 @ 25 cm.

e Check for spacing:

3h=3*300=900mm
S=450

280

s = 380 (0.667 % 420

) — 2.5 420 = 330mm

s= 300( 260 ) = 300mm...... control .
0.667%420

Use 1O 14@ 25 cm.
e Secondary Reinforcement :

For shrinkage & Tempreture As provide equal :

As min = 0.0018 x B x h = 0.0018x 1000300 = 540 mm?

Use4 ®14 /mor 1d 14 @ 25 cm.

e Check for strain:

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

a=12.67mm
c= 2 1267 14 91mm
£ 0.85
¢, = 259 —14.91) *0.003
14.91

g, =0.049 > 0.005—— 0k

Tiq@ro Tii@25

FLAT PLATE  pya@zs

.35
= f)
T.B,L=150
T.B. L=150 |15
Tidzst=dag |15
= B.B,L=300
it
TR, L=300
B.AR, L=200

Tr4@10,L=350

B.8,L=150

Fig(4-46) Reinforcement Detail for Stair No 4.
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4.14: Design of truss:

4.14.1:- Design of sheet metal

1. Dead Load:-
dead load of corrugate sheets with thickness 1mm = 0.104 KN/m?.

Heat insulation layer of rock wool with thickness of 200mm=0.1 KN/m2.
dead load of gypsum plates double layer = 0.5 KN/ m2.

D.L=0.104 + 0.1+0.5=0.704 KN/m?

2. live load = 1 KN/m. = 1/1.1 = 0.9 KN/m?

3.Wind load :

Ce=141

Cy=0.7 ....... outward

gs =12.6 Psf

ly = 1.

W.L =1.41 x0.7 x 12.6 x 1= -12.43%0.0479 = -0.596 KN/m?.
Qt=0.596+0.704 +0.9 =2.2 KN/m®.

51 109

>

)
o

Fig.(4- 47) Cross section of sheet metal.
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HP 41/160

Zeile 1: Ohne Berlcksichtigung der Durchbiegung
Zeile 2: Mit Bericksichtigung einer Durc gung von |/200
Zeile 3: Mit Bertcksichtigung einer chbiegung von |/300

Die Zeile mit der verlangten Durchbiegung muf3 mit Zeile 1
verglichen werden. Der jeweils kleinere Wert ist maRgebend
Material: Stahlblech, Streckgrenze 280 N/mm

I Zuldssige, gleichmaRig verteilte Belastung in kN/m? bei einer Stitzweite | in m (inkl. Eigengewicht)
Dicke Gewicht |, vemoigeid 9 g geng

mm kN/m? (:m‘/‘v‘n 1,00 125 150 175 200 225 250 275 300 325 350 375 4,00 425 450 475

1 895 573 398 292 224 177 143 1,18 099 085 0,73 064 056 050 044 0,40

063 0066 165 2 895 573 395 248 166 1,17 085 064 049 039 031 025 021 017 0,15 0,12
3 88 454 263 166 1,11 078 057 043 033 026 021 017 014 0,12 0,10 0,08

11162 744 516 379 29 230 1.8 154 129 1,10 095 083 073 0,64 057 051

075 0078 208 21162 744 498 314 210 148 108 081 062 049 039 032 026 022 018 0,16
311,20 574 332 209 140 098 072 054 041 033 026 021 018 0,15 0,12 0,10

11475 944 656 482 369 291 236 19 164 140 120 105 092 082 0,73 065

088 0092 258 21475 944 615 387 260 182 133 1,00 0,77 060 048 039 032 027 023 0,19
12 24 v M ale} A 10 2 £ 1 72 1 29 0 oo fal=} o ca FaW.TaY o 29 o 20 FaNsLo} o190 Fa ¥~ o1

117,82 11,41 7,92 582 446 352 285 236 198 169 146 1,27 1,11 099 088 0,79

1,00 0,104 304 217,82 11,41 7,27 458 307 215 157 1,18 091 071 057 047 038 032 027 023
31635 837 485 305 204 144 105 079 061 048 038 031 026 021 0,18 0,15

