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REINFORCED CONCRETE STRUCTURAL DESIGN

DESIGN INFORMATION

BS 8110-1997:The structural use of Concrete 1992
*Eurocode 2 - 1992

Relevant Building
Regulations and
Design Code

COMMERCIAL BUILDING (SUPERMARKET)

Intended use of the
building

Roof -Imposed 1.5 kN/m?
-Finishes 1.5 kN/m?
Floor -Imposed (3 )and partitions(1) 5 kN/m?
Stairs —Imposed 4 kKN/m?
- Finishes 1.5 kN/m?

General loading
conditions

Severe(external )and Mild (internal)

Exposure conditions

Variable according to the site conditions: Foundation
proposed at 80cm deep
Average allowable bearing pressure = 500kN/ m?

Subsoil conditions

Reinforced Concrete footing to columns.

Foundation type

Concrete: grade C 25 (with 20mm max. aggregates.
Mix ratio 400 kg/ m?

['] Reinforcement :-Characteristic strength:
fy =450 N/mm
for stirrups fy -250 N/mm?

Material data

Self weight of Reinforced concrete = 25kN/m?

Other relevant

Self weight of masonry = 18kN/ m? informations
For dead load :1.4 Partial safety factor
For live load :1.6




REINFORCED CONCRETE STRUCTURAL DESIGN

Commercial building

TYPICAL STRUCTURAL LAYOUT:
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Storey height (MAX) =3.20m
Beam size=50x25cm

Column section: 40x30cm




SLAB DESIGN
Typical slab panel design

Durability and fire resistance
Nominal cover for very moderate conditions of Exposure=25mm
Nominal cover for 1.5 hours fire resistance= 20mm

Since 25>20, provide nominal cover = 25mm

Typical Slab panel size:

Lx=3.70m

Ly=3.80m

Ly/Lx=380/370=1.10 <2[two way slab]

Thickness determination

Lx=370cm  d=370/30------ 370/40=12.34cm.............. 9.25cm
Take d=13cm.

Dead load

Additional dead load:

Floor finish =1.5KN/ m?

Suspended ceiling: 0.5kN/m?

Total additional (unfactored) g=2kN/ m?
Live load Vn

Vn=3kN/ m?

Partiton load=1kN/m?2

Total (unfactored) Vn=4kN/m?



Rectangular slab panel Design to BS 8110-1997
INPUT DATA

L= [m] |3.70 Title [Slab design HABIBL MUSSA
Ly (m] |3.80 Unfactored Loads Unfactored Point Loads Unfactored Line Loads -
Slab depth_(mm) {130 LC [Lead | LDL P ] ¥ L 1 i #2 w2
deff-dii  mm] |125 Mo, | fact | kN/ve | kN m m kM /m m m m mo |
deffv-dir_ [mm] |120 1 14 |2
Puizson's ratio 0.2 1.6 |4
fou [MPa) |25
fy [MPa) [450
Density kN/md] |25 57
|Self weight LF__|1.4 Load cases included in envelope e.0. 1.2.4-6 |
2 - tirne: factor 1.0
[AC1318:956.25]
Fixity of Edges: BS8110 - 1997
Dizplacement  Fotation
Top Edge I3 Icd Y LX=37O
Bottom Edge 2 Ird
Right edge Iz v
Left Edge I~ I3
Error List
-
(4
i o
¥ Paint contour diagrams e}
3]
1]
=
-
Total UDL =
13.750 kN/m? Load Case 1 (factored)
(Incl self Wt)

Deflection:

Long term deflections: Load case 1 (mm)

NOTE:Long term deflections to ACI318 9.5.2.3



Deflection checking

Ultimate deflection:

Fu=L/500

fu=3800/500=7.6mm
Max long-term deflection=0.9mm<7.6mm...Ok

(Slab thickness =130mm is suitable)

Transformed Bending Moments:

BS8110 - 1997

To

:LC 1 (kNm/m

658110 - 1997

a0

T0| LC1 |klem|

—

Max value:9.5 at X:3.7 Y:1.9

|

Max value:9.3 at X:1.9 Y:3.8
B58110 - 1997

Bot:LC 1 (kKNm/m

BS8110 - 1997

Bot:LC 1 |kNmIm|

Max value:d.6 at X:1.9Y:1.9

|

Max value:4.3 at X:1.9 ¥:1.9

Envelope Min | [Zoom: | = Top | 1 Top| —Bot| 1 Bot | an

Reinforcement:

BS8110 - 1997

Top:LC 1 (mm?*/m

BS8110 - 1997
Top:LC 1 (mm*m

Max value:187.6 at X:3.7 ¥:1.9

Max value:190.2 at X:1.9 Y:3.8
BS&110 - 1997

|

Bot:LC 1 (mm¥m

Bot:LC 1 (mm3¥m

BS8110 - 1997

Max valug-87 5 at X*19Y:1.9

|

JPU—
Max value:88.4 at X:1.9 ¥:1.9
Tosdasal] -2l Envelope Max| Envelope Min|[Zoom | < Top| T Ton| < Bot| T Bot| a1




Reinforcement bending schedule

Schedule file name: Slabbs

Fir

st bar mark: A

Language [Elnglish. & [E

Cawer i) (20

Bond length/bar dia 45
Drawing scals 1 50

Left Edge bar 1: Y12@180

Offset )| 360
Length (mm) | 2550

Hook [7/N): N

Left Edge bar 2.

Dffset mm
Length i
Hook [7N]

Right Edgs bar 1: | ¥12@180
Offset mm} | 360

Length (mm) | 2550

Hi

ook ['Y/N) N

H

Right Edge bar 2

Offset mm|
Length ]

ook [7/H]

Besat Generate

Rebar Excess Top (mm?/m)

Note:Default reinforce-
ment should be checked
and adjusted for suit-
ability and layout.
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Schedule file name: Slabbs

st bar mark: A

Language [E)nglish. & |E
Cower mm): |20
Bond length/bar dia 45
Dirawing scale 1: 50

Top Edge bar 1 Y12@180
Offset mm]: 360

Length mm]: | 2600
Hook [¥/N). N

Top Edge bar 2

Offset mm]:
Length mm]:
Hook [¥/N).

