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ABSTRACT

Structural design is one of the most important designs necessary for the building
after the architectural design. Calculating the loads, designing the structural
elements, and maintaining the safety and security of the building and the people
are all the responsibility of the civil engineer. The idea of the project is
summarized in the structural design of a proposed clinic to be designed in the city
of Hebron. The architectural blocks in an aesthetic way that reflects the different
function contained in the spaces of the building. This layout consists of three floors
and contains stores for electrical tools, medicines, patients’ clinics, doctors’ rooms,
premature babies’ rooms, x-rays, bathroom facilities for patients and

administration rooms.

The basement floor has an area of 640 square meters and consists of a water well,
kitchen, electrical store, medicine store and laundry room

The area of the ground floor is 945 square meters, which consists of the
administration room with the secretariat, clinic rooms, emergency rooms,
reception, laboratory, doctor's room, radiology room, and accounting room

The area of the first floor is 932 square meters, which consists of rooms for
doctors, women's rooms, rooms for premature babies, an operating room, a

rehabilitation room, and accounting rooms.
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The importance of the project lies in the diversity of the structural elements in the
building such as bridges, columns and concrete slabs, the multiplicity of blocks
and the presence of regressions in the floor spaces. It is worth noting that the
Jordanian code will be used to determine the live loads. As for the structural
analysis and design, the American code (ACI_318 14) will be used, and it must be
noted that some computer programs will be relied upon, such as:

AutoCAD (2019). Microsoft Office XP, Etabs, Atir, spCoulmn, SAFE

God grants success
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List of Abbreviations :

1. a=depth of compressive stress .

2. Ac =area of concrete section resisting shear transfer.

3. As = area of non-prestressed tension reinforcement.

4. As' = area of non-prestressed compression reinforcement.

5. Ag = gross area of section.

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

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

9. bo = perimeter.

10. bw = web width, or diameter of circular section.

11. C = resultant compression force in concrete .

12. C = concrete cover .

13. Cc = compression resultant of concrete section.

14. Cs = compression resultant of compression steel.

15. DL = dead loads.

16. d = distance from extreme compression fiber to centroid of tension reinforcement. XI
17. EC = modulus of elasticity of concrete.

18. ES = modulus of elasticity of steel.

19. fc ' = compression strength of concrete .

20. Ty = specified yield strength of non-prestressed reinforcement.

21. h = overall thickness of member.

22. L.n = length of clear span in long direction of two- way construction.

e measured face-to-face of supports in slabs without beams and face to face of beam or
other supports in other cases.

23. LL = live loads.

24. Lw = length of wall.

25. M = bending moment.

26. Mu = factored moment at section.

27. Mn= nominal moment.

28. Pn = nominal axial load.

29. Pu = factored axial load.

30. S = Spacing of shear in direction parallel to longitudinal reinforcement.
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31. T=resultant tension force in steel .

32. V¢ = nominal shear strength provided by concrete.
33. VN = nominal shear stress. XII

34. Vs = nominal shear strength provided by shear reinforcement.
35. VU = factored shear force at section.

36. Wc = weight of concrete.

37. W = width of beam or rib.

38. Wu = factored load per unit area.

39. @ = strength reduction factor.

40. p = ratio of steel area.

41. €C = compression strain of concrete = 0.003.

42. €S = strain of tension steel.

43. €S = strain of compression steel.
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.

4-3 Determination of Slab Thickness.

4-4 Design of Topping.

4-5 Design of One Way Rib Slab (R 4).

4-6 Design of Beam ( B9).

4-7 Design of Coulmn (C10)

4-8 Design of Isolated footing (F4)

4-9 Design of stair

4-10 Design of basement Wall

4-11 Design of Shear Wall ( SW12)
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Structural Analysis and Design Chapter Four

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:

1- Lightweight concrete with unit weight from about 1350 to 1850 kg/ma3.
2-Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
3- Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

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_14).

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.

The statically calculation and the key plans dependent on the architectural plans that we will to
use it from (Code : UBC ACI 2014).
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Materials :
1. Concrete : B300 .... fc'=30* 0.8 =24 N mm2 ( MPa).
2. Reinforcement Steel : The specified yield strength of the reinforcement

fy =420 N mm2 (MPa).

Factored loads : service loads increased by some factor of safety or overload factor are called

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

Wu=1.2DL +1. 6LL( ACI — code — 318 — 14)(9. 2. 1).

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non- prestressed Beam or One-Way Slabs Unless Deflections are

Calculated. (ACI 318M-14)

Minimum Thickness

Structural Member | Simply One end Both end Calntilever
supported | continuous continuous

Solid one way slabs L/20 L/24 L/28 L/10

Beams or Ribbedone L/16 L/18.5 L/21 L/8

way slabs

Table(4-1) Minimum Thickness of Structural Member

For Rib :-

h,,in for(one end continuous)=L/18.5=6.32/18.5=34.16cm

h,,i, for(both end continuous)=L/21=6.36/18.5=30.0cm

Take h=35cm 27 cm block + 8 cm topping = 35cm
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4.4 Design of Topping:

Statically System For Topping:-

Topping in one way ribbed slab can be considered as a strip of 1 meter width and span of hollow
block length with both end fixed in the ribs