2000 5.8 0% S o i sl T o

1,256 0,130 394 22465 1578 941 592 397 279 203 153 1,98 092 074 060 050 041 035 0,30
321,16 10,83 6,27 395 265 186 1,35 1,02 078 062 049 040 0,33 028 023 0,20

131,80 20,35 14,13 10,38 7,95 6,28 509 4,20 3,53 3,01 260 226 19 176 157 141

1,60 0,156 47,5 231,80 19,61 11,35 7,15 4,79 336 245 184 1,42 1,12 089 0,73 060 050 042 0,236
32553 13,07 757 4,76 319 224 163 123 095 074 060 048 040 033 028 024

Table(4-48) sheet metal for one span.
From the table above the bearing load of sheet metal at 1m = 17.82 KN/m?
And the bearing load of sheet metal at 1.25 m = 11.41 KN/m?
Using interpolation the bearing load of sheet metal at 1.1 m = 13.97 KN/m?

Qu=13.97KN/m2 > Qt=2.2 KN/m2......... Ok.

4.14.2 Design of purlins :

dead load of corrugate sheets = 0.104 KN/m?.

dead load of purlins = 0.35 KN/ m?.

dead load of installation = 0.1 KN/m?.

dead load of truss = 1.0 KN/m.

dead load of gypsum plates double layer = 0.5 KN/ m?.
Live Load on truss = 1 KN/m.

1. Wind load:
W.L=Cc*Cq* s * lw
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Ce=141

Cq=0.7 ....... outward

gs =12.6 Psf

lw=1

W.L =1.41 x0.7 x 12.6 x 1= -12.43%0.0479 = -0.596 KN/m®,

4.14.2.1 Load calculation:

dead load of corrugate sheets = 0.104x1.1=0.1144 KN/m.
dead load of purlins = 0.35x 1.1 = 0.385 KN/m.
dead load of installation = 0.1 x1.1=0.11 KN/m.

dead load of gypsum plates double layer = 0.5%1.1=0.55 KN/m.

> 1.1594KN /m

Wind load = -0.596x1.1= -0.6556 KN/m.
Live Load =1 KN/m.

- Load Combination:

gu =1.4D.L

Qu: =1.4x 1.1594 = 1.623 KN/m

Qu. =1.2D.L+1.6L.L

Qu =1.2 X 1.1594+1.6 x1 =2.991 KN/m. ......... Control
Qus =1.2D.L+1.6W.L

Qus =1.2 X 1.1594+1.6 x -0.6556=0.3423KN/m

Qu: =1.2D.L+1LL

Qu:=1.2 X 1.1594+1 = 2.391KN/m

Qus =0.9 x D.L+ 1.6W.L.
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Qus=0.9 x 1.1594+1.6 x -0.6556= 0.005KN/m
qQu =2.991x0.06852x 1000 =204.94 Ib/ft.

204.94 Th/ft

A 30.832 ft B

315941b

31594 1b

24.25 Kip.ft

Fig (4-48) : load, shear & moment diagram for purlins

RA = 204.94*30.832 _ 3159 41b
MUpmay = 3159.4 (20.832/2) _ 24.35kip. ft

4.14.2.2 Design of bending moment:

Assume compact section:-

¢*Mn>Mu
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0.9*Fy*Zx . > Mu

req =

_24.35*12

" =9.018in’
0.9%*36

ZX

Select 5x5x%3/8

Zx=10.6in° > Zreq=9.018 =.

4.14.2.3 Check of local plate buckling:

b/t=11.3 , h/t=11.3

=Check Compact :

Ap=1.12N(E/Fy) =1.12V(28000/36) =31.23
Ar=1.4(E/Fy) =1.4V(28000/36) =39

b/t and b/t < Ap so Compact section

The assumption is correct (compact section).

