eISSN: 2791-8742
> doi: 10.52460/src

S

Scientific
Research
Communications

Volume 1
Issue 1

July 2021



Scientific Research Communications
Volume 1, Issue 1, 2021

Editorial

Editor-in-Chief
Mehmet CEVIK

Associate Editors
Ahmet AYKAC

Ayse KALAYCI ONAC
Faruk OZGER

Gokecen BOMBAR
Sedat YALCINKAYA
Sercan ACARER

Umut CEYHAN

Office

Ahenk KARCI
Hande GUNDEL
Furkan EMREM

Publisher _
Prof. Dr. Mehmet CEVIK
Izmir International Guest Students Association



Scientific Research Communications
Volume 1, Issue 1, 2021

Contents
Research Articles

Some Compact Operators on the Hahn Space
E. Malkowsky

Watt Six-Bar Compliant Mechanism Analysis based
on Kinematic and Dynamic Responses
. Uyulan and B. Ipek

Re-examine Conventional Concepts in Urban De-
sign: The Conflict between Urban Space Utiliza-
tion and the Elements of Power and Control -
Case of Hawkers within Amman, Jordan

D. Abdel-Aziz

Ensemble of Classifiers and Term Weighting Schemes
for Sentiment Analysis in Turkish
A. Onan

The Impact of COVID-19 on Users’ Visit to the
Shopping Centers in Libya
H. M. S. Almansouri and M. Cetin

Review Articles
On Local Scouring at Single Piers

A. H. Cardoso and C. M. S. Fael and R. M. M.
Lanca


https://doi.org/10.52460/src.2021.001
https://doi.org/10.52460/src.2021.002
https://doi.org/10.52460/src.2021.002
https://doi.org/10.52460/src.2021.003
https://doi.org/10.52460/src.2021.003
https://doi.org/10.52460/src.2021.003
https://doi.org/10.52460/src.2021.003
https://doi.org/10.52460/src.2021.004
https://doi.org/10.52460/src.2021.004
https://doi.org/10.52460/src.2021.005
https://doi.org/10.52460/src.2021.005
https://doi.org/10.52460/src.2021.006

Research Article

%Celse élat::{;iﬁ Sci. Res. Comm. (2021)
o o Volume 1, Issue 1
Communications doi: 10.52460,/sre.2021.001

Some Compact Operators on the Hahn Space

Eberhard Malkowskyl’*

University Union Nikola Tesla, Faculty of Management, Belgrade, Serbia
* Corresponding author: Eberhard. Malkowsky@math.uni-giessen.de; ema@pmf.ni.ac.rs

Recieved: 17.02.2021 Accepted: 30.05.2021

Abstract

We establish the characterisations of the classes of bounded linear operators from the generalised
Hahn sequence space hg, where d is an unbounded monotone increasing sequence of positive real
numbers, into the spaces [cg], [c] and [cx] of sequences that are strongly convergent to zero,
strongly convergent and strongly bounded. Furthermore, we prove estimates for the Hausdorff
measure of noncompactness of bounded linear operators from hy into [¢|, and identities for the
Hausdorff measure of noncompactness of bounded linear operators from hg to [co], and use these
results to characterise the classes of compact operators from hy to [c] and [co].

2020 Mathematics Subject Classification: 46A45, 40C05, 46B45, 47TH08
Keywords: The Hahn sequence space; bounded linear operators; Hausdorff measure of noncom-
pactness; compact operators

1. Introduction and Notations

We use the standard notations w for the set of all complex sequences x = (x1);2;, and lu, ¢,
co and ¢ for the sets of all bounded, convergent, null and finite sequences, that is, sequences

terminating in zeros. We also write e = (e;)?°, and (™ = (e,(:’))zoz1 (n € N) for the sequences

with e = 1 for all k, and e%n) =1and e,in) =0 for k # n.

We recall that a BK space X is a Banach sequence space with continuous coordinates P, : X — C
(n € N), where P,(z) = x,, for all z = (z3,)}2, € X. A BK space X D ¢ is said to have AK
if z = lim,,_oo 2™ for all z = (xr)p2, € X, where zlml = Yoy zre® denotes the m-section
of the sequence z. It is well known that the sets £, ¢, and ¢y are BK spaces with their
natural norms ||z|« = supy|zk|, co has AK, every sequence x = (x)3>; € c has a unique
representation x = e+ > oo (x5 — €)e®) | where € = limj,_, . z1, and finally, £ is not separable
and consequently has no Schauder basis. Let X C w. Then the set X’ = {a € w :
> he agzy converges for all z € X} is the S-dual of X. Let A = (an);—; be an infinite
matrix of complex numbers, A, = (ank)7>; and Ak = (ank)22, be the sequences in the nth row
and the k™" column of A, and X and Y be subsets of w. Then we write A,z = > pe ankxy and
Ax = (Apx);e, for x = (x)32, provided all the series converge. The set X4 = {r c w: Az € X}
is called the matriz domain of A in X, and (X,Y’) denotes the class of all matrix transformations
from X into Y, that is, A € (X,Y) if and only if X C Yj4.

The reader interested in the theory of sequence spaces and matrix transformations is referred to
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the monographs Boos (2000); de Malafosse et al. (2021); Kamthan and Gupta (1981); Malkowsky
and Rakocevié (2019); Ruckle (1981); Wilansky (1984); Zeller and Beekmann (1968).

If X and Y are Banach spaces, we use the standard notation B(X,Y") for the Banach space of all
bounded linear operators L : X — Y with the operator norm ||L|| = sup{|L(x)| : ||z|| = 1}; the
space X* = B(X,C) is called the continuous dual of X; its norm is || f|| = sup{|f(z)| : ||z| = 1}
for all f € X*. Also K£(X,Y) denotes the class of all compact operators in B(X,Y).

The following well-known result gives the relation between (X,Y) and B(X,Y).

Proposition 1.1 Let X and Y be BK spaces.