W2 Wi
1z 12

Figure(4-1): topping load and moment diagram

For the topping, the total dead load to be used in the analysis and design is
calculated as follows:

Topping Dead Load

Parts of topping Calculations KN/m
titles 0.03*23*1 0.69
Mortar 0.03*22*1 0.66
Sand 0.07*17*1 1.19
Topping 0.08*25*1 2
Partitions 2.38*1 2.38
Sum 6.92

Table(4-2) Topping Dead Load
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Live Load :-
LL =5 KN/m?
LL =5 KN/m? x1m=5KN/m

Factored Load :-
WU = 1.2 x6.92 + 1.6x5 =16.034KN/m

WL2 16.034+0.42

Mu = = =0.2137 KN. m
12 12

Check the strength condition for plain concrete:

@ Mn > Mu, where @ =0.55

Mn=0.42 A fc'Sm (ACI 22.5.1, equation 22-2)

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

p shrinkage= 0.0018 (ACI 7.12.2.1)

As = pxbxt =0.0018 x1000x80 = 144 mm? /m.
Step (s) is the smallest of :

1. 3h = 3x80 =240 mm (control ACI 10.5.4)

2. 450mm.

3.5=380 X (280/ fs ) — 2.5Cc = 380X (280/( 2/ 3)* 420 )— 2.5 *20 = 330mm (ACI 10.6.4)

Take @8 @150 mm in both direction, S = 150 mm < S5, = 240 mm ... OK
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4.5 Design of one way rib slab (R3) :

Requirements for Ribbed Slab Floor According to ACI- (318 - 14).

1-bw > 10Cm. .. ACI code, section (8.13)
2-h<3.5%bW i ACI code, section (8.13)
3.5*12=42 cm
3-Tf>Ln/12250mm ..o ACI code, section (8.13) Select
Tf=8cm.

Select bw=12 cm.

Material:-

=> concrete B300 (Fc' = 24 N/mm2)

= Reinforcement Steel ( fy =420 N/mm? )
Section:-

= B =520 mm. = bw= 120 mm.
= h=350 mm. = t= 80 mm.

= d=h-Cc-18/2 — Stirrups =350-20-(18/2)-10= 311 mm.
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Statically System and Dimensions :

Ll lactsrac |20, 121418

Figure(4-2) : Statically System and Loads Distribution of Rib (3).
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Load Calculations:

Tiles 3 am
Mortart 3 ¢
\Coarse Sand fill 7 e
R Congcrete Topping 8 cm.
 Concrete Block
R Concrete Rib

LPlaster. yem

* e *

UKL KRS

Figure(4-3) : Typical section in Ribbed slab

Al

Dead load calculation :

NO. Material Quality Density KN/m3 | Calculation( KN/m)
1 Topping 25 0.52x0.08x25=1.04
2 Rib 25 0.27x0.12x25=0.81
3 Sand 17 0.52x0.07x17=0.619
4 Mortar 22 0.52x0.03x22=0.343
5 Tiles 23 0.03x23x0.52=0.359
6 Plaster 22 0.02x22x0.52=0.229
7 Block 10 0.27x10x0.4=1.08
8 Partitions 1.5 1.5x0.52=0.78

SUM 5.90

Table (4-3) :Dead load calculation
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Dead Load / rib = 5.90 KN/m.

Live load :

Live load = 5 KN/m?
Live load / rib = 5x0.52= 2.6 KN/m

Effective Flange Width ( bg ): -ACI-318-14 (8.10.2)
bg For T- section is the smallest of the following:
-bg =L /4=238/4=59.50cm

. bp=12+16t=12+16 (8) = 140 cm.

- bg = by < center to center spacing between adjacent beams = 52 cm.

Control by For T-section = 52cm.
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We get the envelope moment and shear force diagram using ATIR Program as the
follows :

Shear

Figure(4-4):Moment and Shear diagram in Ribbed(3)

4.5.1 Moment design for (Rib3):

£,9,3,3 Design of Positive Moment for (Rib 3) : ( Mu =34.6 KN.m)

Assuming bar diameter @ 12 for main positive reinforcement :

dp

12
d=h-cover- dgjrups - - =350-20-8- 5 =316 mm
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= Check if a > h; to determine whether the section will act as rectangular or T- section.

80
M, =0.85. fc'.be. hf.(d- %) = 0.85 x 24 x 520 x 80 X( 316 ——) x 107° = 234.22KN. m

34.6
Mn »>— = 09 - 38.44KN.m , the section will be designed as rectangular section

with be =520 mm.

M, 234.22x10°

Ru=pea? = 52003162 45 MP
42
= fy = 0 =20.6
0.85xfcr 0.85x24
_ 1 2xmxRy,  _ 2x20.6x4.5
p= = (- [1- 2T = 1 [1- 2502
m fy 20.6 420
=0.0123

As req = pxbxd =0.0123 *520*316 = 2021.13mm? .

= Check for As min:

- As min = (\/— )*( bw) *(d)= ( )* 120 *316=110.58mm?

