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Abstract

Structural design is the most important design required for any building
after the architectural design, the structural engineer designs the
distribution of columns, loads and obtain durability through the lowest

costs and the highest safety.

In this project we are going to make a structural design for a College of
Medicine, consisting of (Two story garage, seven floors multi-service),
this project is located in hebron in Nemra habaiel-alreiah with

approximate area 9050 meter square.

It is noteworthy that Jordan's code will be used to determine the live
loads, and to determine the seismic loads, but for the structural analysis
and design sections will be the use of the US Code (ACI_318 14), it must
be noted that it will rely on some computer programs such as:

Autocad2007, Atir, Safe, Etabs, Staadpro, Sab.

The project will include a detailed structural study of the identification
and analysis of the elements of construction and different loads
expected and then the structural design of the elements and the
preparation of shop drawings based on the prepared for all the
structural elements that are structural frames of the building, it is
expected after the completion of the project to be able to provide

structural design of all structural elements with permission design.
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4-1 Introduction.

4-2 Determination of Factored Load
4-3 Design of topping.

4-4 Design of Rib.

4-5 Design of Beam.

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
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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 weight from about 1350 to 1850
kg/m3.

Normal weight concrete with unit weight from about 1800 to 2400
kg/m3.

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 _08).

v" Strength design method:-
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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.

NOTE:-

The statically calculation and the key plans dependent on the architectural
plans.

e Code:-
ACIl 2008
UBC

e Material:-
Concrete:-B300

For circular section fc'= 30N / mm?(MPa)

.but for rectangular section ( fc=30*0.8 = 24MPa)

Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420
N/mm? (MPa)}.

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

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

4.3 Check of Minimum Thickness of Structural Member

Table4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless

Deflections are Calculated. (ACI 318M-11).

Minimum thickness ( h)

Simply One end Both end
Member . . Cantilever
supported continuous continuous
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Take h=35cm

Table (4.1): Check of Minimum Thickness of Structural
Member.

For Rib :-

hminfor(both end continuous)=L/21=7.3/21=34cm

hminfor(one end continuous)=L/18.5=4.1/18.5=22cm

Take h=35cm
27 cm block + 8 cm topping = 35cm
For Beam :-

hminfor(one end continuous)=L/18.5=4/18.5=22cm

hminfor(both end continuous)=L/21=6.5/21=31cm
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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

40 cm

T

Fig 4.1: Topping Load.

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 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4_2): Dead Load Calculation of Topping.
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Live Load :-
L, =5 KN/m?

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

Factored Load :-

Wy = 1.2 x4.32 + 1.6x5 =13.2 KN/m

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

_ b.h? 1000.80

= =1 .67 2
G G 066666.67 mm

Sm

gM,, =0.55x0.42x1x+/24 x1066666.67 x107° =1.21 KN.m

_ W l?

M, = =0.176 KN.m (negative moment)
12

Wy, L?
M,=—=
24

= 0.088 KN.m (positive moment)

oM>> M, = 0.18 KN.m

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

Pshrinkage= 0.0018 ACl17.12.2.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h =3x80 =240 mm control ACI10.5.4
2. 450mm.

280

£

280
2
5420

3. 5=380(%%) - 2.5C, = 380 < > —2.5.20 = 330mmACI 10.6.4

Take g 8 @ 200 mm in both direction ; S = 200 MM < Syax =240 mm ... OK

4.5 Design of One Way Rib Slab
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Requirements For Ribbed Slab Floor According to ACI- (318-08) .

..................................... ACI(8.13.2)

............................ ACI(8.13.2)

Select h=35cm<3.5*12=49 cm

tf > Ln/12>50mm ........

« Material :-

= concrete B300
= Reinforcement Steel

«» Section :-

B =520 mm
Bw=120 mm
h= 350 mm
t= 80 mm

uu il

................................. ACI(8.13.6.1)

Select tf=8cm

Fc' = 24 N/mm?
fy = 420 N/mm?

d=350-20-10-12/2= 314 mm

4.4 Design of Rib (R4) :
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Using "Atir" software for the following values of the envelope moment

and shear diagram:

Figure (4_2): Structural Plane.

