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Abstract:

The project is a residential building consisting of bases, columns, bridges and roofs to
be built to serve the female students at the Polytechnic University using different
materials such as iron, clay, concrete and glass. Reinforced concrete is the most

widely used material in Palestine.

The project presents a residential building design for female students inside the
Polytechnic University campus, which is located in the city of Hebron - Palestine.
This building consists of three blocks, the first block consists of four floors constitute
residential floors for students; the second block consists of three floors. It includes a

library and the other floors constitute a bank

While the third block consists of four floors, containing student housing, shops and a

green area

We have adopted the structural design on the American code (ACI-318-14), the
American earthquake code (IBC2000), and the Jordanian code for loads. Some
programs have been used in the design and analysis process, such as (Atir, safe, Etabs,
Sp colum), and among the programs that It was also used (Autocade, Word, Excel,

Power point).

Finally, the necessary executive plans for the structural elements were prepared, to be

feasible on the ground.
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4-1: Introduction
Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material

because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or
twisted bars. A bond forms between the steel and the concrete and stresses can be

transferred between both components.

In this project, all of design calculation for all structural members would be made

upon the structural system which was chosen in the previous chapter.

So, in this project, there are many types of slabs such that “one-way ribbed slab”,
They would be analyzed and designed by using finite element method of design, with
aid of a computer program called "Beam -D- Software” to find the internal forces,
deflections and moments for ribbed slabs, and then handle calculation would be made

to find the required steel for all members.

4-2: Design method and requirements

The design strength provided by a member, its connections to other members, and its

cross sections in terms of flexure, and load, shear, and torsion is taken as the nominal

strength calculated in accordance with the requirements and assumptions of ACI-318-
14 code.

The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACI code (318_14).

e 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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e Material
Reinforced Concrete: B300, fc' = 24 N/mm? (Map)
Reinforcement Rebars: fy = 420 N/mm?(Mpa)

e Strength reduction factors (9).
According to ACI a reduction factor for structural elements must be included in the
calculation of concrete sections, these factors are less than 1.0 for safety purposes, 0.9
for tension-controlled sections, 0.75 (Spiral) or 0.65 (Stirrups) for compression-
controlled sections, 0.75 in shear calculation and 0.6 for plain concrete sections. The
strength factor (&) changes with net tensile strain of the cross section as illustrated in

the following figure:

¢ X,,s = 0.75 + (£ - 0.002)(50)

-0.002)(200/3)
Compression Tension
controlled — Transition controlled
£7
| & = 0.002 & = 0.005
c._ L
d 0.600 o 0.375

Fig. (4-1): Variation of @ factor with net tensile strain (ACI 318)

4-3: Factored loads
The factored loads used in the structural analysis and design according to ACI-318-
11(9.2) eq.

, Is determined as follows:

Wu=1.2DL +1. 6LL
Where;

Wu: Ultimate Load (kN)
DL: Dead Load (kN)

LL: Live Load (kN)
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4-4 Determination of minimum thickness of structural members

Minimum thickness of non-prestressed beams or one-way ribbed slabs
unless deflectionsare calculated. (ACI 318M-11)

Minimum Thickness, h

Member Simply One-end Two-ends Cantilever
Supported continuous continuous
Ribs & Beams Span(L)/16 Span(L)/18.5 Span(L)/21 Span(L)/8

Table (4-1): Determination of minimum thickness of structural member

For rib 1 Ground floor:

L 624

— = — = 33.7cm ...For one end continuous. (For rib)
185 185

Select Slab thickness h=35cm but we run it on safe and Atir and the deflection was ok

4-5 Design of one-way ribbed slab

One-way ribbed slab Design procedure is explained in the following steps:

4-5-1: Design of topping
Topping in One-way ribbed slab can be

’- Loads on Topping

Fixed Fixed

considered as a strip of 1-meter width and span
of hollow block length with both ends fixed in
the ribs.

Tzem 7 40 em Tizem 7
Figure (4- 2): System of topping
Calculation of Loads on Topping

Dead loads that act on Topping can be calculated as shown in the following
table:

— Dead Load For 1m strip:
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Table (4- 2): Dead Load Calculation for topping

No Quality Density

Material DL (KN/m)

KN/m?3

1 Topping 25 0.08x25 x1=2
2 Sand 17 0.07x17x1=1.19
3 Mortar 22 0.03x22x1 =0.66
4 Tile 23 0.03x23%1 =0.69
5 partitions 2.3*1=2.3 KN/m

y = 6.84 KN/m

Live Load For 1m strip = 3.0 x 1 =3 kN/m

Factored load (W,) = 1.2xDL+1.6xLL—

=1.2x6.84 + 1.6x3 =3 kn/m. (Total Factored Load).

vy = WuxL _ 13X04 _ 5 o
2 2
M= Wt 132047 o trol
wE = =0 .m . contro

Design Strength of topping
— Shear Design Strength:

For Plain concrete section one way shear is calculated using the following equation:
®. Vc=® x0.11 x A xVFc' x bw x h
®. Vc=0.55x0.11 x 1 x 24" x 1000 x 80 = 25.87 kN > Vu — SAFE

Moment Design Strength: —

For Plain concrete section with “b=1m & h=8cm”

2

h
oM, = 0.55>l<0.4-2>l<,/fc‘>a<b>;<Z
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@M, = 0.55 * 0.42 V24 » 1000 * 802/6 = 1.2 KN.m

@M, (plane concrete ) = 1.2KN.m > Mymax = 0.17 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
Reinforcement must be provided.