(a) If A € (X,Y), then La € B(X,Y), where La(z) = Ax for all x € X, that is, matriz maps
between BK spaces are continuous (Wilansky, 1984, Theorem 4.2.8).

(b) If X has AK, then every operator L € B(X,Y) can be represented by a matric A € (X,Y)
such that

Az = L(z) for all x € X (Jarrah and Malkowsky, 2003, Theorem 1.9). (1.1)

The operator A : w — w of the so—called forward differences is defined by Axy = xp — zpi1
(k=1,2,...). Theset h ={z € w: > ;2 k|Azi| < oo} N ¢y was defined by Hahn in 1922 (see
Hahn (1922)) in connection with the theory of singular integrals; Hahn showed that h is a BK
space with [|z||" = Y72, k|Axy| + supy, || for all z = (x)52, € h. Rao (1990) showed that the
Hahn space is a BK space with AK with the norm ||z|| = >~ k|Axy| for all = (x4)72, € h.

Goes (1972) introduced and studied the generalised Hahn space hg for arbitrary complex sequences
d=(dp)g2, with di #0 for all k by hg ={zr € w: D ;o |dk| - |Azg| < 0o} N e with the norm

lzllg = |di| - [Azg| for all & = (2)72; € hq. (1.2)
k=1

The following result is known.
Proposition 1.2 Let d be a increasing unbounded sequence of positive reals.

(a) Then hg with the norm in (1.2) is a BK space with AK (Malkowsky et al., 2021, Proposition
2.1).

(b) We write

n

>

k=1

for all a € bsy.

n
D ak
k=1

1 1
bsq=4qa€w:sup— and ||allps, = sup —
d n dn

n n

Then hg = bsq and hg and b} are norm isomorphic (Malkowsky et al., 2021, Proposition 2.3).

Recent research on the Hahn space and its generalisations can be found, for instance, in Das
(2017); Kirisgci (2013a); Raj and Kiligman (2014); Rao and Srinivasalu (1996); Rao and Subra-
manian (2002) and the survey paper Kirisci (2013b).

Throughout, we use the convention that every term with a subscript < 0 is equal to zero. The
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sets

NSRS
[co] = {wa.T}Ln;on;\kxk—(k—l)xk1| —0},

[c] =[co] Be={r €w:x—Ee € [co] for some £ € C} and

[Coo] = {x Ew: Suplz |kxr — (k — Dag_q] < oo}

n
o =1

of sequences that are strongly convergent to zero, strongly convergent and strongly bounded
were first introduced and studied in the papers Borwein (1960), and Kuttner and Thorpe (1979).
Generalizations of these spaces were considered by Moricz (1989), the research papers Djolovié
and Malkowsky (2012, 2013); Jarrah and Malkowsky (2002); Malkowsky (1995, 2000, 2013);
Malkowsky and Nergiz (2015); Malkowsky and Rakocevié (1998, 2000), and the survey paper
Malkowsky (2017).

The following result is well-known.

Proposition 1.3 (Malkowsky, 1995, Theorem 2) The sets [co], [¢] and [coo] are BK spaces with

1 n
[2l{¢o] = sup - > kg — (k= Dag_1;
T k=1

[co] is a closed subspace of [c], and [c] is a closed subspace of [cxo]; [co] has AK and every sequence
x = (x1)72, € [c] has a representation

r=Ee+ Y (wx—&e®, (1.3)
k=1

where & is the unique complex number such that x — e € [co|, the so—called [c]-limit of z.

In this paper, we characterise the classes B(hg, [co]), B(hq, [c]) and B(hg, [coo]), when d is a mono-
tone increasing unbounded sequence of positive real numbers. Furthermore, we establish estimates
for the Hausdorff measure of noncompactness of operators in the class B(hg, [c]), and identities
for the Hausdorff measure of noncompactness of operators in the class B(hg, [co]). Finally, we
characterise the classes KC(hg, [c]) and K(hg, [co)).

2. The Classes B(hy,Y) for Y € {[c]; [c]s [co]}

Throughout let d be an unbounded increasing sequence of positive real numbers.

We are going to characterise the classes B(hq,Y') and compute the operator norm of L € B(hg,Y)
for Y € {[cxo], [c], [co]}- Since hy is a BK space with AK by Proposition 1.2 (a), and each space
Y is a BK space by Proposition 1.3, each operator L € B(hgy,Y') can be represented by a matrix
A € (hg,Y) asin (1.1) by Proposition 1.1 (b). We will use this fact and notation throughout the
paper.

We need the following definition and results which we state here for the reader’s convenience.

Definition 2.1 (Wilansky, 1984, Definition 7.4.2) Let X be a BK space. A subset E of the set
¢ called a determining set for X if D(X) = Bx N ¢ is the absolutely convex hull of E.
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Proposition 2.2 (Wilansky, 1984, Theorem 8.3.4) Let X be a BK space with AK, E be a
determining set for X, and 'Y be an FK space. Then A € (X,Y) if and only if:

(i) The columns of A belong to Y, that is, A*¥ = (a,1)°%, € Y for all k,
and

(ii) L(E) is a bounded subset of Y ,where L(x) = Az for all x € X.
Proposition 2.3 (Malkowsky et al., 2021, Proposition 3.2) The set
L e
E= e™:meN (2.1)

s a determinig set for hg.

Theorem 2.4 We have
(a) L € B(hg,[co]) if and only if

l m m
1
141 (g fec)y = SUP 77 DAY Stk — (0= 1) an_1k| < o0 (2.2)
L k=1
(b) L € B(hg,|c]) if and only if (2.2) holds and
for each k € N, there exists oy, € C such that
L 2.
lim % |nank — (N — 1)an—11 — ag| = 0; (2:3)
l—o00 n=1
(c) L € B(hg,[co]) if and only if (2.2) holds and
1
lim — Z [nane — (n — 1)ap—1 x| = 0 for each k. (2.4)
I—oo [ o ’
(d) If L € B(hq,Y) forY € {[co], [c], [ceo]}, then
L0 = 1A (oo (2.5)

Proof. (a) Let L € B(hg, [cx0))-

Since the set E in (2.1) is a determining set for h; by Proposition 2.3, we apply Proposition 2.2,
and show that the matrix A that represents L satisfies the conditions in (i) and (ii) of Proposition
2.2.