0.6

1
1
L A
" A
0.6 29
35
I
52,
35.
12.
A-A

Figure (4-3) : Rib Section
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Toad group no. 1

Dead load - Service

Units:kN,meter

35

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

3.5

Figure (4-4) : loading of Rib R4.

~ Moments: spans 1to 1
f t t
49 49
1.75 15.7 1.75
Figure (4-5) : Moment Envelop of rib R4.
Shear
-18.
119
11.9
18.
Reactions

Figure (4-6) : Shear Envelop of rib R4.
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v' Load Calculation:-

Dead Load:-

0.03*22*0.52 = 0.229 KN/m/rib

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

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

0.27*25*0.12 = 0.81 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*.52= 0.229 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R4).
Dead Load /rib =5.1 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)

For T- section is the smallest of the following:- bg

=L /4 =730/ 4=182.5cm b,
=12+16t=12+ 16 (8) = 140 cmb,
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0.03*23*0.52 = 0.359 KN/m/rib

1*0.52=0.52 KN/m/rib




= be < center to center spacing between adjacent beams = 52 cm.
Control

For T-sectionb, =52cm.

v Moment Design for (R 4):-

Design of Positive Moment for (Rib4 ):-(Mu=15.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h‘ cover - dstirrups__ = 350 - 20 - 10 - ? = 314 mm

2

Check if a>hs to determine whether the section will act as rectangular or T- section.
- ’ hf
Mas =0.85. f¢'. be. hy. (d — =)
= 0.85 x 24 X 520 x 80 x (314 — 2) x 107 = 232.5 KN.m

Mn>>% = 105 27— 17.44KN.m , the section will be designed as rectangular section
withbe =520 mm.

My __ 157x10%
Rn= @bd% ~ 0.9x520x3142 0.34 Mpa
420
Iy =206

T 0.85f)  0.85x24

o= i<1 _ 11 _m> = L(l _\/1 _w> = 0.000816
m 420 20.6 420

Asreq = p.b.d =0.000816 x520x314 = 133. 31mm?

Check for As min:-

As min= ‘/_ (b w)(d)ACI-318 (10.5.1)

m
4(420)

As min = (120)(314) =110mm?
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.14
A =——(bw)(d
S min (fy)( w)(d)

As min= % (120)(314) =125.6mm? controls

Asreq=133.31mm* >Aspip= 125.6 mm*  OK

Use 26 12 A provided=_226.2 MM*>A required=_133.31_ mm?®.... Ok

g = 120-40-20-(2x12)
- 1

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

Check for strain:-

_ Asfy _ 226.2x420
0.85b f  0.85X520%24

= 8.95mm

X= — = 895 _ 10.53 mm
B, 0.85
= 0.003 (d _ x) =0 (314 _ 10'53) = 0.0865 > 0.005
B0 x ) 10.53 - '

Design of negative Moment for(Rib4 ):- (Mu=4.9KN.m)
d =h- cover - dgimps— -2 = 350 — 20 — 10 — = = 314 mm

My _ 49x10°
T @bd? ~ 0.9x120x3142

= 0.46Mpa

R

420
m= 2 = =206
0857,  0.85x24

p:1<1 _ 11 _M> :L<1 _\/1 _w> =0.001107
m 420 20.6 420

Asreq = p.b.d = 0.001107x120x314 = 41.7 mm?