Bottom Edge bar 1: |[y12@180

H

Offset mm]: 360
Length mm]: | 2600

ook [T4N]: N

B

ottom Edge bar 2

H

Offset mm]:
Length )]

ook [N

Beset Generate

Rebar Excess Top (mm*m)

Note:Default reinforce-
ment should be checked _ 22Y12-C-180 (T2) (Bar1)
and adjusted for suit- .
ability and layout.

22Y12-D-180 (T2) (Bar 1) _

Schedule file name: Slabbs
First bar mark: A
Language (FJnglish & |E
Cower mmJ. |20
EBond length/bar dia 45
Drawing scale 1 50

Hedirection bar 1: Y10@180
Offset mm): | 360
Length mm): |4400
Hook [7/N]: N
H-direction bar 2:
Offset ]
Length ]

Hoaks [¥/N)

Reset Generate

Rebar Excess Bot (mm?/m)

Note:Default reinforce-
ment should be checked
and adjusted for suit-
ability and layout.




CREOE e NEmE, STE00S
First bar mark: A

Language [E]nglish. & |E
Cover [mm): |20

Bord lengihvbar dia |45 Note:Default reinforce-
Dravingseale. 150 ment should be checked
-ditsction bar 1:  |Y10@180 and adjusted fOI' SUIt-

Offset [mm]: | 360 E
[Lengh fm) | 4500 ability and layout.
Hook [/ N
“v-direction bar 2;
Offsat [mrin)
Lenath [mim]
Hooks [¥/M)

Reset Generats

Rebar Excess Bot (mm?/m)

. 22Y10-F1180 (B2) (Bar 1) |,

REINFORCEMENT DETAILS

SLAB
0.3Ly 0.3L- 0.3L-
] I‘—’I 1\}‘—"
'l—l—l—'l—l—l—l'
(] o0
) e Je )
| L« | Ly | L. |

— ®12 @ 18cm
— @12 @ 18cm
— 910 @18cm
— 910 @18cm

B W N =

Depth of slab: 13cm



RAMP DESIGN:
The ramp is designed as a slab fixed on the inclined beam

Thickness determination:

d=280/40=7cm take 13cm
Load determination:
Considering the ramp as a slab inclined at an angle of 6.3°

-Live load for commercial building and related roads V= 5KN/ m?

Additional dead load:

-Ramp finish =2KN/ m?

Total additional dead load = 2 KN/m?

Equivalent vertical live load=5/cos 6.3° =5.03KN/ m?
Equivalent vertical dead load=2/cos 6.3° =2.1KN/ m?
Body guard load :( line load) 1kN/m

Ramp sketch.
;I.E 15
250 -

-
™
| iy
m

25 25 *

L) i

T 270 T

Ramp Design




Design data:

s il [2.70 Title [Framp design HABIEU MUSSE,
Ly (m) 3.8 Unfactored Loads Unfactored Point Loads Unfactored Line Loads -
Slab depth_[rmm) | 130 LC |Load | UDL P ® v L w1 [l ®2 e El
deff#-dir  [mm] | 125 No. | fact | knsm? kN m m kMN/m m m m m V
deffY-dir__(mm) |120 1 |1a g2
Paoisson's atio 0.2 1.6 |4
feu [MPa] |25
fy [MFa) |450
Density_[kN/m3) |25 =
Self weight LF |1.4 Load cases included in envelope .. 1.2,4-6 |
& - time factor 1.0
[ACITIE 55.25)
Fixity of Edges: BS8110 - 1997
Displacement  Ratation v
Top Edge 7 I Lx=2.70
Bottom Edge: I~ I =y
Right edge I~ ~
Left Edge W I
Enor List
@
M =]
[V Paint contour diagrams )
™
1]
>
-
X
Total UDL =
13.750 kN/mzLoad Case 1 (factored)
(Incl self Wt)

Defflection:

Long term deflections: Load case 1 (mm)

NOTE:Long term deflections to ACI318 9.5.2.3

Deflection checking

Ultimate deflection:

fu=L/500

fu=3800/500=7.6mm

Max long-term deflection =0.4 mm < 7.6mm...Ok (Ramp thickness =130mm is OK)

/
.9.




Bending moment:

BSB110 - 1997
Top:LC 1 (kNm/m

5

Max value'7 1 at X27%Y19

BS8110 - 1997

Max value'5 1 at X14 Y38

Top:LC 1 (kNm/m)

i

BSB110 - 1997
Bot:LC 1 (kNm/m

Max value3 7 at X14%Y19

Reinforcement:

BSB110 - 1997
Top:LC 1 (mm3m

Max value:139.8 at X:2.7 Y:1.9

BS8110 - 1997

Max value2 0 at X18Y25

BS8110 - 1997

Max value:105.1 at X:1.4 ¥:3.8

Bot:LC 1 (kNm/m)

Top:LC 1 (mm?*m)

|I

BSB110 - 1997
Bot:LC 1 (mm3m

Max value:72.1 at X:1.4 Y:1.9

—

Use the following reinforcement for:

Topl: J12@180 mm c/c
Top2: F12@180 mm c/c

Bottom 1: @10@180 mm c/c
Bottom: @10@180 mm c/c

-10 -

B38110 - 1997

Max value:41.9 at X:1.8 Y:2.5

Bot:LC 1 (mm?m)

£




Bending schedule for Ramp’s slab:

Ramp reinforcement

18] 1/3Lx 1/3Lx e
250
] 812@180mm c/c e12@180mm c/k
@10@180mm c/c
25 75
L= | L= |
1 270 1

211 -




STAIRCASE DESIGN:
Main stair

The main staircase have landing supported by two inclined beams; these beam has the
same reinforcement as other normal beams:

Flight design:
WATERIALS
fcu 25 mimm? vm 15 concrete Minbar® = 10
fy 450 mimm? m 1.05  steel KMaxbar® = 14
hagg 25 mm Density 236 knim?
Cover 30 mm (Normal weight concrete) Nominal top steel ? Y
DIMENSIONS Sectional Elevation
a= 600 mm landingAh= 500 %—‘ B b
= 3000 mm flight waist = 200 w| T
c= 1200 mm landingB h= 200
= 600 mm
= 100 mm
Going= 300 mm L="4800 (Rl P‘.’.,
Rise = 165 mmtotal 10 treads
Rise = 150 mm each step Rake = 26.57 °
L
LOADING R2
Imposed 400 kN/m? 63.50 KN/m ult 41.68 KN/m ull

Flight finishes 160 kN/m?
Landing finishes 150 kN/m?

