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SYMMETRY HOUSE

Concept of design is based on symmetry or basicly on symmetric areas.Symmetry creates bal-
ance, and balance in design creates harmony, order, and aesthetically pleasing results. It is
found everywhere in nature, and is probably why we find it to be so beautiful.Here; reflection
symmetry type was selected to be used on concept stage.

For the design, it can be seen that main areas created according to reflection symmetry, both
on the ground floor and the first floor.

DIAGRAM OF FIRST CONCEPTUAL STAGE
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FLOOR PLANS
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SECTIONS
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STRUCTURAL SYSTEM
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Since the plan is symmetric in both directions, it can be easily
seen that the geometric center of a plan is (8m;10m).

However; it can also be determined by using following
calculations.

E Ai . lx
GEOMETRIC CENTER Xm=
Al: 6x10 = 60 2 A,
A2: 4x10=40
A3: 10x10=100 S A
A4: 6x10=60 .
AS5: 6x10=60 Y,,= —
" 2 A,
X DIRECTION
X = (X + (A X) AL X) +(Ag X) +A; X)
m A+ Ayt Azt At A

X =(60.3) +(40.8) + (100.5) +(60.13) + (60.13) =8m

60+40+100+60+60
Y DIRECTION
Y = (AL Y) + (A, Yz) +(A3. Ya) + (A4. Y4) + (As. Y5)
" At Ayt Agt Ag Ag

Y = (60.5) + (40.5) + (100.15) + (60.15) + (60.5) =10m
60+40+100+60+60
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STRUCTURAL SYSTEM

STIFFNESS CENTER
= = = — 3
1 = =1/12.025.(4)=133m [=1/12.b.h
2 3 4
= = = E I i ]-x
4m 2m . 4m 2m.  4m SW3 s 1/12.030.(6)=54m Xg= > 1.
6m - 4m . 6m | =1/12.0,25.(6)=4,5m
SW?2 | SW5 o I .1
- . Y. =
A - n —— A 5 1.
X DIRECTION i
E SWa E X s= (Iswa- X1)+(ISW4 XZ)
ISW3-I- ISW4
B 2 A3 - A4 - B
= = XS= (5,4 . 6)+(5,4 . 10) =8m
0 Lo 5,4+5,4
S(8;10) SW5
¢ " - e ¢ YDIRECTION
S £
1o 0 Y.= (sw1Y )+(lswo.Y )+(lswsY )
D n Al A2 m A5 n D ISW1+ Isw2+ Isws
£ SW3 £ Y= (0. 1,33) +(20.1,33)+(10.4,5) =10m
1,33+1,33+4,5
E — . " E Eccentricity
| SW1 | _ |_
e =(8-8 |F0< %5
Am 2m . 4m .2m  4m Stiffness center is (8m;10m). X | 5 ’
Since geometric center is also
6 : - 6 - _ _
| m | am | m | (8m;10m), shear walls are in €= |10 - 10 =0 < %5
1 2 3 4 right direction and distance in 2

both axis.
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STRUCTURAL SYSTEM

1 2 3 A
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6m 4m 6m
1 2 3 ! 4

5m

5m

5m

5m

SHEAR WALL PERCENTAGE

Area of the footprint of shear walls on XY axis > 1%
Floor Area

AREA OF GROUND FLOOR

A1l:60 m2 Since both ground floor and first
A2: 40 m?2 floor have same areas, area of
A3:100 m2 ground floor is used to calculate the

A4:60 m2 percentage of shear walls.
A5: 60 m?

Total Area of Ground Floor; 320 m?

Area of shear walls on Y direction : 0,25 .4 .2 =2 m2

0,25.6 =1,5m?2

3,5/320=0,01 1%

Area of shear walls on X direction : 0,30.6.2=3,6 m

3,6/320=0,01125 1,125%

Shear wall cross sectional areas should be minimum 1%

of the plan area in both directions.