4x420
_ 1.4 1.4
- Asmin = (= )*(bw) *(d) = (75)*(120) *(316) =126.4 mm? = Contolled

As req = 2021.13mm? > Asmin= 126.4 mm?.

Use 8 @ 18, As, provided = 2035.8 mm? > As required = 2021.13 mm? (OK).

_ 120-40-12—(2x12)
- 1

=44 mm > db =12 > 25 mm. (OK).

— Check for strain:-
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Asxfy _2035.8x420

8= 085xbxfc’ 085x520x24 co-60mMm .
a _ 896
X=—==—=——=05mm.
Bl 0.85
d-x 316 — 95
£s = 0.008%(———) = 0.008* —_—— =0.007 > 0.005 (OK)

£,9,1,Y Design of Negative Moment for (Rib 3) : ( Mu =-38.60KN.m)

Assuming bar diameter @ 12 for main Negative reinforcement:

d 12
d=h-cover- dgups = ?” = 350-20- 8 - — =316 mm

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

h 80
M, =085.fc'. be.hf.(d- 7") = 0.85 x 24 x 520 x 80 X( 316 — —) X 107° = 234.22KN. m

Mu _ 38.6

Mn >>? =09 =42.88 KN.m , the section will be designed as rectangular section

with be =520 mm.

M, 234.22+10°

Rn =4z = 52003162 = 45 MPe
_ fy _ 420
M= 085xfcr  085xza_ 20°
1 2xmxR 1 2x20.6x4.5
p= — (1 [1——"—") = — (1- [1 —=—"—"=) =0.0123
m fy 20.6 420

As,req = p x b x d =0.0123 *520*316 = 2021.13 mm? .

= Check for As min:
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Vie’ Vi
(W) *(0)= (

- As min = ( 22420

)* 120 *316=110.58mm?

- As min = (— )*(bw) *(d) = (m )*(120) *( 316) =126. 4 mm? = Contolled

As req = 2021.13 mm? > Asmin= 126.40 mm? .

Use 8 @ 18, As, provided = 2035.8 mm? > As required =2021.13 mm? (OK).

120-40-12—-(2%x12
- 1 ( ):44 mm > db = 12 > 25 mm. (OK).
= Check for strain:-

_ Asxfy _ 2035.8x420
"~ 0.85xbxfc’/ 0.85x520x 24

_a _896
“B1 o083
316 — 95
£s=0. 003*( =) = 0.003* =5z =0.007>0.005 (OK)

4 5.2 Shear Design for (Rib 3):

Vu at distance d from support = - 28.6 KN.

Shear strength V¢, provided by concrete for the joints may be taken 10% greater than for beams.

This is mainly due to the interaction between the slab and closely spaced ribs.(AClI, 8.13.8).
1.1 1.1
Ve=— xVfc'x bwx d = ~ X V24 x 120 x 316 x 1073=34.10 KN.

@ Vc =0.75x34.10 =25.60 KN.

Check (Region 11) :
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O Ve <Vu< 0O Vec+ O Vs min
1 1
— @ Vsmin=0.75 x Te x Vfc'x bw xd=0.75 x v24 XE x 120 x 316 = 8.71 kN
OR
) 1 1
— ) Vs min=0.75 x 3 x bw xd=0.75 x Ex 120 x 316 = 9.48 kN — controlled.

@Vc+ @ Vsmin=25.6+9.48 =35.08 kN

@Vc=256KN<Vu=28.6 KN< 0@ Vc+ @ Vs min=35.08 kN

min reinforcement is required:

S < ; =158 mm
<600 mm  ....... Select S =100 mm
. . 2x wx 82
Use stirrups (2 leg stirrups) @ 8@100 mm, Av = 2 - 100.53 mm?.

4.6 Design of Beam (B20) :

= Material :
- concrete B300 Fc¢' = 24 N/mm?

- Reinforcement Steel fy = 420 N/mm?

= Section:-
eB=70cm.

e h=35cm.

Assume bar diameter @ 18 for main reinforcement
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¢ d=350-40-10-18/2= 291mm

Statically System and Dimensions :

- Service

Load factors: 1.20,1.2001.6

Figure(4-5):Statically System and Loads Distribution of Beam (20)

Page | 40




Dead Load Calculations for Beam(B20):-

The distributed Dead and Live loads acting upon (B20) can be defined from the support reactions

of the rib (R12).

= Load calculation:

Dead Load:
Beam (35*52) Dead Load

No. Part of beams | Quality Density( KN/ m3 ) | Calculation( KN/m)
1 Tiles 23 0.03*23*0.35=0.242
2 Mortar 22 0.03*22*0.35=0.231
3 Sand 17 0.07*17*0.35=0.417
4 R.C Beam 25 0.35*25*0.52=4.55
5 Partions 15 1.5*%0.35=0.525
6 Plaster 22 0.02*22*0.35=0.154

SUM 6.2

Table(4-4): Dead Load calculation of Rib (12)

Dead load: From Rib(12):

DL = (15.84/0.52) = 30.46 KN / m.

Self-weight of beam =6.20 KN / m.

DL =30.46+6.20 = 36.66 KN / m.

Live load: From Rib(12):

LL =10.59/ 0.52=20.36

LL=5*0.7= 3.5 KN/m.