Check for As min:-
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As min= Jfe (bw)(d) ACI-318 (10.5.1)
4(fy)

As min = ﬂ(120)(314) =110mm?
4(420)

. 14
A =—— (bw)(d
S min (fy)( w)(d)

As min= % (120)(314) =125.6mm? controls

Asreq = 125.60K
USE 2 ﬂlz ,Agvprovided:226.2 mm2>Aq'required: 1256 mmz... Ok

_ 120-40-20—(2x12)
- 1

S

=36mm>d, =14 > 25 mm OK

Check for strain:-

AS.
— fy = 226.2%X420 — 3881 mm
0.85b f; 0.85X120%x24
X= — = 3881 _ 45.65 mm
B, 0.85
= 0.003 (d _ x) =0 (314 _ 45'65) =0.0176 > 0.005
&= x ) 45.65 - '

v" Shear Design for (R 4):-

V, at distance d from support=-35.6 KN

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).
1.1 1.1 —
Ve == flbyd = --V24 x 120 x 314 x 107° = 33.84 KN

2V, =0.75%33.84 =25.38 KN

0.5 8 V. =0.5%25.38 =12.69 KN
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0508V<V, <oV,

V>0V

for shear design, shear reinforcement is required (4,,),
Vsmin=—/fibwd > = bw d

Vs min=—1/24 120 = 314 = 11.54kn

Vsmin = bw d=— % 120 * 314 = 12.56kn
3 3

B(Ve+Vsmin)= 0.75(33.84+12.56)=34.8kn
V,=11.9< 0.5 g V; =12.69 KN

For shear design, no shear rianforcement is need.
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Design of beam(21)

« Material :-

Fc' = 24 N/mm?
fy = 420 N/mm?

= concrete B300
= Reinforcement Steel

« Section :-

= B=80cm
= h=35cm
= d=350-40-10-18/2= 291 mm

v" Statically System and Dimensions:-

1 2 3
1 2
S A o A j
08 2.61 0.3 3.56 03
: ' 3.06 v 3.86 v
f f !
35
80.
A-A
Toad group no.1
Dead load - Service Units:KN,meter
e
T ssless] | TT——
] ’ ’ I
T _‘_‘_‘_‘T_'_'_‘“r'—-—-_._
‘l’ 2 08 [- -1 ¢' ‘l’
v 4 =22 [
5 5
Live load - Service Load factors: 1.20,1.20/1.60,0.00
_._-—-—'—'_'_'"'_._'_"_‘_‘_‘_'_‘_‘—'—-—-_.___
ﬁr——"‘#‘ 20.2 [20.2 I e e
L L1 lhag 147 |
3.06 3.86

Fig 4.7: Statically System and Loads Distribution of Beam (B21).
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v" Load Calculations:-

Dead Load Calculations for Beam(B 21):-

The distributed Dead and Live loads acting upon B11 can be defined from the support
R3 and R5.¢reactions of the R2

From Rib2

The maximum support reaction from Dead Loads for R2 upon B11 is7.54

KN, The distributed Dead Load from the R1 on B21.

DL =(9.019/0.52) 17.34 KN/ m

Self weight of beam =5 KN/ m
DL=17.34+5=22.34KN/m
From two way rib

Dead Load

0.03*23*0.52*0.52 = 0.187 KN/m/rib

0.03*22*0.52*0.52 = 0.119 KN/m/rib

0.07*17*0.52*0.52 = 0.303 KN/m/rib

0.08*25*0.52*0.52 = 0.541 KN/m/rib

0.27*25*0.12*(0.52+0.4) = 0.745KN/m/rib

0.27*%10*0.4*0.4 = 0.432 KN/m/rib

0.02*22*.52*0.52= 0.119 KN/m/rib

2.3*0.52*0.52=0.622 KN/m/rib
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DL=3.068/(0.52*0.52)=11.35
LL=5*3.035=15.175

Dead Load from External wall

D =30 Kn/m

Live Load calculations for Beam (B21):-

From Rib2
The maximum support reaction from Live Loads for R2upon B 21 is 5KN The

distributed Live Load from the Rib 2 on B21.

LL =5/0.52= 9.6 KN/m.

from Rib two way rib
LL=5*%3.035 KN/m
Live Load From weight of beam=5 KN/m

WIVIISIIW. Jpala 1w &

-129.

