Design of folded plates 
Trapezoidal folded plates

Span 35m
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short direction:-
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3*2Mb+3Mc=-6*0.585 → 2Mb+Mc=-1.17……… (1) 
For symmetrical Mc=Md

3Mb+2*6Mc+3Md=-6*(0.585+.731) → Mb+5Mc=-2.632…….. (2)
From equations 1&2 Mb= -0.358 m.t, Mc= -0.455 m.t
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d = k1√M/B = 0.35 * √0.46*100000/100 = 7.5cm take ts = 8.5+1.5=10cm
As=M/k2.d = 0.46*100000/1300*8.5 = 4.16 cm2 → take 6ø10/m' as main reinforcements and 5ø10/m' as secondary reinforcements.
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Longitudinal direction:

Properties of plates (span 35m)
Area = width x height

Z = 2 I / h = height3 x width /(12*(height /2) )

M = S x span2 / 8 

Stress = M / Z

P1 = 0.125x2.5x0.7 + 1.5x0.60 + 0.14 =1.26 t/m'

P2 = 3.0x0.6 = 1.8t/m'
	Plate
	Width (m)
	Height
	Area (m2)
	Z (m3)
	S ( t/m')
	M (m.t)
	Stress (t/m2)

	ab
	0.125
	0.70
	0.0875
	0.0102083
	1.26
	193
	18906

	bc
	0.12
	3.0
	0.36
	0.18
	3.0
	459.375
	2552.1

	cd
	0.12
	3.0
	0.36
	0.18
	0
	0
	0


Edge shears:
Joint b:  0 + 2(Tb/A1+Tb/A2) + Tc/A2 = ½ (M1/Z1 + M2/Z2)
So, 28.41*Tb +2.78*Tc = 10729.1→10.22*Tb + Tc = 3859.4
Joint c:  Tb/A2 + 2(Tc/A2+Tc/A3) + Td/A3 = ½ (M2/Z2 + M3/Z3)
Tc = -Td
So, 2.78*Tb +5.56*Tc - 2.78*Tc  = ½ (2552.1 + 0) → Tb + Tc = 459
10.22*Tb + Tc = 3859.4

-Tb - Tc = -459
Tb = 368.8 t & Tc = 90.2 t
Stress analysis of plates 
Plate ab:
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Assume the height of tension zone in plate ab =0.586 m
Plate bc:
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Plate cd:
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Final stress diagram
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Determination of longitudinal tension steel
According to final stress figure tension force in the cross section of the folded plate
T = ½ x10476 x 0.5856 x 0.25 = 766.84 t
Use steel 52  = 2t/cm2
As = 766.84/2 = 383.422 cm2 → 28ø42mm  
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Shear stress
Max. Shear force at diaphragms Qmax = Pb L / 2 = 1.26 * 35 / 2 = 22.05 t

Shear stress at mid height of plate ab max = ³/² Qmax / A 

                                                                    = 3*22.05 /2*0.0875 = 378 t/m2
Shear stress at diaphragms due to Tb = 368.8t  
At top edge  = 4Tb / b L =4*368.8/0.125*35 = 337.2t/m2

At mid height /4 = 337.2 / 4 = 84.3 t/m2
Total shear stress at mid height = 378 – 84.3 = 293.7 t / m2

------------------------------------------------------------------------
Max. shear force at diaphragms Qmax = Pb L / 2 = 3 * 35 / 2 = 52.5 t

Shear stress at mid height of plate bc max = ³/² Qmax / A 

                                                                    = 3*52.5 /2*0.36 = 218.75 t/m2

Shear stress at diaphragms due to Tb = 368.8t  
At top edge  = 4Tb / b L =4*368.8/0.12*35 = 351.2 t/m2

At mid height /4 = 351.2 / 4 = 87.81 t/m2
----------------------------------------------------------------------------
Shear stress at diaphragms due to Tc = 90.2t 
At top edge  = 4Tc / b L =4*90.2/0.12*35 = 85.9 t/m2
Shear stress at mid height of plate bc due to Tc = 85.9/4 = 21.5t/m2
Total shear stress at mid height of plate bc 
                                                                  = 218.78 – 87.81- 21.5 = 109.5 t / m2
Reinforcement for shear:
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Details of Reinforcments in Plan (Developed)
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Design of Diaphragm:
Design each diaphragm as simply supported beam supported on columns.

[image: image13.wmf]wt/m`

8.00


Distributed loads acting on the diaphragm w /m' = o. wt. of diaphragm 
    +distributed load /m2 acting on plates x Span/2

                                                                             = 15.85*2.5*0.25/8+0.65*35/2
                                                                             = 12.6 t/m'

Max. +ve Moment = 12.6*82/8 = 100.91 m.t.