4.14.2.4 Design of shear:

¢V *Vn 2VU
4, *0.6% fy*d*t >V .
0.9*0.6*36*5*(3/8) = 36.45 > 3.159

4.14.3: Design of truss :

Space between truss and other = 9.40m.
L =19.7m
B=11m
h=16m
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Fig (4-49) : Truss's Geometry

4.14.3.1: Load Calculations:

Point Load on each internal joint of truss:

dead load of truss=1x1.1 = 1.1 KN.
dead load from purlins = 1.1594x9.40=10.898 KN.

> 11.998KN.

Wind load = -0.596x9.40x 1.1 = -6.16 KN.
Live Load = 1x1.1 =1.1 KN.

Load Combination:

qu =1.4D.L

Qu: =1.4% 11.998 = 16.797 KN. ......... Control
Qu- =1.2D.L+1.6L.L

Qu- =1.2 X 11.998+1.6 x1.1 = 16.157 KN.

Qus =1.2D.L+1.6W.L
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Qus =1.2 x 11.998+1.6 % -6.16= 4.541KN.
Qu: =1.2D.L+1LL

Qus=1.2 x 11.998+1.1 = 15.497KN.

Qus =0.9 x D.L+ 1.6W.L.

Qus =0.9 X 11.998+1.6 x -6.16= 0.9422KN.

extrnal (2)

11

Fig (4-50) : Joint spacing.
Point load on each internal joint = 16.797 KN.
Point load external joint (2) = 16.797/2= 8.398 KN.
Point Load on external joint( 1) =16.797%(2/2) / 1.1 = 15.27 KN.

A b .‘II A 4, ‘-‘"‘I‘f‘ Yy
i ‘."". ‘I“ ‘,-"‘II \. ‘.""-‘, \ £
T1=- 59021 M/r
HABOKN BI=5765
DI=211.51

Fig (4- 51) : Truss Analysis
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4.14.4: Analysis and design for members:
D;=211.51 KN

T1=-590.21KN

B;=576.5KN

4.14.4.1: Design of Diagonal member:

D; =211.51 KN =47.53Kip

Yielding limit state :
¢Tn>Tu

o*Fy*Ag>Tu
0.9*36*Ag>47.53
Agreq =1.467 in?
Stiffens limit state :

E <300 L =1.8m =5.9ft

r

5.9*12
r

<300

r >0.236in
From Agq=1.467 in® and r=0.236in

Select tube 2*2* (1/4).

Ag=151> 1.467in*. r=0.704 > 0.236 in.
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4.14.4.2:Design of Top member:

T1=-590.21 KN =132.631 Kip
Effective length :

For buckling about x-x & y-y
Kx =Ky =1
Lx=Ly=1.1*3.281*12 =43.31 in
Critical stress F

Kx* Lx
rx

Assume a middle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

oc*Pcr > Pu

ec*Fcr*Ag=Pu

0.85*22* Ag>132.631
AQreq=7.11in°

Select tube 4*4*(3/8).

Ag =478 in? r=1.47in
Effective lengthratio :

Kx*Lx _Ky*Ly 1*43.31
rx ry 1.47

=29.46

From curve of A36 steel F. = 35Ksi
Design strength:

oc*Pcr > Pu

oc*Fcr*Ag=>Pu

0.85*35*4.78 >132.631
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142.205>132.631
Ok

Select tube  4*4*(3/8) for the Top member.

4.14.4.3:Design of bottom member:

B, =576.5=129.6 Kip
Yielding limit state :

¢Tn>Tu
o*Fy*Ag=>Tu
0.9*36* Ag>129.6
Agreg=4.0 i’

Stiffens limit state :

E <300 L =1.1m=3.6 ft.

r

*
3.60*12 <300

r>0.144in
From Ag,q=4.78in” and r=1.47in

Select tube 4*4*(3/8)

Select tube for the Top and bottom member

4*4*(3/8)
4.14.5 Design of fillet welled to connect diagonal member:

Use (SAW) ........ Fu= 58 Ksi
Tu =211.51 KN =47.53Kip

amin :% from table 5.11.1

Qmax ... T joint ....no max size
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selecta = —l—

-'>.

