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Abstract

The Structural Design of Hospital
Work Team
Amjad Abu Al-Fielat Ameer Karaki

Mohammad Baved
Riham Mtour Marwa Abu Ravyan

Palestine Polytechnic University-2016

Supervisor
Dr. Maher Amro

The pumpose of this project is the structural desien of a multi-stery

butlding in Dora city,

This building consists of four floors and it contains a plenty of

activitics.

I'me structural design of the building will be carried out according 1o

the ACI318M-14 Code, in addition, some assistant codes were used.

I'he project composed of analysis & design of the structural parts of

the building. and all of the plans needed to complete the construction.
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Chapter Four Structural Analvsis and Des
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Design method and requirements.,

Check of minimum thicknesses of stenctnral
meinbers,

Design of topping.

Design of Rib (R 2, GF)
Dresign of Beam (B 1-42)
Desion of Column (O 1-111)
Diesign of onc way solid slab
Design of Fantfing

Desipn of shear wall

Design of basement wall
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Fig (4-1): topping load and moment diagram

Fig (4-2) : Topping of one way rib slah
Fig, (4-3) : Oue way rib slab

Fig (4-4): Rib3 in Ground floar,

Fig (4-5): Geametry of rib 2

Fig (4-6) :Dead snd Live load in the rib

Fig (4-7): Geometry ol rib and it’s dimension.

Fig [4-8) : Reactions of rib (live and deasd).
Fig (4-9) : Moment diagram of Rib 3
Fig 4.10 : Shear diagrnm of Rib 3
Fig. (4-11) : Beam geometry

Fie. (4-12) : Load ol the heam

Fig (4-13) : Shear and Moment Diagrams in beam
Fig (4- 14):Moment and shear dingram of shear wall
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List of Abbreviations

Ac— area ol conerete sectinn rasisting shear transfer.
Ay = grea of non-presiressed tension reinforcement,
Ag = gross arca of scotion.
Av = area of shear remlorcement within a distance (S).
Ar=ares of one leg ol o closed stimup resisting tension within a (S).
b = width uf compressien face of member.
bw = wab width, or diameter of circular section.
DL = dead loads.
d = disianve [rom extreme compression fiber 0 centrnid of tension
reinforcement,
it = modulus of elasticity of concrete.
Fy = specified vield strength of non-presiressed reinforcement
h = overall thickness of member,
I= moment of inertix of section resisting exterally appliad factored loads,
Ln = length of clear span in long direction of two- way comstruction,
measured face-to-lace of supports in slabs without beams und face to face of
Bream or other supports in cther cascs.
LL = live loads
M = bending moment.
Mu = factored moment at section.
Mn = nominal monieént.
S — Spocing of shear or in direction paratlel to langitnudinal reinfarcement.
Ve = nominal shear strength provided by concrete.
Vi = nominal shear siress.
V's = pominal shear strength provided by shear reinforceiment,
Vi = factored shear foree al section.
We = weight of concrete. (kIN/m?*).
W = width of beam or rib.
Wu = factared load per unit arca.

@ = strength reduction factor.

X




* Ac=area of concrete section resisting shear transfer,

* As = area of non-prestressed tension reinforcement.

* As' = aren of no n-prestressed eompression reinforecment.

* AZ = pross area of section,

* Ay =area of shear reinforcement within a distunce (S).

* At =area of one leg of a cloted stirrup resisting tension within a ().

* b = width of compression face of memher,

*bw = weh width, ur diameter of circular section,

* C.= compression resultant of concreie section.

* C. = compression resultant of compressian s{ecl,

* DL = dead loads.

*d = distanee from exireme compression fiber to centroid of tensinn
reinforcement,

* Ec = modutus of elasticity of concrete,

* f&'= compression strength of concrere .

o ¥ specified vickd strength of non-presrressed reinforeenient,

* h = overall thickness of member,

*Ln = length of clear span in long direetion of fwo- Way construction,
measured face-to-face of supparts in slabs without beams and face
of beam or other Suppaorts in other cases,

* LL = live loads.

*  Lw=length of wall,

* M= hending moment,

*  Mu = factored moment at section.

*  Mn = nominal moment.

* Pa=nominal avial load.

* Pu=factored axial load

« Sz Spacing of shear or in direction parallel to longitudinal
reinforcement.

* Ve = pominal shear strength provided by concrete,

* V= nominal shegr Stress,

* Vs =nominal shear strength provided by shear reinforcement,

bl
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Vu = factored shear force at section,

We = weiaht of concrete, (Kgim?),

W = width of beam or rih.

Wu = factored load per unit area.

P = strength reduction faclor.

£. = compression strain of concrete = 0L.003Imm/mm.
f, = strain of tension stecl,

&, = strain of compression stecl,

p = ratio of steel area .

Ay
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Structural Analysis and Design

4.1 Introduction.

4.2 Design method and requirements,

4.3 Check of minimum thicknesses of structural members,
4.4 Design of topping.

4.5 Design of Rib (R 3 » GF)

4.6 Design of Beam (B 1-42)




Chapter Four Structural Annlysis and Desipn

4.1 Introduction:

Many structures are built of reinforced conerete: bridges, buildings,
retaining walls, tunnels. and others.

Reinforced conerete 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 1s made by mixing cement, fine aggregate, coarse
aggregate. water. and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete,
huilding codes and specifications that give design procedurcs are
continually changing to reflect latest knowledge.

Structural concrete can be classilied into:

= Lightweight eoncrete with unil weight from about 1350 to 1850
kg/m3.

* Normal weight concrete with unit weight from aboul 1800 to 2400
ko/m3.

