Reinforced concrete structures Il — Ribbed slab Example 2

Example 2.3 [shear design, Ribbed slab]

Design the ribbed slab system in example 2 for shear using the same material properties and loading.

Solution
A. Rib shear design

Step 1. Material property

Concrete faw=25Mpa fu=20Mpa
fw=11.33Mpa fa=1.5 Mpa
fum=2.2 Mpa fea=1.0 Mpa

Steel fx=300 Mpa f,t=260.87Mpa
£ya=1.3%0 Es=200 Gpa

Step 2. Loading on Ribs
Ge=4.17 KN/m
Qi=2.4KN/m
Step 3. Analysis
- Shear envelope diagram
16.34
10.67 kN.m 13.82
A
AN 0B C
-16.34 -13.82

Step 4. Concrete shear capacity

1
Veae = |Cra.c- K- (100py. £ )5 + Ki0ep| by d > (Vinin + Ky 0cp) by d

-10.67
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Where:
© Crac= "= 5 =012
o K=1+\/?S2.0 d =233
K=1.92
As

° pl:b.d<0.02

w

22619 _ 0o ioms with 2012
_)80x233 ) for sections wi
P1 157.07 0.0085 . th 2010
80x235 ,  for sections wi
° fck =20 Mpa
e K1=0.15
N
® O = AECD <02f;q=0. ... (Ngp = 0)

1

3 =
 Viin = 0.035.K2. % = 0.416

Therefore

For sections with 2012 = Vgq . = 1243 KN > 7.75 KN

For sections with 2010 = Vg4, = 10.137 KN > 7.75 KN

Step 5: Diagonal compression check of concrete

v _ Aew-by-ZV.fcq
Rd,max (cotf+tan )

_ Asw

VRd,S = S .Z.fywd.cote

VRd,max

Vggq (minimum of) = { Vias
where
Aoy =1 recommended value for non — prestressed member
limitd = 1 <cotf <2.5
Take .....cot0 = 2.5

bw = 80 mm
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fea = 11.33 Mpa

Z=0.9xd = 209.7

oV pdmar = 1x80x209.7x0.6x11.33 — 39325 KN

(25+5)

Check this value with values form the shear envelop

= Vramax > VEp - .....at all locations,  therefore Ok!

Step 6. Calculate the required shear reinforcement

Asw-fyd < 1

bW,S _E.ac.v.fcd

Smax = 0.75.d. (1 + cota), a =90°

Smax = 0.75d

0.08.
Pomim = 9.08.yJer _ 400119

fyk

Asw 2x(96” )

S = =
by.py.sina  80x0.00119x1

= 593.99mm

Check this value with Smax

Required: shear reinforcement

Asw Ved 2 %1 * 62
S 0.78 xd * fyk * cot

G Asw % 0.78 * d * fyk * cotf
B Ved

Veg— d from the face of the columns but since the loads are small just take the values at the centre of the
columns.

6- since Vgra,max>Ved lets take the conservative value

0 =22° cotd = 2.5
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c= 56.54 x 0.78 x 233 + 300 * 2.5 7706.68

Ved Ved KNmm
Scal
span Location | VEd(KN) | (mm) Sprovid
AB near A 10.67 722 | $6C/C175 mm
near B -16.34 471 | $6C/C175 mm
BC near B 13.825 557.44 | $ 6 C/C 175 mm
near C 13.825 557.44 | $ 6 C/C 175 mm
D near C 16.34 471.64 | $6C/C175 mm
near D 10.67 722.27 | $6C/C175 mm
Smin =594 mm

=>» Additional torsion force on the longitudinal reinforcement.

max = 0.75 *d = 0.75 * 233 =174.75 - 175mm

Provide ¢ 6 C/C 175 mm throughout

AFtd = 0.5 * VEd * cotb

take VEd = 16.34 (the largest value)

AFtd = 0.5 x 16.34 * cot(45) = 20.425KN

Note: this has to be added to the Flexural computation ( on the tension reinforcements.)

