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Abstract
Structural Design for hospital In Hebron

The structural design of the projects comes after the architectural design, where it is concerned
with the design of all the structural elements of the building, from slabs, beams, columns,
foundations, walls and stairs and showing their details and structural plans with the best quality
and the lowest economic cost possible.

In this project, we will design the hospital for construction located between the city of Hebron
and Yatta, this building is located on a land area of (14) acres, and the area of the aforementioned
hotel reaches (10.4) acres, where it consists of 8 floors, which are three basement floors that
contain garages, And the ground floor contains offices for doctors in addition to health units and
pharmacies, while the first floor contains rooms for patients and a cafeteria and labs in addition
to health units, while for the second, third and fourth floors contain rooms for patients in addition
to health units

The building is characterized by containing architectural retreats in the floor area, and the
building contains corridors that ensure horizontal movement at the same level, and contains three
electric lifts in addition to the stairs responsible for vertical movement in the building.

The project will include a complete structural study to define the structural system and analyze
the vertical and horizontal forces and distribute them over the structural elements, and analyze
these elements and then design them according to the American code ((ACI 318-11)

The earthquake resistant design will be addressed due to the importance of the building, its
height and its large size. It is worth mentioning that the Jordanian code will be used in
calculating the loads on the structural elements, but for the structural analysis and design,
reference will be the American code (ACI 318-11).

Some of the construction programs will be used to complete this work, such as
ETABS, SAFE, ARIR, SP COLUMN, Microsoft office

In addition to the manual solution for some structural elements, there is a presentation at the end
of the project

God willing
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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. C. = 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.




17. EC = modulus of elasticity of concrete.

18. ES = modulus of elasticity of steel.

19. fc" = compression strength of concrete .

20. fy = specified yield strength of non-prestressed reinforcement.
21. h = overall thickness of member.

22. Ln = 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. MIn= nominal moment.

28. Pn = nominal axial load.

29. Pu = factored axial load.

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

32. V¢ = nominal shear strength provided by concrete.

33. VN = nominal shear stress.

34. /s = 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. & = compression strain of concrete = 0.003.
42. gs = strain of tension steel.

43. & = strain of compression steel.

XI
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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 (R7).

4-6 Design of Beam ( B1).
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4-1 : Introduction

Reinforced concrete : concrete in which steel is embedded in such a manner that the two materials act together

in resisting forces.

> The reinforcing steel such as rods, bars or mesh absorbs the tensile , shear, and sometimes the compressive
stresses in a concrete structure .

> Plain concrete does not easily withstand tensile and shear stresses caused by wind, earthquakes, vibrations,
and other forces and is therefore unsuitable in most structural applications.

> In reinforced concrete, the tensile strength of steel and the compressive strength of concrete work together to

allow the member to sustain these stresses over considerable span.

e In this project, we will adopt reinforced concrete in the construction of structural elements such as columns,
slabs and foundations.
A concrete slab is a common structural element of modern buildings, consisting of a flat, horizontal surface made

of cast concrete.
The type of slabs:

1. Solid slab.
2. Ribbed slab.
3. Flat slab.

4. Waffle slab.

e In this project, we will design ribbed slab

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

e This chapter presents a sample calculation related to one of the preceding members contained in this project.

All of structural members will be designed according to the design code (ACI —b318-code).
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4-2 Design method and requirements:

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

v" Strength design method:

It is based on the ultimate strength of the structural members assuming a failure condition, whether due to the
crushing of concrete or due to the yield of reinforced steel bars. Although there is additional strength in the bar after
yielding due to Strain Hardening, this additional strength in the bar is not considered in the analysis or design of the
reinforced concrete members. In the strength design method, actual loads or working loads are multiplied by load factor
to obtain the ultimate design loads. The load factor represents a high percentage of factor for safety required in the

design.

The most important principle to be adopted in the design process is:
e 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 2011.

v Materials:-

L. Concrete: B300..... fc'=30*0.8=24N/mm?(MPa)

2. Reinforcement steel : The specified yield strength of the reinforcement Uy = 420 N/mm* (MPa) }
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4-1-5 Load Factors U and strength reduction Factor @ :

According to (ACI 318-11 9.2.1) the factor U for overload is given:

U=14D
U=12D+1.6L+05(L.orSorR)
U=12D+1.6L+05(L.orSorR)
U=12D+1.0W +1.0L+ 0.5(L,or SorR)
U=12D+10E+10L+ 025

U=09D + 1.0W

U=09D + 1.0E

Where:

D : dead load .