DESIGN

LANDING A, gk=11.80 + 1.50 = 13.30 kKN/m?
FLIGHT, gk=7.05+ 1.60 = 8.65 kN/m?
LANDING C, gk=4.72 + 1.50 = 6.22 kN/'m?

(31.48 + 12.15)

Zero shear is at 0.6 + (63.50 - 30.02) /18.51 = 2.409 m from left
M= 63.50 x 2.409 - 30.02 x 2.409 - 18.51 x 1.809%2 = 50.37 KNm/m

d=200-30-7=163 mm

K= 0.0758

(18.51 + 9.85)

Nn=14%x13.30+ 1.6x4.0=2502 KN/m'
N=14x865+16x40=1851KN/m?
N=14x622+16x4.0=1511KN/m?

As =795 mm¥m

PROVIDE Y14 @ 160 B = 962 mm?/m

Enhanced by 17.0 % for deflection

L/d = 4,800 /163 = 29.448 < 23.0 x 1.233 x 1.060 = 30.070 allowed

Landing:
MATERIALS
feu” 25 mimem
fy" 450 Mimme
haga" 25  mm
Cover” 30 mm
DIMEMSIOMNS
a= 2000 mm
b= 2000 mm
c= 250 mm
d= 175 mm
LOADIMNG
LAMDING Imposed
Finishes
Slab

._:__m' H
';-'mr 1.05  =tesl
Density” 236  khime

(Mormal weight concrete)

concrete

Y10 @ 250 T in span

OK

"0
M4

Min bar

=
Max har & =

Maminal top steel 7 Y

a 8 b
depth,h= 175 mm 5 e
width, w = 1200 mm ED( o P Fi
| |
L= 4500 mm [ |
ol L T

400 KN 154.2 kN ult 133.3 KN ult

150 kime 128.5 kN/m ult 111.1 KN/m ult

413 kN N=14x563+16x4.0=14.28 kN/m?

-12.-



13

ak nk

Flight a reaction” 31.48 " 1215 kN/m N1 ={14x3148 +1.6x12.15)/1.20 = 52.92 KN/m
Flight b reaction” 1851 © 985  kNim n2={1.4x1851 +1.6x9.85)M1.20 = 34.73 kMN/m?
DESIGN

Zero shear is at (128.48 - 2.50) /(14.28 + 52 92) + 0173 = 2.030 m from left
M =128.48 x 2.050 - 14.28 x 2.050%/2 - 52.92 x 1.875%2 = 140.34 KNm/m

As: use¥ 10 @ 275 Tin span

Fire Escape:

Flight design:
MATERIALS
feu 258 Mimm? 'm 15  concrete Minbarid = 10
fy 450  mimme m o 105 =teel Max bar@d = 14
hagg 25 mm Density 236  khim?
Cover 30 mm (Mormal weight concrete) Maminal top steel 7 Y

DIMEMNSICONS Sectional Elevation

a= 1600 mm landing A h= 3200 4 b ofa—& o
b= 3000 mm flight waist = 200 d
c= 200 mm landing B h = 200
d= -600 mm
e= 100 mm
Going = 300 mm L="4800 K1 IEED
Rise = 165 mm total 10 treads
Rise = 150 mm each step Rake = 2657 ¢
LOADING L kZ
Imposed  4.00  kMim* G902 KN/m ult 4607 KN/m ult
Flight finishes 1.60 kNim* (3542 +12.15) (21.65 + 9.85)
Landing finishes 1.50 kNim®
CESIGH
LANDING A, gk =11.80+ 1.50 = 13.30 KN/m? N=14x1330+16x40=2502KNm=
FLIGHT, gk =7.02 + 1.60 = &.65 KN/m*® N=14x865+16x40=1851KNmM=
LANDING C, gk=4.72+ 150 =622 kN/im? N=14x622+16x40=1511KN/m?

Zero shear is at 1.6 + (69.02 - 55.04) 18.51 = 2.355 m from left
M=6902x2355-3304x1.833-18.51x0.755%2 = 3516 KNm/m
d=200-30-7=163 mm K =0.0830 As = BB0 mm=m

PROVIDE Y14 @ 140 B = 1100 mm#&m
Enfanced by 23.9 % for deflection Y10 @ 250 T in span
Lid=4.800/M163=20448 < 23.0x1.213 x 1.060 = 29.389 allowed OK



Landing:

MATERIALS
feu” 25 mimm m” 15  concrete Min bar @ ="10
fy” 450  nemm m” 1.05  steel Maxbar@="14
hagg” 25 mm Density” 23.6 knim®
Cover” 30 mm (Normal weight concrete) Nominal top steel ? Y
DIMENSIONS a M b
a= 16000 mm depth, h= 175 mm
b= 1600 mm width, w= 1600 mm £,| — ‘ ‘ n2 — |,d_
c= 250 mm 1 |
d= 175 mm L= 4500 mm t |
R L 1!21
LOADING
LANDING Imposed 400 kN/m? -834.5 KN ult 2115.3 KN ult
Finishes 150 kN/m? -521.5 KN/m ult 1322.1 KN/m ult
Slab 413 kNm? N=14x563+16x4.0=14.28 KN/m?
gk qk
Flight a reaction’ 3542 © 1215 KN/m n1=(1.4x3542 + 1.6 x12.15)/1.60 = 43.14 KN/m?
Flight b reaction” 2165 © 985 KkN/m n2 = (1.4 x21.65 + 1.6 x 9.85)/1.60 = 28.80 kN/m?
DESIGN

