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Abstract

The Construction Design of the *“ Halhul Hospital

The construction design is the most important design for the building after the architectural
design , the distribution of the columns and the calculation of loads and maintaining durability in
the best economical way for the highest degree of security and safety is the responsibility of the

construction engineer .

The building consists of five floors , with a total area of (7530) square meters . The
architectural design is distinguished by being based on the multiplicity of the blocks , leisure , so as
to be arranged in harmony with the aesthetic elements , in addition , the attention in the distribution

of the blocks to provide comfort , ease , and speed of access and mobility for users .

The importance of the project is in the variety of structural elements used in the building ,
such as beams , columns , and concrete tiles , also multiple blocks and setbacks in the area of bunk
beds .

It is noteworthy that the Jordanian code will be used to determine the live loads and seismic
loads , and for the construction and design analysis the US code (ACI_318_11) will be used , and it

must be pointed to that the work will depend on some computer programs such as :

AutoCad (2007) , Atir , Microsoft Office , Etabs .

It’s expected in the end of the project to be able to make the structural designs needed for

this project .
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211 Juail

Structural Analysisand Design

4-1 Introduction.

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Sab.

4.6 Design of Beam.

4-7 Design of Two Way Ribbed Sab.
4-8 Design of stair case.

4-9 Design of column.

4-10 Design of basment wall.

4-12 Design of Footing.
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4-1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls. 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:-
O Lightweight concrete with unit weight from about 1350 to 1850 kg/ma3.
O Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

O Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma3.

4-2 Design M ethod and Reguir ements:

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

v" 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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NOTE:-
The statically calculation and the key plans dependent on the architectural plans.

Code: -
ACI| 2008

Material: -
ConcreteB350
rectangular section ( fc'=35*0.8 = 28MPa ).

Reinforcement steel: -
The specified yield strength of the reinforcement {fy = 420 N/mmz2 (MPa)}.

v" Factored loads: -

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

W,=12D +16L, ACI-code-318-08(9.2.1)

4.3 Check ofMinimum Thickness of Structural Member:

Table4-1 :- Minimum Thicknessof Non prestressed Beam or One-Way Slabs UnlessDeflections are
Calculated. (ACI 318M-11).

Table (4.1): Check of MinimumT hickness of Structural Member.

For Rib :-
hminfor(one end continuous)=L/18.5=5.7/18.5=31.6cm
hminfor(both end continuous)=L/21=6.12/21=29.1cm

hminfor(simply supported)=L/16=4.61/16 =28.8cm
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Takeh =32cm

24 cm block + 8 cm topping = 32cm

For Beam76:-

hminfor(one end continuous)=L/18.5=5.43/18.5=29.3cm

Takeh =32cm

4.4 Design of Topping:

v’ Statically System For Topping :-
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu
G 3
/1. &
40 cm -

Fig4.1: Topping L oad.

v" Load Calculations:-

Dead Load:-

0.03*23*1 =0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1 =119 KN/m

0.08*25*1=2.0 KN/m

1.5*1=1.5 KN/m

Table(4.2): Dead Load Calculation of Topping.
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LiveLoad :-

L, =5 KN/m?

L. =5 KN/m?x1m=5KN/m

Factored Load :-

Wy = 1.2 x6.04+ 1.6x5 =15.248 KN/m

Check the strength condition for plain concrete, M, > My, where g = 0.55

M,=0.42\ f'Sn(ACI 22.5.1, equation 22-2)

@M, =0.55%0.42x1x/28 x1066666.67 x10~7 =1.370KN.m

M, = 0.2033 KN.m (negative moment)

_ Wgl®
T

_ Wgl®

M, = =0.10165 KN.m (positive moment)

24
oMy>> My = 0.2033 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs
as shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl 7.12.2.1
A= pxbxXhigpping =0.0018 x1000%80 = 144 mm?/m
Step (s) is the smallest of:

. 3h =3%x80 =240 mm control ACI 105.4

. 450mm.

. $=380 =% —25C, =380 =

4 F420

—2.5.20 =330mm ACI 10.6.4

Take @8 @ 200 mm in both direction , S= 200 MM <Syax =240 mm ... OK
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4.5 Design of One Way Rib Slab:

Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .

W 2 LOCII. .o ACI(8.13.2)

h<35%BW oo ACI(8.13.2)

Select h=32cm<3.5*12= 42 cm

tF > Ln/12250mm ..o, ACI(8.13.6.1)
Select tf=8cm

< Material :-
P concrete B350 Fc' = 28 N/mm?
P Reinforcement Steel fy = 420 N/mm?