* Heavyweight conerele 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 ACT _code (318 _14),

o



Chapter Foyr Structura) Analysiy apg Desipy

v Strength design method:

In nltimate strength design method. the service loads are mcreased by
factors 1o obtain the load at which failyre IS considered tg e oceurring,

This load calleg factored load or lactored servige load. The structure or
structural element is then, Proportioned such thag the strength g teached
when factored load I8 acting,

The Computation of this strength takes intn dccount the nonlinear Stress-
strain behavior of concrete,

The strength design method ig expressed by the following,
Schqgﬂl_qugi_c_igd = strength reguired (o Carey fuctored loads.

NOTE;
The statically aleulation and the Kev plans dependent on the
architectural plang.

v Code ACI 2014
UBC
v Materia] -
Conerete: BR300, (fe'= 30%0 5 = 24MPg ) |

Reinforcement gteg] : The specified yield strength of the reinforcement
Y =420 N/mm? (MPa)}

Mild stecl : A-36

Connection Type : Weld . Bolts

v Factored loads:

The factored loads fior members in oyr project are determineg by,
Wu=12pL+16 LI
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4.3 Check of minimum thickness of structural member :

~ Minimum thickness , h I
Simply One end | Bothend

Cantilever

sUupported continuous
|

Mermbediembers not supparting or sttached ta partitions or other construction
fkely to be damaged by largs deflection

continuous

Solid one way ‘
i M g !
Slabs ' e g =5 i
Bezamz or ribh [T
one way slab Li18 Lf18 . /21 L/
: /

Table (4,1): Check of minimum thickness of structural members

For rib ;

h min =L/18.5-6.45/18.5=34 8 ecm

select : 35 em thickness with 24 cm block and & Loping .
For beam :

hmin for =L/18.5-7.25/18.5=40cm select h=350

select h=(27+8)-35cm lor rib slab with drop beam h=30¢m.
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4.4 Desivn of topping:

v Statically system for topping :

C Consider the topping as strip of (1m) width, and span of mold
length with both end fixed in the ribs

| |

- 40 cm -
WiL* wi?
12 12

W2
24

Fig 4.1: topping load and moment diagram.
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Structural Analysis

For the topping . the total dead load to be used in the analysis and

design is calculated as follows:

Table (4 —2) Dead load calculation for lopping

| " Quality
No. | Purts of Rib Density Calculation
| 1 Reinforced Concrele 25 (J.OBx25x]
Tuopping =

2 ._ Sand I 17 (,07=]7x] :
'3 | Marrar 22 0.02x22x] |
4 |Tile - 23 0.03%23x1 |
5 | partition i 0 |
& | Plaster [ 22 0.02x22x1

& | 4.76 ‘ KN/m

Nominal total dead load — 4.76 KI*{-"llf.
Nominal total live load =5 KN/m™.

Design of topping for ribbed slab as a plain concrete section :-

Fig. (4-2) : Topping of one way rib slab
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qu= 1.2xD1.6xL

13.7 KN/m. (total factored load)

W, * I#
W= —— = 0.19KN.m
12

OM,, = 0.55 % 0.42 « V24 « 1000 = 802/6 = 1,207 KN. m
@M, = 1.207 KN.m > M, = 0.19 KN.m
No structural remnforcement is needed. Therefore, shrinkage and
temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement :-
p=0.0018
A;= p=bsh=00018+ 100080 = 144 mm?2,

~. Use B8 @ 20 ¢m in both directions.

Check shear strength :

- Qy * |
2

=l

= 2.74 KN.m

Vu

0.75
G+Ve = = V24 =1 +80 = 49 KN

49>2.74

. No shear reinforcement is requirement .

“3




Chapter Four Structural Analysis and Design

4.5) Design Rib :

For the one-way ribbed slabs, the total dead load to be used in
the analvsis and design is caleulated as follows:

St s il e v iiag B Vg w1 P

il B | PR 1=

Fig. (4-3) : One way rib slab

3

-

e -

...ull""l””"

HELED

i
ol e
s . ' '
* \
|
M 1l
=1 | == |
11

[h 1 ]

2 2
2 2
Fig 4.4: Rib3 in Ground floor.
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Qeamelry Undz mstel =M
b= = 2 2
1 ]
% g : l
o8, 53 et 521 08
=1 5s R E .
— e —— i
5z
i |_ e
E ]
L
12.
o AR

Fig 4.5: Geometry of 1ib 3 .

Lesding
et Sarvias ——
TR,
JEINRENAREAE AR
I'—____ BB 5 65
[
Liws load - Seiwicy Load faciors. 1.20 1 200483 280
Ll.*k“. EYNIEEIRARE
G.E (25 _'
Fig 4.6 :Dead and Live load in the rib .
o . 1 4
T e 4

2z 12 41 12 40 I = £D

Fig 4.7: Geomelry of rib and it’s dimension.
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{hapter Four

Structural Analysis and Design

Rih 1
Haactions
Factooed
= o R e |
DesdR  13.53 4277 127
LiveR 12.34 W 1195
MaxR 2587 78.49 24.66
MinR 11.92 o0.67 10,84
Sarvice T
DealB 1128 36.47 10.59
LiveR & ~ 21 - 747
MaxR 1699 5817 18.06
MinR 1037 s 9.47
Fig 4.8 : Reactions of rib (live and dead).
Moment/Shaar Envelops (Faciomd)  Unidd:Kb.meler
Woments: spans 100 4
A3l
’*"", A2
7 B
I_r"'f lJﬁllld-“ \“-\"--..h__‘ |
" S 1313 — o
73— - ' > it
h'“"-____ g H-H-‘-‘_____—F-i’_ﬂ--
586 323
12 : 4.08 . 398 262 |
1 1
Fig 4.9 : Momenl diagram of Rib 3
Moment:/Shear Entvelope [Factomnd Uitz kN, mated
— Shear
e =3\T
== =
f__..-"" A48
..-—"-F.’-F'f -f._,..--""
—— f f — 4
g ___,..-"""-
_'_,_,-o-""f —
- 1
X8

Fig 4.10 : Shear diagram of Rih 3 .