L : live load.

L, : roof live load.

S : snow load.

R : rainload.

W : Wind load.

E : Earthquake load.

The factor @ (under strength factor) according to ACI demonstrated in table (1-4).

Strength Condition ¢ Factors

1. Flexure (with or without axial force)
Tension-controlled sections .........ccccvceeevceceecececseccecveseene.. 0.90
Compression-controlled sections

Spirally reinforced .........cocovoneccnniieceeiseveeceeeee. 0.75
Others .t eeeseesensseceseneenee. 0,65
2. Shear and tOrSION ... v v et eecaseerereerese seearasseasassesesssesesssesesnses 027D
3. Bearing on CONCIete ...t ceseesee s sesnessenees 0.00
4. Post-tensioned anchorage Zones .........ccoveeverereeenereeesseseessessesssseseneeees 0,85
5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ... 0.75

Table (1-4) values of understrength factors related to strength condition.

4-1-6 General considerations:

-
1

ACI 318-11 Building code will be used in this project.
2- UBC-97 code will be used for lateral loads.

¢

Ultimate strength design method will be used during the analysis and design of this project.

EaN
1

The compressive strength of concrete for all structural elements is B300 which equals to f." = 24 Mpa .

ol
1

Yield strength of reinforcing rebar's f,, = 420 Mpa .
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4-3 | Check of Minimum Thickness of Structural Member:

It will be determined according to (ACI 318-11) to achieve deflection requirements, Table (2-4) provided minimum

thickness from code.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

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

Solid one-

way slabs 420 24 28 Z411]
Beams or
ribbed one- 6 18.5 21 s
way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight concrete having equilibrium density, w,, in the range of
1440 to 1840 kg/rna, the values shall be multiplied by (1.65 — 0.0003w,) but
not less than 1.09.

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

The thickness of slab provided from (ACI 318-11) to achieve requirements of deflection, depends on the Flexural

stiff ness of slab, by manual calculation comes about :

For Ribs: -
hminfor (one end continuous) =L/18.5=6.42/18.5=34.7cm.
hminfor (both end continuous) =L/21=7.26/21=34.5cm.

h,in = 35 cm.

Slab thickness h = 35cm .

(27 cm Hollow Block + 8 cm Topping)
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4-4 | Design of Topping:

4-3-1 Load calculations:

v Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block Load
Calculations: -
Dead Load:

table (3-4): Dead Load Calculation of Topping.

No. | Parts of Rib Calculation

1 | Tiles 0.03*23*1 = 0.69 KN/m

2 Mortar 0.03*22*1 = 0.66 KN/m

3 Coarse Sand 0.07*17*1 =1.19 KN/m

4 | Topping 0.08*25*1 = 2.0 KN/m
5 | partiton 1*2.3=2.3
Sum = 6.84KN/m

Live load calculations=5x1 =15 (%N)

ength with
both end
fixed in the ribs,
Table i 2 (3-4).

1=




Factored Load: -

Wy =1.2 x6.84 + 1.6x5 =15.21KN/m

Check the strength condition for plain concrete, 8M, > My, where g = 0.55
Mn = 0.42 & \/f! Sm(ACI 22.5.1, equation 22-2)

_ b.h?> _1000.80?

=1 .67 2
S G 3 066666.67 mm
@M, =0.55x1xv/24 x1066666.67 X107 =1.21 KN.m
Wy L? .
My = T 0.303KN.m (negative moment)

oMn>> My = 0.303 KN.m

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

pshrinkage =0.0018 ACI 7.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm control ACI110.5.4
2. 450mm.

280 280

3. S :380(1) —2.5C, = 380 <§420> —2.5.20 = 330mm

S< 300 (@) =300 (22 ) = 300mmACI 10.6.4
fs 3420

Take g 8 @ 200 mm in both direction, S = 200 mm < Spax =240 mm ... OK
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4.4 Design of One Way Rib Slab (G.R7) :

Requirements for Ribbed Slab Floor According to ACI- (318-08).