% Section :-

B =520 mm

Bw=120 mm

h=320 mm

t= 80 mm

T U T T

v' Statically System and Dimensions: -
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Fig 4.3: Statically System and L oads Distribution of Rib(R11)

L oad Calculation:-
Dead load:

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.3432 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.24*25*0.12 = 0.72 KN/m/rib

0.24*10*0.4 = 0.96 KN/m/rib

0.03*22*.52= 0.343 KN/m/rib

1.5%0.52=0.78 KN/m/rib
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Table(4.3): Dead Load Calculation of Rib(R11).

Dead Load /rib =5.164 KN/m
Live Load:-
Live load = 5 KN/M?
Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)
b: For T- section is the smallest of the following:-
be =L/4=511/4=127.75cm
be =12+ 16t=12+ 16 (8) =140 cm

be = be < center to center spacing between adjacent beams = 52 cm. Control
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Fig 4.4: Shear and Moment Envelope Diagram of Rib (R11).

v' Moment Design for (R11):-

Design of Positive Moment for (Rib11 ):-(Mu=20.51KN.m)

Assume bar diameter g 14 for main positive reinforcement
d =h- cover - dgimps— " = 320 = 20 — 8 == = 285 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

My =0.85. . b,. by (d = L)

=0.85 X 28 % 520 X 80 x (285 +%} % 107% = 242.5695 KN.m
Mn2 % = %z 22.789KN.m , the section will be designed as rectangular section withbe
=520 mm.
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_ My __ 2051x10°

" obd? T 09x520%2858 0.539 Mpa
I 420
m=—L. = =17.65
085 f D.B5=28
1 ZomR 1 2x17.65x.539
p=— 1—- 1-27 = 71— 1 -2 —0.001298
m F20 17.45 420

Asreq = p.b.d = 0.001298 x520%285 = 192. 394mm?

Check for Asmin:-

Asmin= */_(b w)(d) ACI-318 (10.5.1)

J28

4(420) (120)(285) =107.7mm

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;) (120)(285) =114mn¥* controls

ASreq= 192.394mm? >Aspin= 114 mm®  OK

Use 2 812 Asprovided= 226.194 MM*>Agequireg=192.394 mmZ.... Ok

120=40=16=({2x12)

S=

=40mm >d, =12 > 25 mm OK

Check for strain:-

Asfy  ZZA194x420

= = : =7.676 mm
LB5h _|'|_ DB5E=520=28
c=2 =279 — 903090 mm
By 085
= 0003 276 — 003 285290309 _ 616 S 0.005
Es =0 c 90309 '

Design of Negative Moment for (Rib11 ):- (Mu=-22.6K N.m)
Assume bar diameter g 14 for main positive reinforcement

iy

d h cover - dst”rups_"_z"' - 320 T 20 8 el | 285 Tmint
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_ My _ 2Zexi®

N~ BhdZ  0Ox120%285E 2.5648 Mpa
T 420
m= =2 = =17.65
0855  085x28
1 Zm.R 1 ZXZ5R4BR17.65
p=— 1— 1= = 1 1220 —0.00647
m 420 20.6 420

Asreq = p.b.d = 0.00647 x120%285 = 221.5142mm?

Check for Asmin:-

Asmin= m(bw)(d)ACl -318 (10.5.1)
4(fy)

J28
4(420)

Asmin= (120)(285) =107.7mm’

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= i—;) (120)(285) =114mn¥* controls

ASreq = 221.5142mm? >Aspyin= 114 mm?0OK

Use 2 812 Aqprovided=226.194 mm*>Asequired= 221.5142mm?>... Ok

_ 120-40-16-({2x12)

S

=40mm >d, =12 > 25 mm OK

Check for strain:-

Asfy  ZZA194x420

= = : =7.676 mm
LB5h _|'|_ DB5E=520=28
c=2 =279 — 903090 mm
By 085
— 0003 2=F —g003 225090309 _ 091650005 Ok
s =0 c 90309 '

v Shear Design for (R 11):-

V, at distanced from support=26.1KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams. This is
mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).
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L1

V== fib,d =%m % 120 % 285 % 10~3 = 33.173 KN

i
gV, =0.75x33.173 =24.88 KN

V> 2 Ve

for shear design, shear reinforcement is required (4,, ),
VSmin =1—1ﬁ f'bw d 2,—1 bw d
Vs min=—+/28 = 120 = 285 = 11.31 KN

VSmin :7: bw d:,—: 120 =285 = 11.4 KNcontrols
B(V+Vsmin)= 0.75(33.177+11.4)=33.43 KN
ﬂVc<Vu <g (Vc+VSm|n)

24.88<26.1<33.43

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

Use stirrups (2 leg stirrups ) 2 8@100 mm , A, = 2 x 50.24 = 100.5 mm?