Chapter Four structural Aunalysis und Design

Calculation of the total dead load for one way rib slab is shown in
the following table-

Table (4 — 3) Calculation of the tolal dead load for one way rib slab,

N Quality | .
5. Material Density | Calculation |
| | Tonning 25 0R=GOEx2S =104 = =
2 Rib 25 0.27%0,]12x25 = 0,81
3 lsand | 17 l0.52x0.07x17=0.6188 |
4  Mortar 22  10.52%0.02%22 =0.2288
5 | Tile 23 0.52x0.03x23 =0.3588
6 | Plaster 22 10.52x0,02%22 =0.228
7 | Block 10 0.4x027x10=1.08
8 | Partitions | 0 ) B 1 3
Y= 436 | KN/m
L=5%0.52=2.6 KN/m
Qu=1.2%¥D=5.23 KN/m
1.6%L =416 KN/m
Effective flange width ( 5,) ACI-318-14 (6.3.2)

h, For T- section is the smallest of the following:

1 "
br= S clear span + by,= 320 mm ..__......... Controlled.

= Span/4 = 495/4 -~ 123.75 mm.
< (16% 1)+ b, = (16> 80) ~ 120 = 1400 mm.
—hg= 520 mm.

[or main positive reinforcement 16 assume bar diameter
d = depth - caver — diamcter of stirrups — (diameter of bar/ 2)

=350-20-8-16/2= 314 mm.
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Chapter Four Struetural Analysis and Design

» Determine whether the rib will act as rectangular or T — section:

For hf =008 m

Ly
Myg = 0.85 £ = b * tp» (d —ET)

= 0.85+.52 %24 « 0.08 + (u 514—9-3) +10% = 232.5 KN.m

DM, = 0.9 % 232,52 =209.27 KN.m

Positive moment span 1 1%""=35.6 KN.m

— OM =2002TKN.m > M, ;e =356 KN.m.
~ Design as reclangular section.
Mn=Mu/0 =356 /0.9=3955 KN.m.
1, 420 .
m = —— = 20.6
0851, 0.85+24
Mp  35.2=108

Ry= e moai 0.77 MPa
' 2eK,¢m
: E( -.!1_ 3 )
gy { 240,77+ 20.6
=—(1— 1———— )= 0.00186 .
206 \ 4210

~+ASieq = p % b %d = 0.00186 x 520 x 314= 30522 mm’.

(fe

Aoty = "‘—f-? by +d = = by, *d ACI-318-14

il . }1
(9.6.1.2)

ij_]_ 1.4

= e 120=314 = ? ¥* [20% 314
=109.87 mm <1256 mm° ... Larger value is control.

A8 < P;th

2014 =306 mm== =ASny ... OKL
~ Use 2 @314



Chapter Four structural Analysis and Design

_s Check for strain:-(g5 = 0. 005) ACI-318-14
(9.3.3)

Tension = Compression

A x Iy =085xf.xb=a
306 x 420 =085 % 24 x 520 a

a=12.15 mm.

12.15 . - ;
X = %-— = 14.29 mm < Note: f, = 24 MPa< 28
}Uﬂja_'* B] = 0.35
Fem du.nxung 0,003
_ 3008 ) 03 = 0.062 > 0.005
14,29
S E=019.,... 0k

Positive moment span 2 a7 7323 KN.m

— @M, = P*C* (d -v'2)
=(].9*0.3ﬁ*24*ﬁ0*520*{314-8&'2]
=209.27 KN.m

OM, =209.27 KN.m > Myme = 32,3 KN.m.

- Design as reclangular section.
£, 420 (—= —

M= g5, 085:24 206 *gw?" ¥
- My 322+00° o § ”

Kn = fhea? ~ 594520 (314)° GO g1*--{.-u. .

p=1—[_'l =. Jl _E*H"*IIJ) ::1 ............. -‘\‘-‘L.‘\.ﬁ £ 2
| 4ol {}r ‘Ll‘\ B i e o i 2 : 2.

= (1 _ _z*ﬂ.ﬁmzu.ﬁ -
'm,e.(] J‘T 1 ) 0.00167

A, - pxbe xd=0.00128 x 520 %314 =272.94 mm .
Ag=272.94 mm® > ASwmin — 125.5mm’
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Structural Analvsis and Design

= 2 014 with As = 306mm” > As = 272.94 mm?

o Use 2 @14,

— Check for strain:«(g; = 0.005)
Tension = Compression
ATty =085xfF, xbxa
306% 420=085 %24 x 520 % a

a=12.11 mm.
i 1212

— 15
X YT 14.25 mm
MPa— [, = (.85
e = 20003 4 003
314+ 003 B
S (.003 = 0.063 = 0.005

~0=09 _..0K

x Note: £, = 24 MPa< 28

Design of negative moment of the rib :-

According to ACI-318-14 (9.4.2.1) . For beams built integrally

with supports, Mu al

the support shall be permitted to be calculated at the face of support,

Negative moment 14 =412 KN.m

Design as rectangular section with b = bw = 120 mm
Mn = Mu /0 = 0.9%0.85%24%80% | 20%(286 - 80/2) = 4336 KN.m

fF . 420

m= - = =20,
0.85f, D#i5s2¢ = 6
Mp 4128106 S
Ko = b=dZ  0,9+120¢3142 3.86 MPa
1 . E“Kn"nl
—J— 1 - — ey kAl
P~ 1 ;)

420

50

= (1 - Jl - ———2“'33‘5'2”"‘) 0.0102



Chapter Four Structural Analysis and Design

$Ac= p % hy %d = 0.0102x 120 x314 = 387.3 mmZ.

—AS = 3873 mn?® > Asy, = 125.6mm-
2 916 =402 mm*>As,,, =387.3 mm’.... OK.
~ Use 2 @16

— Check for strain:-(g; = 0.005)
Tension = Compression
Acxfty =085%f. xbxa
402 * 420 =(0.85 % 24 = 120 = g

a= 69 mm.
a 69

X =g-=r==8114 mm x Note: . = 24 MPa< 2§
-I\r"]_l.,ﬂ_’ Bi — [}85
e, = 225,003
= 222090 0,003 =0.0082 > 0.005
B1.14

S~ 0=09.. OK.