We write C' = (cpm);5y,—1 for the matrix with

m
cnm:nZank forn,m=1,2,...
k=1

and
A, Chm = Cpm — Cp—1,m fornym =1,2,.. ..

Let m € N be given and y™ = (1/d,,)el™ € E. Then we have

Any(m) — Zankyl(gm) — df Zank = Tcnm fOI' aH n,
k=1 " k=1 nm
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hence

e

[coo

l
1
= - Au™ — (i — DA, ™
| Slllplngl‘n ny (n—1)A,1y

1
1 _
= Slllpﬁ E ’Ancnm’ < ||A”(hd,[coo]) < 00.
™ =1

So (2.2) yields the condition in (ii) of Proposition 2.2.
It remains to show that the condition in (i) of Proposition 2.2 is redundant.
We have

1
T — dmAny(m) — dm,lAny(m_l) = E(cnm — ¢p,m—1) for all n and m,
hence

|nanm - (n - 1)an—1,m| = ‘Cnm —Cpym—1 — (Cn—l,m - Cn—l,m—l’ = ‘A;Cnm‘ + ‘A;Lcn,m—1|

and

l
1
”AmH[coo] = Slllp 7 E |nanm - (n - 1)an,m71|
n=1

l

l
1 1
< dmsup — Z ‘A;cnm‘ + dp—1 sup Z ‘A;cmm_l‘
l ldm n—1 l ldm— 1

1. —
n=

<2d,, - HAH(hd,[coo]) < oo for all m.

This completes the proof of Part (a).

(b) and (c) Since hg is a BK space with AK and [co] and [c] are closed subspaces of the BK
space [coo] by Proposition 1.3, Parts (b) and (c) follow by (Wilansky, 1984, Theorem 8.3.6).

(d) Finally we assume that L € B(hg,Y), where Y € {[co], [c], [¢o]}- Then A,, € hg for all n and
hg = bsq by Proposition 1.2 (b). We obtain for A,z = L,(x) (x € hg)

0o k
1
|Apz| < g dk\Axk|d—k E anj| < || Anllbs, - l|z]|n, for all n € N and all z € hy. (2.6)
k=1 j=1

To prove (2.6), let m € N be given. Then Abel’s summation by parts yields

m m—1 k m
Ln(:c[m}) = A, x™ = Z OnkTh = Z Az Z (nj + Tm Z Anj
k=1 k=1 j=1 j=1

Since hgy has AK and x € hy, it follows that
oo o0 [e.e]
0 < |dnzm| = > dy ‘m,@”}‘ <3 dy |A(a:,[€m] - ggk)( + 3 di | Ay

= [|a™ — 2|lp, + D di [Azg| = 0 (m — o0).

k=m
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Thus the continuity of L,, yields

Ane| = [Lo(@)| = lim_|La(@)]| < demxm Zam

o0
<> dil Al Anllbs, = I1Anllos, - 12]lng,
k=1
that is, (2.6).
Now we write B = (b,1)5%,_; for the matrix with the rows B,, = nA,—(n—1)A,_; forn =1,2,....

7

Then we obtain from (2. ) for 1=1,2,...

l l o) m
;i Z InApz — (n—1)A,_1x| %Z | Brz| < %Z Z | ATy ! me
n=1 n=1m=1 Jj=1
1 00 1 l m
=7 D dm|Azy| (d— > by
m=1 M op=1|j=1
1 1 l m
< - sgp@; ;bm l[2ln,

l m
1
< | sup - DD (nan; = (n = Dan-1)| | Iz,

lm

n=1|j=1
< Al hg,feoo) 1] g -
This implies
!
1
1L = sup [|L(z)[jcoc) = sup = > nAnz = (n = 1) An12] < [|A] by e (2.7)
lzlln,=1 llzlln,=1* ;.53

To prove the converse inequality, let m € N be given. We put z("™ = (1/d,,)el™). Then

m

1 d
(), = — (m)| = Zm
I, = 33 c[aam] = 52 =1
and
HL(a:(m))”[coo] = Sup E ’nAnx (n—1)Ap_1z™

1
= Slllp m ; |Cm — Cn—l,ml <L

Since m € N was arbitrary, we have ||Al| (4, (co]) < IIL]-
Finally, this and (2.7) together imply (2.5). O

Now we establish a formula for the [¢]-limits of L(x) and x € hg, when L € B(hg, w).
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Theorem 2.5 Let L € B(hg,[c]) and oy, for k € N be the complex numbers in (2.3). Then the
[c]-limit n(xz) of L(x) for each sequence x € hy is given by

= Z AT . (28)
k=1

Proof.  Let L € B(hg,|c]). We write B = (bni)2 0, for the matrix with the rows B, =
nA, — (n—1)A,_; for all n. First we show

(ar)iZ) € bsa. (2.9)

We have for all [,m € N

1 |& 1 1|
@;Zﬁk:@;yﬁiZi
k=1 n=1 k=1
1 1 ! m 1 l m
S% 7n: z:: nk — Qk Tn lz::kz
m !
gdiz%z Bk = ] + 114l g ) (2.10)
M k=1 n=1

Since, for each fixed m, the first term in the last inequality above tends to 0 as [ tends to infinity
by (2.3), it follows that

SUp 7 < Al (hasfese)) (2.11)

Zak

and so (2.9) is satisfied.