DW 2 LOCIL. .. ACI (8.13.2)
Select bw=12cm

N<35%BW oo ACI(8.13.2)
Select h=35cm<3.5%12=42 cm
> /12250 <o ACI(8.13.6.1)

Select tf=8cm

Material :-

concrete B300 Fc' =24 MPa
= Reinforcement Steel fy = 420 MPa

= Section :-

B =520mm

Bw=120 mm

h=350 mm

t= 80 mm
d=350-20-10-20/2= 310 mm

L A A

++ Statically System and Dimensions:

R s B1 SR ]
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+» Load Calculation:-

Fig 2.4: One Way Rib Slab (G.R7).

|
J -
/ !‘\
N TS,
N
LY \
A\

Fig 3.4: One Way Rib Slab Plan (G.R7).

Dead Load:-
Table (4-4): Dead Load Calculation of Rib (G.R7).

Tiles 0.03*0.52*23 0.359

Mortar 0.03*0.52*22 0.343

Sand 0.07*0.52*17 0.619

Topping 0.08*0.52*25 1.04

Hollow block 0.4*0.27*10 1.08
Plaster 0.03*0.52*22 0.343

R.Crib 0.12*0.27*25 0.81

Partition 1*2.3*0.52 1.196
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Dead Load /rib =5.79KN/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: -

b =L /4=5580/4=1395mm

b, = 16 hf= 16 (80) = 1280 mm

be = be < center to center spacing between adjacent beams = 520 mm. ... Control
Geometry Units:meter,cm
1 2 3 4
1 2 3 <
: A . A " A :
A ‘ A ' A
04, 4.64 0.8 4.98 0.8 4.14 0.4
: 5.14 , 5.58 ' 464 '
I I
52.
8l
12.
AA
Loading
load group no. 1
Dead load - Service Uniits:kN,meter
5.79 5.79 5.79
¥ X h X X X X X &
5.14 5.58 464
Live load - Service Load factors: 1.20,1.20/1.60,0.00
| T
2.60 2.60 260
¥ y ¥ ¥ ¥ y ¥ ¥ s
5.14 5.58 464
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Fig 4.4. Shear and Moment Envelope Diagram of (G.R7).

Moment/Shear Envelope (Factored)

Units:kN,meter

_Moments: spans 1to 3

-34.2 302
AU /\ NS 214 A 21
1-52”-33 I 1 |
H i;gI i i : H
0.9211.06 | 0.83
%\/ . 0.97 1 /A
S
17.3
2428 202
208 308 | 2m 279 | 2m . 188 |
_Shear
-35.2
-31.8
9 285
L L I M L '™ |
ll/ I I I [ i
212
235
A 289
33. 287 323
_Reactions
Factored
Lt L1 L1l Ll
It LINS I | | B | ™
DeadR 13.87 41.73 38.81 12.31
LiveR 9.59 26.5 25.27 8.89
MaxR 23.46 68.23 64.08 21.2
MinR 12.59 53.03 48.84 10.8
Service
DeadR 11.56 34.78 32.34 10.26
LiveR 5.99 16.56 15.79 5.56
MaxR 17.55 51.34 48.13 15.82
MinR 10.76 41.84 38.61 9.31
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v Moment Design for (G.R7):-

Assume bar diameter g 20 for main positive reinforcement
dp 20
d =h- cover - dstirrups—7 =350—-20—-10— - = 310 mm
Check if a > h¢ to determine whether the section will act as rectangular or T- section.

Mur =0.85. f7. b. hy. (d — L)

= 0.85 X 24 X 520 X 80 X (310 - 82—") %1076 = 229.13 KN. m

Mns >>% = %: 27.55 KN.m, the section will be designed as rectangular section with
be =520 mm.
M, __ 24.8x10%
Rn= 25z = ooxs20x3107 0.55 Mpa
m= 2 29~ 206

T 0.85f!  0.85x24

p=1<1 i _m> =L<1 ‘Jl _L““> — 0.0013
m 420 20.6 420

Asreq = p.b.d = 0.0013x520%310= 214.02mm?

Check for As min:-




As min= \/_(b w)(d)ACI-318 (10.5.1)

As mm_L(lzo)@lo) 108.4mm?
4(420)

A's min=——(bw)(d
smln()(w)()

As min =4'—20(120)(310) =124mm? control
ASreq= 214.02mm? > Aspmin= 124mm? OK

Use2g12
Check for strain:-

_ Asfy _ 226.19x420

= - = = 8.95mm
0.85b f!  0.85x520%x24

8.95
c=—=>2=10.53 mm
B, 0.85
= 0.003 (d _ C) = 0.003 (310 _ 10'53) = 0.085 > 0.005
& = U c )T 1053 /) '

Assume bar diameter g 20for main positive reinforcement

Ok




d h cover - dst|rrups —=350—20—10—=—=310mm

M, __ 24.8x10°
@bd2 ~ 0.9x520x3102

= 2.38Mpa

Rn:

_fy 420
T 085f,  0.85x24

o= i(l _ - 2.m.Rn> _ <1 _ \/1 _ 2><20.6><2.38> — 0.00606
m 420 20.6 420

Asreq = p.b.d = 0.00606x520x31 0= 225.79mm?