Design of shear of the rib

Ve . provided by conerete for the ribs shall be permitted to he
taken as 1.1 times than that for beams . ACI-218-14 (9.8 5)

d=350-20-8-(16/2) = 314 mm .
Vu =339 KN,

.
TA* BV, = L1 x0.75% 2= 0.12% 0.314 = 2538 KN.< Vu=33.9

take region Ul :

‘.ﬂ'unﬂt=9*VC+Efl*VS

1
VSiin= rr V24 «120 #314 = 11.53 KN
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or

1
Vsniin = E* 120 =314 = 12.56 KN ...control

@=Ve=2538 < Vu= 339 < Q= (Vc+ Vsmin) = 34.8

AV Vfc =bw 24 « 120

s = 165 Taedml o
AViiin bw 1120

5 ;;*@,—3*429_0'095
AVin _ 10053 _

s 5
s = 10582

<3 s 57 < 600
req = E = T =1 = mm

select P8 @ 15 cm . 2 leg — stirrups
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4.6 Design Beam ( B 1-42 ) at the Ground Floor Slab :

Malerial :-

concrete  B300 Fc' = 24 N/mm’
Reinforcement Steel fy =420 N/mm’

By using ATIR program we¢ get the envelopc moment and shear

force diagram as the follows:-

Geomeliry Units mater,cm
1 F ] 4 5
1 2 3 4
E A - I . o A
D& 5. O 34 0.6 34 06 6.57 06
T 1 ¥ 4, | ) T i T I T 747 T {
i t T I

; 56
of
e
i
Fig. (4-11) : Beam gecomelry.

Load of heam :- Load ol this beam comc from reaction of Rib 3 as

following :
Losding
~Toad groupno. 1 =
[Iaad%nmﬂiarﬁr.- Units:kMN mets:
T ] | '|' 1 ¥
| ‘ 1.4 . oA
[ W L 9 L 3 ¢ o L
i ’ x = - ﬁ [
'_L_Iw.- load - Service Load factors: 1.20,1.20¢11.60 0,00
CINE L A
ana .7 417 nr
- ¥ k L 1] L g y r 4
L 55 [ 4. 4 [ 7.147

Fig. (4-12) : Load of the beam.

=
a |




Chapter Four Structural Analvsis and Design

Moment/Shear Envelepe [Faciorsd) Unds kN meter

5 hear
Sds2 5198 s
4266 419.2
//"4 mn = 890
e s 5 >l
¥ T T _.,-d-"' e B - _,.--d"' .
| /,/" ,«"f e f'___
il - P -
3161 g -ll'.l"ﬂ;? 350.2 7 -
i 5749
695.5
Moment/Shear Envelops (Factared) Units ki meter
Noments: spans T & — e
ul&m,ﬂ
-ﬁz-u.e]m : ‘\ 5976
3:53:;41‘54‘ ' 120.3
o L ; S1.7 ’,,/ ﬁ
! - I
Ied - —p— \- o
- 7, 0891109 x“"-___.a- S 161128
===t a et .
‘lﬁﬁﬁ,ﬂ___d'df"f 181.7 36 BEH = -!HE
4337 e _-_______.-
Ta7.5
|_22¢ 3. 36 | 26 | 14 |2 2.8 | 43 IS i

Fig (4-13) : Shear and Moment Diagrams in beam

Positive moment Hn " = 433.7KN .m
d=h — cover-dymp <2 = 500 — 40 — 10 — = = 437.5mm

Determine of Mn,mi}x :

ﬁd:

3
.x:F .A375 =187.5mm
B

-.jl

x= 1875« 0.85 = 159.37mm

Milp, = 0.85F ab( d - ; ) = 0,85%24%159,37*800*(437.5-159,37/2 ) *10°=
930.23 KN.m
@ Mn,,, = 0.82% 930.23 = 762.78 KN.m =433.7 KN.m

Design as singly reintorcement
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From the gcometry of rectangular Section
bw = EI}I] min h= 300 mm

The effective width (be) according to ACI 8.12.2 be 1 the smallest of -

The beam will act as (Rectangular Section).

33.7*10%
K= -2t =314 ipa
B[RO0 (43T3)

: Ao o— 420 _9ps
iy 0.85" fc Hih*“l-i 2039

Ly S,

i \ i

5 ST f_ﬂ('ﬁnmrnan
P=5n ﬂLl = ) =0.00816

A = p=b * d=0,00816x800x437.5 = 2836 mm?’

|
AF :E‘i{%{f’ wied ) = '—;'- (W Kel Yo . - (ACT=105.1

R

24
= 0 —{E{Iﬂlllfd}'?i{}]._—; 3 (500)4375)

Ay =102 1166 _the larger is control

2856 mm” > Asg, =1 16dmm’®

Take 15016 with As=3015 mm-

Check for strain;

Tension = compression
Asy xfy =083 x fxbxa
3U15*v’|-2i}—‘{].'$5*15i*3ﬂ|]*n

o =771 3%mm
Y T.50

= izz T O] 28
B~ (.85

1.2 2
@ = (13_'__91_{11 w{) {1013
012K

(&[]
Lh

g =001> Q00— ke
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Positive moment 15" = 181.7 KN.m

k= _—_t8LEA0%G — = 1.13 Mpa
0.9* 800~ (4373°)

m= = 80 sy
D.R=* ,"E: ﬂ'H *24
"l 2infin
p m{] - i

=_V o | 22059013 e
P Sso ) i =) 0,002

A g =Pp=b x d =0.00275x 800 %437.5= 969.3 mm?
9693 i = "blr'um I €

Use 80 14 with As = 1224 mm® > As min

Check for strain:

Tension = compression
As *fy =085 = x b = 3
F24% 420 0 B3+ 245800 %4

a =31 5mm

¥= rl 3“'} =37.05mm
g 085
4375=-37.05
5, = (R3O0 o0
s

£, — 003240005 5= ok
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Chapter Fonr Sruetural Analysis and Design

Positive moment idu ) =707.5 KN.m.