SLAB SYSTEM

SELECTION AND THICKNESS CALCULATION

1 2 '3 4
| | Since all slabs meet the condition of two way solid slabby L/ L <2;
4m 2m >\ 4m .2m.  4m . . " s
Two way solid slab is selected as a slab system.
6m 4m b 6m
a = 2 length of all continuous slab edges
E $110 S111 S112 E Y length of all edges
= = B t > Ls . (1 - a/ 4)
15+ 20
£ §107 | |S108 | S109 E L /Ls
" - : - —C
%101 - 26:65+5) = 05 ts100= 5 (1-0,5/4)
E S104 $105 S106 E - 15+20
o a = 4545 =077 6/
s . . D 2 .(4+5) t >13,8
5101
£ £
> S101 S102 S103 o o = 4+5+5+4 = 1 too,= 4 (1-0,77/4)
2105772 (4+5) 15+20
| | ] |} E —_—
5/4
6m " am 6m Slab thickness is selected as
| | | 15 cm. tg105= 4 (1-1/4)
1 2 3 4 15+20
5/4
t >9,7
5105
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COLUMN DIMENSION
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DESIGN LOADS

DEAD LOAD OF SOLID SLABS

Own Weight : 0,15x2,4=0,36t/m 2
Levelling :0,04x2,4=0,096t/m >
Covering :0,025x2,0=0,05 t/m ,
Plastering  :0,020x2,0 =0,04 t/m >

0,546 t/m?

LIVE LOAD
0,2t/m for residential buildings

TOTAL LOAD : (0,2 x 1,6) + (0,546 x 1,4) =1, 084 t/m>

5m

5m

5m

5m

Column 2B is selected for calculation of dimension, since it has the
largest tributary area.

TRIBUTARY AREA = (3+2) x (2,5+2,5) =25 m?

SLAB LOAD ON TRIBUTARY AREA
Load x Tributary Area=1,084 x 25=27,1t
WALL LOAD ON TRIBUTARY AREA

1,4 x 0,15 x Tributary Area=1,4x0,15x25=5,251

The column cross section area (Ac)
should satisfy following requirements:

The smallest dimension of a rectangular column
section shall not be less than 30 cm. (TEC 2018 -
7.3.1.1).

Slab Load: 27,1t

A > Ng

c /m( Wall Load: 5,25t

Slab Load: 27,1t

A >59450
 0,40.200

A ¢ 743,125cm

TOTAL: 59,45

According to solutions minimum allowable

_ 30cm
area of column is 743,125 cm, and the
allowable dimension of a rectangular column 30
can not be less than 30 cm according to TEC cm
2018; column dimensions are selected as
column

30cm x 30cm.



BEAM ANALYSIS

The beam on axis 2 is selected to be analyzed since it has

the least amount of shear walls.

1 2
4m 2m 4m
6m 4m
A [ =
= W1l W5
Tp]
B n n
e W2 W6
To)
C [ ]
= W3 W7
To)
D ]
e W4 W8
Te)
E e
4m 2m 4m
6m 4m
1 2

2m 4 m
6m

| | | |
| | | |
2m 4m
6m
3 4

5m

5m

5m

5m

F
;
d

In order to analyze the load transfer of structures on beam, first we have
to know the design load of slab, walls and beam’s own weight. According
to TS 500 - TEC 2018 codes ,we know that wall load is 0.15 t/m per square
meter. We can find loads by adding wall load with slab load as follows;

((Wall load+Dead Load of slab )x Load Factor) + (Live Load x Load Factor)
((0,15+0,546)x 1,4) + (0,2 x 1,6)
1,3t/m

TwO-WAY SOLID SLAB
W1=W2=W3=W4 A 3
W1,2,34 =1,3x5/3 <« T T t !
W 1,2,3,4 =2,17 t/m

>

IS
<« >
_ | i I\l
v v v
< | >
W5=W6=W7=W8

W 567513 x4/3x (1,5 - 0,5/(5/4) .
W =2,04 t/m -
5,6,7,8 £ o,

— | — —— | —»
s

~

For long span:

W=del;’><(1-5'ﬁ})i:)
ls

For short span:
BEAM’S OWN WEIGHT (Wb) w= Pq x’;‘
Wb= Volume of member x unit of materials x Dead Load Factor
Wb= (5x0,50x0,25) x2,4x1,4=2,1t
% =2,1/5
Wp=0,42t/m

Beam’s own weight is ommitted.