By s 1 by

Alen f’: —_— -
Iyt 3 fyt

120%

AVpin=100.5 =— \/28 - 5§ =106.36mm

S max - — = 142.5mmcontrols

S max - <600mm

Take (2leg stirrups) 28 @ 100 mm
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4.6 Design of Beam

< Material :-
P concrete B350 Fc' = 28 N/mm?
P Reinforcement Steel fy = 420 N/mm?

>

< Section :-

L)

P B=80cm
P h=32cm

P d=320-40-10-25/2= 257. 5mm

Statically System and Dimensions:

1 2 3
1 2
LT LT ﬁ
0.5 2.61 0.25 518 0.25
L I I I i |
' ' 2.93 W A 543 L
I I {
32/
80,
A-A
I nading
Fsael g nn. 1
Mear inan - Senilce LnHsEN, mater
344 4.1
[ W L ¥ ' W
r_'_ln. h'd ¥ l:_.iﬂ 4
299 54
I bve koAl - Servirs | A fartnra: 1.0, 1 # i fi, 0.nn
Pl 2440
i W L W Y
209 I [

Fig 4.5: Statically System and L oads Distribution of Beam (BY1)
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v" Load Calculations:-

Dead L oad Calculationsfor Beam(B 76):-
The distributed Dead and Live loads acting upon B76 can be defined from the support reactions of the R11

From Rib11

The maximum support reaction from Dead Loads for R11 upon B76 is17.76KN, The distributed Dead
Load from the R11 on B76.

DL =(17.76/0.52) = 34.1 KN/ m

Self weight of beam = 6.4 KN/ m
DL =6.4+34.1 =40.5KN/m
Live Load calculationsfor Beam (B76):-

From Rib11
The maximum support reaction from Live Loads for R11 upon B 76 is 11.47KN The distributed Live

Load from the Rib11 on B76.

McocmentrShear Envelopes (Faclared) Untekchl, meter

VCIEmEe!  BRaiEwte 2

154
AL L
o
e
- e
..-F'-.d- \"\
T 1423 ™
Ar — | e
pm— == I e |
| =— E— ‘T.'i'=f|=]!{lﬁ | "x__ﬁ 1
9 b _~ELE
"'\-\._\_\_ _ﬂ__of
s -"\-\__\_\_\_ i _,_:-"-'-F-
2091
n.4q . ne 5.2R d 217
I T T T 1
Shear
-32.8 203

-253.8

738 /é P
- -12.5 A3
153 .
447 / /,,/ " e 27
ra - A o~
P - -’__," /-r" _,,“"' -

P
l» > e . = :: — - —— / H
= 103 ; 10.9 4 / P <
151 —F

228 T - 2 i

7.2 268
331

Faartenns

Fig 4.6: Shear and Moment Envelope Diagram of Beam (B76)
v' Moment Design for (B76):-

Flexural Design of Positive Moment for (B76):-(Mu=209.1K N.m)
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Determine of My max

d =320 — 40 -10 — 25\2 = 257.5 mm

3 3
c==-d= - 2575 =110.35 mm
=11

7
=Bc 0.35#0.85 = 93.803 mm
Mnpa= 0.85#f! =a *b(d - % ) = 0.85*28*93.803*800*(257.5-93.803/2 ) *10°=376.130KN.m

@ Mnmax = 0.82* 376.130 = 308.42KN.m >209.1KN.m .

Design as singly reinforcement

" 2091x10°
" T @hdZ T 09x%800% 25752 o P4
m=—2_=_*0__1765
085 1 NB5=28
p: l 1— 1-— 2.11’.!.]?;.! = 1 : 1— 1-— 2)(17.5-"1)(4.3?” = 00116
m 420 20.6 420

= p.b.d = 0.0116x800%257.5 = 2393.15 mm?

Check for Agmin:-

ASpin = \/_(b w)(d) = 24 N7 _xg00*257.5 = 648.84 mm?
4(fy) 4% 420

ASmin = (fy)(b )(d) = 0*800*2575 686.66mm>Controls

A= 2393.15 mm?