75100 -
= TSRS = HAS DR
0O=800%(437.57)

_p = 20 2059
0.RS* ju 045524 il

=

— [ 2mRn

P ::U _“14]_ /

~ s 202059513 y =

P -zn.:'f:“ '\P 420 )y

Aeg™ prb=d= 0.014xR00=437.5= 5015 mm?
SO1S mnt” > A8, = [ 166nnt

(Jse 166 20 with As 5024 mm?® > As req

Check for strain:

Tension = compression

As <fy=085=7xbxa

sp24*420= 0.85% 24 =R00* o

a =129 3mm
3017
= L A 1;91 =152 1 Timm
B 083

~5_ 15217
g, B2 ag a0
15217
£ = 0.0053= 0005 = >— ok

-
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Negative moment A5 ()= 386.7 KN.m
Assume & 25

[ r
d = h — cover — dgirups — ?” =500 — 40— 10— ?" = 437.5 mm

A86T* 104 7
kn S _ = 2.8 Mpa
D.EEZO0* (45757

i A2

m = = = = = 20.59
85" e 55" 24
p= l'_ll {1 L .II] - lm.f'.‘.-'-' -I

V

1 (1 - III 2{20.59)( 1.R) ) =0,0072

p= -
20348 \ 4721

A jeq=prb d 0.014=800=437.5 = 2520 mm*
2520 mm > 4s_ = 1166mm’

Use 13® 16 with As 2613 mm* = As req

Negative moment M = 644.3 KN.m
Assume @ 25
644 3

%
0.9 * 800 = 437.52
=476

Kn= 10°



Chapter Four Stroctural Analysis and Design

i L:_ :':”'__;2{:-'"_-‘0
BBS* - 83+34
. [ 2mKn
— Ty | 2 '||
p=L(1- -2
= o |, _22059E67 | — o 0128
P= Zosoth \! 490 )=0.012

A oy = prb = d=0.0128=800=437.5 = 4483.13mm"

ASyeq = 4483.13 mm? > Asym = 1166 mm?

Use |50 20with As= 4710 mm* > 4s5,,, = 4483,13 mm®
Check straim :

T =G

4710 = 420 = 0.85 * 24 » @ + 800

a=121.21 mm?

121.21
X =

e = 142.6 mm~

(437.5 — 142.6)
142.6

€,= 0.0062 > 0.005

€.=0.003 *

se =09

Design of shear:-

s — \'J_E'
dVe — = % by = d

b
Vet

=073 % = x B00x437 3 =214.33 KN,

29
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0.75
@ = Vi = ——=% X 800 X 437.5 = 87.5 KN
S* PVe=5*214.33= 1071 65 Kn > 5749
Y a

Vi
I¥'s® = T X 800 x 4375 = 5715 KN
‘usmax:-:—* hr'?"‘hw *d

- ;«L V24 * 800 * 437 5
|

B{Ve + Vsmin)=0.75 (285.7 + 116.6) —301.83

O(Ve + Vs™) = 0,75 « (285.7 + 571.5) =642 955

B(Ve + Vs, max) = 0.75 « { 285.7 + 1143)=1071 5

»Span2: Vu=5749KN.

@(Ve + Vsmin) <Vu = B(Ve + Vs

301.83 <574.9 < 642 955
Region [V :

Vs =222 _ 2857 = 480.8 KN

075

setect 2leg .@10 ,,,,, Av =2 x 785 = 157 mm?2,

Auhyed 157+ 420+ 4375

S v,  480.8+1000

= &l mm (contral)

T

. d 4375
S % 5 = o 218.75 < 600 mm

select 2 leg 010 /20cm
60
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4.7 Design of Column (C 1-111)

Material :- !
concrete B350 Fc' =28 N/mm’ y=420 N/mm’

#Serviee Load:-

Dead Load — 2136KN
Live Load = 1080 KN

Factored Load:-

Py = 1.2 ¥2136+ 1.6x 1080 =4291.2 KN

*Assume ¢ 0.01< p=0.08
Select p=0.01

il
p-—j—; > As = 0.01A4g

@Pn = Pu = 00.8[0.85Fc'(Ag — As) + AsFy|

4219.210°% = 0.65 % 0.8[0.85 x 28(4g — 0.014g) + 0.01A4g x 420|
4219.210° = 14.44A4g => Ag = 297174.5mmn’

Ag=h’ => b = ,/Ag => b = 545.1mm

Select b=h=55cm

*Check long or short

&__,_34_13_"*”

g s ACT - (1 2.2)
r WL

Lu: Actual unsupported (unbraced) length.
K: cffective length factor (K= 1 for braced frame).

R: radius of gyration =1‘|II% | e 3 R RN (I For rectangular
section

lu=3m

MIAML =]

K=1. According to ACI 318-2002 (10.10.6.3) The citective length factor,
k, shall be permitted to be tuken as 1.0.

6l




C hapter Four Struetural Aoalysis and Desiun
wlut ‘.:_;4_13_:""'1 wwinsmiase - o AT —{LAREZ.DY
r M2
I>3.4
—=206=22<4(
0.3x0.55

M Short column in both directions

Ag = a* = 302500mm?
4219.210% = 0.65 % 0.8[0.85 x 28(302500 — As) + As x 420]
=>1052500=396.2As =~ As=2656.5mm* = 26. 6cm?
Use 918 with As provided = 2. 54cm?

