Reinforced concrete structures Il — Ribbed slab Example 2

Example 2.2 [Ribbed slab design]

A typical floor system of a lecture hall is to be designed as a ribbed slab. The joists which are spaced at
400mm are supported by girders. The overall depth of the slab without finishing materials is 300 mm.
Imposed load of 1.5KN/m? for partition and fixture is considered in the design. In addition the floor has a
floor finish material of 3cm marble over a 2cm cement screed and it ha 2cm plastering as ceiling. Take
the unit weight of ribbed block to be 2KN/m2.
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Class 1 works

a) Analyze the ribbed slab system, considering the effects of loading pattern
b) Design the ribbed slab system




Solution:
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Step 1: Material property

Concrete:
fctk,0.05 = 1.5Mpa
fctm = 2.2Mpa
¥c =15
fck = 20Mpa, fcu = 25Mpa
fcd = M = 11.33Mpa
1.5
Rebar
fyvk = 300Mpa
fyd = % = 260.87Mpa
eyd = 22 = 208 = 1.74%

Step 2: Loading

Dead load:

>

YV VYV YV YV

Joist-> 0.2 * 0.08 * 25=0.4
Topping-> 0.4 * 0.06 * 25 = 0.6

Floor finish - 0.4 * 0.03 * 27 =0.32

Cement Screed > 0.4 *0.02 * 23 =

0.184

Plastering - 0.4 * 0.02 * 23 =0.184

Partition and fittings - 0.4*1.5=0.

Ribbed block > 0.4 *2=0.8

Gk =3.092 KN/m

Live load:

> Qg =4KN/m?*0.4=1.6 KN/m

Design load:

6

> Gd = 1.35%Gk = 1.35 % 3.092 = 4.174KN/m
> Qd=15%Qk=15x16=24KN/m
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Step 3: Analysis (for Ribs)

i) Full design load

Qd =24 KNim
Gd =4.17 KN/m
AN o o o e
10.58 13.46 16.34
SFD (KN)
-16.34 -13.46 -10.38
-11.512 -11.512
BMD ( KNmj
8.315 1947 8.315
ii) Maximum support moment [at B and C]
Qd =24 KN/m
\L J/ \l/ \L J{ J{ Gd = 4.17 KN/m
s o !
13.825 13.825 10.47
SFD (KN)
-15.956 -12.455 61
-11.26 8518
BMD (KNm)
8.315 1.947 8.315
iii) _For maximum span moment [ at span AB and CD]
Qd = 2.4 KN/m
R Gd = 4.17 KN/m
o T i T
1067 8.34 15.61
SFD (KN)
-8.61 -8.34 -10.38
-7.804 7.8
BMD (KNm)
9.506 0.535 9.506




iv) Maximum span moment [ at BC]
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Qd =24 KN/m
\L L L \I, \L J, J, \L J, L L \L Gd = 4.17 KN/m
o oo e =
6.21 13.14 10.47
SFD (KN)
-10.47 -13.14 621
-8.51 -8.51
BMD (KNm)
4.623 463 4623
v) Only dead load acting
L S S A S S A S A A A A S A A P
/777(')7_1 frarrrears
6.553 8.34 10.17
SFD (KN)
-10.187 -8.34 6553
-7.15 -7.15
BMD (KNm)
5.147 1.193 3147
- Moment envelope diagram for the rib
172.99 172.99
91.66 146.28

146.28




Reinforced concrete structures Il — Ribbed slab Example 2

- Maximum reaction envelope

A B C D
10.67 298 298 10.67
- Minimum reaction envelope

A B C D
6.21 18.467 18.467 6.21

Step 4.Loading on Girders

- Assume Width of girders A,D ......... W=300mm
B,C .o W=600mm
For all girders........... D=300mm

- Note: the section should be checked for serviceability

e Self-weight: A&D......... =0.3x0.3x25=2.25KN. m

B&C ............ =0.6x0.3x25=45KN. m
e Designloads: A&D ........... Gd =1.35x2.25=3.04 KN. m
B&C........ Gd=1.35x4.5=6.08 KN. M

Step 5. Analysis of Girders

i. For Girder on axis “A” and “D”
- To get to maximum support moment [at 2]
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W=29.72 KN.m
26.68 KN.m
A A TA R ANE\ A B 1T 1T w3.04KN-r"I
L) L ) \ A SRR AF N
1 w7 2 /7%3
Fd4.3m
14 4.59

2.3 L5
—74.301

/?42 —44.59
3343 3343
To get maximum span moment on girder A& D at 12 & 23
c6.68 KMm
12,02 5KM.m
Ly i Y Y T CE Y N T F LY fu ."\..""ll"
F.Df—lKN.m
L kY LY k! L P My Y Y Y Y N
| e m°
49,2
47 I
c 40
L5933 =406 1593
=713l
{339 —2o 05

37,72 16,83
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- Moment envelop for girder A and D

-59.442

9772 37.72

ii. For Girder on axis “B” and “C”

- Loading: Self-weight = 6.08 KN.m

Reactions from the ribs (divided by the rib spacing)
29.8 18.467

- To get maximum support moment [at “2”]

7453 KMm
. 08K M. m

7| e 77

0145
lens?