Zero shearis at (1,322.09 - 2.50) /(14.28 + 28.80) + 0.175 = 0.000 m from right
M=1,322.09 x 0.000 - 14.28 x 0.000%/2 - 28.80 x -0.175%2 = 0.00 KNm/m

d= K= As
Y10 @ 275 Tin span
ud=
G14@14cm
]
D10 @25cm |:'
2 31
-
I ain rein forozment
o10@25em @14@14cm
o
o™
— P
m/ Digtribution bars
P10@25cm
o
o
-
D10 @25cm
Main rein forcement
@14 @1dem

STAIR CASE REINFORCEMENT

-14 -



DESIGN OF BEAMS, COLUMNS AND FOOTINGS WITH METHOD OF PORTAL
FRAME

LOAD DETERMINATION

LOAD FROM SLAB

Dead load

Additional dead load:

Floor finish =1.5KN/ m?

Suspended ceiling: 0.5kN/m?

Total additional (unfactored) g=2kN/ m?

Live load Vn

Vn=4kN/ m?

Total (unfactored) Vn=4kN/m?
¥=13, 750 KN/m?

Y 1x=3.70

Ly=3.80

Total UDL =
13.750 kN/m2 Load Case 1 (factored)

(Incl self Wt)
PORTAL FRAME LOAD

Linear load on beams

Load from slab: 3.8x13.75=52.25KN/ml

Wall = 18x0.2x3.2x1.4=16.13 KN/ml

Wall finishes= 20x0.02x3.2x1.4x2= 3.6 KN/ml

Bottom flange (Nervure): 0, 37x0, 25x25 x1.4=3,3kN/ml

Total = 75.3kN/ml
Column own weight: 1.4x0.3x0.4x3.2x25=13.44KN

Vertical load distribution

100 %

100 %

90%

80%

-15 -



Live load =3.2x1.6x3.8 = 19.46 KN/ml
Dead load = 75.3— 19.5 = 55.8 KN/ml

4) 75.3 +19.5=94.8 KN/ml
3) 75.3 +19.5= 94.8KN/ml
2) 75.3 +19.5x0.9= 92.9 KN/ml
1) 75.3 +19.5X0.8= 90.9 KN/ml

FRAME ANALYSIS
Longitudinal Frame of 12 spans

Total length of Frame = 36.55ml
EARTHQUAKE (charge normative)
Storey 4: (95.3/1.6) x36.55=2177.2KN
Axial force: (13.44/1.4) x3.8=36.5KN
Total: 2213.5 KN
19%=22.2KN
Storey 3: 22.2 KN
Storey 2: 92.9/1.6x36.55+36.5=2159KN
—22.0 KN
Storey 1: 90.9/1.6x36.55+36.5=2113.3KN
—21.2KN

Transversal Frame of 5 spans

Total length of Frame = 17.80ml

EARTHQUAKE (charge normative)

Storey 1: (75.3/1.6) x17.8=937.8KN

Axial force: (13.44/1.4) x3.2=30.8KN

Total: 968.6 KN
1%=9.7KN

Storey 2: 9.7 KN

Storey 3: 92.9/1.6x17.8+36.5=1070KN

—10.7 KN
Storey 4: 90.9/1.6x17.8+36.5=1048KN
—10.5KN

Considered forces:
1. Axial forces
2. Earthquake
3. Soil pressur

- 16 -



Nodes :
i
49 50 51 52 53 54 55 56 57 58 54
37 38 349 40 41 42 43 44 45 46 47
25 26 27 28 29 30 k] 32 33 34 35
13 14 15 16 17 18 19 20 21 22 23
a 2 3 4 5 5] 7 g 9 10 11

60

48

36

24

12 X
-

-17 -



Axial forces :

Y

A

- 18-

19.46 50 2472 51 26.38 52 26.46 53 2124 54 2147 55 32.01 56 29.01 57 2239 58 2741 58 2746 60
004 P00.9 P16.1 p21.7 P03 80.9 P09.7 P29 85.5 71.3 847 97.85
7 -3.705 8 -2.396 9 -1.012 to 7T i1 2.57 2 3.58 3 2.045 Hd 3.189 15 477 ||46 3779 |87 3377 |48
PO&.7 3944 4321 42 405.5 366.1 4174 4547 3725 3452 361.1 P01.8
PS5 -6297 | |26 -2.147 | |37 -1.979 28 -1.502 49 -71841 |30 -4023] |31 -0847 32 6202 33 1.829( |34 272 35 4315 ||B6
151 591.2 647.5 6G2.8 6035.3 5491 G257 631.9 558.2 5)16.6 542.5 0z
3 5774 |14 -6.913 ] |15 -5.812 16 -6.153 1 -3.542 1 -3.01% 1 -5.425 2 -4705 2 -1.648 (2P -3.091| |2 -2.713 | [34
17.2 793 862.3 aod.4 81p 7284 83p 91).6 7453 6347 731.2 396.9
Z 2 3 4 5 G 7 3 9 10 11 12 -__K



Shear force and bending moment:

111.2

-19 -

95,51 102.9 104.7 1035
87.86 8238 7473 87.55 88.57
15,26 -1.652 -.0836 5.221 gz\ 1055 3.001 b.621 15.01 -.0528 17.46
170,35
L 573 103.9 anan -85.12 85.02 1n1 7 . -32.64 8441
9517 66 7 03.9) o3 -101.8 8575 112 b B9 66 8247
3157 -6.569 -3.037 -.0836 2.969 %\ -9.015 3.001 5.041 %\ -052 284
170,72
83.39 - e o -86.06 12,58 -80.53 -90.51
& pree 988 {1025 88.64! 85.14 3% 7548 B5.46 86.23 '
2% -5.052 -3.205 -1.413 2.969 k\ -9.018 1.857 3,831 E\ 34975 284
L6950
L85 56 I anr g -84.34 82.26 AR 4 -81.73 8675
48.66 ot 97.48 102 -101.1 83.40 110.7 T B6.43 91.55
19.35 -5.052 -3.306 -2.55 21363 k\ 5.921 - 5634 774 02,91 23745 2435}
168,16
899 -96.86 1102 -100.3 8245 83.92 -95.76 -83.76 8143
112
9.354 T-a.gﬁ __T-a.aus 7—2.55 -.4246 -2.079 -5.921 1-.5584 !.??4 TU 474 11123 123
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Y o166 62.13 63.75 1050 67.68 G404
5 51 52 ;\ é\ 55 56 é\ é\ §g 60
726
£4.32 54.01 B1.17
53.27 53.64 473 48 46 1387 47.99
: 32.09
37 -27.76 -B.162 2514 0449 g\a -3v92 45-45.64 H.4%0 Eﬁq %544 .\kZB‘I 5 o5
5613 £5.41 £5.95 7255 6305
9.41 49.31 47 57 40.01 46.61 3647
28, -24.91 .97 -4'673 2439 S;m Xaan -14.27 5026 }B\d- 5,418 _\Nm 0|57
71.62
57.96 B5.49 67.59 60 48 B7.71
1.98 . 4512 4169 441 46.24
1%,-23.91 k\w? \-5. 42 3004 555 Bxg?? 16-44.83 1.864 %gz \k&ees &152 457
Z-11.87 k—a.um -5.313 l—4_443 212 -3.856 -7.932 -2.159 6844 \-5.205 1&-3_?4 ‘3.81




ENVELOPE RESULTS FOR CRITICAL LONGITUDINAL BEAM:

Beam nodes 12-13---—---- 24

Axial Load Envelope Axial Load max = -8.91kN @ 3.28m
= = = = = = D = = o o o o o o o o o o o o o o o o o o (= o o o o o o o o
100 2 o gl 2| 9 o P e =1 e I s | I - 1 e - = T =1 e = I A - - S = 1= I =1 e = T A - )
g-z.uu
T -3.00
[=]
— 400
m
E-S.DD
-5.00
2ool13 4 £l 17 18 19 0 21 y 3 4
Distance (m)
X-Moment Envelope Bending Moment max = -5% 6kNm @ 24.2m
E 800
< A \ \ k )\
= -40.0
: \ / \ \ \ [\ \
E-2E||:| = = J = = = = = u‘ = = p=—) = p=—) p=—) = = p= p=—) p=—) p= = = p=—)
=) =] = : =) = Pl Y2 = —) o o3 F i| - ] ol o : g | o~ Ja| N o a o c:ir'r :\ W
= (3] '] w0 - o o — — — — — — o4 o4 o (3] (3] [y o {'3‘ Lap] ('y m ™ ™
L=
c NS
5 o / NN | NS \ |/ N/ N/
g Sl L N \/ L L
anofl3 14 15 ul= 17 18 1o . 20 21 02 23 24
Distance (m}
-Shear Envelope Shear Force max = -111kN @ 24.2m
o
1oo p N A \ X
- AN AN N\ AN AN N, : \
g SN \ N N\ N \ \
3 SN N\ \ \ AN N AN AN N
= by hY N, Y ™, M, N hY »
= apol—2 slliel ehel 2 =2l 8 =[l=] =[5 =l =] N == & == =[52] =2 =] =2N=] 94 =[5N=[ =] =K =] 2] =[\=
] B NO=11 I BB == =1 i ISR BN B I S (I S A
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Distance (m}
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Max Negative Moment: 69.6KNm

Maximum Positive Moment: 40.5KNm



Shear force: 111 KN
Reinforcements:

Top reinforcement (At supports)

Design Results
Moment Shear Torsion (w eb) Torsion (flange)
Muc 314.7  kNmfv 2.50 MPa| v 0.00 MPa| v 0.00 MPa/
As 2034 mm?|vc 0.64 MPa| vt 0.34 MPa| vt 0.34 MPa
As' 256 mnm?| Asv/Sv 1.1896 Asv/Sv 0.0000 Asv/Sv 0.0000
Anom 195 mm?| Asv/Sv nom | 0.2554 As 0 mm?| As 0 mm?

Asc=2034 mm?
Use 3925+ 2020 with Asc=2097mm?2

Bottom reinforcement (Mid span )

Design Results
Moment Shear Torsion (w eb) Torsion (flange)
Muc 314.7 kNm| v 2.50 MPa| v 0.00 MPa| v 0.00 MPa]
As 1130 mnm?|ve 0.52 MPa| vt 0.34 MPa| vt 0.34 MPa|
As' 0 mm?| Asv/Sv 1.2617 Asv/Sv 0.0000 Asv/Sv 0.0000
Anom 195 mm?| Asv/Sv nom | 0.2554 As 0 mm?| As 0 mm?

Asc=1130 mm?2
Use 4 ©20 with Asc=1256mm?

Stirrups: 1,26mm?/mm = 12,6cm?/m, we use J8@ 15cm c/c near support and J8@ 20cm c/c
mid span
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Nodes :
‘Y
25 26 27 28 29 30
19 20 ey 22 23 24
13 14 15 16 17 18
7 8 9 10 11 12
3 4 6
Axial forces :
¥
25 25.78 26 30.14 27 32.67 28 35.48 29 25.37 30
113.4 2247 225 2291 194.9 86.89
19 -5.285 20 -3.028 21 -1.451 22 -5072 23 2.918 24
2358 4413 450.9 456.1 3825 181.1
13 2539 14 -9611 15 -3147 16 6183 17 3.624 18
356.6 661.1 675.9 683.3 576 268.6
7 -7.346 8 -7.675 9 -7.398 10 -7.257 11 -2.584 |12
4737 885.6 899.8 911 772 3452
Z 2 3 4 5 3 -__)(
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Shear force and bending moment:

. 925.

