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SHEAR WALLS

PERCENTAGE & CALCULATIONS

: 150,00 m?
: 180,00 m?

Ground Floor Area
First Floor Area

Since first floor area is greater than the ground floor areaq, it is
the critical one. Thus, the area of first floor should be utilized
during shear wall percentage calculations.

X DIRECTION

Area of Shear Walls on X Direction
[(2,1x4)+(2,8x3)+(3,8x2)+(4,8x2)+(3,2x1)] x 0,3 = 11,16 m?
Ratio of Shear Wall Area to Floor Area on X Direction

11,16 /180,00 = 0,062 — 6,2%

Y DIRECTION

Area of Shear Walls on Y Direction
32x2x0,3=1,92 m?

Ratio of Shear Wall Area to Floor Area on Y Direction
1,92 /180,00 =0,0106 — 1,1 %

Shear wall cross sectional areas should be minimum 1% of the
plan area in both directions.

6,2% > 1%
1,1% > 1%

So, total shear wall cross sectional
area is within acceptable range.



GEOMETRIC CENTER
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CALCULATIONS

Since the plan has a simple geometry, it can be easily
understood that geometric center is (5, 7.5). However, the
detailed calculations are as follows:

A =45x10=45m2 A =35x10=35m’
A;=3,5x10 = 35m? A,=35x10 = 35m?

X DIRECTION

(A x X)) + (Agx Xo) + (AgxXg) + (AyxX,)

C pr—

X A+ A+ A A,
c 5(A +A,+A +A,)

X A+ A+ A+ A,
Cox = 5m

Y DIRECTION

(A xyq) + (Ayxyy) + (Agxyg) + (Ayxyy)

C p—
e A A A TA,
. _[45x2.25) +(35x6,25) +(35x9,75)+(35x13,25)
o 45 + 35+ 35 + 35
_ 1125 o,
GY ]50 B -~ m . ( CGX ’ CGY) = (5' 75 )



STIFFNESS CENTER
CALCULATIONS

C 2 Ii . |i
GX,Y —
> 1
@ %) @ - | =1/12xbxh3
1000 |SW]/5/8/]O - ]/]2XO,3X(2,])3:O,23 m4
' | = 1/12x0,3x(2,8) 3= 0,54 m#
. i6 SW2,11,12
|SW4,6 :]/]2X0,3X(3,8)3:],37m4
- o w3 w7 0 —1/12x0,3x(4,8)3= 2,76 m*
@ 30x 210cm _ 30x 280cr 30x 320cm C lswiz 143 = 1/12x0,3x(3,2)3= 0,81 m*
o o X DIRECTION
Yo Yol
® | sw4 SW5 m Cox = (X]x|]3|)++$X2X|]4)
30x 380cm 30x 210cm 1134
O, T —— N ~ (&) Co = —10x276) +(10x2,7¢)
3 é Q 2,76 +2,76
© | SWé SW7 %g ® Coy = 27,6 — 5
e 30x 380 cm 30x 480cm Qv m. @ 5,52
o
= £ ’ ’ Y DIRECTION
o o o
S (I | 3 co = nl lg 1)1+ Tyolg +17)1+ [yally+1s)]+ [yg (b +15+15)]
Q s S 30x 210cm 30x 480 cm O > (I +ly +lg+l s+l lg+lo+1 g+l 15 )
- ~ — H— ~ D
- = | | co_ (45x299)+ (8x4,13)+ (11,5x1,6)+ (15x1,58
' ST (0,23x4)+(0,54x3)+(1,37x2)+(2,76x2)+(0,81x1)
3 3 4
N N Y1Y2 Y3 Y4 CSY - 88,6 — 7,63 m
SW10 SWIT SW12 11,61
O 30x 210cm ||[30x 280 B0 x 280 cm ' (Cox,Cqy) = (5,7.63)
N (R I @
(0,0): GEOMETRIC & STIFFNESS CENTERS CHECK
! 350 250 400 _
i X 0955 Y <105 0,95<_250 <1,05
Ysc /7,63

@ 0,95= 1,01 =1,05



SLAB SYSTEM

SELECTION & THICKNESS CALCULATIONS
CP 100()(? C? STEP II: Calculation of slab thicknesses
600 } 400 }

3,9 % (1-0,81/4)

]5+A

6 / 3/5
3,5
5101

R S| — 26,69

ts101 20,104 m = 10,40 cm

2

ts101

350

v

x (0,80)