1022 . .98.4
| 179102 i
| i ) [ i ]
! 0.650.63
20.6 15
52.9
97.4
1.22 1.84 | 2.12 1.74 |

-184.4

-134.9 i,

162.8
212.8

Danntianne

Fig 4.8: Shear and Moment Envelope Diagram of Beam (B21).

v Moment Design for (B21):-

Flexural Design of Positive Moment for(B21): (Mu=97.4KN.m)
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Determine of My max
d =350 - 40 -10 — 18\2 =291 mm

—3d—3 291 = 124.7
x=zd=x. = .7 mm

a=B.x =124.7 x0.85 = 106 mm

Mnne= 0.85+ £ +a*b(d - 3 ) = 0.85*24*106*800%(291-106/2 ) *10°=

411.72KN.m
@ Mnmax = 0.82* 257.32 = 211KN.m >97.4KN.m .
Design as singly reinforcement

R = M,  974x10° _1eM
"= %bdZ 0.0 x800x2912  ~oMPa

_fy 420
0.85f!  0.85x24

p=1<1_ 1_w> — (1_ 1_M> = 0.00397
m 420 20.6 420

As = p.b.d = 0.00397x800x291 = 924.216 mm?

= 20.6

CheCk for Asym|n'

ASpin = AL (b w)(d) = £*800*291 = 678.8 mm’
4( fy) 4* 420

ASmin = (fy) (b w)(d) = *800*291 776 mm*Controls

A=924.216mm?

Use 5g 16 Bottom, As providea= 1005 MM*>As required= 924.216 mm®...

Ok

Check spacing :-

800—40%2—20—(5%16)
4

S=

=155mm >d, =16 >25mm OK

Check for strain:-

_ Asfy 1005 X420

= - = = 25.86 mm
0.85b f/  0.85x800x24
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a 25 86
X=—= = 3042 mm
B, 085

= 0.003 (d _ x) — 0.003 (291 _ 30'42> = 0.0256 > 0.005
& =0 x )~ 3042 ) :

Flexural Design of Positive Moment for(B21):-(Mu=52.9KN.m)

_ My 52.9x10° _
Rn_ @bd? T 0.9x800%x2912 0867Mpa
_ 420 _ 06

0.85f!  0.85x24

p=1<1_ 1_w> =L<1_J1_M> — 0.00211
m 420 20.6 420

As = p.b.d =0.00211x800x291 = 491.21 mm?,

Check for Asmin:-
ASpjn = V24 27 _*g00 *291 =678.8 mm?
4(f ) 4* 420
1.4 2
ASpin = (b w)(d) = —*800*291= 776 mm“Controls
(fy) 420
§= 776mm?

USG 6ﬂ14BOtt0m, Asjprovided: 923623 mm2>As‘required: 776 mm2 0o

Ok

Check spacing :-

800—40+2-20—(6%14)
5

S=

=1232mm >d, =14 > 25 OK

Check for strain:-

Asfy _ 923.623x420
0.85b f! ~ 0.85x800%24

= 23.77 mm

a 23 77
X=— = = 27.96 mm
B, 085

d—x 291 — 27.96
& = 0.003( X ) = 0.003 (W) = 0.0282 > 0.005

67

Ok

Ok




Flexural Design of Negative Moment for(B21 ):-(Mu=-102.2KN.m)

oo My __1022x10°
" obd?z T 09x 800 x 2012 O MPa

_fy 420
T 085f]  0.85x24

p= l<1 -1 _ﬁ> = L(l _\/1 _w> = 0.00415
m 420 20.6 420

As = p.b.d =0.00415 x800x291 = 966.12 mm?

= 20.6

Check for Ag min:-

ASmin = ~—— ( w)(d) = Jaa N7 *500*201 =424.3 mm?