- _ 26.6cm>_
No. of bars = Al 1.5

Scleet 12018

As _ 12:2.54

& - o
Check p g sEs 0.01007 OK

*Stirrups:

Use 010

S< h=55cm

5= 480s =48+ 1 = 48cm
S=160v=16+1.8 = 28 8cm
Select @10-25¢m
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4.8 Design of one way solid slab:

Type of slab :

L.x=5.25

Ly=21.7

Ly/Lx = 21.7/5.85 = 3.7>2 — onc way solid slah.

Sﬁfﬁtﬂﬂl g

5 585 7~ 585 P S

Limitation of deflection:
One end continuons — min h=1L/24 = 5.85/24 =0.245

Seleet h =25 cm

L.oads :
For 1m strip
e Dead load :

Self-weight — 25%0.25%1 = 6.25 KN/m
e liveload:—=5 EN/m? x1lm =5 KN/m

Factored load :
o = 1.2XD + L6xL = 1.2 x6.25 + 1.6x5 = 15.5 KN/m*

346
536
55.3
Al 22 LN
44 a4
61
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Design of shear :

d =250-20-6 =224 em

‘t'x":r =¥y

0.75 x E x V24 %1000 %224 > 56.7
137.12 KN > §6.7

OK

Design of moment :

Max positive M, =44 KN.m
420

M= Sasxza 20.6
S 44100 /09 -
kn = T .974 MPA
; j— iy /
| [ 2mA | [ 2*206%0.974
p=—| =i "|_ ||—;:—_‘—J = 0.00124
mi 75 2060 420 J

A5, = 0.0024%*100%22.4=5.38 cm®
Az, =O00TE*E* R =00018%100%25=45c12

Ay reqg = As min
Ok

. ’ » - 1
Seleet 012 /20cem with As ., = 5.65 cm™ > As

Check strain :
T=C
S565*420 =085 *24* 4 *1000 _ a=1l.4em

X=1l1_154cm 7

0 85 Es /
0003 0003.¢ /
134 224 /!

£= 0,047 > 0.005 [
=09 e

OK i




Chapter Four

Design of negative moment ;-
Max Mu negative =553 KN.m . m= 20.6

__55.3-10%,/0.9
1000224+

Kn =1.22MPA

f == ; L]
l 2RI E 22

p=—1- I]_— = |l— - - ;
' 206 ".II 420

i | |i|| i i ) |

R
2mld ‘ 1

Structural Analvaas an

0.003

45, = 0.003*100%22.4= 6,72 cm’ > AS = 4.5 em’ ( OK)

Select 9#12/15 cm with AN, = 7.53 em’ > AS Yoy

Check strain !
=
T53*420 = 0,.85%24%* a *1000 —+a1=15.5¢em

15.5
X= i 18.24 em

0003 0003~

1824 224
£ = (.0338 = 0.D05
=09
(OK)

d Desjun
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4.9 Design ol Footing,
Material :-
—= conerete B3sD Fc' =28 NYmm™

— Reinforcement Stecl Fy =420 N/mm®

l.oad Calculations :-
Dead | wad = 850 Kn , Live Load =175 Kn
Toral services load = 850+ 175 = 1025 Kn

Total Factored load=1.2*850=16%175=1200 Kn

Column Dimensions (a*h) =30%50 ¢m
Soil density = 18 Kafemn3

Allowable Bearing Capacity =300 Kn/m2

LLELT
S

Live lLoad = 5 KN/m2

=
i

(=

1“ f

=1 ;1 1

Fig 4,15 :Foundation Section.

i3]
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Area of Footine:
Assume a=h
1025

=22 500 - —= = =1.43
Seleet a=h=1.5m

e S = 455.56 < gall = 500Kn/m?

Desjon ufFunﬁnE a

I- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of (T e
Column j_m\f'_" T

Assume h =45¢m | har diameter o 16 for main | - |:

reinforcement  and 7.5 ¢m Cover e !

d=450 - 7516 = 359 mm " raa
di2=1795¢m Cotica swtion or _| L
OpU—""" = 577 78Kn /m? — o7y e

Vu =577.78%0 4205+ 5 = 364 44Kn

Lot o A
o
1 i Hot o
e —g.—* (g ah g [
i . ﬁ % " i : J
| T 3 3
.ﬁ_]-".:"—0.?5*3*\.":3’ljilﬁ“ﬂ-zﬂi—-'ll?.zﬁu ! " _24

#IFC=21TIRN = Py = Iad4 44K st e

:.?ﬂ'.ft.'

2- Design of Two Way Shear Strength -

Vi = Py~ g,

IRy =g, *areq of critical section

Fu=1300-327=97 Wn

The punching shear strength is the smallesi value of the following equations:-
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Chapter Foor Structural Analysis and Dosian
b BT
‘f'I _l:'.—[l-l--—vf .Irll_.:’.;
I"r. b’ J :
1 | o o r fEh
o Cog ) M —_— 'H a
i gﬁl;}_-alsd v
: S
gl = Wb
1 :l. Vo
Where:-
Calumn Length ta) s .
= - — =——1.047
Calwmp Wideh (6) i

“ = Perimeler of critical section taken at (d'2) from the loaded area
b =363 6cm

* =40 for interior column

_ 1 = A0 1 RN & =
dF. =g—l1+ —hif hao=2"L *|I+ - *'u 4536440 411 = 1905&n
6 B 6 |~:-1.
L {i o T 075 (40 41E. Nole—- o
B =r,».-—[— ‘|'r boof = -—=-|-— +E]*u‘2ﬂ*]ﬁ44*4]l:;‘.‘m{u’§}r
2\ b, 0d : 12 | 3634 J

oy, =,~ﬁ_l-...“_rl'r;r,.:f= 'q’ * 284 3644%41 1= 18343k
DVe =1834.3 Kn>Vu=1047.2Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column
FR =g, (S2) + L - 328 * (35" 2.0 =541 2ka