Use 5@ 25 Bottom, Asprovided= 2454.4 MM*>Asequired=.2393.15 mm?... Ok

Check spacing :-

Bl0—-40s2=2e10~(255)
4

S=

=14375mm=>=d, =25 OK

Check for strain:-
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Asfy 24544 %420

= ;= =54.14 mm
.85hH }I_ DB5=B00=28
=2 =2 _ 6360 mm
By .85
d—c 257.5 — 63.69
£, =0003 —— =0.003 = 0.009 > 0.005
c 63.69

Flexural Design of Negative Moment for (B76):-(Mu=-207.7K N.m)

Rn = M 207.7 % 108 = 4.35 Mpa
ObdZ  09x 800 x 25752 2P
m=—2t =% _1765
l].F!E}L NB5~28
pzi 1— 1 __2.::3.:,! =ﬁ_—, 1- 1 __2}:4.:4:2:-;1?.55 — 001153

= p.b.d = 0.01153 x800x257.5 = 2375.269 mm?

CheCk fOI’ As’min: =

ASin = \/_(b w)(d) = *@ V2% x800*257.5 = 648.84 mm?
4(Ty) *420

Asin = —4 (fy) 14 () = *800*2575 686.66mm’Controls

A, =686.84mm?*Controls

Use 53 25 Asprovided= 2454.36mm?>... Ok

Check spacing :-

Bl0—-40s2=2e10~(255)
4

S=

=14375mm=>=d, =25 OK

Check for strain:-

As 4544 %420
a=—2r = =54.14 mm

ESh jl_" DESxB00x2H
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i 54,14

c=—= = 63.69 mm
B, 085
—0003 7€ —o003 22756369 _ 00050005 ok
s =0 c 6369 |
v" Shear Design for (B 76):-
V,=238.1KN
Case 3:-

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

Use stirrups (4leg stirrups ) @ 10, A, =4 x78.539 = 314 mm?

Ve=: fc'b,d == -v28+800 2575 = 181.67KN

o

® V.=0.75*181.67=136.25 KN
: 1 1 3
Vsmin= (E) *bw*d= (5)*800*257'5*10 = 68.128 KN
: 4 fc
Vsmin= (1—6C) *bw*d= *(1£68) * 800 * 257.5*10 = 68.67 KN Controls
® Ve<Vu < ® (V¢ + Vsmin)not satisfied
Cases 1&2& 3isnot suitable

Case 4 :-
vy =~ fc'h, d=-v28+ 800+257.5 =363.3 KN

Ejl:i"lt T vw,mm I} = L, E Ejl:.-i"ln: c & 15.1.-')
0.75(68.67+181.6)<283.1< 0.75(181.6+ 363.3)

187.7<283.1<408.675

shear reinforcement arerequired

Use 4leg @ 10
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As =157.1 mm?

V=V, -V, = z:—:; —181.6= 195.866 KN

Aufyed 314.159 =420 = 257.5

S = . T 1os8e6=1000 L/>A6mm
d 2575
Sy = 2T 5 = 128.7mm control
or Smar = 600 mm
Use4leg @10 @100mm

4.7Design Two Way Ribbed Sab

v' Determination of Thickness for Two Way Ribbed Slab:

Assume H=3 cm

sl
5“122 ~136533.33 cm*

|b=

Fig 4.7: Section in Rib
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_ 5d=E+dB+24+12211

Y. =21.45cm
52+8+24212
+ 3 + g3 + 3
| = F0550 4042550 | 12:2145° g0 50 (s
3 3 3
59609.22(" +50) .
a= =57259.41 cm
52
59609.22+(~5 +50) A
o= = 592080.04 cm

52

59609.2 za{ﬂ%ﬁm

5l

3™

59609.22+(* 5

52

+507

s4=

af:E
I5

o __ 136533.33

1= =2.38
57259.41

a

i 13653333 _ 0.23

592080.04
1365323.33
0= 13059333 _ 524
577177.74
136533.33
= ————=0.22
631628.47
o _ 238+023+0244+022
fm= 4
10.02
B=0%2_ 111
8.99
4240
min—

577177.74 cm*

= 631628.47 cm*

=0.77< 2.0 the minimum slab thickness will be:

36+1.11+5+(1.735—0.2)

=24.76 cm



h=32 cm > h,i,=24.76cm _Ok

We will take slab thickness hslab=32, 8cm —topping ,24cm —Concrete Block .