KN/m.
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LL=20.36+3.5 = 23.86 KN/m

We get the envelope moment and shear force diagram using ATIR Program as the

follows:-

Shear

Figure(4-6) : Moment and Shear diagram in Beam (20)
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4.6.1Moment Design for Beam (B20):

4.6.1.1 Maximum Positive factored moment:

The width of the beam(20) can be defined from the maximum factored moment:

The maximum positive factored moment in Beam( 20) ... Mu = 59.10KN.m

M, _65.67x10°

R =11 .
n=pa?  700.2012  L10Mpa
_ fy 420
M= 08sxfer  085x24 200
1 2xmxR 1 2x20.6x1.10
p= — (@1 [1——L) = — (1- [1 —=————) =0.0027
m fy 20.6 420

As req = p x b xd = 0.0027 *700*291= 550mm? .

= Check for As min:

e
)*( bw) *(d)= ( vzt

- As min = ( 1420

)* 700 *291= 594mm?

- As min = (— )*(bw) *(d) = (EO )*(700) *(291) =679 mm? = Contolled

As req = 550 mm?< Asmin= 679 mm? .
Use 3@ 18, As, provided = 793.41 mm? > As min = 679 mm? (OK).

_ 700-2+40-20—(2x18)
- 2

=282 mm > db = 18 mm > 18 mm. (OK).

— Check for strain:-

__Asxfy _ 79341x420 ..,
" 0.85xbxfcs/ 0.85x700x24 '
a 23 34
X=—z=—=27.45 mm.
Bl 0.85
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291 -27.45
27.45

s =0. 003*( ) 0.003* =0.029 > 0.005 (OK)

4.6.1.2 Maximum Negative factored moment: Mu=(-60.6 KN.m)

M,  67.33%10°

R = 1.10 Mpa.
"~ pxd?  700+2912 0 Mpa
420
= 1Y = 20.6
0.85xfcr 0.85%x24
1 2xmxRy, 1 2x20.6x1.10
p=—(@1-|1————) = — (@1- |1 ———— ) =0.0027
m fy 20.6 420

As req = p X b xd = 0.0027 *700*291= 550mm? .

= Check for As min:

Jic

-Asmin= (" )*( bw) *(d)= ( )* 700 *291= 594mm?

4420

- As mln—(— Y*(ow) *(d) = (E)*UOO) *(291) =679 mm? = Contolled

As req = 550 mm?< Asmin= 679 mm? .
Use 3@ 18, As, provided = 793.41 mm? > As min = 679 mm? (OK).

_ 700-2+40-20—(2x18)
- 2

=282 mm > db = 18 mm > 18 mm. (OK).

— Check for strain:-

__Asxfy _ 79341x420 _ ..,
=~ 0.85xbxfc’  0.85x700x 24 ~o°rmm .
a 2334
X=—=—=27.45 mm.
B1 0.85
d-x 291 —27.45
€S =0.003*( ) =0.003* 2745 - 0.029 > 0.005 (OK)
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4.6.2 Design of beam (B20) for shear :
4.6.2.1 Design for maximum positive Shear:

= Vu = 49 KN(Maximum Positve)

1 1
Ve = A x Vfc' bw d = g X V24 x 700x 291=166.32 KN
-@ VC =0.75*166.32 = 124.74 KN.

= 100.98 KN

B dVc—Vu _124.74-49

Vs [0 0.75

1
Vs'=3 \/fC’bwdz%* VZ4 *700*291 = 322.64 KN

SO, vs<vs'

Shear reinforcement are required :
Use 41leg® 10

Av =316 mm?

S_Avayxd
B Vs

_316+420%291
"~ 100.98+1000

=1455 mm

N &

S=382.46mm >

<600 mMm  ....... Select S =150 mm
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4.6.2.2 Design for maximum Negative Shear:

= Vu =-91.20KN(Maximum Negative)

Vo= % x VEC bw d = % % V24 x 700X 291= 166.32 KN

- @ VC =0.75*166.32 = 124.74 KN.

3 dVc—Vu : 124.74-91.20
- @ - 0.75

Vs = 4472 KN

1
Vs'=3 \/fc'bwd:%* V24 *700*291 = 332.64 KN

SO, vs<wvs'

Shear reinforcement are required :
Use 4leg® 10

Av =316 mm?

AvXfyxd
§ =———
Vs
_316%420%291
"~ 44.72+1000
S=863.63mm z% = 1455 mm
<600 mm  ....... Select S =150 mm
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4.7) Design of Two Way Ribbed Slab:

B22 (351 70)

$ +o4g

—
-]
L
L
L]
e
i ]
od
oo

B25 (35 | 50)

Fig 4.7: Two Way Ribbed Slab

h=35cm

-All Exterior beams has a section of 50 cm width :

«h3 3
brh —Ib:SO*% — 214375 cm4

12
The moment of inertia for the ribbed slab:
Y=(52*8*4)+(27*12*18)(52*8)+(27*12)=10.12 cm
Irib=52*( + 12 (22) + 8.+ 52  6.62 + 12 * 10.84% = 78093 46cm*

Irib=7.8093*10"*m*
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Short Direction=L=6.28 m
Long Direction=L=9.80 m