Mu = 512.33*%0.5 =256.165Kn.m
My  256.165%10%

Ry F‘J;{ﬁ = 0orz000a1iE = 0-842 Mpa
I O -
U= oesy.  vmsxzd - 2046
1 lq —2mB ) _ 1 f. [ 2x206xn842 _
(1 5 A - 420 | T 208 (1 -._;' 1 120 ) = 0.002048

Azreq — puhad = 0.002048 x2000x41 1 = 1683.4 mm*
Ac i = 0.0018%2000*500 = 1800 1mm>

Acres = Acin = 1800 mm® ... control
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Chapter Four Structural Analysis and Design

Check for Spacing :-
§ = 3h=3*500= 130 mm

§= 330*(%} _2.5%75=192.5 mm
5

S =450 mm
S =430 mm ......... is control

Use 12014 in Both Direction, A= 18463 mm™>A, quivee= 1800 mm’...
Ok

Check for strain:-
o dery _ 1B463x420

TUBShfL D.RSX2000%24

i) 19.0
—EJ-UE— Z2. 36 mm

d- 411-22.36
¢, =0.003 (=) = 0.003 (53¢ ) = 0.0521 > 0.005 ......0k

=19.0mm

Design of Dowels :-

Load I'ransfer In Footing :-

Mfi.l. :
Ay =50"30=0.15 m

A-=200%200=4.0m"

[ = JAT00S = 56> Tuae s,
| A

OPnb = G837, =

£
i .Il 4
Dinbh=065%(0.85=28=227 5% 1) =0603533 R0
Py =60335= Po = 13001 ... ik

-
==

No Need For Dowels

L.oad Transfer In Column :-
GPuh—0.65= (085242275 =301665Kn

OFPr=301665=Pu=13126N ... wk
No Need Far Dowels
As.min = 0.005 * Ac= 0.005 * 650 * 350=1137.5 mml
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{ ‘hapter Tour Structural Analysis and [egion

Use 8016, A, yroigeg= 1607.68 mm*>A, guirea= 600 mm-... Ok

Development Leneth In Foolfing :-

Tension Development Length In Footin

& .
Lely eq :%,. v, el e a00mm

ra kir+ck
A
Y/l 0

, 16 200
Ktr = 0 (Nostripes)ch =75+ S 83mm Orch = T 100 momn

J'.:tr+cb_[}—|—83_

5.19 > 2.5

db 5 :
ktr + cb e

g
Edyiiy = % + 14%% % 1';"':'3 » 16 = 395. 054 mm= W0mm

ey 1.

Tl T aonthble— E{ml:ﬂ =73= 15375 mn
Ldy yewionie= 1575 mm 'P-fd,.eq = 395.054 mm........ OK

Compression Development Length In Footing -

L= S2b 10, ) 043+Fy*dB >200mm
i V24

L-drm—%w =370.4=>0,043*420%18 = 325.1 =200mm

Ldca= 325.1 mm
Lde,vppie= 500 = 75— 16— 16 = 393 mm >Ldg.=325.1 mm ........ Ok

Lap Splice of Dowels In Column :-

Lse — 0.071 «fyxdb = 0.071 420 «18 = 536.76 mm > 300 mm Sclect Lsc =550
(.

it



Chapter Four Structural Analysis nnd Design

4.10: Design of shear wall.

A Dy i
51 R
Elury arid s
B1arya Stams J\. A SHig
)
i
Z || Syl Searyl
Paea
& Base
F.N a ™ ; B

Fiz 4- 14:Muoment and shear dingram ol shear wall

o Material and Scctions:- (From Shear SW 6)

concrete B350 Fc' = 28 N/mm”
Reinforcement Steel Fy =420 N/mm’
Shear Wall Thickness  h=30cm

Shear Wall Width Lw = 6.0 m

Shear Wall Height hw=11.43



{ ‘haptor Four Strneturnl Annlvgiv nnd Degion

Design of shear:

E Py =V =1 R75KN

Design of the Horizontal reinforcement:

The critical Scetion is the smaller of:

ll15‘ I:l.'..} g
_——— vk
i &
hw 1145 s
— = = 5.7 25m
2 2
d=08xw=0Ex6.0=a3m

Mu critical= 3500 KN
5
ﬂv::lmu == IBE\“;E'Thd

=0.75+0.82 + V28 + 300 « 4800 = 4743.3 KN >V, = 1875KN

V. is the smallest of :

1 V.=1/fhd = V28 - 300 = 4800 = 1270 KN ........ Control

o N.d
2~ V.=0.27 [, hd + —— = 0.27V28 + 300 = 4800 + 0 = 2057KN

4E|u‘
_ L(0a/f7 02 H;-j
3—V,=|0.05/F-+ e —ml
v, 2

— 6(D.1\28 + 0)

= [D.05VI8 + 51 200 4800 = 3640 . 55KN

i _t_"”: ﬂ_r_}‘-_ 0 91
¥, 2 1475 2

Vu=1875KN>0.75%1270 = 952.5 KN need reinforcement
Ve + @¥s = Vu

s = u — V¢

—E_ 1270 = 1230

(Lt

¥

V= : —Ve=

vy P23
1.” i ) e = 0,61
oy 42024 ®()




lisipter Four Structura

Minimum shear reinforcementis required:

Take 7 = 0.0025
Avh .