Fig 4.8: Tow Way Rib Slab

v" Load Calculation:

Table4.4: Table of Two Way Rib calculation.

Quality
No. | Partsof Flight | Density(Kn/m3) | Calculation

1 Tiles 22 22*0.03*0.52*0.52 = 0.178 KN
2 Mortar 22 22*0.02*0.52*0.52 = 0.119KN
3 Sand 16 16*0.07*0.52*0.52 = 0.303 KN
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25 25%0.08*0.52*0.52 = 0.541 KN

25 25%0.24%0.12* (0.52+0.4) = 0.662 KN

9 9%0.24*0.4*0.4 = 0.346 KN

22 22%0.02*0.52*0.52 = 0.119 KN

Partitions 1.5 Kn/m2 1.5%0.52*0.52 = 0.406

Dead Load of slab:

2674
DL 052052

=9.9 KN/m”’
Wp =1.2%9.9 =11.88 KN/m’
LL=5 KN/m?

W, =1.6*5=8 KN/m”’

W = 11.88+8 =19.88 KN/ m?

v" Moments Calculations:
From tables use Case (1)

m=la/Ib=8.99/10.02= 0.9
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(Negative Moment)

Ca, neg =0.00

Cb, neg=0.00
Ma,neg = C a, neg*W*1a2=0.00*19.88*8.992 = 0.0 KN.m
Mb,neg = C b,neg*W*Ib?=0.00*19.88*10.022 = 0.0 KN.m

(Positive Moment)

Ca ,dL=0.045 ,, Cb,dL=0.029

Ca,LL=0.045,, Cb,LL=0.029

M¥a.dl= Ca,dl *W,dI*la>= 0.045 11.88" (8.99)°= 43.21 KN .m

M¥a L = Ca, II*WI*la2= 0.045 8" (8.99)°= 29.09 KN .m

Ma positive= 43.21 +29.09 = 72.30 KN.m

Ma positive= 72.30 *0.52= 37.59 KN .m/Rib

M¥b,d = Cadl *Wd*Ib2= 0.029" 11.88" (10.02)°= 34.59 KN.m

M¥b L = Ca,ll *WI*Ib>=0.029" 8" (10.02)*= 23.29 KN .m
Mb positive= 34.59 +23.29 = 57.88 KN .m
Mb positive = 57.88*0.52=30.09 KN.m/Rib

Negative moment at discontinuous edges = 1/3 positive.
Ma neg = (1/3) ~ 37.59= 12.53 KN.m

Mb neg = (1/3) * 30.09 = 10.03 KN.m
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Fig 4.9: Distribution of Moment

Design of Positive Moment :- (Ma=37.59 KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement
idp 14
d =h- cover - dstirrups——z— =320—20-8 =y B 285 mm

My, 37.59x10°
R,= = = 0.99Mpa
" pbd? 09x520x285% ?

1 420
m= — . = = 20.6
085f) 085x24

2x20.6x0.99 = 000242

1 2m.KE 1
1= 1= = g -
420 206 420

p:
As req = p.b.d = 0.00242 x520x285 = 358.644 mm?
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Check for As min:-

As min= \/_(b w)(d)

Nen

As min=
4(420

) (120)(285) = 99.729mm’
.14
A =——(bw)(d
S min (fy)( w)(d)

A's min= % (120)(285) =114mm’ controls

ASreq = 358.644>As,,,= 114 mm’ OK

Ok

Use2 916, As, provided= 402.1 mm>>A, ,equi,ed=_358.644mm2...

Check for strain:-

Asfy  _ 402.1x420

= = =15.92 mm
0.85b f/ T 0.85%520x24
c=2 =132 _ 15873 mm
i1 0.85
—0003 42 000z 21873 043> 0005
g =5 g - 1873 |

Design of Positive Moment:- (Mb=30.09 KN.m)

d =h- cover - dyups— - = 320 — 20 — 8 — = = 285 mm

62

0k



My, _ 3009x10°

Ro= ObdZ  09x520x2852 0.79Mpa
m=_2_—_% _ ¢
085f  085x24
p=l i 1_EmR _ L, BESGH _ggg

A req = p.b.d = 0.00192 x520x285 = 284.54 mm’

Check for As min:-

fceC
As min=—"—(bw)(d
S min 4(fy)( w)(d)

Nen
4(420)

As min=

(120)(285) = 99.729mm’
. _ 14
A =——(bw)(d
S min (fy)( w)(d)