7.809%x10~%%6.28

Is, =722 = 94,31 % 107
OF == = 0.227

5= 2000 T 4715 4 1074

WF,=2 = 0455

15,2202 2080 = 147,47 + 107

cofy=—= = 0.1457

Iy = 49 73584 % 10~

(DF4_7231..;34834 =0.30

m:(O.ZZ7+0.4-55+0.14-57+0.30 — 0.282

4
The Minimum slab thikness will be:

Ln(0.8+-L2

= 1400 _ = (.30 > 0.35 0K
36+58(com—0.20)

Det=520 mm bw=120mm

h=350mm h (block)=270 mm
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Load calculation:

No Parts of Flight | Calculations
1 Tiles 22*0.03*0.52*0.52=0.178KN
2 Mortar 22*0.02*%0.52*0.52=0.119KN
3 Sand 16*0.07*0.52*0.52=0.303KN
4 Toppin 25*%0.08*%0.52*0.52=0.541KN
5 Rib 25*0.27*0.12(0.52+0.4)=0.745KN
6 Block 9*0.27*0.4*0.4=0.388KN
7 | Plaster 22*0.02*0.52*0.52=0.119KN
Sum 2.21 KN
DL=—2_ =817 KN

0.52%0.52

WD=1.2*8.17=9.80 KN

LL=5KN

Moments Calculations:

6.280
9.80

Ratio= = 0.65

Ma=CawLa’bf ~ Mb=CbWLb’bf
Negative Moments:

Ca,neg=0.093

Chb,neg=0.0
Ma,neg=0.093*17.8*6.28°=65.30 KN.m

Mb,neg=0.0
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Positive Moment:

CaD,pos=0.054

CbD,pos=0.007

Cal,pos=0.064

CbL,pos=0.01
Ma,pos(D+L)=(0.054*9.8*6.28%)+(0.064*8*6.28%)*0.52=21.4 KN.m
Mb,pos(D+L)=(0.007*9.8*9.8%)+(0.01*8*9.8%)*0.52=7.42 KN.m
Design of Positive Moment :

Short Direction (Mu=65.30 KN.m)

Assume bar diameter (¢p14) :
d=h-cover-dsti-db/2=350-20-10-7=313mm

Mu 65.30%10°
Rn= = =6.17
dd2  0.9¥120%313

M=—2_ =220 _ 9076
0.85 f¢  0.85%24

«0=0.017

As=0.017*120*313=638.52mm?.

Check for As min:

Jre

As,min=0.25*
fy

*bw*dzﬂ*bw*d
fy

As,min=118.302
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As,min=125.20mm>  .......... Control

As,req:188.82mm2
Take 2¢14 As,pro=307.80mm?>As,req=188.92mm?

Check for strain:

Tension=Compression
As*fy =0.85*fc*b*a
307.8*420=0.85*24*120*a
a=45.26mm

X=53.24mm

£5=0.003*(—5) = 0.014 > 0.005 Ok

Long Direction(Mu=7.42Kn.m)

Mu
@bd?

Rn= =0.70

m=—12_=_%2°_ _ 9076
0.85f¢  0.85%24

w0=1(1- /1 — ZmxRn_p 5017
m fy

As,min=co*b*d=0.0017*120*313=63.852mm?

Check For As,min

Page | 51




As,min:O.25*ﬂ x* bw * d > 20 bw s d
fy fy

As,min=118.302
As min=125.20mm?>  .......... Control
As,req=188.82mm?

Take 2$8As,pro=100.60mm*>As,req=63.825mm?*

Check for strain:

Tension=Compression
As*fy =0.85*fc*b*a
100.6*420=0.85*24*120*a
a=17.25mm

X=14.74mm

£5=0.003*(—5) = 0.060 > 0.005 Ok

4.8) Design of Column (C10):

Material:-

Concrete B300 Fc' = 24 N/mm2
Reinforcement Steel fy = 420 N/mm?2
DL =622.1 kN

LL=172.140 kN
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Pu = 1022 kN
4.8.1) check for slenderness:

Lu*K

M1
<V R — (ACI -10.12.2)
M2

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

1
R: radius of gyration :\/; ~03h

Lu=4.6m

M;

=1
M2

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to
be taken as 1.0.

Ly M1

R 3412 —

r M2
3811 34-12 (1) (X-Directi
0325 <34 -12 (1) (X-Direction)
256>22....... Long column in X direction
3.84+1 . .

<34- -

0345 34-12 (Y-Direction)
28.44>22......... Long Column in Y Directionn

4.8.2) Compute EI:

E|—04E“g ACI 318-05(Eq. 10-15
=04 [ -05(Eq. 10-15)]

E. = 4700VFc’ = 4700*24 =23025 Mpa
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12DL _1.2+622.1
Ba= = =0.73<1
Pu 1022

bh3 _ 450+5003

1,= = 4.7x10° mm*
12 12
ExI 9
_ g _ 23025 x4.7x10°y _ 2
El =04 e 0.4x (C—F7p73 ) = 11300 kN.m
= m?El ... (ACI 318-05 (Eg. 10 -13)
(K Lu)?