For the shrinkage and temperature reinforcement: -

Pmin = 0.0018

Ag = p*bxh=0.0018 x 1000 * 80 = 144 mm?.

ASpeq _ 144
Apar 503

Number Of @8= = 2.87 — Spacing(S)=300mm

Step (s) is the smallest of: -

280 280
1-8 <380 () ~ 25 X Ce< 300 (52)

=380 x (222) - 2.5% 20 <300 x (22)
3y Sy
=380 X (722 ) — 2.5 x 20 = 330 mm
5*420
S <300 x ( 2280 ) =300 mm.
5*420
S<3 x h=3x 80 =240 mm... controlled. -5
S< 450 mm. -5

Take S=200 mm < Smax = 240 mm — ok.
Select mesh @8/20 cm in both directions. -
Design of one way- ribbed slab (R6)

Rib (R6) is selected to be designed; the following figure shows its location in ground

floor
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==

; B2 \

Fig. (4-3) Spans of rib (R-GR floor)location

Rib geometry

Figure (4- 4): geometry of rib (R1)

Requirements for Ribbed Slab (T-Beam Consideration According to ACI) are as
follows:
- bw>10cm — select bw =12 cm

-h<35bw=3.5x%x12=42cm — select h =32cm

- thI;—I;Z 50 mm — select tf =8cm
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Loads Calculation for Rib (R6)

For the one-way ribbed slabs, the total dead load to be used in the analysis and design

is calculated as sown in the following table:

— Dead loads:

Table (4- 3): Dead Load Calculation for rib (R6)

i Material QUL DL (KN/m)
0 Density

1 Topping 25 0.08x25 x0.52=1.04
2 Sand 17 0.07x17x0.52 = 0.69
3 Rib 25 0.24x25x0.12 = 0.72
4 Mortar 22 0.03%x22x0.52 =0..343
5 Block 10 0.24x10x0.4 = 0.96
6 Tile 23 0.03x23%0.52 =0.359
7 Plaster 22 0.03x22x0.52 = 0.343

8 partitions 2.3*0.52=1.196
Y= 5.65 KN/m

Total Dead load =5.65kN/m / Rib. -
Total live load=3x0.52=1.56 KN/m/Rib. -

Figure (4- 5): service load of rib (R1) — [kN]
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— Factored Load (W,)=1.2xD.L+1.6xL.L -
WuD =1.2x 5.6 =6.720 kN/m/rib -
WuL = 1.6*1.56=2.5 kN/m/rib -

Analysis

Figure (4-5) & (4-6) shows the shear and Moment envelope of the rib (R1) obtained

from Atir

Shear

Reartinns

Figure (4- 6): Shear envelope of rib (R1) — [kN]

Moments: spans 1to 3

Figure (4-7):  Moment envelope of rib (R1) — [kN.m]

4.5.2: Design of flexure of rib

Design of Positive Moment — Bottom Reinforcement

Check for chosen effective flange width (be):
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According to (ACI 318-14) (be) is the smallest of:

be < center to center span + by=400 +120 =520 mm ............ Controlled.
Be < Span clear/4 =10400/4 = 2600 mm.

be < (16 t) + by = (16x 80) +140 =1420 mm.

—be= 550 mm.

Design of positive moment Mu ) = 12.5kN.m (MAX)
Checkif(a<t)or(a>t)

Assume a=t=8cm

D=h-cover- @ bar/2- strip= 250-20-12/2-10=214mm
@*Mn=@*CorT™*(d-—%*)

C =(0.85*Fc” *t*he)

@*Mn=@*CorT*(d-%*)

= 0.9*0.85*24*80*520(284 — 80/2) * 107° =186.36 KN.m > MU max = 13 KN.m.
~ a<t —» Compression zone is in the flange

Design as Rectangular Section with b=be

fy 420

- =20.58
0.85f!  0.85%24

m=

_ M, _ 14.9+10°
bxd%  0.9%520%2847

1 2%Rpy *
p=—01- /1—Tm)

_ 1 (1 _ \/1 B 2*0.339*20.58)2 0. 000810

R, = 0.394Mpa

" 1976 420

—>Asreq = p X b xd = 0.00081 x 520 x 284 = 120.25 mm?>.
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_ 0-25\/;' 1.4
ASpin = ———x* b, *d >—xb,, *d

) Iy

_ 0.25%/24

%120 %284 > 1%« 120 « 284
420

=99.40 mm?<99.2mm? ............. Larger value is control.

— Asmin 99.2MM?<ASreq= 120.25.1mm?,
As = 140.1mm?
Select 2 @12 with Asprov = 226mMmm?>Aseq = 120.25mm?... OK.
~ Use2 @12
Check for strain@ e, > 0.005)

Asxfy=0.85xf/ xbxa
226 x 420 =0.85 x 25 x 520 x a

a=285.97mm

c=2=8%_955mm
B1 0.85

d=284

_ 284-95.52
ST 9552

*0.003
= 0.006> 0.005 (tension control section).

~0=09.. OK.

Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code =
7];0. The following Table shows values of Alimit compared with deflection

calculated by Atir software.
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4 4 | 4 |

T 2 25

1.32 R 14 0.42

1 1 s ]

3 57 17 b7 14 (114
0 z 67 0.42% 0

1 6 34 12

0.52

Figure (4- 8): Deflection of rib (R1)

4.5.3: Design of shear of rib (6)
Shear strength V¢, provided by concrete for the ribs may be taken greater than that for
beams. This is mainly due to the interaction between the slab and the closely spaced

ribs.