Max. Shear Force = 12.6*8/2 = 50.4 t

Let the thickness of diaphragm = 25 cm

d = k1√M/b = 0.35√100.91*105/25 = 222.4 cm let d = 250 cm and t = 255 cm

As = M/k2 d = 100.91 * 105 / 2000 * 250 = 20.182 cm2 → 8 ø 18 mm

 = Q/0.87 bd = 50.4*1000/0.87*25*250 = 9.3 kg/cm2
Take 2*2 ø 18 mm as bent bars
Note:The reinforcement will cover the moment for small depth. 
The bent bars will appear in the sloped depth section.
The secondary reinforcement for transfer direction resist shear stress in plates. 
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Design of Triangular Folded Plates (Span 20m)
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Slab action :
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d = k1√M/b = 0.35√0.39*105/100 = 6.91 cm let d = 8.50 cm and t = 10 cm

As = M/k2 d = 0.39 * 105 / 2000 * 8.5 = 2.29 cm2 → 5 ø 10 mm/m' as main and secondary reinforcement.
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Beam action (longitudinal direction):
P1=0.125*0.8*2.5+.35*1.5 = 0.8475t
P2 = 0.35 * 3 = 1.05 t

S1 = S2 = 0.79 t

	Plate
	Width (m)
	Height
	Area (m2)
	Z (m3)
	S ( t/m')
	M (m.t)
	Stress (t/m2)

	ab
	0.125
	0.80
	0.1
	0.0133
	0.8475
	42.4
	3180.8

	bc
	0.12
	3.0
	0.36
	0.18
	0.79
	39.5
	219.44


Joint b:  0 + 2(Tb/A1+Tb/A2) + Tc/A2 = ½ (M1/Z1 + M2/Z2)
2*12.78 Tb = 1700.12 → Tb = 66.53t
Note:At Joint c Edge Shear = 0 because of the plate bc and cd compressed at same point (c)
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Max. Compression stress = 100.65 kg/cm2 (safe)
T (tension force) = 0.5 * 185.1 * 0.6243 = 57.78 t

As = 57.78 / 2 = 28.89 cm2→12ø18mm

Shear stress

Max. Shear force at diaphragms Qmax = Pb L / 2 = 0.85 * 20 / 2 = 8.5 t

Shear stress at mid height of plate ab max = ³/² Qmax / A 

                                                                    = 3*8.5 /2*0.1 = 127.5 t/m2

Shear stress at diaphragms due to Tb = 66.5 t  
At top edge  = 4Tb / b L =4*66.5/0.125*20 = 106.4 t/m2

At mid height /4 = 106.4 / 4 = 26.6 t/m2
Total shear stress at mid height = 127.5 – 26.6 = 101 t / m2

------------------------------------------------------------------------

Max. Shear force at diaphragms Qmax = Pb L / 2 = 0.79 * 20 / 2 = 7.9 t

Shear stress at mid height of plate bc max = ³/² Qmax / A 

                                                                    = 3*7.9 /2*0.36 = 33 t/m2

Shear stress at diaphragms due to Tb = 66.5t  
At top edge  = 4Tb / b L =4*66.5/0.12*20 = 111 t/m2

At mid height /4 = 111 / 4 = 87.81 t/m2
Total shear stress at mid height of plate bc= -111 + 33 = -78 t / m2

Reinforcement for shear:
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Details of Reinforcments in Plan (Developed)
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Design of Diaphragm:

Design each diaphragm as simply supported beam supported on columns.
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Distributed loads acting on the diaphragm w /m' = o. wt. of diaphragm 

    +distributed load /m2 acting on plates * Span/2 = 
                                                                            8.0652*2.5*0.25/5.2+0.4*20/2

                                                                           = 5 t/m'

Max. +ve Moment = 5*5.22/8 = 17 m.t.

Max. Shear Force = 5*5.2/2 = 13 t

Let the thickness of diaphragm = 25 cm

d = k1√M/b = 0.35√17*105/25 = 92 cm let d = 270 cm and t = 275 cm

As = M/k2 d = 17 * 105 / 2000 * 270 = 3.15 cm2 → 8 ø 18 mm

 = Q/0.87 bd = 50.4*1000/0.87*25*250 = 9.3 kg/cm2
Take 2*2 ø 18 mm as bent bars

Note:The reinforcement will cover the moment for small depth. 
The bent bars will appear in the sloped depth section.

The secondary reinforcement for transfer direction resist shear stress in plates. 
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