Beam AB=2,17 +2,04 = 4,21 t/m
Beam BC=2,17+2,04 =4,21 t/m
Beam CD=2,17 + 2,04 = 4,21 t/m
Beam DE=2,17 +2,04 = 4,21 t/m
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BEAM ANALYSIS

1 2 3 4
4m 2m - 4m 2m 4m
6m 4m 6m
| | | |
e W1 W5
[Te]
- n
e W2 W6
[Te]
[ | [ | |
c W3 W7
Lo
| | | ]
= wal ws
Tp]
.| L |
4m 2m 4m 4m
6m 4m
1 2 3
Moment of Inertia
1=1/12 xb x h?

lbearn = 0,25 x (O, 50) °/ 12 = 0,0026m"

leotumn= 0,30 x (0,3) °/12 = 0,000675 m*
lguza = 0,30 X (6) /12 = 54 m’
w12 = 0,25 X (4) /12 = 1,33m*

l,. =0,25x (6)°/12 =4,5m*

5m

5m

5m

5m

In order to find load distribution factors we have to know moment of
inertia of beam, column and shear wall.

To find beam’s moment of inertia we should know the beam depth.

According to design beam depth is chosen as 50 cm. However; it can
also be determined by using average beam depth which is;

Longest beam is 600 cm so;

Average beam depth : longest span /12,5

Average beam depth: 600 /12,5 =48 cm

C Load Distribution Factor

I = (Iij/l‘ij)/ 2. (Iij/Lij)

Me™ (0,0026/5 )/ ((0,0026/5) + 2x(0,000675/4)) =0,6

r,,= (0,0026/5 ) / (2x (0,0026/5)+2x(0,000675/4)) =0,38

ch= (0,0026/5 ) / (2x (0,0026/5)+2x(0,000675/4)) =0,38
= (0,0026/5) / (2x (0,0026/5)+2x(0,000675/4)) =0,38

ﬂﬂﬂﬂ
2 3

Sn ™ On S
ooo

Fixed End Moments

FEM-421x5x1/12 8,77 tm
FEI\/I-421x5x1/12 8,77 tm
FEIVICD 4,21 x5% 1/12 = 8,77 tm

FEM,= 0

= (0,0026/5 ) / (2x (0,0026/5)+2x(0,000675/4))=0,38

Mid Span Moment

M, = 4,21 x 5% 1/24 =4,38tm
|v| 4,21 x5$x 1/24 =4,38tm
|v| 4,21 x 5 1/24 =4,38tm
|\/|DE 0
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BEAM ANALYSIS

.
0
I L1 0,38 0,38 0,38 | 0,38
8,77 -8,77 | 8,77 -8,77 | 8,77 8,77
1st
8 0 2,630 o] o 0
8,77 -11,4 | 8,77 -8,77 | 8,77 -8,77
2nd o6 1|1 olo 0
3,51 -10,4 19,77 -8,77 18,77 -8,77
Kn= 250 mm% KN
BEAM DEPTH 0 2
Kg= 25 cm /t
2 b,= 25 cm
Ko= bux d M = 10,4
Mmax ding to buildi lations b
25 = 25 x d2 According to building regu.atlons eam
1040 depth can not be three times smaller
_ than the slab thickness. Thus, the
d=32,25 beam depth > 45 cm. The beam depth

h =32,25 + 5=37,25 cM ¢hosen as 50 cm.

4,38 4,38 4,38
8,77 -8,771 8,77 -8,77 8,77 -8,77
+1T815 -0i5 —
|3,51 -10,4 19,77 -8,77 8,77 -8,77
(+5,26) (-1,63) (-1)
MOMENT DIAGRAM
6,195
4,38
388
| l
3,51 -8,77 18,77 -8,77
9,77
-10,4
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BEAM ANALYSIS

In order to analyze the load transfer of structures on beam, first we have
1 2 3 4 to know the design load of slab, walls and beam’s own weight. According
to TS 500 - TEC 2018 codes ,we know that wall load is 0.15 t/m per square