A's min= %(120)(285) =114mm’ controls

ASreq =284.54 mm® >As = 114 mm’ OK

Use 2 14, As, provided= 307.9 mm’°>A; ,cquired=.284.54mm"’... Ok

Check for strain:-

Asfy _ 307.9x420

4 =08sb 77 T 085x520%24 12.19 mm
C=— = =Lt P 14.34mm
B, 085
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0003 $=¢ _ ooz 2221434 _ 057> 0,005
£.=0. — = U, = U. .
s C 14.34

Design of Negative Moment :- (Mb =-12.53KN.m)

Assume bar diameter ¢ 12 for negative reinforcement

d =h- cover - duyumyps— = = 320 — 20 — 8 — = = 286 mm

M, 12.53x10°
— — = (. Mna
Rn PbdZ  09x520%x2862 0.33 Mp
Iy 420
m=-—— = = 20.
085f, D85x24 0.6
1 2m.R 1 2x%20.6%0.33
p=— 1— 1-— 1 = 1—- 1———— =0.00079
m 420 20.6 420

A, req = p-b.d = 0.00079 x520x286 = 117.49 mm?’

Check for As min:-

A's min =@(bw)(d)
4(fy)

24
4(420)

As min=

(120)(286) =100.079mm?

.14
A =——(bw)(d
S min (fy)( w)(d)
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A's min= % (120)(286) =114.4mm’ controls
ASreq =117.49>As .= 114.4mm* OK

Use 2 810, AS . ovided= 157.1 MM*>A; requireq=117.49 mm>... Ok

Check for strain:-

As
9= Sy - 157.1x420 — 622 mm
0.85bf; 0.85x520x24
c=2 =%2 _ 7318 mm
i1 085
_ 0003 22¢ _ o003 2887318 _ (114> 00050k
Es =1 c 7318 |

Design of Negative Moment :- (Ma =-10.03KN.m)

Assume bar diameter ¢ 12 for negative reinforcement

d =h- cover - dupmyp— = = 320 — 20 — 8 — = = 286 mm

My, 10.03x10°
= = = 0. Mpa
Rn @bd?  09x520x2862 0.26Mp
; 420
m= = =206
085f  085x24
1 2m.E 1 2x20.6%0.26
p=— 1— 12201 o 1— 1-=22"20 —0.00062
m 420 20.6 420
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As req = p.b.d = 0.00062 x520x286 = 92.21 mm?

Check for As min:-

A's min =@(bw)(d)
4(fy)

V24
4(420)

A's min= (120)(286) =100.079mm’
.14
A's min=——(bw)(d)
(fy)
- 1.4 2
As min= 120 (120)(286) =114.4mm’ controls

ASreq = 92.21 <As = 114.4mm°

Use2 810, AS ,rovided=157.1 MM*>A; requirea= 114.4mm°... Ok

Check for strain:-

_ A.'l.f_lil . !5?1}(42(]

a= = =6.22 mm
0.85bf, 0.B5x520%24

= & _ 622
By 085

= 7.318 mm

d—rc 286 — 7.318
£, =0003 —— =0.003 =0.114 = 0.0050k
5 C 7.318
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4.8 Design of Stair:
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Fig 4.10 : Stair Plan.

< Material ;-
b concrete B350 Fc' = 28N/mm?

P Reinforcement Steel Fy = 420 N/mm?
v Design of Flight :-
v' Determination of Thickness:-
hmin = L/20

hmin = 5.8/20 =30 cm
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Take h =30cm
The Stair Slope by 6 = tan(17/ 30) = 29.5°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-

Tablel-5: Dead Load Calculation of Flight.

23*0.03* 1*(0.35+0.17/0.3 ) = 1.196 KN/m

22*0.03*1*(0.3+0.17/0.3 ) = 1.034 KN/m

25+1%(0.3*0.17/2)/0.3 = 2.125 KN/m

25*0.3*1/ C0S29.5 =8.617KN/m

22*0.03*1/ COS 29.5° = 0.758 KN/m

LiveLoad For Landing For 1m Strip =5*1=5KN/m
Factored Load For Flight :-

Wy = 1.2 x13.723+ 1.6x5 =24.4676KN/m
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Fig 4.11: Stair Section.

R = (W*L)/2=24.4676*3.61/2=44.164 KN

1- Check for shear strenght

Assume bar diameter g 14 for main reinforcement
dy 14

d =h- cover g 300 —-20 =y = 273mm

Take the maximum shear as the support reaction Vu = 44.164KN

V.= %\/Ehw d= %x/% * 1000 * 273 = 240.76KN/m

® V. -0.75* 240.76 = 180.57KN /m

VU = 44.164 <5® V¢ -90.25KN /m

Thethicknessis enough .