Selected slab type is solid slab with
beams. Since, |, / |, £ 2. Then two way
solid slab system should be utilised. ===

ALCULATION STEP 8
STEP | B fs108 2 : x (1-0,76/4)
(o) — — 20

D . d . 'F h .y | ]5 + -

|eLermme edge ratio (a) for each critica 45/ 4
SIdp. o

2 _ _ 4
3 length of continuous slab edges ‘ | ’ ‘ fs108 2 x(0,81)
a= 32,77
> length of all edges O—— ‘FE;E—

ts108 20,0972 m = 9,72 cm

STEP Il

By using d VG.h.Je' calculate slab thickness STEP I: Determining a Values STEP llI: Determining slab thickness

(t) for each critical slab A _ o1 2

t = : x (1- a/4) > Since the most critical slab is STO1,
20 _ 6+ 35 +6 _ 15,56 )

15 4 —5— Usi01 416135135 19 Slab thickness should be larger than

|,/ | B ' ' 10,40 cm.

t=8 cm, Osio1 = O, 81

t 2.1 /30, t=1/10 (for cantilever slabs) _

Acog = 18 m? So,t=11cm
STEP Il N 44+ 4,5 4+4,5 _ 13
Comparing found thicknesses, decide the >108 4+4+45+45 17

slab thickness. Os108 = 0,76



COLUMN DIMENSIONS

TRIBUTARY AREA & MINIMUM COLUMN AREA CALCULATIONS

TRIBUTARY AREA

Column 2B is selected since it is the column which
have the largest tributary area.

Tributary Area = 5,00 x 3,50 = 17, 50 m?

-l T

i 600 ‘ 400

Total Load (N) :
(Ng) = (16600 x 3) + 12404 + 11018
(N,) = 73222 kg

N 73227
Ac > . Ac >
0,75 x 14 0,75x 130
Ac 2 750,99 cm?

LOADS
Dead Load of Solid Slabs .
Own Weight: 0,110x2,4 = 0,26 t/m?

Leveling: 0,040x2,4 = 0,09 t/m?2 Load for Slabs:
Covering:  0,025x2,0=005t/m? | gzt 2
_ 0,45 t/m

Plastering: 0,020x2,0 = 0,04 t/m?

Live Load:
0.2 t/m? for residential buildings

Total load: 0,45x 1,4+ 0,2x 1,6 =0,95 1/m?

Slab Load on the Tributary Area:
Load x tributary area=0,95x17,5=16,6 1

Dead Load of Walls.
Wall Load: 450 kg/m?2 =0,45 t/m?2
Floor-to-Floor Height: 3,2 m & Assumed Beam Depth: 450 /12,5 = 0,36 m

To be on the safe side, a greater beam depth than 0,36 is chosen. (0,48 m)
Wall Height: 3,2 - 0,48 = 2,72 m

Wall Load on the Tributary Area for Ground Floor:

[(wall height x wall length) — (door height x door length)] x wall load
[(2,72 x 8,05) — (2,2x1)] x0,45 = 8,86 1

Wall Load x Load Factor: 8,86 x 1,4 = 12,404 t = 12404 kg

Wall Load on the Tributary Area for First Floor:

[(wall height x wall length) — (door height x door length)] x wall load
[(2,72 x8,05) —(2,2x1x2)]x0,45 = 7,87 t
Wall Load x Load Factor: 7,87 x 1,4 = 11,0181 = 11018 kg 30 em

SL: 16600kg 1 f111018 kg o em

: Column cross section area should be larger
. | | g
SL: 16600 kg WL:{{12404 kg than 750 cm? To be on the safe side
SL: 16600 K | columns dimensions are chosen as 30 x 30
i cm with a cross section area of 200 cm?.