=3.14%211300 =7555.710 KN

Per (1x3.84)2

ACI 318-05 (Eq. 10 -1
Cm:0.6+o.4(% .............. (ACI 318-05 (Eg. 10 -16)

Cm=1 (According to ACI 318-05) (10.10.6.4)
= m (ACI 318-05 (Eg. 10 -12)
8sn IT
"~ 0.75 Per
I<g§  — 1 =122<14
sn = 1022
0.75x7555.710

€min —15+0.03x h =15+ (0.03x500) = 30 mm =0.03 m

€ = epin X 8y = 30 X 1.22 =36.60

€ =36.60 /500 =0.0732
h

Y =500-2(40)-2(10)-18 =764
500

Page | 54




@ P, _ 1022x103x0.145 = 0.66 ksi
Ag 450%500

From the interaction diagram in chart

p =0.01 Check from Bresler formula:

1 _ 1 4 1 1
D Py - Pux l)uy Puo

Since h=b=500mm— Pux = Puy

- 0.93x450x500

Py TaE =1026.2 kN

P,, =9Ag [0.85 X Fc' (1 -pg) + pg x V]
= 0.65 X400 X400 X(0.85X24(1-0.01)+(0.01X420)
P,,=2537.2 kN > Pu= 1022 kN
Select the longitudinal bars:
As =p xAg = 0.01x450x500=2250mm?

Use 12 @18—As=3053mm?
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4.8.3) Design of the Stirrups:

The spacing of ties shall not exceed the smallest of:
Spacing < 16 dp < 16X18=28.8 cm

Spacing < 48 dg <48X10=48 cm

Spacing <40 cm

Use $10@20 cm

4.9) Design of Isolated footing (F25):
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Material:-

Concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Load Calculation:-

From column (10):

(DL &LL)

* Service dead load ( DL) = 622.1KN

* Service live load (LL) = 172.14KN

* Column dimensions =45cm*50 cm

* Allowable soil pressure = 400 KN/ mz2
Calculating the weight of footing: -
Weight of footing ( assume h footing = 40cm)
W footing = 0. 5*25 = 12.5 KN/m?
Weight of Soil :

W soil = 17*1 = 17 KN/m?

Total surcharge load on foundation:

W =5 +12.5+ 17 =34.5 KN/m?

 net soil pressure = 400 — 34.5 = 365.5 KN/m?

Required sizes of footing:

. Pn _ 6221+172.14 _ ,
~(net 365.5 =2.17m

A

VA =V2.17 =147m
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Take L=2m
Depth of footing and shear design:
Pu=1.2DL + 1.6LL =1.2*622.1+ 1.6*172.14= 1022 KN

_ 1022

qu = —— = 255.50 KN/m2
2%2

One-way shear (Beam shear):

Vu at distance from the face of support :

_ «n w(L _a
Vu=qu *b (2 > d)
Let Vu=@ Vc , 8 =0.75

1 1
Ve== *Jﬁ*bw*d:g * 24 * 2000* d

1 2 04
g V24 *2000% d = 25550*2 *(E -~ d)

d=0.200 m

Assume cover 100 mm, and steel bars of (§10) :

h =200 +100+10 = 310mm
Take h=60cm
d=600 -100- 10 =490 mm

Two-way shear (Punching shear):

Let Vu=@ Vc , @ =0.75

VU =255.50 *(2*2) —(0.45 +0.49 )(0.5+0.49))
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Vu =1021.1 KN

500

B:m =1.1, bo = 2(0.45+0.49)+2(0.5+0.49) =3.36 m

0L s = 40 — interior column

_1 2 7 % _1 2y 1 2\
VC_1_6(1+ﬂ)\/fc bo*d Where—16(1+E)— 16(1+1.1)—0.176
1 S A * — 1 40 —
= * = (———— +2)=
Ve=+g (r— +2)Vic'*bo*d  Where =~ (3_36*0_49 2) = 1.64

1
Ve :% Jic *bo * d Where — = 0.33
_ 1 2 7 _1 .2 . _
S0, Ve =5 (1+7) VEC*bo * d = 5= (1 +- ) VZA*3.36 * 0.49 =1420.65 kN

@ Ve =0.75* 1420.65 =1065.5 KN > Vu =1021.10 KN
Design for flexure in long direction:

Take Steel Bars = @ 12

b=2,h=60cm
d=0.49m, fc' = 24, fy =420 Mpa
Mu = 255.5 * 2* (.775)/2) =198.0 kN

R - My 198+10°
" g bxd2  0.942000%490%490

= 0.45 Mpa.

fy 420
m= =
0.85xfc/  0.85x24

=20.6
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_ 1 1 1_2xmen 1 L 1_2x20.6x0.45 - 0.0011
= & fy ) = 206 & 420 ) =0.

As req = p x b xd =0.0011 *2000*490 = 1078 mm? .
= Check for As min:
As min=p x b x h=0.0018 *2000*600 = 2160 mm? .

As req = 1078 mm?< Asmin= 2160 mm? .

Use 16 @ 14, As, provided = 2463 mm? > As min = 2160 mm? (OK).

oo 2000-2+100—16+14
B 15

=105.1 mm.