By Proposition 1.2 (b) and (2.9), we have (a4)32, € hg. Also A € (hg, [c]) implies A,, € hg for
each n, and consequently B,, — (o), € hg for each n. Now we obtain for all m and [ by (2.11)

m
Do

k=1

l

Z

l

Z

m

D bu

k=1

< 2[[ Al (hg fee]) < 005

m
Znank —(n—Dapg — ag| < 00

l
1
- 3fS
that is, (ank — )=y € (hd; [ceo]) by Theorem 2.4 (a). Finally, this and (2.3) imply (ank —
ag)n k=1 € (hd, [co]), so the [c]-limit of (x) for x € hy is given by (2.8). O

3. The Hausdorff Measure of Noncompactness of Operators

In this section, we establish an identity for the Hausdorff measure on noncompactness of opera-
tors in B(hg, [co]) and an estimate for the Hausdorff measure of noncompactness of operators in
B(hg, [c]). We also characterise the classes K(hg, [co]) and K(hg, [c])-

We list the necessary, known concepts and results concerning the Hausdorff measure of noncom-
pactness. First we recall the definition of the Hausdorff measure of noncompactness of bounded
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sets in complete metric spaces (Toledano et al., 1997, Definition 11.2.1), and the Hausdorff mea-
sure of noncompactness of operators between Banach spaces (Malkowsky and Rakocevié, 2019,
Definition 7.11.1). The interested reader is also referred to the research articles Mursaleen and
Noman (2010, 2011).

Let X be a complete metric space and Mx be the class of bounded subsets of X. Then the
function x : Mx — [0,00) with x(Q) = inf{e > 0 : @ has a finite e-net in X} is called the
Hausdorff measure of noncompactness on X.

Let x1 and x2 be Hausdorff measures of noncompactness on the Banach spaces X and Y, repec-
tively. Then an operator L : X — Y is said to be (x1,x2)-bounded, if L(Q) € My for all
@ € Mx and there exists a non—negative real number ¢ such that

x2(L(Q)) < c¢-x1(Q) for all Q € Mx. (3.1)

If an operator L is (x1, x2)-bounded, the the number

I L] (x1,xo) = inf{c > 0: (3.1) is satisfied}

is called the (x1, x2)-measure of noncompactness of the operator L. If x1 = x2, we write || L, =
| L]l (x,), for short, and refer to || L[| as the Hausdorff measure of noncompactness of the operator

We need the following known results.

Theorem 3.1 (Goldenstein, Gohberg, Markus) (Malkowsky and Rakocevié, 2000, Theo-
rem 2.23) Let X be a Banach space with a Schauder basis (by), R, : X — X for each n be
defined by

Ro(x) = D Niby for allz =) M\pby € X,
k=n+1 k=1

and p: Mx — Mx be the function with

p1(Q) = limsup (sup HRn(x)H> .

n—r00 TEQ

Then

a

1 .

— - (@) < x(Q) < inf (Sug HRn(OC)H> < (@) for all x € Mx, (3-2)
no\ze

where a = limsup,,_, o || Rx|| is the basis constant of the Schauder basis.

Proposition 3.2 Let X and Y be Banach spaces and L € B(X,Y) and Sx denote the unit
sphere in X. Then we have

IIL|ly = x(L(Sx)) (Malkowsky and Rakocevi¢, 2019, Theorem 7.11.4) (3.3)
and L € K(X,Y) if and only if
|L|ly =0 (Malkowsky and Rakocevié¢, 2019, Theorem 7.11.5). (3.4)

We obtain the follwoing results for the Hausdorff measure of noncompactness of bounded sets in
[co] and [c].
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Corollary 3.3 We have
X(Q) = w(Q) for all Q € Mg (3.5)

and
1

5 1(Q) < X(Q) < p(Q) for all Q € My, (36)

Proof. We show a =1 for Ry, : [co] — [co] and a < 2 for R, : [¢] = [¢]. Then (3.5) and (3.6)
follow from (3.2).

We have z = 372, 21e®) for all x = (23)%, € [co] by Proposition 1.3, hence for each m € N

1 n
IRy = sup — > [kay — (k= Dy

n
nzm+1 k=m+1

1 n
= sup — <(m + Dz + Y ke — (k- 1)%1’)

n
n2m+l k=m-2

m+1 n
= Ssup ﬁ < Z(k‘xk — (k} — 1)xk,1) + Z |k:xk — (k — 1)$k1’>
nzm+l k=1 k=m+2
< Sup Z\kwk = (k= Dag-1| = (|2 e
hence
(R (@)l o) < 1] [ (3.7)

This implies [|R.,|| < 1 for all m. Since R,, is a projector, we also have ||R,,| > 1 for all m.
Thus we have shown a = 1.

By (1.3), every sequence x = (z1,)72; € [c] has a unique representation

r=Eet+ Y (wp—&e®
=1

where ¢ is the [¢]-limit of the sequence x. Now we have

[Ron (@)l = 5D~ <\<m+ D@mir— &+ > [kax— &) — (k- 1)(a —f)l)
n2m k=m+2
< sup - ([((m+ 1) = (n = (m -+ 1))€] + [+ Do
+ Z |kxk — (k — 1)a:k_1\>

k=m+2

IN

1 n
+ sup — kxp — (k—1)x,_
€1 sup 3 o= (= D

and (3.7) yields
[Romllfeee] < 1€+ [l o) (3.8)

We also obtain for all n

€] = er\< Z\kmk— k—Dagy — &+~ Zwmk— ke — 1)ag_1]
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n

1
<= kxp — (k= Dap—y — &+ ||zl eo-

k=1

3

Since € is the [¢]-limit of the sequence x, the first term in the last inequality tends to 0 as n tends
to oo, and so [§] < [|z|j..- Now (3.8) yields (R ()jc] < 2[|7||c.) for all m, hence a < 2. O

Now we prove an estimate for ||L||,, if L € B(hg,[c]), and an identity for || L||,, if L € B(hq, [co])-

) < [IL]x

m
Z(nank —(n—1)an-1, — ax)
k=1

Theorem 3.4 (a) Let L € B(hg, [c]). Then we have

1 1 <
2'35’&10(8‘}51d Z

m
Z(nank —(n—1)apn—1 % — ax)
k=1

) . (3.9)
) (3.10)