—— = 0025*300 =75
Shimin
A
— =161

Shmin

Try $10 (As=T8.5 mm2) for two layers

A, 2¥I8S
Fo AN ST

Ak Xk
Sh=209mm , $L0GE200 mm

- Maximum spacing is the least of ¢

Aasef T 200 mm in tow laver

Design for Vertical reinforcement:-

t==[0.0025 - 0.5(2.5-12) (222 — 0.0025) | 300

' 13.5% 157
(25-2) (—m_m = uu25)J #2300

g
:, .75

A - |o.0025 +0.5

Select @ 10 in Twe Laver

Zams10° =
Ay = = L57 mm2
’ #

L = 75
B
57_,-= Hﬂgmm

Maximum spacing is the least of -

Ynalvsis

nmd Plesion



ot

Chapter o sructord Analysis nmd Desjon

Lw 6000 =
B B i T s
[ 3

AFh =323 = SO0 mm

450 mm ... Control

Use ¢10/175mm for twe luyers

Design of bending moment ( uniformly distribution flexural

reinforcement)

= (2329 5.+ 157 = 5493mm?
*= 1300, S

ey (i,_]fy _ (5493 -)4?.[1_

== |lo—— ] —=0.06
LR f. \5350+300/ 23 P
Py 4
O
£ W+ o D06+0
_— =0.0712
lw 2w+0.B58, 2=0.06+0.85+0,85
P £
@M_=0|0.54_f.L.(1 LA ——
i [u .'-Lf-} I'I{I. + lq‘-;f].:l( ih.]
=0.9[0.5 = 5493 + 420 « 5350 + (1 + 0){1 — 0.0712)] = 5158.7KN.m

> Mu
not require Bonndary

Scleet @ 10 @ 175mm Jor vertieal reinforeement .



Chapter Four Structural Analyvsis and Design

4.11: Design of basement wall.
C=2cm . [c’=28 mpa . fy =420
Assime Vop = 18 KN/m | = 307
Ky = 1- 5ind0 =0.5
Co=K;*p=h=05% I8 *3.56=32.04 N
MR, -U

57.03*;; ¥ 156 =B, * 356

3.56

=B, =38.02 KN .A,=19.01 KN

1901 3802
¥ BShe=y

3R.02%y =49.88 — 19.01 *¥

-y =0.875

MR, =10

Mo, = 19,01 #1875 = 15.63 KN.m
Milyey = LE ¥ My =25 EN.id
Vitpue= 1.6 * Vs = 60832 KN

Ax LDT— y —w"mj

3.56

57.03 \
]
'-IIH

l‘..'
J)r
| \ A
7% Co=32:04 3802

Bx

Desien of vertical of lension face :

Rectangular seetion = b= 1000 em , d= 200-20-14=166cm
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Clapter Four Structural Analyvsis and Desizn

oy W0 o
i FelsDRE (ES=2H ATt
234105 /9
kn —mnmmz—u.'}'ﬂ'?
[ [ 3wt | 1 (. | Z2=00e07*176S |
:r-L 1= |1 = | = | - 'I]—— e b [ [ 2
Il \, |47 LT3 \ 4240

Ay = 0.0022 # 100% 20 =4.4 em’*/m
Asigy =1.0012 *100*25=3 cm®

AEL‘I.'ft = ASpin
Select G110 /7.5 em —=Asyge = 451> Asiyg

vertical reinforcement of compression side
ASpq = 0.0012 * 100 * 20 = 2.4 ¢m’/m

Select O10 / 20 em = ASprer = 395 cm® > AS o= 2.4 em’

Horirontal reinforcement :-

Aspeq = 0.002 % 100 = 20 =4 em*/m ( bath side]

One side ;

1 3 -
S=2em/em cclect ¢8/20 em with As = 2.5 m’

16
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Appendix (A)
Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

[his appendix is an attachment with this project
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Appendix (C)

TABLE ©.5(a)—MI

NIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

|

Minimum thickness, h

——

idamsiy W, » 2320 ko
fianz. the values shall be modiied a5
1440-1020 kg'm?,
[ess than 1.09

b For 4, other

valtes shatl

MINIMUM THI

WAY SLABS UNLESS DEFLECTI(

21

- | Simp Ore end l Both ends ]
SUppQ ed_l_cmtmunus | confinuaus | Cantilever
Merrbers not supporting o attached to partitions ar
ather construction liely 1o be damaged by large
Member | deflections.
Solid one- ' |
_wayslabs | €120 | LA g8 | EM0
Beams or ] |
ribbed one- |
e | ams | tnes | em | €°
Minies:
Valime given shai be used dimctly for mambers with pormolwsight concrete

i) and Grade 220 reinfnosT

follows
a1 For stuctural lightweight conenste having Unil
be muitiphed by [1.65 — 0.508w, ) but nat

than 420 MPa, the values shal b= multtiplied by 0.4+ 7, 7001

wnt Eor otfver condi-
=

density. w., I the ange

CKNESS OF NONPRESTRESSED BEAMS OR

INS ARE CALCULATED)-ONE
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TABLE 9.515)— WAXUM PERMISSIBLE COMPUTED DEFLECTIONS

Typee of mermaet Deflackin 1 berconsrdensd Defection fritafior
Pl ook il seppeirg cf leched o o | el Sefackicr e 19 g oad L .
st dhemente leety | be detraged oy LA
fare deflect s =
Floas rat supportig or sitached tononire Tmmecialz deflecion te %o ivooed L
] ehemanks Toely ' be cameaged by ‘g hl
e
Bt o Toor conshriclon o Thae! purtof the ] deflection tecshma ot
gychied 1 ek et stinets i 10 06 ot eyl dlemsnts (um ol Lar
dameged by i deflechons & I oecHem defiaon cya o o sstaned
Rl wr flocr ansimuckon Sapnaring o m&wm“'ﬂ
atachidt cestchateemerts nal ek o | L2
_I:u'aupcl:p arge Eferang

Lol infeced e stfoguaed 2o pendn o b chwekad Ty, At cabuaners of dllchun, moiiding ke delbatons due 2 covded
mtf.rdmrgwenﬁﬂdmm W.memwm

§ Lo o shal e e v accoete €650 USIL, D iy b ety s ofdefecion il 1 o ikt fcs
Mdmnmmmmﬁdhﬂwlwhﬂw enpmeesn il et b kst of manbe dm
qhmmm

$ Limi oy smavtgdld { 2t s Bt ik o prven! dunags aupoerted o nibtid Ssters

Luntﬂgg;i Wt b oy o sl et il my b e bt 1 i 3 S 7 dafection s carr

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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