3 — —
a=;; <3 SO t=as=

1- Shear fracture of base metal :

>Ru

nw —

oR
0.75*t*0.6*Fu >E
Lw

0. 75* > 5 *0.6*58 = 8.16 Kip/in

2- shear yielding of base metal :

>Ru

nw —

¢oR
1*t*0.6*Fy =1
Lw

1% 2-*0.6*36 = 6.75 Kip/in

3- Shear fracture of weld metal :

oR,, =Ru
0.75%t, *0.6%F, > 1Y
Lw
0. 75* al 5 *0.6*60 =6.75 Kip/in.............. Control
W= U 4753
oR,, 6.75
LW min =4*a = 4*(4/16)=1 in UseL=4*2=8in>7.7in
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Table 1-12 (continued)
Square HSS

Dimensions and Properties

HSS54-HSS2
Wall | Nom- Area Work- Torsion Sur-
Thick-| inal ' 1| 8| r| Z |able face
Shape ness, | W A | bt Wi Aat | 4 | C | Area
in. | Wb/t | in? ind | in? | in. | ind® | i | int | in? | ft¥n
HSS4xdxV2 | 0.465| 21,50 | 6.02 | 560 |560| 119 | 597 | 141 | 770 | — | 210 | 112 | 1.20

x4 |0.349) 17.20 | 4.78 | 8.46 | 846 | 103 | 513 | 147 | 639 | 2% | 175 | 914 | 123
e 0291 | 1478 | 410 | 107 | 107 | 214 | 457 | 149 | 559 | 2% | 153 | 7.91 | 125
slie | 0,233 1298 | 337 | 142 | 142 | 7.80 | 380 [ 152 | 469 | 2% | 128 | 656 | 127
sdiis| 0.174| 940 | 258 | 200 | 200| 621 | 390 | 155 [ 367 | 3%e | 100 | 507 | 128
#Me |0116] 645 [ 177 | 315 31.5| 440 | 220 | 1.58 | 256 | 3%s | 691 | 349 | 1.30

HEE 3 ezl (0340 | 14651 408 | 7.08|703| 649 | 371 | 126 | 483 | — | 11.2 | 677 | 107
85| 0201 | 1266 | 352 (003|003 | 584 | 334 | 120 | 414 | 2% | 980 | 590 | 1.08
My (0233 1048 | 291 (20| 120) 504 | 288 | 132 | 350 | 2% | 835 | 492 | 1.0
|07 BA3 | 224 (171|171 405 | 231 | 135 | 276 | 2e | 656 | 383 | 142
M |0.116| 560 | 154 |27.2| 272 280 | 166 | 197 [ 1.93 | 2'%w | 458 | 265 | 1.13

HSS33n | 0,340 | 1209 | 3.39 | 560 | 560 | 278 | 252 | 106 | 325 | — | 664 | 474 | 0.900
whe| 0.291) 1053 | 294 | 7.31| 731 ) 345 | 230 | 108 | 290 | — [ 594 | 416 | 09T
xVa [0.233| B7E | 244 | 088, 988 302 | 20 |11 | 248 | — | 508 | 352 | 0.933
e 0174 685 | 1.80 (142|142 | 246 | 1.64 | 114 | 197 | Pe | 403 | 276 | 0.950
e |06 475 | 130 | 2209 | 228 | 178 | 199 [ 147 | 140 | Fhe | 284 | 192 | 0967

HES2 Va2 f2cis| 0.201| B.40 [ 235 | 559 559 182 | 146 | 0880 188 | — | 320 | 274 | 0.780
xVWa |0233) 708 (197|773 773|163 | 130 | 0908 | 163 | — | 279 | 235 | 0767

=¥ 0,074 557 | 154 [ 114|114 135 | 108 (0937 | 1.32 | — | 225 | 1.86 | 0.784

xYs |0116| 390 [ 1.07 | 186 | 186 | 0998 | 0709 | 0965 (0047 | — | 161 | 1.31 | 0.800