Proof. Let A = (ank);%—; be any infinite matrix and r € N. We write A<~ = (a5 7 )%= for
the matrix with the rows A" =0 for 1 <n <rand A" = A, forn >r+ 1.
(a) Let L € (hg, [c]) and A = (an);—; be the matrix that represents L.

l
1
< i
= 5% <£’?§ ldy, Zr

where the complex numbers oy, are defined in (2.3).
(b) Let L € B(hg,[co]). Then we have

l
”L“X:Tgrgo<sup ld Z

[>r

m
E napk — (N —1)an—14
k=

First we show that the limits in (3.9) exist.
Let x € hg be given. We write y, = A,z = Ly(z) for n = 1,2,..., n(z) for the [¢]-limit of the

sequence y = (yn)nzy and gy (7) = [[Rr(2)| (¢, for all . Then we have for all r
1 m
(@) = IReW)lljew) = sUP - Y lngn = (n+ Dyaor — ()|
>r+1 1M n=r+1
1 m
> sup — Y [nyn — (4 D1 — 0(@)] = 1Ry 1 (W) ljew] = tr11(v),
m>r+2 1M n=r-+2

hence sup,cq pr(y) > sup,eq pr+1(y) > 0 for all 7 and for all Q € My,. Consequently

p(Q) = lim p,(Q) exists for all Q € My,,.

r—00

Now we define the matrix B = (bnk)fl‘fk:l by bur = anr — ap for all n and k, and denote the
unit sphere in hg by Sp,. Since n(z) = Y oo, agxy for all @ € hg by (2.8), it follows that
(Ryo L)(z) = B<"”x for all x € hyg, and so by (2.2) and (2.5)

sup [|Ry 0 L) (@)l = 1B~ Il (hafeue])
ZEShd
l

= sup Z

=1

m m
n) b = (=1) 3 baovk
k=1 k=1
l

= sup diz

m; l>r+1

m

Znank— (n—=1)an—1x — o

10
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Finally we get (3.9) by (3.6) and by (3.3).
(b) The proof is similar to that of Part (a) with a; = 0 for all k£ and (3.5) instead of (3.6). O

Finally the characterisations of the classes K(hg,[c]) and K(hg,[co]) are immediate conse-
quences of (3.4) and Theorem 3.4.

Corollary 3.5 (a) Let L € B(hg,[c]). Then L € K(hg,|c]) if and only if

!
o (55‘5 ldm, Z_ ) ’

where the complex numbers oy, are defined in (2.3).

m
Znank— (n—1)ap—1% — o)
k=

(b) Let L € B(hg, [co]). Then L € K(hq,[co]) if and only if

m

l
li S —(n—1an—
Jim (mlllgr . > ;nank (n—1)an—1k

n=r

):0.

Example 3.6 We consider the Hahn space h = hg, where dy, = k for all k = 1,2,... and the
Cesaro matriz C1 = A = (ank)%’jk:l of order 1, where an, = 1/n for 1 <k <n and ay, =0 for
k>n (n=1,2,...). Then L¢, € K(h,[co]) and ||L¢cy || = 1.

We close with an application of our results.

Proof. We write

m
T =)

Tim =

and

for all [ and m.

m
Znank —(n—=1ap_1x

k=1

1
Slmzmz

n=1

Then sp,, = (1/lm) (o, + 73m) for all m and .

We obtain
m n
Olm = Z Znank - (TL - 1)an—1,k =
n=1 k=1
and
0 (1 <m)
Tim = ! Ul
> |22 napk — (n—1)an—14| =0 ((=zm+1),
n=m+1 |k=1

11
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hence sy, = (1/1) for all | and m. So supy,, Sim = 1, that is, Ley, € B(hg, [cso]) and || Ly || = 1 by
Theorem 2.4 (a) and (d). Also, for each fixed k,

l
1
0<l2]nank—(n—1an 1Lk = Z]nank—n—l)an 1k]) 0 (I = o0),

n=1 n=k

and this and L¢y, € B(hg, [cso]) togther imply Lo, € B(hg, [co]) by Theorem 2.4 (c).
Finally, we write for all [ > r, m and r

l m
(T) imz Z nNank, — n_l)an 1,k

n=r |k=
1 m n l m
=7 (Z Znank —(n—=1)an—1%| + Z Znank —(n—1)an—1k >
=r |k= n=m+1 [k=1
1 1
- —(m-rt+1) <>
mmo s
hence
sup Sl( ") S —
mil>r r’
and so
lim sup Sl( ) .
=00 >y
Consequently we have L¢, € K(h, [co]) by Corollary 3.5 (b). O

4. Conclusion

The paper adds new results in recent research concerning the studies of bounded linear and
compact operators between BK spaces. In particular, the main results are Theorems 2.4, 2.5,
3.4 and Corollary 3.5. Theorem 2.4 establishes the characterisations of the classes B(hg,Y") for
Y € {]clo, [¢], [c]oc} Dy necessary and sufficient conditions on the entries of the infinite matrices A
that represent these operators; furthermore it contains a formula for the corresponding operator
norms. Theorem 2.5 gives a formula for the [¢|-limit of L(z), when L € B(hg, [c]). Theorem 3.4
establishes an identity and an estimate for the Hausdorff measures ||L|, of L € B(hg,[c]o) and
L € B(hy,[c]), respectively, in terms of the entries of the infinite matrices A that represent L.
Corollary 3.5 yields the characterisations of the compact operators in the classes B(hg, [c]p) and
L € B(hg,[c]). Finally, the results of the paper are applied in Example 3.5 to obtain that the
operator C : hg — [c]o of the aritmetic means is compact.