Step 1: Shear envelope

>

>

AandD

o bw =300, D=300mm, d=259

o  @8stirrup, ¢ 16 rebar
47.37 74.301

2.5m 1.543m
1.5m 2.5m
-74.301
-47 937

BandC

o bw =600, D= 300mm, d=257
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o ¢8stirrup, ¢ 20 rebar

127.93 201.45

2.5m 1.588m
1.58m 2.5m

-201.45 -129.95

Step 2: concrete shear capacity

1
VRd,c = [CRd,c * k * (logfckﬁ + K1 * pccp] *bco * d
> [Vmin + K1 * ocp] * bco *d

CRd,c = 0.12
K=1+ 200—1+ 200<20
B d 233~ 7
K =1.926
- A 002
P bwd '
For A and D:
Support: 6¢16
_ 120637 _ 0455
300%259
Span: 4¢16, p = 0.01035
ForB and C:
Support: 10620, p = 0.02
Span: 4¢16, p = 0.0122
fck = 20Mpa
ocp =0
3 1
Vmin = 0.035 * k2 * fckz = 0.416
> AandD
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o Span- Vgp,c=56.412 KN > 32.3 KN
o Support - vrp,c = 49.22 KN > 32.2 KN

> BandC
o Span-Vgpc=121.88 KN >32.3 KN
o Support - Vrpc = 103.36 KN >32.3 KN

Step 3: Diagonal compression check of concrete

v _ Qew ¥ by x frvxfed
Rdmax — cotf +tan 8

» Girder Aand D
e a, =1
e V=06
e b, =300mm
e fcd =11.33Mpa
e cotf =25

e z=09+d=09%239 =233.1
1%0.6*300%233.1%11.33

Vra =
max 2l5 " L
25
Ved max = 163.92KN
* Verimax > Vga....ok

» GirderAand D
* ay =1
e V=06
e b, =600mm
e fcd =11.33Mpa
e cotf =25

e z=09+xd=09%257 =231.3
1*0.6 * 600 * 231.3 *11.33

VRd max = 1
25—
2.5
Vrd max = 325.32KN
* Vramax > Vga....ok
Step 4: Shear reinforcement required
Asw. *fyd 1
~hyrs  SzrlerVye
Asw VEd

s 0.78 x5 % fyd * cot 6




‘ [ @6 cic 175 mm
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4

= 100.53

G 0.78 xd * fyk x As,, * cotd

Smax = 0.75 xd * (1 + cot8)

Smax = 194.25mm  for Aand D

Smax = 192.74mm for Band C

Smin = w8159 for And D
by, * py, * sinx
Smin = 140.79 mm  for Band C
Span location | Vea(KN) Scai(mm) | S provided
AandD | nearl 39.67 259 767.92 | $ 8 C/C 560 mm
near 2 66.6 259 456.92 | ¢ 8 C/C 450 mm
near 2 66.6 259 456.92 | ¢ 8 C/C450 mm
near 3 39.67 259 767.92 | $ 8 C/C 560 mm
BandC | nearl 107.24 257 281.86 | $ 8 C/C 280 mm
near 2 180.74 257 167.24 | $ 8 C/C 190 mm
near 2 180.74 257 167.24 | $ 8 C/C 190 mm
near 3 107.24 257 281.86 | $ 8 C/C 280 mm

Step 7. Detailing

@6 cic 175 mm ﬁy]

Shear Reinforcement detailing for Ribs

[ @6 cfc 175 mm

‘ [ @6 clc 175 mm

@6c/c 175 mm — |

[T

i

@6 clc 175mm __*— |

2@112mm L=

2212 mm L=

2812 mm L=

nr
V
I—D}(

— Rib

2812mm L=

/!ZBCJ’C 175 mm
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Shear Reinforcement detailing for girders

Girders[ Aand D] oTOg
fhs =221 As=6216
‘ [@8c/c 190 mm @8c/c 190 mm — ] ‘ [ @8 clc 190 mm @8 c/c 190 mm*— ] .
Tl i Tl R pe-ser
"""" ) T oood o oo
Girder .
section A-A Girder
section B-B
Girders [B and C]
[ 2@ 8ckc 190 mm 2@8dc190mm‘—|.‘ [~ 228 c¢/c190 mm 2@8c/lc 190 mmT ] ‘
THITHIE i i T
As = 4020
o] [ O T O0 4
As = 10 & 20
= . As =820
o5 | Girder &8~ T | Girder
b=600mm Section AA b =600 mm section B-B

Shear Reinforcement detailing for Beams
- & 8 c/c 280 mm - ‘
Wﬂm%dmmi aﬂ%%wm—wi il | T