HSS2 Va2 e | 0,233 623 [ 1.74 | 666 | 666 1.13 | 1071 |0806) 128 | — | 1.96 | 1.85 | 0.683
»36|0.174| 494 [ 1.37 | 9.93 | 993 | 0953 | 0847 |0.835) 1.04 | — | 160 | 143 | 0.700

wu |0.116| 347 |0.256) 164 | 164 | 0712 | 0633 (0883|0755 | — | 195 | 1.05 | O.717
HSS2x2«1y | 0233 538 | 1.51 [ 558 | 558 | 0747 | 0747|0704 | 0984 — | 131 | 1.41 | 0,600
#| 0.174) 430 [ 119 ) 549 849 | 0641 | 0641 [OF33| 0797 — | 1.09 | 104 | 0E7

«fu |0116] 304 (0540|142 | 142 | 0456 | 0.436 [ 0.761 | 0584 | — | 0.796 | 0.817 | 0633
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Table 1-12 (continued)
Square HSS

(]
L Dimensions and Properties

HSS7-HSS4Y,
vl | Nom- |, Work-| Torsion | syr-
| inat | A% z

Shape (e | Wy, | A |0t me| DS T st | s c | Are
I

in. | b/t | in? in® | in? [ in_|in? | i | in® | in® | ¥t

HSSx7s [0.581| 5060 | 140 (9,05 905 | 934 | 267 | 258 | 331 | #ne | 158 | 471 | 217

xz (0.485| 4191 | 116|121 | 121 | 805 | 230 | 263 | 279 | 4% | 133 | 393 | 220

«e 0.349| 32.51 | 897 | 17.1| 17.1| 650 | 186 | 268 | 221 | 5% | 105 | 307 | 223

x|0.291| 27.54 | 759 | 21.1 | 21.1| 56.1 | 160 | 272 | 189 | 5% | 897 | 261 | 225

s [0233| 22.39 | 617 | 27.0| 27.0| 465 | 133 | 275 | 155 | 5% | 735 | 213 | 227

x| 0.174| 17.06| 467 | 37.2| 37.2| 360 | 103 | 277 | 119 | % | %61 | 162 | 228

sl |0.116| 1155 316 | 57.3 | 57.3 24:3 709 | 280 | 813 | 6The | 382 [ 110 | 230

HEShxBocte |0.581| 4210 1.7 [ 733 | 733 552 | 1848 | 217 | 232 | 3% | w49 | 334 | 1.83
=z |0465) 3511 | 974 | 9.90 | 990 | 483 | 161 | 223 | 198 | 3% | 811 | 281 | 1487
¥ |0.349| 27.41| 768 [ 14.2| 142| 395 | 13.2 | 298 | 158 | 4% | 646 | 221 | 190
xe|0.201( 2329 | 643 | 176|176 | 343 | 114 [ 231 | 136 | 4% | 554 | 189 | 192
xVe |D.233| 1899 | 524 | 228 | 228 286 | 954 [ 234 | 1.2 | 47 | 456 | 154 | 193
w0174 14.51 | 386 [ 31.5| 315 223 | 742 | 237 | 863 | 5%e | 350 | 1B | 195
wWa |O116| 985 | 270 | 487|487 | 155 | 515 | 230 | 592 | 5%6 | 239 | 803 | 1497

HE55Y 25 oYe (0,349 | 24.85 [ 6.55 [ 128 (128 | 297 | 108 | 208 | 191 | 3% | 400 | 184 | 1.73
| 0291 2116 | 585 | 159|159 | 259 | 943 1 211 | 1.3 | 4% | 422 | 157 | 175
xfa |0.2F3) 1728 | 477 | 206 | 206 | 217 | 7.90 | 213 | 932 | 4% | 348 | 129 | 177
Y| 0.174| 1323 | 363 | 286 | 286 | 17.0 | 617 | 216 | 719 | 4" | 267 | 985 | 1.78
sVe (0116 900 | 246 | 444 | 444 [ 118 | 430 | 219 | 495 | 4% | 183 | 672 | 1.80