Max. Vu at the critical section at distance d from the face of support is obtained from
figure (4-5), where Vu = 17.5kN

If % ?@. Ve <Vu<. Ve .... No shear Reinforcement is required for slabs
Q.Vc=Q*l.1*%*\/Fc’*bW*d

=1.1 x0.75x% ? x120%x284x102 = 23 KN. > Vu = 17.5kN

NO Shear reinforcement is required.
Selected p8@30

4.6: Design of Beam (B2):

Beam (B20) is selected to be designed, the following figure shows its location in first floor,

The following figure shows the geometry of the beam
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Figure (4- 9): geometry of beam 20

Load Calculation for beam

The following figure shows the loads acting on the beam

Dead and Live Load

Load factars: 1.20,1.20/1.60.0.00

Figure (4- 10): loads on beam 20

Reactions of ribs that acting on it.

The following table shows calculation of loads that act on B2from ribs.

Rib(R17)
quD(KN/m) 9.88/0.54=19
quL (kN/m) 2.99/0.54 = 5.75

4.6.1: Design of beam B20 for Flexure
The following figure shows moment envelope resulted from analysis of beam (B20)
using Atir 2018 Software:
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Moments: spans 1to 2

-194,
-148.2 , -146.7

1.211.17

| 0.890.88 -

Shear

Figure (4-11) moment and shear for b-2

Design of Negative Moment — Top Reinforcement

= Design of negative moment Mu- = 148.2 kN.m @ support (2)

5- Check whether the section will be act as a rectangle or T-section
d =320 — 40 -10 — 18/2 = 261 mm

_ , hy
Mnf = 0.85fcbhy(d —=

Mnf = 0.85 + 24 + 1000 « 320 + (261 — 22°) x 10~°= 660 KN.

_ 18
M, f = 660KN -m > =204

The section will be designed as Rectangular section with b = 1000 mm
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M,  1482x10°
" @bd?2 ~ 0.9 x 500 X 2612

Rn = 4.83Mpa

f 420
m= y 7 =
0.85f,  0.85%24

= 20.58

p=1<1_ 1_m> =;<1_\/1_M> — 0.0133
m 420 20.58 420

As = p.b.d = 0.0133x500x261 =1740
As (min) = 0.25 * FE; “pw*d= 380.00mm?

Not less than:
As (min) = ;—;} *hw * d = 435.00 mm2z " CONTROL

As =1740 mm?> Asmin =435 mm? ... (OK)

. take 7@18with As = 1778mm? >As,req=1740 mm?

Check Strain

C=T
0.85*Fc’*a*b=As *Fy

_ Asfy  1778%420

= - = = 73.2mm
0.85b f! ~ 0.85x500x24

31.4
c=2 =222 = 86.1mm
B;  0.85

c 261 — 86.1
& = 0.003 (T) = 0.003 (—

- ) = .002 > 0.005

Check for spacing

500-2(40)—2(10)-7(18)
6

Sh=

=45.6 mm >25 mm ... (OK)
> db=18mm
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=Design of span 1 - Max Mu+ 115.2kN.m

designed as singly Since Mu =115.2 KN.m < max Mu @ support 1, which was
reinforced section, then also this section must be designed as singly reinforced

concrete section.

ool My 1152x10°
"= PbdZ T 09x1000 X 2612 pa
m=-2_ =220 _ 06
0.85f, ~ 0.85x24

As = p.b.d = 0.0047x1000x261 = 1227 mm? > Asmin =761 mm?> ... (OK)

Select 6 @18 with As = 1778mm? ..

Check Strain for @ and Asmax

C=T
0.85*Fc’*a*b=As *Fy

As,

_ Asry = 1524x420  _ g4 a0

0.85b f/  0.85x1000x24
c= 2 =22 = 36.9mm

By 085

d—c 261 —36.9
& = 0.003 (T) = 0.003 (T) = 0.0182 > 0.005 0k

also,eg = 0.024 > 0.004 then As < Asmax ... (OK)

Check for spacing

1000—2(40)—2(10)—6(18)
5

S=

=158 mm >25 mm... (OK) >db=18 mm ... (OK)

Design of span 2- Max Mu+ =122kN.m=

designed as singly Since Mu =122 kN.m < max Mu @ support 2, which was
reinforced section, then also this section must be designed as singly reinforced

concrete section.
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M, 122 x 106

Rn = =
"= BbdZ - 0.9 x 1000 x 2612

= 1.98Mpa

420
m= 2 = = 20.6
0.85f; 0.85%24

p=1<1_ 1 _m> - L(l_\/l _w> = 0.00449
m 420 20.6 420

As=p.b.d = 0.00473x1000x261 = 1234.6 mm?> Asmin =761 mm? ... (OK)

Select 6 @18 with As = 1524 mm? ..

Check Strain for @ and Asmax

C=T
0.85*Fc’*a*b=As *Fy

As.