20145

~161.16 -120.87

065 S0ES
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- To get maximum span moment [at “12” or “23”]

4o KMNm
46,25 KMN.m
bl
\}/6.USKN.M
Y e 73
137,67
127,95
2412
158 2.36 1364
19436
10159 48.64

- Moment envelop diagram for girders on axis B and C

-161.16

101.59 8 101.59

Step 6. Loading on the Beam .... Axis 1, 2 and 3

- Self-weight width=200 mm
Depth=300 mm
N.B: cross section should be checked for serviceability.
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Since there are columns at the intersection of the beams and girders, the beams will only support
their own loads.

DL=0.2x0.3x25=1.5KN/m
Gd=1.35x1.5=2.025 KN/m

- Beam analysis

200 KMNm
) ’ 7 7
7 7
4,05
5,162 4,928
-4,928 e -3182
-2.491
-3.491
2,496 0:33 2,496
Step 7. Design
1. Rib design
| b !
I !
! A !
j
begi by, bz 5
beny,  Benz|
LI 1 1 1 1 1 |
Y L
b | 0"l b b,
o o e - JL

Cross section at span

hf = 60mm
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I

1.

b, = 80 mm
h =260mm

Take cover 15 mm

d=2w—&5—6—%=2%nml

Effective width computation

. . ..

- - -

I,= 0851, ::,=015{f111£i- =078 | =015 L+,

-

1, I

beff = Z beff,i + bW < b

beff,i = OZbl + Ollo < 0210

For end span (sagging moment)

I, = 0.85l,
[, =0.85 %4000 = 3400mm
b1 = bz =160 mm

beffl = beffZ =372<680< b1

beff = Z beff,i + bW < b

ly

beff =400 mm

For interior sagging moment
I, =0.7l,
[, =0.7 4000 = 2800mm
b; = b, =160 mm

beffl = beffZ = 312 < 560 < b1

beff = Z beff,i + bw < b

10
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beff =400 mm

Ill.  For interior sagging moment

l, =015 + 1)
l, =1200mm
b; = b, =160 mm

beffl = beffl = 152 < 240 < b]_

beff = Z beff,i + bW S b

besr = 384 < 400 OK

b.sr = 384 mm

- Design of the T-section

A. Positive span moment AB and CD

M,y = 9.506 KNm

Msd

besr =384mm d =233mm f.q =11.33mpa f,q = 260.87 mpa

9.506 * 10°Nmm
= (0.0386

Hsd = bd? ~ 11.33 « 384 « 2332

Usq < Usqim = 0.295 Singly reinforced

K, = 0.055

X =Kyd=12815mm < hy  designas arectangular section

K, =0.975 Z=K,d =227.175mm

Msd

_9.506 x 10°Nmm

= 160.40 mm?

As =

= FraZ =

260.87 x 227.175

11




Msa = ¢ hd2 ~ 11.33 « 384 « 2332
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 0.26fum

smin = [ b.d where by = by, d = 233mm [, = 2.2mpa fii
y

= 300 mpa

Agmin = 35.54mm? < A, OK!

A
using @12 a; = 113.1mm? n=—=1.418 use 2012 bottom bars

as

B. Negative moment on the rib support B and C

Mgy = 11.512KNm b, =80mm d =233mm f.q =11.33mpa f,; = 260.87 mpa

Mgy 11512+ 10Nmm

= = =0.2339
Hod frabd?  11.33 %80 = 2332

Usa < Usqim = 0.295 Singly reinforced
K, =088 Z=K,d =205.04mm
Mgq 11512 10°Nmm

A, = = = 215.22mm?
ST F,aZ  260.87  205.04 mm
0.26
smin = ﬂbtd where by = b,, d = 233mm f,,, = 2.2 mpa
fyk
fyk =300 mpa

Agmin = 35.54mm? < A; OK!

A
using 12 ag = 113.1mm? n=—=1.9029 use 2012 bars at the top

as

C. Span moment between B and C

Mgy = 4.63 KNm  bysr =384mm d =233mm [, =11.33mpa f,q = 260.87 mpa

Mg, 4.63 * 10°Nmm
= = 0.0188

Usa < Usq1im = 0.295 Singly reinforced

K, =007 X=K,d=1631mm<h; designasarectangular section.

K, = 0985 Z=K,d = 229.505mm

12
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A = Msa _ 463+ 108Nmm
* " fyaZ  260.87 x 229.505

- _026fim
smin fyk

Agmin = 35.54mm? < A; OK!