Tg.0g 104 8 107 106 20
[
2-25.78 -4.356 -2.532 -2.813 10.11 15.37
-106.5 -104.5 -105 -101.4 7345
109 105.7 108.9 110.5
7273
[
1-25.78 -4.356 -2.532 -2.813 1011 15.37
-97.46 1035 103 1 1015 60.72
109.6 111.3
107.4 107.3 ——
\""\-\.
1-20.49 -6.613 -4.108 -3.757 6.652 10.29
I :
-99.1 102 -102.5 -100.7 4
1036 108.2 109.5 111.6 473
\_\_\
2075 -5.398 -4.754 -4.691 36767 7.914
| -66.15
-102.8 -101 -102.6 -100.4
7134 -5.068 -5.032 -4.831 - 9967 1.331X
i
65.07 59.01 70.09
46.01 1565
25 26 27 28 29 30
59.45 56.23 72.55 71.61
28.08
19-36.48 -6.972 -3.623 -4.022 15.41 |22 55
F5.84 69.71 738 7368
36.72
13-32.61 “-9.996 -6.387 5.872 10.4 16.41
72.23 73.61 75.05
58.2 4739
71-33.17 -8.113 17594 --7.518 5.283 12.21
7-17.85 -8.897 -8.787 «B8.501 -4.343 —1.842X




ENVELOPE RESULTS FOR CRITICAL TRANSVERSAL BEAM:

Beam nodes 7-8------ 12

Axial Load Envelope Axial Load max = -7.58kN @ 3.76m
oo
2.00
Z
= [=] (=1 (=1 =] (=1 (=1 [=] (=1 [=] [=] (=] = (=1 (=] (=] (=1 (=] g (=] (=] [=] [=] o [=] (=] (=] [=] L= (=] (=1
= e 9 <o Bl 2 2| 212 2 o =]« o = w| o = d @ o =] &= = | e o~ @ = o =] o o =+
T o0 cil e ol @l el lml o al sl el owl oAl ol el ol ol ol & =\ o« el oS .
4
]
= 400
=T
-5.00
7 - 2 e 11 2 14 15 16 7 18
Distance (m)
X-Moment Envelope Be:ndlng Moment max = -66. 7kNm @ 11.3m

5 ob
=

= o

\
ANy
NIEEIE

s 5

\ /

12|
130
140
[T~
LT
174

|
0.0
20.0

Bending Moment (kNm)
fa

yAREANRAIEN N4 AINNAINNY A \_/
7 N/ o| ™1 lhol N 11 o NS T ™ sl Y ks N g 18
Distance=29.1m Max=-67.0kNm Min=-67.0kNm Distance (m) ;
¥-Shear Envelope Shear Force max = 107 kN @ 11.3m
o IN B AN \, AN
PN A N AN AN N AN N
ER AN S AN ~ AN
E 200 hY AY A ; b S o ST 5
2 - W = G Na| = =] o] o ~h = 2 2N N = FSIE FEEYNE BRI N
< e \ AN ~ N AN N AN kY
g oo N N N AN N N AN
5 oo AN AN AN AN N N kY
e N N\ N N, N AN N\ N
o7 N 2] 0 A\ ] 2 ! h5 e 7 18
Distance (m}
Max Negative Moment : 67.0KNm
Maximum Positive Moment: 75.05KNm
Shear force: 899.78KN
Reinforcements:
Top reinforcement (At supports)
Design Results
Moment Shear Torsion (w eb) Torsion (flange)
Muc 377.7 KNm( v 2.53 MPa| v 0.00 MPa| v 0.00 MPa
As 2185 mm?{ve 0.69 MPa| vt 0.37 MPa| vt 0.37 MPa|
As' 2 mm?[ Asv/Sv 1.1761 Asv/Sv 0.0000 Asv/Sv 0.0000
Anom 195 mn?[ Asv/Sv nom | 0.2554 As 0 mn?| As 0 mn?

Asc= 2185 mm?
Use 5925 with Asc=2453mm?
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Bottom reinforcement (Mid span )

Design Results
Moment Shear Torsion (w eb) Torsion (flange)
Muc 377.7 kNm( v 2.53 MPa| v 0.00 MPa| v 0.00 MPa]
As 1096 mm?|ve 0.55 MPa| vt 0.37 MPa| vt 0.37 MPa]
As' 0 mm?| Asv/Sv 1.2669 Asv/Sv 0.0000 Asv/Sv 0.0000
Anom 195 mm?| Asv/Sv nom | 0.2554 As 0 mm?| As 0 mm?

Asc=1096 mm?
Use 4 ®20 with Asc=1256mm?

Stirrups: 1,27mm?/mm = 12.7cm?/m, we use J8@16cm c/c near support and J8@20cm c/c
mid span

.27



Note: The columns and footings will be designed for the longitudinal and transversal

frame’s results whichever is greater.