BEAM ANALYSIS

LOAD TRANSFERS

P, = (Dead Load x Load Factor) + (Live Load x Load Factor)
P,=(0,45x1,4) + (0,2x 1,6)
Py =0,95 t/m=

The beam on axis 2 is selected to be analyzed
since it has the least amount of shear walls. Span

length is also taken into consideration during P.—P. =P P = P, =P
selection. ] 2 2 ¥ CE T8
CP mof? @ Floor-to-Floor Height: 3,2 m & Assumed Beam Depth: 450/ 12,5 £ 0,48m
i — } 400 ’ Wall Height: 3,2 - 0,48 = 2,72 m
Dist. Wall Load on Beam = Wall Height x Wall Load x Dead Load Factor
=2,72x0,45x 1,4
i =1,711/m
N Beam’s Own Weight (W,) = Volume of beam x 2,4 x Dead Load Factor
Wb (A-B , B-C ,C-D) - 0,48 X 0,30 X 3,5 X 2,4 X ],4 = 1,69 t
Wb (A-B , B-C ,C-D) / 3,5 — 0,48 f/m
W, 0.5 =0,48x0,30x4,5x2,4x1,4 =2,171
Wb (D-E)/ 4,5 — 0,48 f/m

Loads on Beams 2 A-B, 2 B-Cand 2 C-D
P]:P2: P3:P4 — P5 = Pé = 0,95 X 3:5 = -I,-IO 'I'/m
3
So, loads on Beams 2A-B, 2B-C, 2C-D are all equal and 1,10 t/m.
P,+ P, + Wall Load + Beam’s Own Weight
1,104+ 1,10 +1,71 + 0,48 = 4,39 t/m

Loads on Beam 2 D-E
o| ey Kl pp x Ly, x[1,5— 05 ] P7=095x40x(1,5-05 ] e tEaaxlla L el
3 Tone/ Lo’ 3o W o
long’ “short P7 _ ]: 39 ,r/m PB — '|’ 06 Jr/m
Equivalent Uni So, loads on Beam 2D-E is:
Dist. Load §P:Pd X Lohort P, + Pg + Wall Load + Beam’s Own Weight
3 1,39 + 1,06 + 1,71 + 0,48 = 4,64 t/m




BEAM ANALY SIS
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MOMENT OF INERTIA & LOAD DISTRIBUTION FACTORS IA

9?

SW3
30x|320cm

|

SW5
30x 210cm

—®

350

|
®

30x 320cm
350

|
©

SW14

350

SWP

SWi2

®
| = 1/12xb x h®

= 1/12 x (0,30) x (0,48)3 = 2,76 x 10-3 m*

= 1/12 x (0,30) x (0,30)3 = 6,75 x 104 m*
= 1/12 x (2,80) x (0,30)3 = 6,30 x 103 m*
= 1/12 x (4,80) x (0,30)3 = 0,0108 m*

- |becmED/L1
By =
leamen / L1+ lswi1 7/ Ls + lswiy / Ls
B 2,76 x 103/ 4,5)
Rep =

(2,76 x 103/ 4,5) + (6,30 x 103/3,2)x 2+ (6,30 x 103/3,2)
RED = 0,]3

R IbeamED/ L]
DE =
leomep 7 L1+ lheampc/ Lot lswo / Ls + lswo / L 5
’ 2,76 x103/4,5
P (2,76x10%/4,5)+(2,76x10/3,5)+(0,0108/3,2)+ (0,0108/3,2)
Roe = 0,075
R .. = IbecmDC/L2
DC
lheamen / L1+ lbeampc/ Lot lswo 7/ Ls + lswo / L s
- (2,76 x 10 /3,5)
DC =
(2,76x10-3/4,5)+(2,76x10 /3,5)+(0,0108/3,2)+ (0,0108/3,2)
RDC — 0,096
R - IbeomDC/LZ
<P leampc/ Lot lbeomes/ Lat lswz / Ls+ lswz / L s
(2,76 x 103 /3,5)
Rep =

(2,76 x 10 /3,5)+(2,76 x 103 /3,5)+(0,0108/3,2)+(0,0108/3,2)

RCD = 0,094



BEAM ANALY SIS

MOMENT OF INERTIA & LOAD DISTRIBUTION FACTORS IB

(? (? ﬁ) R — IbeomCB/ L3
| 1000 , b lbeampc / Lot lpeames/ La+ lsw7 / Ls+ lsw7 / Ls

(2,76 x10-3/3,5)