2m 2 4
am " am " " meter. We can find loads by adding wall load with slab load as follows;
6m - 4m - 6m
A - " — A Pd= ((Wall load+Dead Load of slab )x Load Factor) + (Live Load x Load Factor)
P,=((0,15+0,546)x 1,4) + (0,2 x 1,6)
£ £ Pd= 1,3 t/m
B i) W9 . (W10 Wil . B TWO-WAY SOLID SLAB
W12 W w14 W9=W12=W11=W14 ¥ il o
- 2 ; !
E E W 9,12'11,14—1,3 x 5/3x(1,5 -0,5/(6/5)") «— \E x|
W 12,11 14=2'5 t/m "2 | l\’ |
C = = _— C 912,11, C v l v Dv
< | >
E E W10=W13 :
| | _ W, 0,513 x4/3 -
D | | D W, 5173 t/m |
’ “ 45 8
€ £ — | —r — | —
0 10 For short span: For long span:
W= Pgx & W=Pgx 2x (1,6 - 5 )
E r— * * E' BEAM’S OWN WEIGHT (W ) '
4m - 2m - Am 2m  4m W, = Volume of member x unit of materials x Dead Load Factor
6 . 6 W, =(6x0,50x 0,25) x2,4x1,4=2,52t
m m
" W, =2,52/6
1 2 3 4 Wb= 0,42 t/m
. . . W =(4x0,50x0,25) x2,4x1,4=1,68t1
4 b 4 4 ? ) ’
Beam’s own weight is ommitted. W= 1,68/4
Beam 12 = 2,5 + 2,5 =5t/m W, =0,42t/m

Beam 23 =1,73 +1,73 = 3,46t/m
Beam34=25+25=5t/m
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BEAM ANALYSIS

1 2 3
4m 2m 4m 2m 4m
6m - 4m - 6m
A n | —
=
fp]
W9 w10 wiil
B [ &
W12 Wi3 W14
=
Tp]
C | | n |
=
Tp]
D [+ z
=
Tp]
E ] n
4m 2m 4m 2m 4m
6m 4m em
1 2 3
Moment of Inertia
|=1/12xbxh?3

| =0,25x(0,50) 12 = 0,0026m*

| =0,30x (0,3)3/12 = 0,000675 m"
|  =0,30x (6)® /12 = 54 m*

|  =0,25x (4)® /12 = 1,33m*

|  =0,25x (6)°/12 =4,5m*

5m

5m

5m

5m

In order to find load distribution factors we have to know moment of
inertia of beam, column and shear wall.

To find beam’s moment of inertia we should know the beam depth.
According to design beam depth is chosen as 50 cm. However; it can
A  also be determined by using average beam depth which is;

Average beam depth : longest span /12,5
Longest beam is 600 cm so;
B Average beam depth: 600 / 12,5 =48 cm

Load Distribution Factor

C rij= (Iij/Lij)/ 2, (Iij/Lij)

p r,=(0,0026 /6)/((0,0026/6) + 2x(0,000675/4)) =0,56
r, =(0,0026/6 ) / ((0,0026/6)+(0,0026/4)+2x(0,000675/4)) =0,3
r,= (0,0026/4 ) / ((0,0026/4)+(0,0026/6)+2x(0,000675/4)) = 0,46
=0
0
r

r,
E F34
r4 = (0,0026 /6 )/((0,0026/6) + 2x(0,000675/4)) =0,56

3

Fixed End Moments

FEM_,= 5x 6°x 1/12 = 15 tm
FEM = 346x4x1/12 4,61 tm
FEM 5x6%1/12 = 15 tm

Mid Span Moment

M, -5x62x1/24 =7,5tm
|v| -346x4x1/24 =2,3tm
|\/|3£r 5x 6 1/24 =7,5tm
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BEAM ANALYSIS

1 2 3 4
5t
3,46t ot
6 m 4 m 6m
r10,56 0,46 0]0 0,56
FEM] 15 461  -461 15 15
1st | 1,56 42 10 2,4 14,2 0
> | 16,56 -19,2 |4,61 -2,21]19,2 -15
2nd | -9,3 6,71 0 0 8,4
66 -14,8111,32 -2,214 19,2 -6,6
BEAM DEPTH Kg= 250 mm /KN
Kg= 25 cm /t
5 b,= 25 cm
KO= byx d M = 19,20
Mmax ding to buildi lations b
25 = 25y d According to building regu.at|ons eam
1920 depth can not be three times smaller
than the slab thickness. Thus, the
d =43,81

beam depth > 45 cm. The beam depth

h =43,81+ 5=48,81 cM ¢hosen as 50 cm.

75 7,
2,3
15 -15 14,61 -4,61| 15 -15
+3,77 +2,1
2,15
7,26 -14,8 111,32 -2,21|19,2 -6,6
(-6,71)  (+2,4)
(+7,74) (+0,2) (-4,2) (+8,4)
11,27
9,6
0,15
7,26 11.32 -2,21 -6,6
-14,8
19,2
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