Suggestions for further research would be the characterisations of the dual classes (Y, hy) for
Y € {[clo,[c], [c]oo}, and their subclasses of compact matrix operators, and possible extensions
of the results, when Y is generalised to Y, € {[c]5, [c]?, [c]%} (1 < p < 00); here the spaces Y,
obtained by replacing the modulus | - | in the definition the sets in Y by | - |P.
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Abstract

In this study, a complete guide to kinematic and kinetic analyses of a Watt type six-bar
compliant mechanism is conducted incorporating the flexible buckling of the initially straight
element. In the analysis procedure, the hybrid utilization of the pseudo-rigid-body model
(PRBM) and the nonlinear elastic theory of beam buckling is presented. This partially
compliant mechanism comprises three rigid links and two flexible links. The kinematic
analyses of the mechanisms are done by using the vector loop closure equations, the PRBM of
a large deflection cantilever beam, and derivation of nonlinear algebraic equations considering
the quasi-static equilibrium and load-deflection curve of the flexible parts. Each of the elastic
parts makes up a buckling pinned-pinned flexible Euler beam. The vector loop equations are
combined with Newton-Euler dynamic formulations to provide the simultaneous constraint
matrix. After these operations, the full mechanism is simulated to get both accelerations and
forces for each time step. Finally, the design method is validated through experimental results.
The findings derived from the combination of buckling elastica solution and PRBM approach
enable the analysis of Watt's six-bar compliant mechanism.

Keywords: Compliant mechanism; pseudo-rigid-body model; large-deflection analysis;
elastica theory; Watt type mechanism

1. Introduction

Compliant mechanisms consist of elastic elements that are used to accomplish the desired
motion, and compliant mechanisms can have rigid links and flexible links. compliant
mechanisms gain their mobility due to the constrained bending of flexible parts from simple
topologies (Howell et al., 2013). In compliant mechanisms, force is transferred to other
mechanism parts by making use of elastic deformation. The elastic links produce partially or
completely the motion of a mechanism (Midha et al., 2000). The popularity of the compliant
mechanisms has been increasing during the last decade, because of their superiority and
suitability in the micro-electromechanical system (MEMS) design & micro-and nano-
fabrication. It is relatively easy to manufacture a compliant mechanism using an injection
molding method (Her and Midha, 1987). There are many advantages of compliant
mechanisms as compared to rigid-body mechanisms. Integrated functions, high reliability,
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high precision, repeatability, and backlash-free motion, reduced and simplified manufacturing
processes, and necessitating fewer parts can also be counted. Therefore, they are suitable to be
applied in micro-machining (Khosraviani and Leung, 2012).

They also have some significant challenges. The compliant revolute joints can exhibit small
displacements, their mobility is restricted, and cannot sustain continuous rotation. Fatigue
failure is observed at the elastic joints. The elastic potential energy is stored due to the
deflection of flexible membranes in the compliant mechanism. The strain energy that is stored,
is distributed to the entire body and released energy can be used for the desired purpose as a
deflection feature. Compliant mechanism performance is affected by material properties, and
factors such as thermal and structural loads, and various environment-induced effects (Howell
and Midha, 1994).

The compliant mechanisms contribute to many disciplines for countless and versatile
engineering solutions (i.e. artificial spinal disc, compliant centrifugal clutch, compliant
suspension element, digital micromirrors, piezoresistive pressure sensors). The analysis of the
compliant mechanism is quite difficult with large nonlinear elastic deflections with reasonable
off-axis stiffness of its flexible elements exist. Their kinematic responses exhibit unique
characteristics as compared to the quasi-static response. In synthesizing the compliant
mechanisms, the simulation of the mechanism is validated experimentally investigating the
complexity of the dynamic relations (Lefebvre et al., 2005; Luo, 2006; Wang and Chen, 2009).
The function and structure of mechanisms have been investigated in many studies (Wang et
al., 2014; Pieber and Gerstmayr, 2020; Nikham and Farhang, 2018). A method for assisting the
design of flexure-based compliant mechanisms for dimensional synthesis, an optimization
procedure, and experimental validation has been presented in (Berselli et al., 2015). The
mobility of the compliant mechanism was analyzed under the influence of the geometry,
material type, and different compliant joints (Pavlovic and Pavlovic, 2005). Realizable joint
integration into elastically movable structures for motion tasks was investigated in (Ghosh and
Corves, 2015).

Some papers have explained the influence of geometry and material properties on the
compliant mechanisms (Gouker et al., 2006; Linf3 et al., 2019; Jovanova and Frecker, 2017;
Venkiteswaran and Su, 2016). Topology optimization technique to design distributed
compliant mechanisms was studied in (Zhang and Zhu, 2018). A comparative study for the
synthesis of the design variables of the flexible slider-crank mechanism between PSO and GA
was presented (Khemili et al., 2018). The theory of the curves generated in six-link motion has
been described (Primrose et al., 1967a; Primrose et al., 19677b). Six-link mechanisms have been
used in many applications (i.e., sewing machine (Eren and Aydemir, 2004), prosthetic limbs
(Gezgin et al., 2016), legged and jumping robot (Zhang et al., 2020), wheel-track mobile robot
(Luo et al., 2018), micro-aerial-vehicle design (Prosser et al., 2011). Design, kinematic synthesis,
path, and motion generation with the six-bar linkage mechanism have been investigated in
many papers (Chen and Tzeng, 2006; Chen and Huang, 2005; Yi and Leinonen, 2003; Plecnik
and Mccarthy, 2014; Zu and Wei, 2013; Mirth and Chase, 1993). A mathematical model of a
six-bar linkage parametric design investigated an auto-feeding soup machine. The motion of
the mechanism is simulated in ADAMS. The design parameters were also optimized to get a
smooth predetermined trajectory, high movement precision, and the smallest extreme
acceleration of the soup ladle in motion (Xi et al., 2010).