(f y) 4% 420
Asmin = 2 (ow)(d) = L2 *500%291= 485 mm?
mln (fy) 420

A = 966.12mm>Controls

Use 50 16, As provided= 1005 mMM?*>As required= 867mm?°... Ok

Check spacing :-

800-40+2—20—(5%16)
4

S=

=155mm>d, =16 >25 OK

Check for strain:-

Asfy 1005 x420
0.85b f! ~ 0.85x800x24

= 25.86 mm

a _ 2586
X=— = = 30.42mm
B, 085

d—x 291 — 30.42
& = 0.003 (T) = 0.003 (W) = 0.0257 > 0.005 Ok
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v" Shear Design for (B 21):-

for shear design, minimum shear reinforcement is required (4, n:), Reinforcement.

A, = 2* 50.24 = 100.5 mm? xUse stirrups (2 leg stirrups ) 8/ 150 mm
V,=162.8 KN

Ve=zy/fc'b, d == V24 800 * 291 = 190 KN

® V=0.75*190 =142.5 KN

® Vsmin> 0.75 (%) * bw * d =0 .75* (% )*800*291*10° = 58.2 KN Controls

f 1
® Vsmin >0.75 (—“16C) *hw*d= 0.75*(1£64) * 800 * 291*107° = 53.46 KN
D Ve<Vu <P Ve + & Vsmin
142.5<162.5<182.6

Use 2 leg @10 @150mm

_ 16238
0.75

Vs =V -V, 142.5 = 74.167KN

Apfyed  157.07 * 420 * 291

S = = = 258.83
Ve 74.167 * 1000 mm
d 291
Smax = 5= = 145.5 mm control
or Smax < 600 mm

Use 2 leg ® 10 @150
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v" Design for column(4) :

Load Calculation for Column

Column Column Dimensions fc fy

C4 45cm*80 cm 24Mpa 420Mpa

e Load Calculation:

Pu=4695KN

Usep = pg = 2.45%

Pu=0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}

4695*10° = 0.65*0.8*[0.85* 24* (Ag — 0.0245Ag) + 0.0245Ag * 420]
Ag = 299065.46mm’

Ag=450*a

299065.46/450=a

a=1764.6mm

Use 800x 450mm with Ag =360000mm?

Pu(KN) ~ Ag, provided a( mm) Ag ,required

4695 0.0245 360000 mm? 764.6 344070 mm?
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e Selecting longitudinal bars:

Pu=0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}
4695*10° = 0.65*0.8*[0.85* 24* (360000— Ast) + Ast*420]
Ast = 6159.46mm?

Take 18® 25 As,provided = 8835.73 mm’ > As,req = 6159.46 mm’

Ast
P - Ag 885734 45a5s
360000
D Ast, required A
0.65 6159.46 mm? 0.02454

e Design of Ties:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm
2.16 * db =16 * 25 = 400 mm - control

3. the least dimension of the column = 450 mm

Use ties 10 @ 100mm

ds(mm) db(mm) S(mm)

@10 ®25 100

e Check for code requirements:

_800-40*%2-10*2-7*25
6

1. Clear Spacing =87.5mm

40mm>1.5db=1.5*25=37.5mm - OK
2.0.01< pg =0.02454 <0.08 - OK

3. Number of bars 18>4 for rectangular section — OK
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4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 87.5 mm<150mm — OK

Clear Spacing | No. of bars Jos) ds (mm) db (mm)

87.5 mm 18 0.02454 @10 25

Check Slenderness Effect:

MU g4 oML ACI —(10.12.2)

r M?2

Lu: Actual unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

|
R: radius of gyration=0.3 h = \/;
Lu=3.35m
M1/M2 =1 (Braced frame with M,min)
K=1 , According to ACI 318-02 The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12E=22<40 ............... ACI —(10.12.2)
r M2
*
Klu_ 1%3.35 1396 <22 <40....
r 0.3*0.800
.....short
column.
Short column in both direction
Lu (m) M1/M2 K klu
r
3.35 1.0 1.0 13.96
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