HS55x5xVz | 0.465| 28.30| 7.88 | 7.75 | 7.75| 26.0 | 104 | 182 | 131 | 2% | 445 | 187 | 153
W |0.349) 2230 | 618 | 113 11.3| 21.7 | BBB | 1.87 | 106 | s | 361 | 149 | 1.57
%6 0291 | 1903 | 526 | 14.2 | 142 | 190 | 762 | 190 | 916 | 3% | 312 | 128 | 158
xYa |0.233] 1558 | 430 | 185 (185 | 16.0 | 641 [ 103 | 761 | 3% | 258 | 105 | 180
x| 0174|1196 | 928 | 257 | 257 | 126 | 5038 | 196 | 580 | 4% | 199 | aoa | 162
#Ye [0116] 815 | 223|404 | 401 | 880 | 352 | 109 | 407 | #%s | 137 | 553 | 163

HEE4 e Veode 0,465 | 24.90 | 6.85 | 6.68 | 668 | 181 | 803 | 161 | 102 | 2% | 313 | 148 | 137
«He |0340( 1975 | 548 | 080 0.89 | 15.3 | 679 | 167 | 836 [ 2% | 257 | 119 | 140
«he| 0.291) 16.91 | 468 | 125|125 | 13.5 | 600 | 170 | 7.27 | e | 223 | 102 | 1.42
xMe |(LZ33| 1388 | 384 (163 163 | 114 | 508 | 173 | 606 | 3 | 185 | 844 | 1.43
«Yra| 0174 1068 | 293 (229|220 902 | 401 | 1.75 | 471 | 3's| 144 | 649 | 145
*Me [0116| 7.30 | 200 | 358 3568 | 635 | 282 | 1.78 | 327 | 25ha| 002 | 445 [ 147

Table (4- 2):square HSS dimensions and properties.
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4.15 Shear wall (No 9) design:

e iy
| HIRES ciiil
' o0 0 o 0 b
cI119 ciizo (41l ez Paeits iz
_FIPANSION WHNT -
C1125
chm D otz écnza [~ alkd Enzﬁ 106
o
ciix €133 o
ot — g

Cit4p
1142 [ SRR ARk [ = G o1 {31388
Cif33
61150

Fig (4- 52): the shear wall.

96.67 p,
96.67 -
-
110.7 »>
207.37 =
128.4 o,
335.77 ¥
165 .48,
od
501.25 ~
Moment daigraam shear force dalgraam —I5s

Fig (4-53 ): shear and moment for the shear wall.

Shear wall thickness, h =20 cm.

Story height, hy, =4.8 m
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4.15.1 Check max shear strength permitted:

@V nmax =0.75 x0.83x,/ f.! xhxd
let that d= 0.8 L,, =0.8 x4.95 =3.96m

BV max =0.75 x0.83xv/24 x200%3.96 =2415.3 KN > V,,=501.25 KN ok .

4.15.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:

- %‘” = 4'215 = 2.475m cont.

Yhy _ 4X4.8

- = 9.6m
- Story height = 4.8m.

V. is the smallest of :
1 1
- Vc:gw/fc hd =EV24 X 200 X 3.96 = 646.7 KN ,cont.

- V=027f/hd + ’iul—d = 0.27v24 X 200 X 3.96 + 0.0 = 1047.6 KN

LW<O.1A\/f_C’+O.2}I:’l—1;/>
= VC: 0.051{ f;-’ + Mu LW
Vu 2
M, at critical section = 4233.6 KN.m

4233.6 4.95

- — =597 > 0.0 ok.
501.25 2

VCZ[O.OS\/24 n W] 200 x 3.96 = 11122 KN

hd

4.15.3 Determine required horizontal reinforcement:

V., =501.25 KN.
0.58V. = 0.5%0.75%646.7 = 242.5 KN.
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V. > 0.5V, need reinforcement.
Vy _501.25

Vs =Vp— V= i V.= e 646.7 =21.63 KN.

Ag As _ As _ 21.63x10%
sh ’s  fyd 420x3960
0.02

mm?
= 0.02 g

p=55=0.0001 < 0.0025
by using $10
=272 - 0.0025 = 314mm
©sx200 — 5= '
max. spacing is the smallest of:
- 2P 0.99m
5 5
- 3h=0.6m.
- 450mm cont.