_ Asry = 1524420 _ aq o

0.85b f! ~ 0.85x1000x24
c=2 =22 - 36.9mm

By  0.85

d—c 261 —36.9
& = 0.003 (T) = 0.003 (W) =0.0182 > 0.005 0k

also, &g = 0.0512 > 0.004 then As < Asmax ... (OK)

Check for spacing

1000—-2(40)—2(10)—6(18)
5

S=

=158 mm >25 mm ... (OK)
> db=16mm ... (OK)

4.6.3: Design Beam B 20 for Shear

The following figure shows shear force envelope resulted from analysis of beam
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Figure (4-12): shear for b 20

The following are steps of shear force design:

1. Check for dimensions:
I[f Vumax <0.Vc+0 2 VFc' * bw * d, then section dimensions are adequate. If

not, section must be increased.
Overall maximum shear value = 284.3 kN at the critical section at distance (d) from
the face of support (B)

Q.VC:Q*%*W*bW*d

1
= 0.75 g\/ﬂ* 500 % 261 = 103 = 80kN

—g* % *+/Fc' * bw * d= 30 KN control gvsmin

1
BVsmin = gbwd = 43.5KN

@ - VFC *bwd = 0.75% = /24 *500*261*10° =160 kvy =

_2

= 2VFC *bw*d = 0.75* 2 V24 *500*261*10° =319.6 KN.V max

@.Vc + vg = 239kN > Vu max = 197 4... (OK)

Section is adequate..-
2- Category (1V):
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@. (Vc+Vs min) <Vu<@ (. Vet+.vs')

=~ For values <197.4; Design on Category (/V)

vu
Vs = E — V.
197.4
Vs =575 106.6 = 156.6KN
d 261
Smax = Z = T = 130.5mm

Smax < 600 mm

Try @10mm bar for shear reinforcement

Av = Number of legs x At one leg =4 x 78.5 = 314 mm2

S =Apfid
Us

S =314%420%261
=219.8
156.6%103

~ Select s = 100mm<d/2=130mm

= For category (/1)) select (4 s stirrups) »10/10cm
3- Category (1V):

@. (Vc+Vs min) < Vu<@ (. Vet+.vs')

Q. Vet+ @. Vs min < Vu< Q. Vet+ @ X é x Jfc" xbw xd
1

@Vc+®§*\/ﬁ*b*d

@ (.Vc+.vs') =80+ 160 = 240
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<@ (. Vc+.vs' )=240= 80 + 43 = 123KN < Vu,,,x = 197.4 KN

vs =4y =197 o0 1g34KN
5= T VT 075 - e

Try @10mm bar for shear reinforcement

Av
Vs =

. fy*d
req

19
183.4% 103 =
Sreq

* 420 %316 — Sppq = 118 mm

Sreq=118 mm <d/2=130.5mm <600mm
~ Select s = 100mm < d/2 = 130.5mm
Vs,min=1/3*bw*d=1/3*600*196*10~3 =39.2-----control
@ve<vu< @(ve+vs,min)
.75*%98<97.2<.75(98+39.2)

73.2<97.2<102.9 ----- ok
Compute the stirrups spacing required ti resist the shear forces ,use stirrups 2u-shape

(ulegs stirrups) @8 with =4*50.27=201.1 mm?
Av/s=vs/fyt*d-----s=201.1*420*261/31.6*1000=523.88mm

Take 2U-shape (u legs stirrups) @10 at mm<s,max=1130.5mm

Check Deflection
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The value of Deflection should not exceed Alimit, Which according to ACI Code =

%. The following Table shows values of Alimit compared with deflection calculated

by Atir software

Figure (4-13): deflection for b 20
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4-7: Design of Column (C3)

Calculation of Loads act on Column (C3)

Loads acting on columns are obtained from support reaction when analyzing the

supported beams.

Material:

Concrete B300 Fc' = 24Mpa
Reinforcement Steel Fy = 420Mpa

@ steel = 12 mm @ stirrup = 10 mm

Cover = 40 mm

Loads acting on column (C3) are as follows:
Dead Load = 1250 kN
Live Load =300 kN

Factored loads (Pu) = 1.4 DL =1.4 x 1250 = 1750 kN.

OR(Pu)=12DL+16LL=1.2x1245+1.6x 300 =1980 kN <<
Cont.

Calculation of Required Dimension of Column (C3)

Total load Pu =1980 kN

Pn =1980/ (0.65) = 3046 kN

Assume pg = 1.0 %

Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}

3046 % 1073 = 0.8 * Ag[0.85 * 24 + 0.01 * (420 — 0.85 * 24)]
Ag = 1523 cm?

~Select 45*45cm with Ag = 2025 cm?.

e Check Slenderness Effect:

For braced system if A < 34 — 12% < 40, then column is classified as short

column and slenderness effect shall not be considered.

Klu
A= —
T
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Where:
Lu: Actual unsupported (unbraced) length = 3.68 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \E ~0.3 h

System about X System about Y
1%3.2 o 1x32
= A= 03vo0as 282 7 A= G3w0a5 - 282

1< 34—-12(1) =22 <40
~longabout Y. 1 = 28.2 > 22

A< 34-12(1) =22 <40
A =28.2> 22 - longabout X .

Bresler equation:

1 1 1 1

Pn_ Pny | Pn,  Po

Pny = Pn For short column without any eccentricity = Po

1 1 1 1 1

- = _|_ = —
Pn Po Pn, Po Pny
Nominal axial strength column Pn = Pn, in e, direction (long)

Minimum Eccentricity (min e):

min e =15+ 0.03 h
h in the direction of ey = 450 mm
mine = 154+ 0.03 X 450 = 28.5 mm

Magnification Factor (8,):

C
8ps = mpu > 1.0 and < 1.4

1-G7s%p)

cm . . .
M2

cm=0.6+04+(1)=1.0

2 X (ExI)

Per = i x L)z
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0.4+Ec*lg 1.2XPp _ bn3