In another paper, the automated type synthesis of planar mechanisms and multi-body systems
were developed by including topology as a design variable in a GA-based methodology. It is
possible to design mechanisms that closely match the pre-described kinematic conditions by
fusing the GA with a multi-body analysis program (Liu and Mecphee, 2004). A procedure for
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the kinematic synthesis and analysis of a Watt I six-bar linkage was presented to apply in the
vehicle suspension design. This approach degrades to the task-based synthesis of a Watt I six-
bar where both ground pivots and end effector pivots are particularized (Plecnik et al., 2014).
The kinematic performance of the six-bar mechanism used in the prosthetic knee was
investigated through the optimization method and the advantages of the six-bar linkage over
the four-bar linkage to better achieve the expected trajectory of the ankle joint in the swing
phase was revealed (Jin et al., 2003; Bapat and Sujatha, 2017). A software system for the
synthesis of spherical Watt I six-bar linkages based on constraining 3R open chain with
randomized search in tolerance zones was designed by using SolidWorks Add-In MechGen
(Sonawale et al., 2013). The design method of six-bar linkages that reach an over-specified set
of task positions explained in (Tsuge and Mccarthy, 2014) expands the number of candidate
linkages that approximate an over-specified task. A method of optimization of structural error
in a closed kinematic chain of four-bar planar mechanism with six design parameters using
the Chebyshev-Freudstein method was applied to increase the global accuracy in the
mechanism (Aiswal and Jawale, 2018). In another paper (Mirth, 2012), the GCP to the synthesis
of six-bar planar linkages was investigated.

The primary focus of this paper is to design, synthesize and analyze a Watt six-bar compliant
mechanism that exploits buckling of pinned-pinned beam elements and large deformed
nonlinear beams. Although buckling is usually an unwanted phenomenon, the flexibility of
linkages is very useful in applications. Investigating the buckling event can strengthen the
compliant mechanism of design space by enabling the flexibility itself for versatile aims. For
this purpose, the quasi-static simulation and experimentally validated simulation of the Watt
six-bar compliant mechanism response is conducted. Modelling of these mechanisms
contributes wide information in several areas, which comprises kinematics, compliant
mechanisms, and nonlinear analysis. The sensitivity of the joint clearances and friction are
omitted in this paper. The context and content of this paper are as follows. In Section 2.1., a
conceptual basis of theories including the theory of elastica and the large-deflection analysis
of the cantilever beam is represented by explaining the elliptic integral formulations and
polynomial curve fitting application. In Section 2.2., the formulation of the Watt six-bar
compliant mechanism, which comprises the vector loop closure method, kinematic analysis,
and PRBM, is stated. In Section 2.3. the procedures of the dynamic simulations are
investigated considering the simultaneous constraint method and quasi-static analysis,
respectively. In Section 3, the simulation and experimental results are presented. The
concluding remarks and discussions are given in Section 4.

2. Experimental Methods

2.1. The Theoretical Basis

Elastica theory predicts the movement of the large deflecting beams incorporated in the
compliant mechanisms and is utilized in compliant mechanism design and synthesis (Howell
and Midha, 1994; Konopasek, 1980). Jacob Bernoulli has pioneered the large-deflection-based
analysis by proposing the proportional relation between the beam curvature at any point and
bending moment, and Euler solved elastica problems in a closed-form. The main restriction is
that it is only valid for simple geometries and simple loading conditions. The large deflection
equations of the pinned-pinned buckling mounted to a slider can be stated in normalized form
as in Eq. (1) (Sonmez and Tutum,2008; Sonmez, 2000).
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—(P*+ gD £ 2F(x,9) =0
—w(p? +q*)°75 + p(4E(x, ) — 2F(x,¢)) = 0

~h(®* +¢*)°7> £ q(4E(r, @) — 2F (X, )) = 0, 1)

2 2
where p = % is the normalized load and g = % is the normalized deflection. P is the
horizontal force, Q is the vertical reaction force applied on the beam by the slider. w = % h =

% are normalized flexible beam horizontal displacement and vertical offset, respectively. L is
the length of the compliant beam.

In Eq. (1), F(x,¢) and E(x,¢) are completely first and second kind of elliptic integrals,
respectively. ¢ = % and y are the amplitude and the modulus. The formulation is represented
in Eq. (2):

_re do
F(X) (p) - 0 l—XZSinz((p)

EQt @) = [] 1= x?sin?(p)de 2)

Equation (2) is solved to evaluate the nonlinear load-deflection behaviour of a pinned-pinned
beam subjected to a horizontal load. The forces exerted to a simple pinned-pinned section are
collinear along the line among the two-pin joints and the deflections are also along this line.
The moments are not carried by pin ends. A nonlinear spring defined with a polynomial load-
deflection equation defines the pin-pin segment model.

To conduct the large deflection analysis, assume an initially straight cantilever beam subjected
to an end force having a vertical force component (Q) along the positive y-axis and a horizontal
force component (nQ) along the negative x-axis, as demonstrated in Figure 1.

a) b)

a +l  nQ

Pseudo-rigid-body
Link

113

Torsional

ANSNNN\N

Undeflected Length of the Flexible Beam Characteristic Pivot Characteristic Radius

Figure 1. The demonstration of the large deflecting cantilever beam subjected a force at
the free end; a) fixed-pinned segment, b) its equivalent pseudo-rigid-body model.

The parameter n is the force coefficient, which implies the proportion of the horizontal force
to the vertical force, and positive if the beam is compressed. The parameters presented in
Figure 1 are also modelled considering elliptic integrals in Eq. (3). The reader should refer to
(Zhang and Chen, 2012; Bishopp and Drucker, 1945), or (Sonmez and Tutum, 2008) for their
derivation.



Uyulan and Ipek Scientific Research Communications, vol. 1(1), 2021

a= \/% (F(t,p) —F(y,0)) forfy < ¢,
7= oo [T((F (6 @) = F(r, ) + 2E(r, £) = 2E(t,9)) + /200 + Dcos ()]
B= L [n(F(t,0) — F(y,t) + 2E(y,t) — 2E(t, 9)) + n\/201(n + Acos (1))

— )
T2 v o [1=n - /M
n=v1l+n*, y—arcsm( n+/1>' t= 2 3)

where a is the horizontal position, f is the vertical deflection of the tip of the beam, 4 =

sin(8y) — ncos(fy) is an end angle related parameter, 6is the deflected beam end angle, and
2

% is the

corresponding loading parameter. The exact elastica solution of the flexible beams and its

trajectories are used for the kineostatic analysis simulation results.