2- calculate the maximum Bending Moment for Flight

244676=1.8:18

Mu=44. 164 * (3.61 + 0.25) — = 130.835mKN
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My, 130.83x10°
" pbd® T 09x1000x273% p

m=—2_ — 0 _ 1764
G.HEI}_ 085=28
p"_*i 1- 1_23:" "_”1?154 1= 1_$ kel

Asreq = p.b.d =0.00472 x1000%273 = 1288.56mm’
As min= 0.0018*1000*300 = 540 mm®

ASreq>As min=540 mm?

As;¢q =1288.56 mm’

Check for Spacing :-

1) S=3h=3*300=900 mm

2) S=380*(280/(2/3 * 420)) — 2.5*20 )= 330
< S =300%(280/(2/3 * 420)) =300mm

3) S=450 mm
Take S =200mm

Use 9914 @ 200 m A'iDI’OVidez 1385.44 mm2>Aqrequirm= 54Omm2... Ok

2-Temperature and shrinkage Reinforcement For Flight :-

As req= Asmin =0.0018*1000*300= 540mm®

Use5 g12@ 200 MM, Asprovided=565.48 MM>>As equires= 540mm>... Ok
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Design of Landing :

L oad Calculation:-

Fig 4.6: Dead L oad Calculation of Landing

23*0.03*1*= 0.69 KN/m

22*0.03*1* = 0.66KN/m

25*0.3*1= 7.5KN/m

22*0.03* 1= 0.66K N/m

Dead Load For Landing For 1m Strip:-
LiveLoad For Landing For 1m Strip =51 = 4KN/m

Factored Load For Landing :-

Wy = 1.2 x9.51+ 1.6x5=19.412KN/m

v" System of L anding :-

R= w +1.5%29.44 = 76. 1898KN

Assume bar diameter g 14 for main reinforcement
d =h- cover —2 = 300 — 20 — = = 273mm
Take the maximum shear as the support reaction Vu=76.1898KN
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Ve=< fc'by, d== V28 %1000 * 273 = 240.763KN

®* V.-0.75* 240.763= 180.57 KN> Vu = 76.1898 KN...... Thickness of slab is
enough

1- Design of Bending Moment :- (Mu=156.6K N.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover -52‘-‘ =250-20 -g = 273mm
_ My _ 156.6x10°
Rn= @bdZ ~ 09%x1000x273% 2.33 Mpa
m=—2_ =_*20__ 17647
085/ ~ 085x28
1. _2ZmRn _ 1 . _ 2X17.647x233  _
P= i 1 1 420  17.647 1 1 420 = 0.00585

Asreq = p.b.d = 0.00585* 1000*273 = 1597.05mm?

A min =0.0018*1000*273 = 540mm*
Aqreq = 1597.05 mm?......... is control

Check for Spacing:-

4) S=3h = 3*300=900mm

5) S=380*(280/(2/3 * 420)) — 2.5*20 =330 < S = 300*(280/(2/3 * 420)) =
300mm

6) S=450 mm

Take s=200mm
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Use 11914 @ 200 mm

4-9 Design of column( C136)

*Loading:

Try55*55cm with Ag = 3025 ¢in®

Take Pu=3880

*Check slenderness Limit :

Klu/r<34-12M1/M2..........cocu...... ACl —(10.12.2)

M1&M2=1.0 (braced frame with M min).

K=1.0 (for columns in non sway frames )
Klu/r<=34-12*1.0=22<40

Lu=4.25m

Rx=0.3*h =0.3*.55=0.165

Ry=0.3*b =0.3*.55=0.165

Klu/rx=1*4.25/0.165=25.75>22 long column for bending about x_axis .
Klu/ry=25.75>22 long column for bending about y_axis .