ExI= 1+Bgne | Ddns T o p iexp, ' 8 12 ! E; =
4700 x Vfc'
B 1.2x 1250 .
dns = "19g80 =~
3
0.4 X 4700 X V24 x 0.45 X % ,
Exl= = 18 kN
¥ 1+0.75 /m
ber — n? x 18 % 1000 _ 13118 KN
T T x368)2
I 10 =1.25>1.0 and < 1.4
ns — 1 B ( 1980 ) — 1. = 1. dan S 1.
0.75 x 13118

ey = 8y X mine = 1.25 X 28.5 = 35.6 mm

Interaction Diagram:

e, =35.6 mm , h=450mm

ey 35.6_ 0.079
h 450

d—d’ 450—2x(40+10+%)

Y= h 450 = 0.75

From Charts:

Form Diagram A-9b (y = 0.75)

@xXPn Pu 1680 x 103 145 .
= = 1.4 Ksi

=— X
Ag  Ag ' 450x450 ~ 1000

pg = minp, = 0.01
Select the reinforcement
Select, Pg = 0.01

ASreq = p X Ag = 0.01 X 45 x 45 = 20.25 cm®  — select

160 12
With Asyoy = 24.12 cm?
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Check spacing between the bars:

S = 450—2+40—2x10—4+*16
5

=286 mm

S=286 mm >40mm

>1.5db=19.2 mm

Q
~
=
o)
010 ,L=1.7m
1016 210 L=1..22m
I I
SRINZEIN (N
U 37 N |13
S ] [ ]
1 37
[=I=1=1 37
0.45 © 4016
>
=
)

Figure (4-14): Section for Column 3.
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4-8: Design of Isolated Footing (F3)
Loads that act on footing (F3) are:

- PD=1250kN, PL =300 kN — Pu(factored)=1.2 * 950 + 1.6*350 = 1980 kN
— Pu(service) = 1250 + 300 = 1550 kN

The following parameters are used in design:

- ¥ concrete = 25 KN/m?®

- ¥ soil = 18 KN/m?®

- Oallow = 400 KN/m?

- clear cover =10cm

= Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing
pressure.

— Assume h = 60cm

— Op(allow)net = 400 — 25*0.6 —18*1 = 367kN/m?

— 0 buallow . nety = 1.4* 367 = 513.8kN/m?

— Obu= Pu/Areq

- 1550/ 2 = 367KN/m2 — 2=2.05m — Select a=2.1m

1980
2.1%2.1

— Bearing Pressure cbu = Pu/ A= =450 kN/m? <525 kN/m2 .... (SAFE)

= Determination of footing depth (h)

To determine depth of footing both of one- way and two-way shear must be designed.

= Design of one-way shear
— d=h-cover — @ =600—100— 12 = 488 mm
— Vu at distance d from the face of column:
Vu=FRB =0bux0.335%Db
=367 % 0.335% 2.1 = 260 kN
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!

@*VCZO.?S*%*\/FC'*b*d
:O.YS*%*m*2100*488 =627.5 kN >Vu

~h =60 cm is correct v/

= Design of Punching (two-way shear)

d =488 mm

b, =4 x 920= 3680 mm
Bc=1

as = 45 (interior column)

Vu = 1980 — (450*0.92*0.92) = 1600 kN

@x\c is the smallest of:

vfc!
12

L Ve=(2+-) x> xb, xd

:(2+3)><@ X 3680 x 488
1 12

= 4398.8 kN
xXgXd Nl
2. VC—(T+2)X12 XbOXd

:(wn) x Y2% 3680 x 488
3680 12

= 5841.28 kN

@xboxd
12
V24

12

3. Vc=4x

=4 X X 3680 x 488=2932.6 kN .. <cont.

- ©@xVc =0.75%2932.6=2199.4 kN > Vu =1600 kN

~h=60cmis correct v\

= Design of Reinforcement

Mu = 450*0.825*2.1*(0.825/2) = 321.5 kN.m
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Fy 420

m= = = 20.6
0.85xFc 0.85%24

- Mn=321.5/0.9=357.3 kN.m

Mn/® _ 357.3+10°
b*d? 2100%4882

1 2xKN*
- opEL T 1 Fym)

= —*(1- J 1 — 222200 = 0.0017085
20.6 20

4

- Rn= =0.714 Mpa

- As,req=p=bx*d = 0.002203 * 1900 * 390 = 1773.7 mm?

- As (min) = 0.0018*b*h = 0.0018*2100 * 600 = 2268 mm?
- As, req < As (min), As =2268 mm? .. .control

. Select for both directions: 16@12 with As = 1809.5 mm? > Asreq ...

(0k)

Check maximum step (S) is the smallest of:
3h =3 x 600 =1800 mm
450 mm — control

S =(2100 — 100*2 — 16*12)/ 15 =113.8mm < 450 mm - OK

= Design the Connection between Column & Footing

— Design of bearing pressure at section of column:
@ x Pnb=0.65x0.85x fc’'x Al >Pu
= 0.65 x 0.85 x 24 x 450 x 450 = 2685.15 > Pu = 1980 kN

— —No need Dowels.
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Design of Dowels:

Load transfer in column: -

Asmin = 0.005 x A1 = 0.005 x 45 x 45 =10.125 cm?

~ Use P12 with As = 1.131cm?