= 20.6

Check for As min:-

As min = ‘/_(b w)(d) ACI-318 (08)

As min= 4(42 20) (120)(310) =108.4mmz2 ..... controls

As min -m(bw)(d)
As min :4'70(120)(310) =124mm

ASreq = 22579mm2 > ASmin= 10 84mm20K
Use?2 g 14, As,provided = 30788mm2> As,required = 22579mm2 .. Ok

Check for strain: -

As, 307.88%x420
=y = X420 _ 5982 mm
0.85b f, 0.85X120%x24
52.82
= — = 2222 — 62.14mm
B, 085
= 0.003 (d _ C) = 0.003 (310 _ 62'14> = 0.012 > 0.005
s = c )TV 6214 ) '

Vy at distance d from support=26.8KN

Ok




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).

Ve =22 44/fib,d = =V24 x 120 X 310 X 1073 = 33.41 KN
g V. =0.75%33. 41=25. 05.KN

Check for items:-

1- Vu<® Ve/2

31.9>1251. ( notok )

2- ®Vc/2<Vu<d Ve

15.9375<26.8>25.46 ( notok )

3- ®Ve<Vu<d Ve + D Vsmin

® Vsmin >0.75 (% y*bw*d =0 .75*(%)*120*0.310: 9. 3KN. (control)

> 0.75 (m *pbw*d =0.75* 1£64 *0.310*120=8.54 KN

16
®Vsmin = 9.3KN.
@ V¢ =25.05<Vu=25.05< (® V¢ + @ Vsmin) =34.350k
Soitem3 satisfy.
S =d/2 =310/2 = 155mm (control)
S =600 mm
Take Av=2 ® 8=2* 50 =100 5.mm?

Av/s=Vs/fy*d

2*50.25/ s = 12.4*1000/(310*420) > s =1055.25 mm
Take S =150 mm
Use 2 @8 @15 cm c/c.




4.5 Design of Beam ( G.B(1)):

B1

=

£

|

Fig 5.4:beam (G.B(2)):

H=514/18.5= 28.2cm for one end continuous

H=548/21=26 cm for both end continuous

H=35cm Hidden

Load calculation:

Dead load :

Beam weight + weight of wall
25*%0.35*%1+22 =30.75 KN/m
LL=5*1=5KN/m

= Material :-

= concrete B300
= Reinforcement Steel

= Section:-

= Bw=400 mm

= h=350 mm

= d=350-40-10-18/2=291 m

Fc' =24 MPa
fy =420 MPa

—




Fig (6.4) Statically System and Loads Distribution of Beam G.B( 1)

v Moment Design for (G.B( 1)):-

Moment/Shear Envelope (Factored)

Units:kN,meter

_Moments: spans 1to 3

-113.8-309 &
'79‘// s 685 /\ 683
/{13211-1 g 1 ;\1\
. A RN, A" RN, ~
= =1 11 LA
. 1.021.15 095 P2
}4\ / \\R-,q_ff// 1.08 187
\__7 __// T
548 60.2
759
. 2 } 299 | 2.79 279 ] 269 18 |
_Shear
407, “Hes 1075
4 -68.1
/ / 565 ~
o .
L A i ¢ ~ / |
[ I Ll T L] 1 - LI |
7/ - / /’/ o) //
764 4° — L
100.5 96.8
1121 108.3
_Reactions
Factored
1 Ll PO Y |
|y L 1 1
DeadR  58.44 180.41 167.99 51.47
LiveR  17.93 50.14 47.85 16.58
MaxR  76.37 230.54 215.83 68.06
MinR 55.87 202.43 186.62 48.42
Service
DeadR 487 150.34 130.99 4289
LveR 1121 3133 299 10.36
MaxR  59.91 181.67 169.89 53.26
MinR 47.09 164.1 151.63 40.99

Fig 7.4:

Shear and Moment Envelope Diagram of G.B(1).




v Span (L=4.99 m):
Determine of MNmax ~ Mu=759
use g 18
d =350 — 40 -10 — 18\2 = 291 mm

3 3
c-;d—;*291—124.7mm

a=B.c =124.7 * 0.85 = 106mm
Mnmax = 0.85fzab( d - % ) = 0.85*24*106*400*(291-106/2 ) *10°®
=206.725KN.m

® Mnmax = 0.82* 945.62 = 168.8 KN.m>75.9KN/m

Design as singly reinforcement:

_ My __ 759%x10°
Rn= Obd?  0.9x400x2912 2.48Mpa
420
m= 2 = = 20.6

0.85f]  0.85x24

. l<1 _ - 2.m.Rn> _ <1 B \/1 _ 2x20.6><2.48) — 0.0063
m 420 20.6 420

Asreq = p.b.d = 0.0063x400x291 = 735 mm?

Check for As min:-

As min= ‘/_ (b w)(d) ACI-318 (10.5.1)

r
4(42

As min=

) (400)(291) = 339.42mm’

14

As min=——(bw)(d)
(fy)

As min='—(400)(291) =388mm? control
420

ASreq = 735 mm? > Asmin= 388 mm? ... use As req
Use 7912, As,provided = 79168mm2> As required = 735 mmz. .. Ok

400-2%40—20—(7%12)
6

S =

=36mm>d, =12 > 25 mm OK




Check for strain: -

_ Asfy  791.68x420

= - = = 40.75mm
0.85b f/  0.85x400x24

40.75
c= — = =2 = 47.94mm
B, 085

291-47.94
47.94

g, = 0.003 (%) = 0.003( ) = 0.015 > 0.005 0k

M, _ 80.9x10°
@bd2 ~ 0.9x400x2912

= 2.65Mpa

Rn=

_fy 420
0.85f,  0.85x24

o= 1(1 _ iz Z.m.Rn> _ <1 B \/1 B 2><20.6><2.65> — 0.00715
m 420 20.6 420

Asreq = p.b.d = 0.00715x400x291 = 832.44 mm?

= 20.6

Check for As min:-

As min= ‘/_ (b w)(d) ACI-318 (10.5.1)

\/2—

As min=
4(4

0 (400)(292) = 339.279mm’
As min ——(bw)(d)
(fy)
As min :'—(400)(291) =388mm? control
420

ASreq = 832.44 mm? > Asmin= 388 mm? ... use As Areq
Use g14
Use6 g 14 TOp, As,provided =923.63 mm2> As_min: 83244mm2 ... Ok




Check for strain :

AS.
— fy = 923.63%X420 — 4753mm
0.85b fc 0.85X400%24
=< = 47.33 _ 55.92mm
B, 0.85
= 0.003 (d _ C) =0 (291 _ 5592) = 0.0126 > 0.005
&= c )Y 55092 ) :

_ 400—2%40-20—(6%14)

S
5

=432mm >d, =14 > 25 mm OK

v' 4.4.3 Shear Design for (G.B1):-
1) Vu = 107KN

NCH

6

OVe= O *

V24
6

= 0.75* 400* 291*10"-3= 71.28 KN

Vs =Vu/® — V¢ =107/0.75 — 95.04= 47.62 KN
Vsmax=2/3f;"0.5*bw*d0
=0.667*4.9*400*291=380.16
Check for items:-
I) Vu<® Vc/2 =>107>not ok
2) ®Vc/2<Vu<®d Ve =>35.64<107>71.28 not ok

® Vsmin > 0.75 (é)* bw * d
=0 .75*(% )*400 *291 *107-3= 23.1KN.

22

4
>0.75 (<) *bu*d

Ok




=0.75* * 400 * 291 * 1073= 26.73 KN.(control)

J24
16

®Vsmin =26.73 KN

3) ®Ve<Vu<® Vc+ ® Vsmin

71.28<107>98.01 => not ok

[

4)® Ve + @ Vsmin< Vu <d Ve +CDT *bw *d

98.01<107<142.63 ok S max =d/2 =291/2 =145.5 mm <600 ok
So item, (4) satisfy
Take Av = 2®8 = 2* 50.25=100.5 mm?
Av/s =Vs/fy * d
100.5/ s = 47.62*1000 /291*420 - s =258mm
Select S=25cm ............. Use ®8(2legs) @ 25 c/c