SW1 SW2 SW3 R —
B — & B (2,76 x103/3,5)+(2,76 x103/3,5)+(0,0108/3,2) + (0,0108/3,2)
S RCB = 0,094
o o E—h o R _ IbeomCB/ L3
§ % § BE |be0mCB/ L3+ IbeomBA/ I‘4 + IcolBZ/ I‘5 = |co||32/ L5
(i, = S — 0 . (2,76 x10-3/3,5)
g 3 2 BC (2,76 x103/3,5)+(2,76 x10:3/3,5)+(6,75 x 104/3,2)x(6,75 x 104/3,2)
G)— 38 —®  Rec=0,094
§ RBA = IbeomBA/ I-4
: - : |beomCB/ L3+ IbeomBA/ L4 + IcoIBQ/ I"5 + |co132/ L5
. (2,76 x103/3,5)
BA T (2,76 x103/3,5)+(2,76 x103/3,5)+(6,75 x 104/3,2)x(6,75 x 104/3,2)
RBA = 0,094
= 1/12x bx h?
| L
oo = 1/12x(0,30) x (0,48)% = 2,76 x 103 m* Rag = beamga/ L4
leamea/ Lat lswa / Ls+ lswa / Ls
| oiB2 = 1/12 x (0,30) x (0,30)3 = 6,75 x 10*m* - (2,76 x 103/ 3,5)
AB T
lswa sswin = 1/12x(2,80) x (0,30)° = 6,30 x 10> m* (2,76 x 103/ 3,5) + (6,30 x 10-3/3,2)+ (6,30 x 103/3,2)

lsw7  swo = 1/12 x (4,80) x (0,30)° = 0,0108 m* R =0,16



TWO CYCLE METHOD |

AN NN e e 0 S ¥ o "t
4,64 x (4,5) 2
FEMep = ) B YT
12
W, = 4,64 t/m W, =W3; =W, =4,B9 t/m 2
FEMDC — FEMCB = FEMBA = 4!39 X (3’5) - 4’48 f.m
VWY WVWYWYWY i \L ¢ v¢ \LL 12
-cE . D N c o B N A
¥ = | = 2
L= 4,50 m LL=350m | 3=3,50m | L,=3,50m MmidsponED = 4,64 x (4,9) = 3,91 t.m
24
AN B N NN NN N
Mmidspon CB,BA,.DC = 4,39 x (4'5) i = 2.24 :m
24
N r |93 0,075|0,096 0,094(0,094 0,094|0,094 0,16
Ci - )FEM | 7,83 7,83|4,48 -4,48|4,48 -4,48|4,48 -4,48 K,y = b, x (d)? __30x(d)?
1t Cycle | 0,12 -0,50(0 0,16/ 0 g 0,35 0 Mo 805000
Ko = 0,025 W= 30 cm
¥ |7,95 -8,3314,48 -4,32(4,48 -4,48|4,83 -4,48 M__ =8,05 tm = 805000 kg.cm
2nd Cycle | -1,03 0,2810,36 -0,010,01 -0,03}0,03 0,71 d = 125,90 em; = d + 5 (clear cover) So, h = 30,90 cm
¥|6,92 -8,054,84 -4,38 |4,47 -4,51|4,60 -3,77 Beam depth found as the result of first two cycle method

was 18,50 cm. The second two cycle method gives the
depth as 30,90 cm. Since beam depth should be as three
times larger than slab thickness (3 x 11), the beam depth

0,01 + (-0,03) = 40,01 is selected as 35 cm.

3;92 + ("0122) = 0,34 2 4 26
2 015 + (-0,36) = -Q,10 071 + (-0,32) = ,19

2 2 2,43
448 448448 4 48V4 48 4 48\ ( \’./ 3,77)l
7,83 7,83 \(4,84) (4,33)\(4,47) (4,51) (4,80) (3,77) 484 43

(6,92) (8,05) 4,47

Lot oLt

8,05
0,91 022 0,36 0151001 0031032 0,71




BEAM ANALYSIS

LOAD TRANSFERS
P:Pd I_ .|, - /
The beam on axis B is selected to be analyzed X_sémd‘x[ > 0 O/5|_ 2 |
since it has the least amount of shear walls. Span B long © “short
length is also taken into consideration during Pg = (DLx1,4) + (LLx1,6)
selection. P,=1(0,45x1,4) + (0,2 x1,6)
? ? ? Pd = 0,95 1'/m 2
! 1000 | !
\ 600 } 400 ‘ Wall Load = wall height x 0,45 x 1,4
- - - =2,72x0,45x 1,4
=1,711/m
Beam’s Own Weight = Volume x 2,4 x Dead Load Factor
Wy 12 =0,48x0,30x6x 2,4x1,4=2,90+
Wy /6 = 0,48 t/m
Wy, 2.3 =0,48x0,30x4x 2,4x1,4=1,93t
Wi o3/ 4 = 0,48 t/m