DESIGN OF INTERIOR COLUMN

Interior column (Column 4 — 10--28): (Longitudinal frame has the maximum values)

Storey Node Axial force Moment (KNm) Shear force
(KN) (KN)
Bottom Top
0 4-10 911.9 70.1 71.6 18.1
1 10-16 681.9 70.8 28.4 16.8
2 16-22 454.5 27.8 28.6 8.2
3 22-28 229 13.6 20.8 8.67
Column:
Summary of design calculations:
Design results for all load cases:
Load case Axis N (kN) [M1 (kNm)|M2 (kNm)| Mi (kNm) Madd (kNm) Design | M (kNm) | M' (kNm) | Asc (mm?)
X-X 70.1 716 286 59 | XX 746 2208 (3.5%)
1 vy | 9116 0.0 0.0 0.0 0.0 | Bottom 0.0 74.6| 250 (0.4%)
Asc=3.5% = 2208 mm?
Use 4025+4D20 with Asc =2592mm?
-
A

8-(C+D)-200

4#25-A9§| A#20-B +

. 98-

\4

A B

SECTION

Cover on links =30 mm




Note : For the same members (internal columns) , the GROUND FLOOR will be evenly
reinforced with 4025+4020

Upper storey column reinforcement ( 1% floor):
Summary of design calculations:
Design results for all load cases:

Load case Axis N (kN) |M1 (KNm) M2 (kNm)| Mi (kNm) Madd (kNm) Design | M (kNm) | M' (kNm) | Asc (mm?)
X-X 68.4 70.8 28.3 53 X-X 71.1 1642 (2.6%)
1 Y-y | 6833 0.0 0.0 0.0 0.0 | Bottom 0.0 7111 250 (0.4%)
Asc=2.6% = 1642mm?
Use 4920+4P16 with Asc = 1659mm?
u
A
o B
<
q
o
O
o\'o/ A B A
4#20-A§ 4#16-B 1 SECTION
0 Cover on links =30 mm
-/ AV

Note : For the same members (internal columns), the first FLOOR be evenly reinforced
with 4920+4D16

Upper storey column reinforcement ( 2 floor):

Summary of design calculations:
Design results for all load cases:

Load case Axis N (kN) [M1 (kNm) M2 (kNm)| Mi (kNm) Madd (kNm) Design | M (kNm) |M' (kNm) [ Asc (mm?)
X-X 27.8 28.6 11.4 4.3 X-X 29.9 250 (0.4%)
1 Yoy | 4945 0.0 0.0 0.0 0.0 | Bottom 0.0 29.9| 250 (0.4%)

Asc=0.4% = 250mm? but in practice the minimum allowable Asc is 0.8%

Take Asc =0.8%x120000 = 960mm?

. 929.




Use 8014 with Asc =924mm?

-k

A
> A
o)
A
>
l.
o
5’ A A A
5 8#14-A + SECTION

0 Cover on links = 30 mm
Jihe yw

Note : For the same members (internal columns) , the second FLOOR and third (last) floor
will be evenly reinforced with 8®14
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Edge column (Column 0 - 7--25): (Transversal frame has the maximum values)

Storey Node Axial force Moment (KNm) Shear force
(KN) (KN)
Bottom Top
0 0-7 473.7 20.75 58.2 103.6
1 7-13 356.6 20.49 165.84 107.4
2 13-19 235.8 25.78 69.45 109
3 19-25 113.4 25.78 46.01 9.96
Column:
Summary of design calculations:
Design results for all load cases:
Load case Axis N (KN) (M1 (kNm) (M2 (kNm)| Mi (kNm) Madd (kNm) Design | M (kNm) |M' (kNm) | Asc (mm?3)
X-X 20.8 58.2 58.2 0.0 | XX 58.2 480 (0.4%)
1 Yy | 4737 0.0 0.0 0.0 0.0 | Bottom 0.0 58.2| 480 (0.4%)

Asc=0.4% = 480mm? but in practice the minimum allowable Asc is 0.8%

Take Asc = 0.8%x120000 =

960mm?

Use 8014 with Asc =1231mm?

S
p]
p]
;
>
L)
2
3 BHLA-AT
0

Jie o

Note:

Since we have the minimum allowable reinforcement (0.8%), all the floor’s edge

A A

SECTION

Cover onlinks =30 mm

columns (Ground, 1%, 24 and 3rd) will be evenly reinforced with 8§ ®©14.
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PLINTH BEAM (LONGRINE)

% o

.392.
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\ 4

20

4

2012

3012



Soil bearing capacity: We consider both 4 Points for respectively different 70cm, 60cm,
50cm and 80cm deep.

Design data:
Baze length A [m) |2.5 Title | Intemnal Footing design HABIBL Mussa
Base width B [m) |2.5 Unfactored Loads » Diptimize
Ecllninl] (Gl |2 Load | Cal [LF|LF | P Ha Hy M My Costs
C iml [0.40  |0.00 Case | o [owt JULS| (k) | ey | enp | (k) | penm) ||
3
D ml |0.30 0.00 : ; To1a A Cor.mr. /m 0.00
E (m) |0.00 0.00 Reinf.  Aton | 0.00
F [m] [0.00 0.00 Optimize 4,8 &
Stub columin height * [rn] [1.40
Baze depth v [m] |0.55 Selectd Select B
Sail cover 2 [m) |0.50 o Aibort
Concrete density [kM/md] |25.0
S oil density [kM/md] |24 Eurocode 2 - ‘]2@2
Sail friction angle [ 18 T
E aze friction constant 1.0 |

Fiebar depth top [rm] |30
Fiebar depth top ™ [rm) |30 d1

Febar depth bottorn 5 [mm) |30 X
Febar depth bottorm ' [mm) |30 —CB——-—--—-—-—*—EH—-— —_—
O+t lnad factor: Self weight 1.4 |
ULS load factor: Self weight  |1.6
Max. SLS bearing pr. [kM/wé) |S00

5.F. Owertuming [ULS] 1.0 A
S.F. Slip [ULS) 1.0 "l'—

fc' base [HPs) |25.0 W
fc' columns [MPa] |25.0 P
fy [MP3) |460

Design results:

Clutput for Load C
Soil pressure (ULS] (KN/?) | 211.21 Load Case:1
Soil pressure [SLS] [kM/nf] |389.85 !
SF averturning [SLS] =100 Eurocode 2 - 19%’ ‘Y Mas M ()
SF overturning [LILS] »100 | | e Wax Shear
Safety Factor lip (ULS] =100 | i
S afety Factor uplift [ULS] =100 i i
! I
Reinforcement X [mmé/m] (965 P f‘ X o f“.p X
Design moment Y [kNm/m) | 214.56 i~ et - — 3 —— - ] - — o3 —— -
Reinforcement v [mmédm] [ 1062 | | E
:
Design moment < [kMrm/m] [0.00
Reinforcement X (mmém] |0 . 2.p0 2.0 L
Design moment v [kMrm/m] {0.00 v ¥
Reinforcement v [mmé/m) (0
Mx m Mx m
P P
o — oy
I 1409 ! 1409 1
Load case |1 il | g } | 2 |
i \ 1 |
Previous | Mext : I—I 55 | | 0.55 |
| ‘ ‘ |
339,85 kNlim= | 411.21 kim= |
Soil Pressures at SLS Soil Pressures at ULS
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Reinforcement bending schedule:

— 18Y14-A-140 (B1)

colt SECTION: col1
. —J——— 18Y14-B-140 (B2)
PLAN
4
4Y25-E +
4Y20-F
3R10-G

BBBBBBBBBBBBBBBBBB

SECTION
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Design data:

Bass length & [m] [2.1 Title |Edge Facting design HABIEU Mussa

Base width B [m] |2.1 IInfactored Loads - Optimize

Ecifimn(:] il _IC&ll2 Load |GCod |LF|LF| F He He | Mx | My Costs

C [m] |0.40 0.00 Case no. | ovt [ULS | (kM) (k] (kN km) | Nm) || Corer 3| .00

o (m) |0.30  |0.00 1 1 1048 — d

E iml ] 0.00 0.00 Reinf. /ton| 0.00

; — - .[I;:]XU.UU[ ] 0.00 M
tub column height m) |1.40

Base depth v’ [m] [0.45 Select & Select B

Sail cover £ [m] [0.20 e Abart

Concrete density [kM/m3) |25.0 —

Soil density [kN/m3) |24 Eurocode 2 - 392

Soil friction angle [*] 13 +

Base friction constant 1.0 |

Rebar depth top [rm] |30 |

Rebar depth top ' [rrn] |30 i

Febar depth bottom . [mm] |30

Febar depth bottom ™' [mm] |30

Owt. load factor: Self weight  |1.4

ULS load factor: Self weight  [1.6

Maw. SLS bearing pr. [kMN/mé] |S00

5.F. Overturming [ULS] 1.0

5 F. Slip [ULS) 1.0

fc' base [MPa] |25.0

fe' columng [MPa] |25.0

fy [MPa] |a460

Design results:

Output for Load © ]
Soil pressurs (ULS) (kN/me) [290.79 Load Case:1 Legend

Soil pressure [SLS) [kWAn#) |270.86 ——= Max M (+)
SF averturning [SLS) =100 Eurocode 2 - 19% ‘Y ———————— Max M ()

SF overtuming [ULS] =100 | e Wlaxe Shear
Salety Factor slip [ULS] =100 |

S afety Factor uplift (ULS] =100 i

|
Dezign moment = [kNm/m] |86.05 0]-40
Reinforcement < [mmé/m] (521 !

Design moment 't [kNmdm] |96.41 - _'_"._H_'_'_'_’ -
Reinforcement ' [mmé/m] (585 | |i
:
Design momment = (kNm/m] |0.00
Reinforcement % [mmédm] |0
Design moment'r' (kWm/m] |0.00
Reinforcement Y [mmé/m) |0

2j0

2li0
|
:
lj
$I
i
|
\J

L
T
L
[

w ! ¥ m! |

[MPa) [kl
o [MPa] |0.376 Pl P
Lin |

T
Load case |1 il |
[

e R S
|
|

i
= [ [tas
!
|

270.86 kNI

Soil Pressures at SLS Soil Pressures at ULS
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Reinforcement Bending schedule:

- 36 -

— 11Y14-A-200 (B1)

\ —

col1

PLAN

4Y14-E+
4Y14-F
3R10-G

.. . J.t...]

B B B B B B BB B B B

SECTION

11Y14-B-200 (B2)

SECTION: col1



Note: Unless the beams, all the results are related to the transversal frame since it has the maximum values.

511  COLUMNS SUMMARY

Floor Internal/Edge Column dimensions | Column reinforcement | Stirrups

0 Internal 40X30 4D25+4P20 D8@18cm c/c
Edge 40X30 8d14 O8@18cm c¢/c

1 Internal 40X30 4920+4P16 P8@18cm c/c
Edge 40X30 8014 D8@18cm c/c

2 Internal 40X30 8d14 O8@18cm c¢/c
Edge 40X30 8014 D8@18cm c/c

3 Internal 40X30 8D14 ®8@18cm c/c
Edge 40X30 8d14 O8@18cm c¢/c

5.1.2 FOOTINGS SUMMARY

Footing type Dimensions Reinforcement in X- | Reinforcement in Y- | Starter column

direction direction reinforcement
Type 1 (Internal) 250x250x55 d14@14 cm c/c d14@14 cm c/c 4D25+49020
Type 2 (Edge) 210x210x45 ®14@20 cm ¢/c ®14@20 cm ¢/c 8014

5.1.3 BEAMS SUMMARY

Beam type Dimensions | Top reinforcement (at | Bottom reinforcement Stirrups near
support) (mid-span) support/Mid span

Longitudinal 50x25 3025 + 2020 4020 ®8@15cm c/c

beams ®8@20cm c/c

Transversal 50x25 5025 4920 ®8@15cm c/c

beams ®8@20cm ¢/c

5.1.4 SLAB SUMMARY

Element Dimensions | Top Top Bottom Bottom
x-direction y-direction x-direction y-direction

Suspended 13cm thick ®12@18cm c/c ®12@18cm c/c ®10@18cm c/c ®10@18cm c/c

slab

5.1.5 RAMP SUMMARY

Element Dimensions | Top Top Bottom Bottom
x-direction y-direction x-direction y-direction

Suspended 13cm thick ®12@18cm c/c ®12@18cm c/c ®10@18cm c/c ®10@18cm c/c

slab
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Done at Rubavu, January 2018
HAVUGIMANA Juvens
BSc.CivilEng
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