Step(S) is the smallest of:

1. 3h=3*600= 1800 mm
2. 450 mm -controll
S =105.1 mm < S max = 450 mm —OK
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4.10) Design of stair :

Figure (4-9) :Stair plan(First Floor )

Material:-

Concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

4.10.1) Determination the Thickness of Slab (flight and landing):

L =5.30m
min=L/20=5.40/20=27cm

or
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hmin=L/28=5.70/28 =20.35 cm
Take h=30 cm.

= Use h = 30cm. Rise = 16cm, run = 30cm

4.10.2) Load Calculations at section:

% Landing Dead Load computation:

. Quality Densit y-h-1
Material KI:{ 3 ¥ KN/ m
Tiles 23 23x003x1= 0.69
mortar 22 22 % 0.03x 1= 0.66
Reinforced Concrete solid slab 25 28x02 x1= §
Plaster 22 22x0.02x1= 0.66
Total Dead Load 7.01

e

» Live Load: LL =5 KN /m?
* Total factored Load: w = 1.2D + 1.6L

-

-

-

Total factored Load: W=1.2DL +1.6LL
For landing:1.2*7.01 +1.6*5=16.412 KN/m

For flight : 1.2* 10.73 + 1.6*5 =20.88 KN/m

Because the load on the landing is carried into one directions ,16.412 /2 =8.206 KN
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Material Quality Density (KN/m3) Y h*1
Tiles 23 23* (2 35)*o 03*1=1.173
mortar 22 20%(Z2222)*0.03*1=1.012
Stairs steps 25 w*l*ﬁzz
2 0.3

Reinforced Concrete solid slab 25 25+03+1_g

COSZS
Plaster 22 2299341075

c0s28
Total Dead Load KN/m 13.43

4.10.3) Check for shear strength:
Assume bar diameter for main reinforcement @16 :

d= h—cover - dz—B = 300-20- (16/2) =272 mm

Au = (8206x04x—)+(2088x436x(—+041)+((8206x072(43604+ 0.72

Au=48.5 kN — Bu=51.27 kN

Vu (max ) = 51.27-(8.206x0.4)-(20.88x0.272)=53.67 KN
1 - 1
c= E *Jfc'*b*d =5 * /24 * 1000 * 272 =222.10 kN
@ Vc =0.75*222.10 =166.60 KN

1
2 @ Vc=0.5*166.60 =83.3 KN

1
Vu=51.58 kN < 2 @ Vc =83.30 KN

So, The thickness is educate enough
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2.182
Mu = (51.58(0.4+2.18)) - (20.88*7) =83.46 kN

M, 83.30+10°

Ry =i “ Tooorz722 - M3 Mpa.
420
-_Jr =206
0.85xfcr 0.85x24
1 [ _zmaBy 1[0 2x206x113
p_m( fy )_206( 420 ) =0.

As req =p x b xd =0.003 *1000*272 = 816 mm? .
= Check for As min:

As min =p x b x h =0.018 *1000*300 = 5400 mm?

AS req = 816 mm? > As min = 5400 mm?

Use @16
_ As 1399
n_As¢16 201 =6.96

1_ 1
S===——==014m
n 696

Take @16 /150 mm /1 m

S is the smallest of :

1- 3h =3*200 =600
2- 450

280
3- s<380(@) 25 Ce=380(7 ) - 2520 =330 mm

3
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280
S < 380( @) 380( 7, ) = 300 mm — Controlled
3

S=150mm <300 mm .... OK

Temperature and shrinkage reinforcement:
As (Temperature and shrinkage reinforcement) = 0.0018 * b*h

=0.0018 *1000*300=540 mm?®

Use @8
_ As _ 540 _
" As@8 5026 10.75

1 1
S===——==0.10m
n 10.75

Take @8 /150 mm /1 m

S is the smallest of :

1- 3h =3*300 =900

2- 450
280
3-5=380(22) - 2.5 Co =380( . 0) —2.5*20 =330 mm
3
5 < 380( 22%) =aso( 7~

380( 7 ) 300 mm — Controlled
3"
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S=200 mm <300 mm .... OK

: : &, &0nn . 1.5m

Figure (4-9): Stair Reinforcement Details.
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4.11) Design of basement wall:

@=30°
Y=17 kN/m?

Figure (4.-10) :Geometry of basement Wall

Material:-
Concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

@=30°,y=17 kN/m®
Soil at rest:

Ko =1-sin g = 1- sin(30)=0.5
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4.10.1) Load on basement wall:

g <

m

N—— 3.84

T

\

1

\

e.=39.1 KN/m2

Figure (4-11)  system and loads of basement.

For 1m length of wall:

¢ \Weight of backfill:
e=Ko*y*h=05%*17*3.84 =32.64 kN/m’
qul (Factored) = 1.6 *e

=1.6 *39.1 =62.56

3.84 3.84
> MRO = 4 *3.84* + 62.56*

2 2 3
By = 87.76 kN
Ay =57.16 kN

2
*— *3.84 -By*3.84=0

L=25KN/m2
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qu (1)

66.56 kIN/m

4.10.2) Design of the shear force:

e Assume @ 14 for main reinforcement

e Assume h = 300 mm of Wall

d=300- 20 -14 =266 mm
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—4
(4.6-0.266) + 4 =62.94 kN/m?