Calculate the minimum eccentricity emin and the minimum moment Mmin :
Emin=(15+0.03h)=15+0.3*550=16.65mm
Mmin=pu*emin=3880*0.01665=64.602 KN.M
Compute El

EC=4700*V28=2487 Mpa
lg=bh”"3/12=7.6252*10"9
Rdns=1.2D(sustained)/(1.2DL+1.6LL)=0.4639
EI=0.4Ec*Ig/(1+Bdns)=51819.57KN
Determine the Euler bukling load PC
PC=n"2 *EI/(Klu)*2=28315.04KN

73



Calculate the moment magnifier factor ons

Cm=0.6+0.4*(M1/M2)=0.6+0.4*1=1.0

oM
(/075 PC

ons =1
dns =1.22<1.4 ok

The magnified eccentricity and moment:
e =emin*dns =16.65*1.22=20.313
M2=Mmin=64.602KN,M

Mc=éns *M2 =1.22%64.602=78.814KN.M
e/h =20.313/550=0.0369

Y-the ratio of the distance between the centers of out side layers of bars to the
over all depth of columns ,assume 016for bar

y=2"2'- (550-240-2*10-16)/550=0.789

h

From the intersection diagram A-9b and A-9c

=2 5/ Ag=3880+*0.145/(550¥550)=2.25Ksi

Ag
Bg (Y=0.78)=0.013>0.01 ok
AST req=3932.5mm"2

Use20 g16 with As 4021.38>AST reg

) 550-6+=20-80—-10=+2
Spacing = = =66 mm > 40mm < 150mm ... ... ... 0
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4-10 Design of basment wall.

Geotic.n
Weightof

Angleof internal friction = 35

Triangular load vi all span L
.

; W= w2
= | - p
W = sotatload = 2 A e,
4 w £ -
Ky —=Vy— =W HRg=—=1V
A A g B 5 i’ﬂ v, = ].-._I
" LAWY
c
My = v-‘gw.r_ 10 ; Vy=
4 0.2
Me =—|—1H’.{ M, :-—uu:-'t—-l
50 2b.
Wit

i = e (8% = (AATL
YT Y7 R ) Me = D0eWL

Fig.(4.12): Basment wall case.

Load calculation :
Co=1-s5ind=1-5sin35=426

ws 3
hs due to srcharge = i Tk 166m.

KN
Due to soil pressure atrest Po =Co*w=h =426+18 =4 25 =32 EBQE.

_Posh 325892425

Ho 5 5

=69 2516 KN .

KN
Due to surcharge Ps =Co*w=hs = 426+18+ 166 =1.272 o)

Hs=Ps+h=1272+425=5409K

Moment calculation:

75



Using the moment coef ficients:

L L
Mu—l.ﬁsHﬂsﬁ+1.ﬁsH5a=—B

4'25+16 5.409 ok
7.5 ' ' 8

Mu=16+69 251+ =67 .383KN.m

RB =25 4054KN
Type equation here.
RA=47 12292 KN .

Maximum positive bendng moment within the span occurs at the secton of zero shear:
Vu=254054 - (1.6 s% +32.589/3)x2-1.6=1.272x=0.0.

x=16m.

z
32.589 +16 2, 1.272 = 160

4.25 Z

MU=14.BB#1.3[}5—1.63{%# ) =26.183KN.m

12
Assume wall thickness h =300mm d = 300 -50 — — = 244mm

2
Take @ =.9 for flexure.
Mu=26183 KN.m
Ry =k =
" obd
m=420/.85+28 =17 64
1 2Rm 1 2+0.772:17.64 _
P~ m f, 17.64 420 e

As=002+=1000 =244 = 488 mm2

Check for A in
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7 1.4

A, min = 0.25 b,d = —b,d
. [y Iy
V28
Agmin =0.25 —— - 1000 - 244 = 768.527 mm*
' 420
" =._ . . | z —
Ay min 220 1000 - 244 =813.3 mm control

A, =488mm* < A,,,;, = 813.3 mm* ... ok
Take As = A, i, = 813. 3 mm*

Take80 12 or .012@10.
Mc=16.23 KN.m

12
d=300-50 —E=244mm

m =420/.85+28 =17.647

ZR,m 1 2x0.375+17.647
8 1 =

= —_ = 0.
f}. 17.647 1 420 ol

p_'m

As =.0009 «1000 = 244 = 219 6mm2

Check for A min -

Ty 1.4
A in = 0.25 e b,d = —
: f}.

b,d
£y

V28
A pnin = 0.25 255 - 1000 - 244 = 768,52 mm?
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1.4
Aimin = —== - 1000 - 244 = 813. 3mm* — control
' 420
A, =2196mm?* < A,,,;, =813.3 mm* ... ok
Take As = A, i, = 813.3 mm®
Take80 12 or .0 12@10.

For the horzental reinforcment we use minimum steel ratio from the code that is

=002 .
mm?2
As =002 =1000=300 = ﬁ{]ﬂT

Take .0 10@10.....ateachside.
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