Loads on Beam B1-2
P,=P,=095x35 x[1,5-_05 ]
3 (6/3,5)?
=1, 47 t/m
So, load on Beam B1-2 are:
1,47 + 1,47 +1,71 + 0,48= 5,13 t/m

350 250 400

Loads on Beam B2-3

© OO © P,=P;,=095x 35 x[1,5-_0,5 ]
3 (4/3,5)?
=1,23t/m
@Equivolen’rUni. So, loads on Beam B2-3 are:
Dist. Load P, + P, . Wall Load + Beam’s Own Weight
P=P, x L 1,5- 0,5 2+ T2y J
> % b X (LT)]Q 1,23 + 1,23 + 1,71 + 0,48 = 4,65 t/m
gﬁ long” “short



BEAM ANALYSIS

MOMENT OF INERTIA & LOAD DISTRIBUTION FACTORS |
| R

} 600 400 R12 =0
SW1 SW2 - SW3,
: 30x 210cm 30x 280¢ 30x (320 cm
& ‘S 1 ‘ p 5 ‘ & R.. — lbeom12/ L]
Ocm 21 —
O— — — " T e O, lheam12/ L1+ Theamas/ Lot leoma/ L + 1oz / L 3
2 | | 5 8
| :53\(/)\/3 380cm | g\(/)\lz 480 cm %é R — 2'76 X ]O-S/ 2’2
g8 . — T @ 21 (2,76 x 103/ 2,2)+(2,76 x 103/1,90)+ (6,75 x 104 /3,2)+(6,75 x 104 /3,2)
® ‘2% swe (SW9 ‘ @
Z ol 30x 210cm 30x 480 cm
O — . i ® R, =040
SW10 W11 SWI2
30x 210cm 0x 280 crr 30x/(280 cm | / |_
(:)—_"_ ' — ‘ (:) beam?23 2
Ros =
3 30 \ &0 40 i lbeom23/ L2 + lbeom]Q/ L]+ IcolBQ/ L3 + |colBZ/ L3

® © © (2,76 x 103/1,9)

_ 3 Ryg =
= 1/12xbxh B ,76x103/1,9)+ (2,76 x 109 2,2)+(6,75104/3,2)+ (6,75104/3,2)

— 1/12 x (0,30) x (0,48)% = 2,76 x 10 m*

Ibeom

g2 = 1/12x(0,30) x (0,30) = 6,75 x 104 m* Rys = 0,46

R3; = 0



TWO CYCLE METHOD I

ANNN
L,_3,20 m = W, ()2 = T 2212 =
; FEM]Q _ FEMQ] 1X( 1) 5/ 3 X( / ) 2,06 f.m
W 5131/ " 12
1= 9 m W, = 4,65 t/m
/ 2 =% % = W, L)’ = 465x(1,9)2 — 139
/| FEM.. = FEM 1 X\ ’ ’ =1, .m
; J{ L | | | | | J{ 23 32 12 5
;1 2 3
/ L, 2,20 m L,_1,90m Wy (L;)? =  5,13x(2,2)2
Mmids anl2 — ]X( ]) X( ) = ],03 f.m
’ 24 24
<=
M . _ W2X(L2)2 = 4/65 X (] /9) 2 — O 69 tm
- lo 0,40 | 0,46 0 mspanZS T 24 24
r+>FEM26 2,06| 1,39 1,39
o~ 0 2,061 1,3 il ¢ __ byld? _30x(d)?
15" Cycle | 0,13 0|0 0,15 0 M. o 219000
212,19 -2,06( 1,39 -1,24
20d Cycle| 0 0,26]0,30 0 Ko = 0,025 b,=30cm
o oo Mug =2,19 tm = 219000 kg.cm h 2 3 x slab thickness (1)
512,19 -1,80} 1,69 -1,24 d=13,50cm, h = 13,50 + 5 (clear cover),
h=18,50 cm
0,26 + (-0,13) = 0,06 | 0,15 + (-0,30) = -0,07 1,09 As this condition should

2 2 0,67 be fulfilled, h should at
/T\ /\ /\ least be larger than 33
| / - \ / \ cm (11 x 3).
1,24

As another beam depth

1,39 1,39 1,69 will be calculated via the
é,?g) 2,06 (1:69) (1.24) 1,80 second two cycle
, (1,80) l T method, beam depth will
l T 10.30 o5 | o be decided afterwards.

-0,13 + 0,26