= 77.33mm?

b:d where by = b,, d =233mm f,y =2.2mpa fy, =300 mpa

A
using ® 12 a;, = 113.1mm? n=—=0.6837 use 2012 bottom bars

as

2. Rib cross section at end (rectangular)

a. Positive span moment AB,CD

Msq =9.506 KNm b, =80mm d =233mm f, =1133mpa f,q =260.87 mpa

Mg 9.506 * 10°Nmm

_ - = 0.193
Msd = ¢ hd2 ~ 11.33 « 384 « 2332

Usa < Usaim = 0.295 Singly reinforced
K, =089 Z=K,d=20737mm
Mgq  9.506 * 10°Nmm

A = = = 175.61mm?
ST fyaZ  260.87 x 207.37 mm
_ 0-26fcom ) 4 hereb, = b, d=2 =22 =
smin = T ¢ where by = b, = 233mm feim = 2.2mpa  f, = 300 mpa

Agmin = 35.54mm? < A; OK!

A
using @12 a; = 113.1mm? n=—=1552 use 2012 bottom bars

as

b. Negative support moment at B and C

Mgy =11.512KNm b, =80mm d =233mm f.q = 11.33mpa f,q = 260.87 mpa

Mg 11512 10°Nmm
Msa = ¢ pdz = 11.33 = 80 « 2332

= 0.2339

Usq < Usqim = 0.295 Singly reinforced

K, =0.863 Z=K,d=201.79mm

13
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My, 11.512 « 10°Nmm 5
= = 219.46mm

A. = =
* fyaZ  260.87 % 201.79
_ 028fem ) here b, = b, d= = =
smin = T ¢ where by = b, = 233mm fetm = 2.2 mpa  f,, =300 mpa

Agmin = 35.54mm? < A; OK!

A
using 12 a, = 113.1mm? n=—=19 use 2012 bars at the top

as

c. Positive span moment at BC

Mgy = 4.63 KNm b, =80mm d =233mm f,=1133mpa f,q =260.87 mpa

Mg 4.63 % 10°Nmm

= = = 0.094
Msa = hd? ~ 11.33 = 80 2332

Usa < Usqim = 0.295 Singly reinforced
K,=0951 Z=K,d =221.583 mm

My;  4.63 % 10°Nmm 5
= = 80.09mm

Ag = =
* " fyaZ ~ 260.87 x 229.505
- 220fem, 4 hereb, =b, d=2 =22 _
smin = o t where by = by, d = 233mm fet, = 2.2mpa  fy, = 300 mpa

Agmin = 35.54mm? < A; OK!
. 2 AS
using @12 a; = 113.1mm* n =—=0.6837 wuse 2012 bottom bars

as

2. Girder design

a. GirderatAandD

- Positive span moment

Mgy = 37.728 KNm b, =300mm D =300mm f,=1133mpa f,q =260.87 mpa

16
d=300—25—8—7=259mm

Mgq _ 37.728 x 105Nmm

_ - = 0.165
Hsa = bdZ ~ 11.33 = 300 = 2592

14
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Usa < Usq1im = 0.295 Singly reinforced
K, =0907 Z=K,d =23491mm

s Mgy 37728+ 10°Nmm
S fyaZ  260.87 x 23491

_ 0.26fctmb p B _ B _
smin = T ¢ where by = b,, d =259mm fiy, =22mpa fy, =300 mpa
y

= 615.525mm?

Agmin = 148.148mm? < A, OK!

A
using @ 16a, = 200.96 mm? n=—=3.0629 use 4916 bottom bars

as

- Negative support moment

Mgy = 59442 KNm b, =300mm D =300mm f,;=1133mpa f,q =260.87 mpa
16
d=300—25—8—7=259mm

My 59.442 x 105Nmm
Hsd = bd?Z ~ 11.33 = 300 = 2592

= 0.260

Usa < Usq1im = 0.295 Singly reinforced
K,=0.841 Z=K,d =217.819mm

4 = Msa _ 59442~ 10°Nmm
S fyaZ  260.87 % 217.819

_ 0.26fc¢m bod B _ B _
smin = T ¢ where by = by, d =259mm [y, = 2.2mpa f,; =300 mpa
y

= 1046.1mm?

Agmin = 148.148 mm? < A; OK!

A
using 16 a; = 200.96 mm? n=—=3.0629 use 6016 bottom bars

as

b. Girder at B and C

Positive span moment

Mgy = 101L.59 KNm b, = 600mm D =300mm f; =11.33mpa f,q =260.87 mpa
20
d=300—25—8—7=257mm

_ Mg 10159 * 10°Nmm
Hed = fcdbdz B 11.33 * 600 * 2572

= 0.226

15
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Usa < Usq1im = 0.295 Singly reinforced
K, =0.867 Z =K,d =222819mm

4 Mo _ 10159+ 106Nmm
ST fyaZ  260.87 x 222.819

_ 026fum
smin fyk

= 1747.73mm?

b.d where by = b,, d =259mm f., =2.2mpa f
= 300 mpa

Agmin = 148.148 mm? < A; OK!