For horizontal reinforcement use ¢10@300mm.

4.15.4 Determine required vertical reinforcement:

Yhy _ 4x4.8
Ly 495

pumin > 0.0025 +0.5(2.5 — £") (5~ 0.0025) 0.0025.

L
take p,= 0.0025.

max spacing is the least of,
Lw _ 495

= 3.6m.

- = 1.65m
3 3
- 3h=0.6m.
- 450mm cont.
Use ¢10@300mm.

4.15.5 Design for flexure (uniformly distributed flexure reinforcement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement $10@300mm.
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Ast-@x 2 X 78.5 = 2590.5 mm?

(Ast)fy ( 2590.5 )@=0.046

Lwh/ 5! 4950%200/ 24

=0.0

a =
wac
C wta 0.046+0.0
— = = = 0.056
Ly, 2w+0.8501 2%X0.046+0.85X0.85

C
oM, =0 [0 5Agefy Ly, (1 + Asfy) (1 _ E)]

=0.9 [0.5 X 2590.5 x 420 X 4950(1 — 0.056)] x 10~6 =2288 KN.m
oM, < My

the uniformly distributed vertical reinforcement $10@300, is not adequate for flexure
therefore the amount of vertical reinforcement must be increased.

Try $14@200,

Ast—4950 X 2 % 153.9 = 7618.05 mm?

— ( 7618.05 )ﬁ= 0.135

4950200/ 24

== e~ 0.136

Ly  2x0.135+0.85x0.85

=0.9 [0.5 X 7618.05 X 420 x 4950(1 — 0.136)] X 107¢ =6157.8 KN.m >M,

Use ¢14@200 for vertical reinforcement.

]_ ey
g
o
A ™ B“‘?ch
| LN
MFB-{J— h-
A a
d(.f m— c'|ﬂ=r
. 6.3

Fig (4-54 ):top view for the wall
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4.16 Design of Isolated Footing (F9):

- DQ.H_
[
coa_ |
I
| i
T T T
0.0 AT e VAR
_18TIR
a.70
W = I L Sy
T e R TR e H
3.6 7
™ ¥
3.8

Fig (4 -55 ):detail for the footing

Pp = 1802.1 KN (service).
PL=610.8KN (service).

Pu =3140 KN ( factored).
Column Dimensions D = 80 cm.

Allowable bearing capacity gai= 250 KN/m?.

4.16.1 Area of Footing:

Soil Density = 18 KN/ m 3

live load =5 KN/ m 2.

assume h= 70 cm.

q allnet = 250 - 5-0.7%25-0 .6x18 = 216.7 KN/m 2

PD+PL _ 1802.1+610.8

= =122
gal Inet 216.7

Area A=

Use L=3.6mB=36m, A=12.96m?
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4.16.2 Depth of footing:

Assume h =70 cm.

e Check one-way shear:

—

Inclined crack

Critical section for

one-way shear Tributary area for

one-way shear

One-way shear.

Fig (4-56):0ne way shear.

P, =310 _ 242 2 KN/ M.

Qo = Area  12.96

d =700 — 75— 20 = 605 mm

L 0'75* 24 *3.6*0.605*1000 =1333.74KN

DV, =CDE\/fT'de = 6

(N
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3.6-0.8

Vud :242-2x( —O.605j><3.6=693.3KN

oV =0.75 x1333.74 = 1000.31 KN > V4 =693.3 >—>—>— ok

e Check two-way shear:

i AN
A\ .

Inclined crack

Tributary area for
two-way shear

s,

‘_d.'2
Critical section
for two-way shear ~

Two-wav shear.
Fig (4-57):two way shear.

2 _ 5% _ 302.5mm.
2 2

To calculate V, at the critical section which take circular shape with radius equal
0.4 +0.3025 = 0.7025m

Inner area =( radius) ?xm = 0.7025 ? xm = 1.55 m?

