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An Optimization of a Walkway Block Structure for Rainwater Harvesting

Taejun Cho', Byung-Jik Son”*

Abstract: Porous walkway blocks are constructed for the purpose already, but reserved water is easily consumed due to the bigger permeability than
necessary. Furthermore, porous structure reduces the strength of blocks, which resulting cracking and settlements in walkways. In this study, we
suggested a solution for given problems by determination for the location of minimum principal stress in walkway blocks against moving foot loads
in order to design and verifying the determined location of minimum principal stress. An optimum design with a verification example for determined
location of minimum principal stress have been presented in a two dimensional Block member on elastic foundation for pedestrian walkway for reserving
water inside. The minimum value for sum of shear forces is found when x1 is 58.58 mm(30% of total span, 200mm), while the minimum deformation
is located at x2= 80 mm(70% of total span, 200 mm). In a modified model, When moving boundary condition(walkway foot loads) is located at x1(=0 mm),
the location of minimum principal stresses is found at 168 mm( 84% of span, 200 mm), in which the stress concentration due to the foot load is modeled
as two layers of distributed loads(reactions of foundation modeled as springs). Consequently, zero deformed reservoirs for rainwater on the neutral axis
(x2=167 mm) has been determined in the modified model with three dimensional FEM analysis verifications.
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Fig. 1 Found location and distribution of reactions for CASE II.
Brick on elastic foundation in pedestrian walkway for rainwater
harvesting inside
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Fig. 2 Reversed brick model on elastic foundation in pedestrian
walkway for reserving water inside
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Fig. 3 Reversed brick model on elastic foundation considering
uneven reactions in springs
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CASE I(Fig. 2) :
V,=—w * x; (1)

Vip=—w; » &y TR, * 2

CASE II(Fig. 3) :
V,=—w ca2,- B+ uw ©)

Vip=—w; » 2+ R, *2y~w, * B 2

J. Korea Inst. Struct. Maint. Insp. 41



7] A4 HFeES Fig. 2, Fig. 39| A
o] Tt

EAEERE O3

CASE I(Fig. 2) :
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Fig. 4 (a) Shear force diagram for CASE I, (b) for CASE II, and (c)
Bending moment diagram due to a walking load on rainwater harvesting
block located on an elastic foundation
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x1= 58.58 Vlieft= -117.16 M= -3431.62
x2= 82.843 Vright=" 165.6854 M+=  3431.299
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objective= 68.63458 ; Vmin
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(a) Optimum locations of x1 and x2 for CASE |

B= 118.4524 mm

w2= 3.104543 N/mm

x1= 1E-04 Vieft=" -183.871 M-= -5444.97
x2= 167.4908 Vright=383.8702 M+= 544497

L= 200 R= 567.7407 Vx2= 1.90E-08

objective= -200 ; Vmin
gl= 7.2E-07 ; M-=M+

(b) Optimum locations of x1 and x2 for CASE II

Fig. 5 Converged optimum locations for minimizing principal stresses
in the block structure
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Fig. 6 Variation of total shear forces and total bending moments (a)
at x=x1, and (b) x=x2
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Fig. 7 Found minimum principal stress on neutral axis and location
x2 in CASE I via developed program
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Fig. 8 Variation of shear stresses in sections(x axis varies from 0 to
100 mm)
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Fig. 9 Variation of bending stresses in sections(x axis varies from 0
to 100 mm)
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Fig. 10 Variation of principal stresses in sections(x axis varies from
0 to 100 mm)
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Fig. 11 Found location and distribution of reactions for CASE II

Fig. 12 Load, boundary conditions and reactions for the target
structure
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Fig. 13 Principal stresses of the walkway block
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Appendix I Evaluation of stresses for parametric verifications

Sub stressevaluation_Click()
Range(Cells(7, 2), Cells(100, 100)).Clear

w = Range("C2").Value: L =Range("C3").Value: x1 = Range("C4").Value
b =Range("G3").Value: h =Range("G4").Value

Ra=w*L"2/(L-x1)/2
Ix=b*h"3/12

Fori=1ToL/10+1
x=10*({-1): Cells(7,i+2)=x

Ifx1 > x Then
Cells(8,i+2)=-w*x
Cells(9,i+2)=-w*x"2/2

Else
Cells(8,i+2)=-w*x+Ra
Cells(9,i+2)=-w*x"2/2+Ra* (x-xI)

End If

Next i

Fori=1ToL/10+1
x=10*(i-1): Cells(12,i+2)=x

Forj=1Toh/10+1
y=-10*¥(G-1)+h/2: Cells(12+j,2)=y
M=Cells(9, 2 +i): Cells(12+j,2+i1))=M*y/Ix
Next j

kk=h/10+4
x=10*(i-1): Cells(12 +kk,i+2)=x
Forj=1Toh/10+1
y=-10*(G-1)+h/2:Cells(12 +kk +j,2) =y
V=Cells(8,2+i): Q=b/2*("2/4-y"2):Cells(12+kk+j,2+i)=V*Q/(Ix * b)
Next j

kk3 =kk: kk=2*(h/10+4)
x=10*(i-1): Cells(12 +kk,i+2)=x
Forj=1Toh/10+1
y=-10*(G-1)+h/2:Cells(12 +kk +j,2) =y
sigma = Cells(12 +j, 2 +i): tau= Cells(12 + kk3 +j, 2 + 1)
Cells(12 + kk +j, 2 + i) = Abs(sigma / 2) + Sqr((sigma / 2) * 2 + tau *

Next j
Next i

mn = 10000000000#
Fori=2ToL/10
Forj=2Toh/10
If mn >= Cells(12 + kk +j, 2 + 1) Then
mi=12+kk+j: mj=2+i
mn = Cells(mi, mj)

End If

Next j
Next i
Cells(mi, mj).Font.Bold = True
Cells(mi, mj).Font.Color = vbRed
Range(Cells(12 + kk + 2,2 +2), Cells(12+kk +2+h/10-2,2+2+ L/ 10 - 2)).BorderAround ColorIndex:=3, Weight:=xIThick
Range("B53").Value = mn
'Range("B53").Value = Application. WorksheetFunction.Min(Range(Cells(12 + kk + 2, 2 + 2), Cells(12 +kk +2+h/10-2,2+2 + 1L/ 10 - 2)))

End Sub
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