Design of Compression lap splice between steel of column and dowels (Lsc):
Lscreq =0.071 x fy x db =0.071 x 420 x 12 = 375.84mm >300mm

~ Select Lsc = 0.6m = 600mm > Lscreq = 375.84mm

Design of compression development length (Ldc):

Ldc =0.24 x fyl Vfc" x db = 0.24 x 420/ /24 x 12 = 247mm
Ldc =247mm >0.043 x fy x db = 0.043 x 420 x 12 = 216.72mm
Available Ldc =600 - 100 - 12 - 12 =476 mm > Lcd = 247mm
Design of tension development length (Ldt):

LdT req = (9/10) * (Fy IANfc) = (1*1%0.8/ ((ktr+cb)/ db))) * db >
300mm
Ktr=0, Ye=1, 1s=0.8, t=1, fc=24 Mpa, fy=420Mpa, db = 12 mm
cb Smallest of:
- Cover + D bar/2 =100 + 12/ 2 = 106 mm
- a/2

a1 = (S + D bar) =(93.5 + 12) = 105.5 mm

105.5/2 =52.75 mm.... is control
((ktr+cb)/ db)) = (52.75 +0)/12=4.39>2.5 .... Selected 2.5
LdT, req =296.3 mm > 300 mm.... select LdT, req =300mm....... OK
LdT ava = ((2100-450) /2)-100 = 725 mm > 300 mm ...... OK
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4.9: Design of Stairs

The following figure shows a top view of the stairs:

Figure (4- 16): Stairs Top View

Design of flight

The structural system of the flight is shown in figure (4-22) and the following
steps explain the design procedure of the flight:

1. Determination of flight thickness :

h (min) = L/20 =51.5/20 = 25.75cm
~ Select h = 25 cm, but shear and deflection must be checked

Angle (a): tan(a)=17.3/30 — 0=29.97°
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2. Loads calculation:

table(4- 4):Calculation of Dead Loads that act on Flight

Flight Dead Loads

Flight =(0.25 * 25* 1)/ c0s(29.97) = 7.215 kN/m
Plaster = (0.03 * 22* 1)/ c0s(29.97) = 0.762 kN/m

0.173+0.3

Mortar =0.03*22*1*———— o - =1.04 kN/m

0.173%0.3
2

35+17.3

= 2.163KN/m

Stair steps =23
0.3

Tiles = 0.03*23*(————) = 1.2 kN/m

Sum=12.4 kN/m

Factored Loads :

qu=1.2%*12.4 + 1.6*3 = 19.68 kN/m
Vu= 29.3kN

Mu=49.7 KN.m

3.Design:

- Design of Shear Force :
d=250-20-(14/2) = 223 mm
@Vc=0.75*=*/Fc' *bw *d
= 0.75 * =*24 * 1000 * 223
=136.56 KN > Vu max = 29.3 kN

~ No Shear Reinforcement is Required#

- Design of Bending Moment :

Fy 420
-m= - = = 20.6
0.85+Fc’ ~ 0.85%24

RN = Mu/9 _ 49.7 x10%/0.9 = 1.11Mpa

b*d?2 1000%2232

=il 1—2*’;’;*m)_206*(1-/ - 22200 = 0.00272
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-Asreq=pxbx*xd = 0.00272 * 1000 * 223 = 606.34 mm

-As min = 0.0018 *1000*250= 450 mm?
= Select @14/25 with As = 616 mm? > As req .... For Main Reinforcement

For secondary Reinforcement(T &sh) select @14 /30 with As=513.33

mm2>As min
- Check Spacing :
30cm < Smax=3*25=75cm
< 45cm ...0k
- Check Strain:

C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 616 *420

a=127mm — c¢= a/f= 12.7/0.85 =14.9 mm

g = % *0.003 = % *0.003 =0.042

o & = 0.042>0.005 ....0=0.9 (OK)

Design of Landing

e Determination of Landing thickness :

h (min) = L/20 = 4.15/20 = 20.75 cm
~ Select h =25 cm , but shear and deflection must be checked

e Loads calculation:

Figure (4-11) shows a section in the landing in which the layers carried by the

landing appear.
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7cm Snad —— 2cm Mortar - 4cm Tiles

3cm Plaster

Figure (4- 17):Section of The Landing

Landing Dead Loads
Tiles =0.03*23*1=0.7 kN/m
Mortar = 0.03*22*1=0.4 kN/m
Sand = 0.07*16*1=1.1 kN/m
Slab = 0.25*25*1=6.25 kN/m
Plaster = 0.02*22*1=0.4 KN/m

Sum = 8.85 kKN/m

Table(4- 5):Calculation of Dead Loads that act on Landing

Factored Loads :
qu = 1.2*8.85+1.6*3 = 15.42 kN/m

The landing carries ( dead load & live load of landing + support reaction
resulted from the flight)
qu = 17.02 + Support reaction of flight = 15.42+ 29.3 = 44.72 KN/m

- Analysis:
D= 250-20-(14/2) =223 mm
Vu= (44.75*4.15)/2 =92.79kN
Vu,d=92.79— (44.75*0.223) =82.82 kKN

* 2
Mu max = %: 96.34 kN.m

56



Shear Force Design:

d=223mm & Vu,d=82.82 kN
@\Vc=0.75* g*m * 1000 * 223=136.56kN > VVu max = 82.82 kN

- No Shear Reinforcement is Required

- Bending Moment Design : (Mu max =96.34 kN.m)
- m =206

96.34 *10°/0.9
1000%223%223

_ 1 ‘ 2%2.15%20.6 \ _
- p_ﬂ*(l- 1—T)—00054

- Rn = =2.15 Mpa

Asreq = 0.0054 * 1000 = 223 = 1204.2 mm?

As min = 0.0018 *1000*250 = 450 mm?