Outer area = area of the footing = 12.96 m?

V., =qu (outer area — inner area) = 242.2 x(12.96 - 1.55) =2763.5 KN
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According to ACI, Vc shall be the smallest of :

v, %{uﬂij\/ff’ b.d= 051, b,d
v, =%( % +2]\/Tc,bod = 0.585\/1‘Tb0d

b, /d

V., :%\/ fc’bod .....Control

Where:

f.=alb=80/80=1

b0 = Perimeter of critical section taken at (d/2) from the loaded area

= I1%( 0.8 + 0.605)= 4.42m

o =40 for interior column.

M. =0.75x0.33v/24 x 4.42x0.605x1000 = 3227.7KN

@Vc =3227.7KN > Vu = 2763.5KN
SO h=70cm Is OK.

4.16.3 Design of flexural reinforcement:

Mu = | g, XW x L a x0.5 L a
2 2 2 2
=| 242.2x3.6 x %—% x 0.5 ﬁ—% =854.83 KN.m
2 2 2 2

Mn = 854.83/0.9 = 949.82 KN.m.
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Mn
Rn =
b*d?
949.82*10°°
n= _————— =072 Mpa
3.6*(0.605)
m = fy - = 420 =20.59
0.85* fc'  0.85*24
1 2mRn
p=—(1- [1- )
m fy
- 1 ‘- \/1_ 2(20.59)(0.72) |} Jeu 143
20.59 420

Areg=pX b > d=1.75% 10" X 3600% 605=3811mm?
A min = 0.0018 X 3600 % 700 = 4536 mm’..... control

So, Use 18 @ 18 with As = 4581 mm? > As req = 4536 mm?... in both directions .

4.16.4 Development length of flexural reinforcement:

Ld for @ 18:
L= 2y N oxBxyxd g 9,420 1x1x08x1 16 444.5mm
10 [fc' (k“cj 10 /24 2.5
db

Available length = ((3600-800)\2)-75=1325
=1325mm >444.5mm ............... ok

4.16.5 Development length of column reinforcement:

Ld for®22:
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fy _ 40 59— 470mm

e ® T

L;=0.043x db x fy =0.043% 22420 = 398 mm

Ld =472 mm
Available embedment =700 — 75 — (2 x18) =589 mm > 472 mm
-~ OK.

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

®Pnb = ®(0.85 fc'A, x \/%)

A, =11 (D*/4) = 11(0.8"/4) = 0.50 m?
A, =3.6 X 3.6 =12.96 m?

1/129 =5.09>2
.50

A,

A
®Pn.b = 0.65x (0.85x 24 x 0.50 x 2) x1000 = 13260KN
®dPn =12360 > Pu =3140.......... ok
In column:

®Pn,b = ®©(0.85 fc'Al)
®Pn,b = 0.65(0.85 x 24 x 0.50 x1000) = 6630KN

@pnp = 6630 KN > p, = 3140 KN

and the minimum reinforcement of dowels:

As = 0.005 X (IT * (0.8 /4)) = 2512 mm’
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4.16.7 Lap splice of column:

Ls=0.071fy.db =0.071 X 420X 22 =656 mm. Use 660 mm .
535 =
14122 =
‘Qt-
14 g R |
=) o
g -
S
b
|5 18T18,L=460 h‘FxI
240 A
3.6
] 5 4 0.
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ﬁr—
T VA.E?.
_18TIR ’I
0.70
1RTtA _
R AR UL A T i
) ) r

Fig (4- 58):details of the footing
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APPENDIX (A)

Architectural drawing

(This appendix is an attachment with this project).




APPENDIX (S)

Structural drawing

(This appendix is an attachment with this project).
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(1) f) ds

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

€10

Beams or
ribbed one-

way slabs

€16

tN18.5

€21

£/8

Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 k m?) and Grade 420 reinforcement. For other condi-

tions, the values shall

a) For structural lightweight concrete having unit density,
1440-1920 kg/m?, the values shall be multiplied by (1.65 -

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

modified as follows:

W,

, in the range
0.503wc) but not
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