66.56
4

qu(n ==

0.266
2

VU max =-105.12 +62.94 *0.266 +((66.56 -62.94 )*( )) =87.89 kN

1 1
QVC:g * fc'*bW*d=g *+/24* 1000 * 266 =217.19 kN

@ xVc=217.19 kN > Vu =87.89 kN
h=30 cm is OK
4.10.3) Design of Bending Moment:

Mu (max) at Vu =0

Vu=0 — 57.16-4X-Qu (2) *g

qu(2) =(62.56 /4.6) * X

62.56 X>
=0

57.16 - 4X - 2ed6

X=2.62m
Ju (2) =( 62.56 /4.6) * 2.62 =35.63 KN/m

- Section at (x) = 2.62m:

*

N | =
W=

Mu max = 52.17 *(2.62- 4*2.62*2.62)/2 — 35.63 * 2.62 *2.62 *

Mu max =82.19 KN.m

M,  91.3x10°

R. = -
n pxd?2 1000%2662

= 1.29 Mpa.
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fy 420
m= =
0.85xfc/  0.85x24

_ 1 1 1_2xmen 1 1 1_2x20.6x1.29 — 0.0032
P=m fy ) = 206 & 420 ) =0.

=20.6

As req = p *b* d=0.0032 * 1000* 26.6 = 8.5 cm?

As min=p *b* h =0.0012 * 1000* 30 = 3.5 cm®’ < Asmin =8.5cm’
Select 8 @ 12 with As =9.04 cm?® /m

Design of Compression face:
As = Aspin = 0.0012 x 1000 x 30=3.6cm?/m
Select 60 10/1m with As = 4.71cm?*/m (Compression face)
Design of Horizontal Reinforcement:
As = ASyin
According to ACI: ~ AsSp,;, for the two layers = 0.002 X b X h
for one layer; Aspin =0.001x100x 30= 3 cm?/m

Select 10 /20

Page | 71




T .0 P

S
o12Ts iz

Figure (4.12) : Reinforcement of the Basement wall
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4.11) Design of shear wall (SW12):-
Material and sections :
Concrete B300 Fc' =24 N/mm2

Reinforcement Steel fy = 420 N/mm2

h=25cm (Shear wall thikness)
[, = 361m (width of shear wall )
h, =92m (hight of building):

629.3 KN—» : [ 629.3
4.6 “

1468kN__L | L 7761 2894.78
4.6 i Mul
1.805
N S . A 3570.06
— 361 — Degra .

Fig (4-13):System with Shear & Moment diagrams of shear wall

- Mu1=3231 KN
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4.11.1) Check maximum shear strength permitted :

d=0.8* Lw =0.8*3.61 = 288.8 mm
5 Ve _ E
@ x Vn —ngx,/fcxhxd —0.75x6x\/24x250x2888

@ xVn =2210.67 KN >Vu=776.1 kN

4.10.2) Calculate shear strength provided by concret (\Vc):

Ve = %x féxhxd :%x\/24x250x2888:589.5kN

— Z Nuxd _
Vc=0.27 x\/féxhxd + il 955kN
Nu
Lw x (0.1xVfé+0.2 x
Ve= (0.05 x/f¢ + Ty hx d
Vu 2
3.61x (0.1xV24+0.2 x0
= (0.05 x24 + 2231 Y31 ) X 250 x 2888

7761 2
=718.21 kN

@ xVc=0.75x589.5 =442.13 KN <Vu =776.1 kN

So , shear reinforcement is needed

4.11.3) Determine required horizontal shear reinforcement:

|4 776.1
Vu<@xVe+@x Vs —>Vs=Eu—Vc=m—589.5:445.3 KN

Avh Vs _ 445.3

= = =0.0004 m?/m
S fyd 420x1000x2.88

Avh _ 0.0004
pt=<—=
S, h~ 025

=0.0016 < 0.0025

pt =0.0025
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Max. spacing is the least of :
1.S<=F =3610/5=722mm
2.8 <3 x h=3x250=750 mm
3. S=450mm ....Controlled

Try @ 10 with As = 79 cm? for two layer

_Avh _ 2113
P =S, h 250x8,

$,=361.6 mm < 450 OK

Select @10/ 150 mm two layers for horizontal reinforcement

4.11.4) Vertical flexture reinforcement :

Use @12/ 150 mm
Ast = 2810+ 5y 113= 5439.1 mm?
150

_ Astxfy _ 5439.1 x 420 -01
" Lwxhxfé 3610 x 250x 24 '

Pu
Ast xfy

C
BMn=@x05xAstxfyx Lwx (1 + )(1_E

@ Mn =3339.94 kN.m > Mu = 3231 KN.m
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010 @25cm

A—s‘.ﬁocxms'u ot
a2 010 @lSem

sec (A-A)

010 @25cm

///T___"gmxxwm““
\

i S
uLu}":t_:U‘ % 012 f(("] Scm /_----"E"
sec (B-B)

Fig (4-14):Reinforcement detail of shear wall (SW12)
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