= Select @14/12.5cm with As = 1232 mm? > As req .... For Main Reinforcement

- Check Spacing :
30cm < Smax=3*25=75cm
< 45cm ... ok
- Check Strain:
cC=T

0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 1232 *420

a=2536mm — c= a/f= 25.94/0.85 =29.8 mm
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223-29.8

&g = d¢+ 0,003 = *0.003 =0.0198
c 29.8
- & = 0.0198 > 0.005 ....0=0.9 (OK)

The following figure shows section A-A of the stairs in which reinforcement detailing

appears.

Figure (4- 18):section of stairs
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5.1: structural system

5.2: Earthquake Data
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5.1 Structural System:

»  Structural system : Building Frame Systems .
» Design Method : Equivalent lateral Force " static method"
»  The building will be analyzed using ETABS program.

» Using code : ASCE 7-16

5.2 Earthquake Data:
» Determine the mapped Maximum Considered Earthquake MCE spectral
response accelerations
'Ss for short period (0.2 sec.) and S1 for long period (1.0 sec.) using the

spectral acceleration maps (Figuresl).

( S, 2%@50y )

( S, 2%@50y )
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Figure (5.1): Long and short period spectral acceleration for Palestine
s1=125%z+15=1.25%0.15%* 1.5 = 0.28 (long period)
ss =25%z%15= 2.5%0.15* 1.5 = 0.56 (short period)

» Determine the site class based on the soil properties , in Palestine the
stone is lime stone based shear = 2500 ft/s TO 5000 ft/s (Table 20.3-1
in cod ASCE 7-16)
Site class is B Rock

Table 20.3-1 Site Classification

Site Class v, NorN,, 5,
A. Hard rock >5,000 fu/s NA NA
B. Rock 2,500 to 5,000 ft/s NA NA
C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf
D. Stff soil 600 to 1,200 fu's 15 t0 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf
Any profile with more than 10 ft of soil having the following characteristics:
—Plasticity index PI > 20,
—Moisture content w 2 40%,
-Undrained shear strength 5, < 500 psf
F. Soils requiring site response analysis See Section 20.3.1

in accordance with Section 21.1

For SI: 1 /s = 0.3048 m/s; | Ib/t* = 0.0479 kKN/m’.

» Determination of seismic design category and Importance factor.

v Determine risk category by using (Table 1604.5 in cod ASCE 7-16)
THE RISK CATEGORY IS IlI

v Determine importance factor by using (Table 1.5-2 in cod ASCE 7-16
)le=1.25

61



Table 1.5-2 Importance Factors by Risk Category of Buildings and Other Structures for Snow, Ice, and
Earthquake Loads”

Risk Category Snow Importance Ice Importance Ice Importance Seismic Importance
from Factor, Factor—Thickness, Factor—Wind, Factor,
Table 1.5-1 l, I8 1, I,
I 0.80 0.80 1.00 1.00
Il 1.00 1.00 1.00 1.00
111 1.10 1.25 1.00 1.25
v 1.20 1.25 1.00 1.50

“The component importance factor, [,, applicable to earthquake loads, is not included in this table because it is dependent on the importance of
the individual component rather than that of the building as a whole, or its occupancy. Refer to Section 13.1.3.

v" Determine seismic design category by using (Table 11.6-1 & 11.6-2
in cod ASCE 7-16)
SDS=0.3 (ETABS) ——> B
SD1=0.15(ETABS)—> C

The seismic design category is C

TABLE 11.6-1 Seismic Design Category Based on Short-Period
Response Acceleration Parameter

Risk Cateqory

Valwe of S 1 or Il or 1N n
Sps = O_167 o A
D167 =< Sny < 033 B C
0.33 =< S = 0.50 o )
050 < S D >

TABLE 11.6-2 Seismic Design Category Based on 1-s Period
Response Acceleration Parameter

Risk Category

Waluwe of S I @r Il ar I n
Sy == O MGT Y A
AMT = S5 =D 133 B L
133 = Sy o= O 20 oo I
.20 = Sy I »

v Determine type permitted analytical (Table 12.6-1 in cod ASCE 7-16)
Equivalent lateral force
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Table 12.6-1 Permitted Analytical Procedures

Modal Response Spectrum

Seismic Equivalent Lateral Analysis, Section 12.8.1, or Nonlinear Response
Design Force Procedure, Linear Response History History Procedures,
Category Structural Characteristics Section 12.8* Analysis, Section 12.9.2° Chapter 16*
B, C All structures O P P
D.E F Risk Category I or II buildings not exceeding two stories P P P
above the base
Structures of light-frame construction p P P
Structures with no structural irregularities and not exceeding P P P
160 ft (48.8 m) in structural height
Structures exceeding 160 £t (48,8 m) in structural height with P P P
no structural irregularities and with T < 357,
Structures not exceeding 160 ft (48.8 m) in structural height P P P
and having only horizontal irregularities of Type 2, 3,4, or
5in Table 12.3-1 or vertical irregularities of Type 4, 5a, or
Shin Table 12.3-2
All other structures NP P P

“P: Permined: NP: Not Permitted; T, =55, /Sps.

v Determine building period coefficient (Table 12.8-2 in cod ASCE 7-

16)
Ct=0.02 , x=0.75

Table 12.8-2 Values of Approximate Period Parameters C, and x

Structure Type

Moment-resisting frame systems in which the frames resist 100% of the required seismic force
and are not enclosed or adjoined by components that are more rigid and will prevent the frames

from deflecting where subjected to seismic forces:
Steel moment-resisting frames
Concrete moment-resisting frames
Steel eccentrically braced frames in accordance with Table 12.2-1 lines B1 or D1
Steel buckling-restrained braced frames
All other structural systems