A
using @ 20a; = 314mm? n=—=5566 use 6020 bottom bars

as

Negative support moment

Msq = 161.16 KNm b, =600mm D =300mm f,=1133mpa f,q =260.87 mpa
20
d:300—25—8—7=257mm

Mgq  161.16 * 10°Nmm

= = = 0.358
Msa = ¢ pdz = 11.33 % 300 * 2572

Usa > Usaim = 0.295 Doubly reinforced section

K, im = 0.814
Msd,lim = usd,limfcdbdz = 0.295 % 11.33 * 600 =* 2572 = 132.455 KNm

Z =K, ym *d = 0.814 % 257 = 209.19 mm

Msaiim | Msas — Msquim _ 132.455  10° , (16116 — 132.455) + 106
Zfya = fya(d—dy  260.87%209.19 ' 260.87 * (257 — 35)
= 2915.617mm?

A1 =

use 10 220

» Compression reinforcement design

- Check if the reinforcement has yielded

2 _ 3% _ 0146, = 2.6% d hart
7 = 557 = 01452 = 2.6%0 (read from chart)

&z = 2.6%0 > €,4 use fy,q = 260.87

16
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- Calculate the stress in the concrete at the level of compression reinforcement to avoid

double counting of area.
Ecso = 2.6%0 = 2%0 , Therefore, we take

g = 3.5%0 and 0.4, = 11.33 mpa

p _ 1 (161.16 — 132.455) = 106
so=—— 1t (MsasMsiim) = (560 87— 11.33) (257 — 35)

AN
(asz_acd,sz) d-dz

= 518.160mm?

use 2220

3. Beams Design

i)  Negative support moment

Mgy = 3.491KNm b, =200mm D =300mm f.q =1133mpa f,q =260.87 mpa
12
d=300—25—8—7=261mm

Mgy 3491+ 10°Nmm

= = = 0.0226
Hsd = hdZ ~ 11.33 = 200 = 2612

Usa < Usq1im = 0.295 Singly reinforced
K, =0.985 Z =K,d =257.08 mm

My;  3.491x 10°Nmm
Ag = =

_ Asa _ = 52.04mm?
fyaZ _ 260.87 « 257.08 mm

_ 0.26fctmb p o B B _
smin = T ¢ where by = by, =200 d =261mm f.4m = 2.2mpa [y, =300 mpa
y

Agmin = 99.52mm? > A;Not OK!

. 2 As min
using @ 12a;, = 113.04mm* n = (’1— =0.88 wuse 2012 bottom bars
S

Use 2012 bottom and top bar for the total lenth of the beam.

Step 8. Transverse reinforcement
Secondary reinforcement is required for temperature and shrinkage.
As; = 20% As,min

Asz = 0.12% Aropping

17
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g ] S_bas
pacing =

S

use® 8 ¢/c 200 mm

Step 8. Detailing

Flexure Reinforcement cdetailing for Riks [middle spon]

|+ ]| ] -
‘ 3 : - T
2012 mm L= 20112 mm L=
2812 mm L= 212 mm | = 2012mm L=
Rib section A-A
Rib section B-B
Flexure Reinforcement detailing for Ribs [end span]
LT =S = r
‘ » © | 2512|mm L= . A
2212 mm L=
2112 mm L= 2012 mm L= 2012 mm 1=
Rib section A-A Rib section B-B

18
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Flexure Reinforcement detailing for Girders [ Aand D ]

I
A B_ N
6216 mm 1=
2216 mm L= 20 16mm L=
416 mm L= 416 mm L=
o
s = 221 s =621p
L= las = 421
Girder section A-A S Girder section B-B

19
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Flexure Reinforcement detailing for Girders [ B and C ]

cloL L

=

m
b

10 @20 mm L= _
416 mm L= 2@16mm L=
6 @20mm L= 6F20mm L=
Asg = AZ20 {for construction purpose only)
O g O S SRS
As=10 a2
As =620 _
As = 6220
L C0 OO O | Girger OO0 GO O | Gider
b =600 mm section A-A 0 =600mm section B-B
Flexure Reinforcement detailing for Beam
L7 = | -
A N ‘ . A
— 2C12mm L= 2012 mml=
2012 mm L= 2@12 mm L= - 2212 mm L=
2312 mm L= 2812 mm L= 2212 mm L=

All beam sections

Typicol Rik section

| O oolo © O O 0O oo

OO
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