“Metric equivalents are shown in parentheses

0.028 (0.0724)"
0.016 (0.0466)"

0.03 (0.0731)
0.03 (0.0731)*
0.02 (0.0488)*

0.8
0.9
0.75
0.75
0.75

v" Determine response modification factor, overstrengh factor ,

deflection factor
R=5,Q=25,cd=45
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Table 12.2-1 (Continued)

Structural System
Limitations Including

ASCE 7 Structural Height, #, (ft)
Section Limits'
Where Response
Detailing Modification Deflection Seismic Design Category
Requirements Coefficient, Owerstrength Amplification

Seismic Force-Resisting System Are Specified R* Factor, & Factor,C, B C D' E' F

4. Special reinforced concrete shear 14.2 6 2% 5 NL NL 160 160 100
walls™"

5. Ordinary reinforced concrete shear walls' 14.2 5 2% 4% NL NL NP NP NP
6. Detailed plain concrete shear walls' 14.2 and 2 2% 7 NL NP NP NP NP

USING ETABES TO ANALYSIS AND DIESIGN

Primary load

= DL : dead load

\
—

LL : Live load

= EQX : Earthquake Load in (X)direction

= EQY : Earthquake Load in (Y)direction

= EQXze: Earthquake Load in (X)direction+ Eccentricity

= EQYze: Earthquake Load in (Y)direction+ Eccentricity

= Eccentricity = 0.05

Design shear wall

v Flexural design used 12/20cm
v' shear design used @10/20cm
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ETABS Shear Wall Design

ACI 318-14 Pier Design

Pier Details

Story ID Pier ID Centroid X (mm) Centroid Y (mm) Length (mm) Thickness (mm) LLRF
Storyl W3 34920.9 10683.6 4050 250 0.723

Material Properties

Ec (MPa) f'c (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa)
23025 24 1 420 420

Design Code Parameters

d7 dc D, @, (Seismic) IPmax IPmin Pmax
0.9 0.65 0.75 0.6 0.04 0.0025 0.8

Pier Leg Location, Length and Thickness

Station Left X1 Left Y1 Right X2 Right Y2 Length Thickness
Location ' mm Mm mm mm mm mm
Top Leg 1 32895.9 10683.6 36945.9 10683.6 4050 250
Bottom Leg 1 32895.9 10683.6 36945.9 10683.6 4050 250

Flexural Design for Py, Mu2 and Mus

Station Required Required Current Flexural Pu Muz Mus Pier Aq
Location Rebar Area (mm?) Reinf Ratio Reinf Ratio Combo kN kN-m KkN-m mm?

Top 2531 0.0025 0.0045 DWal26 684.8185 -14.0363 -161.5957 1012509

Bottom 2531 0.0025 0.0045 DWal26 770.7068 0 -246.7938 1012509

Shear Design

Station Rebar Pu Mu Vu DV, DV,
. ID Shear Combo
Location mm#m kN kN-m kN kN kN
Top Leg 1 625 DWwal9 648.0678 -432.7138 422.6847 912.72 1541.0104
Bottom Leg 1 625 DWwal9 787.6363 1480.2932 427.5407 933.6553 1561.9457

Boundary Element Check (ACI 18.10.6.3, 18.10.6.4)

Station Edge Governing Pu My Stress Comp | Stress Limit | C Depth | C Limit
Location D Length (mm) Combo kN KN-m MPa MPa mm mm
Top-Left ' Leg 1 Not Required DWwal4 1194.763 -772.1776 231 4.8
Top-Right Leg 1 Not Stressed DWal4 0 0 0 0
Bottom-Left Leg 1 257 DWal4 1334.3316 | -2040.0738 4.3 4.8 513.9 900
Bottom-Right Leg 1 Not Required DWal4 787.6363 1480.2932 2.94 4.8
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6.1 Introduction
6.2 Results

6.3 Recommendations

66



6.1 INTRODUCTION
After starting the project and start dealing with problems that had

been faced during the work on it, it is necessary to summarize the
results that were reached and to give some recommendations that will

be helpful for students who will work on such projects.

The most prominent of these problems was deflection in beams and
long-term deflection in slabs that could have been solved by using drop
beams. So that another solution had been found, and that was through
changing the structural system by changing the bearing direction of
ribs and beams. After dealing with that problem a complete design for
all slabs and beams were done and the results of the design is presented

in a form of drawings.

6.2 RESULTS

The following are results that had been reached during the work on this

project:

1. The most important step before starting a design is to study the
architectural plans carefully to distribute the columns correctly.

2. Gaining experience in using structural programs cannot be
reached without an understanding of basic concepts of the
structural design.

3. When choosing the structural system, it is better to distribute ribs in
the long direction and beams in the short one that will reduce loads
that act on beams which leads to reducing of reinforcement which

meant reducing costs.

6.3 RECOMMENDATIONS

After starting the project and start dealing with problems that had been

faced during the work on it, some recommendations should be
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mentioned that may help students who will work on such projects after

us.

First of all, the architectural drawings had to be prepared and studied
carefully to choose the most appropriate structural system. Collecting
data about the project is an important step as the study of the site and
the type of soil are important in choosing the construction materials to
be used. Before starting the design of the building, a good structural
planning must be done to determine the location of columns, beams,

and shear walls to fit with architectural plans.
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