¢, = arctan (%) is the exerted load angle accepted positive from the x-axis. @w =

2.2. Formulation of Watt Six-Bar Compliant Mechanism

The concept of the vector closed-loop equation (or loop closure equation) is presented in
Figure 2.

Flexible Links

8,(t)

Figure 2. Parameterization of the dimensions and conceptualization of vector loop closure.
Note that the angles of the vectors (measured from the positive x-axis to the vector at its tail)
are the same as the corresponding link angle. The angles are defined as counterclockwise
positive from the positive x-direction and drawn to the tail of each vector.

As seen in Figure 2, arbitrary coordinates are assigned at the ground joint, which is the leftmost
in the figure. Each link (including the ground links) is represented by a displacement vector.
The closed-loop vector equations are stated in Eq. (4):

ﬁ2+ﬁ3 =§1a+ﬁ4
ﬁ‘l- +I_€5 = ﬁlﬁ +§6 (4)

The vector loop equation is a very compact expression of the constraints that exist between the
various bodies of mechanism. The displacement achieved when vectors at the LHS of the
equation are added is the same as that achieved when vectors at the RHS of the equation are
added. This vector loop equation must be satisfied by the mechanism, regardless of the pose,
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it takes, as long as it remains assembled as a mechanism. Eq. (5) is obtained by summing
independently the horizontal (x-direction) and vertical (y-direction) vector components.

75¢08(05(t)) + 1r3(t)cos(O3(t)) = ry4cos (O14) + 15c05(0,(t))
125in(6, (1)) + r3(0)sin(05(t)) = r148in (614) + 145i0(04 (1))
1405(0,4(t)) + 15(t)cos(fs(t)) = ry5cos (Hlﬂ) + rgcos(4(t))
1,5in(0,(t)) + r5(0)sin(Bs(t)) = rypsin (615) + 76sin(6s(t)) (5)

The derived vector loop equations are compact, elegant expressions of the simple fact the
various links of the mechanism are constrained in some manner. The evaluations of the link
velocities and accelerations can be obtained by taking the first and second derivatives w.r.t
time of the Eq. (5), respectively. The vectors are time-varying and their orientation (vector
direction) changes as the mechanism moves. Due to the flexible structure of the link-3 and
link-5, their magnitude of link lengths also changes while the other link lengths (link-2, link-4,
link-6) remain constant. There are seven link angles, two of which (6,4, 81 ) can be taken to be
constant. The other five angles are time-varying, and that must be taken into account when
taking the derivatives. Eq. (6), which specifies the relationship among the rotational rates of
the moving links as long as the mechanism remains assembled.

rzéz (t)sin(Hz (t)) + 13 (t)93 (t)sin(93 (t)) — 7’”3(t)cos(93(t)) = r494(t)sin(94(t))
120, (£)cos(8,(t)) + 75 (D)sin(05(t)) + r5(£)05(t)cos(05(t)) = 1,04(£)cos(84(t))
120, (0)sin(0,(t)) + 15(0)05(D)sin(65(£) ) — 75 (D) cos(85(£)) = 1606 (t)sin(86 (1))

1404 (t)cos(0,(t)) + r’5(t)sin(05(t)) + 15 (t)és(t)cos(es (t)) = 1504 (t)cos(04(t)) (6)

Link-2 is attached to a large DC motor that is capable of providing enough torque. Under this
condition, 6,(t) is the input to the mechanism. The second derivative of the loop equation is
obtained in Eq. (7):

#3(£)cos(63 (1)) +72.04(£)?cos (04 (1)) +7464(t)sin(64 (1))
= 275 ()05 (t)sin(B5(t)) +120, (t)2cos(8, (1)) + 1,0, (t)sin(6, (1))
+ 13()03(t)%cos (85 () + 13(£)F5 (£)sin(5 (t))

73 (£)sin(03(£))+275(£) 05 (t)cos(85 (1)) +14,0,(t)?sin(8,4(t))
+1,0, (t)cos(8, (t))+ 13 (£) 85 (t) cos(65(t))
=1,0,(£)%sin(0, (t)) + 1,0,(t)cos(8,(t)) + 15(£)85(t)%sin(05 (1))
s (t)cos(Bs (1)) + 1686 (t)2cos(86 (1)) + 16 B4 (t)sin(B (1))
= 275 (£) 05 (£)sin(B5 (1)) + 130, (£)%cos(8, (1)) + 138, (t) sin(6,(1))
+75(0)65 () 2cos(65 (1)) + 75 ()85 (t) sin(65(t))

05 (t)sin(Bs (1)) + 275 ()05 (t)cos(Bs (1)) + 1686 (t)?sin(8 (1))
+ 138, (t)c0s(84(1)) + 15 ()85 (t)cos (65 (1))
=140, (£)%sin(0,(t)) + 1606 (t)cos(8¢(t)) + 15(£) 05 (£)?sin(B5 (t)) (7)

PRBM concept analyses large beam deflections as rigid links with pin joints and torsional
springs. PRBM’s have been classified based on various types of compliant segments (i.e. small-
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length flexural pivots, fixed-pinned segments, fixed-guided parts, binary pinned-pinned
components, functionally binary pinned-pinned segments). PRBM simplifies the nonlinear
analysis of the flexible beam elements by reducing the exact solution time while keeping the
accuracy high. The reduced-order approach is essential for optimization and control. The
PRBM consists of a rigid-body mechanism tracking trajectory with the tip of the original
flexible beam and a nonlinear spring, which gives the same angular deflection (Yu et al., 2018;
Ramirez and Lusk, 2011; Luo et al., 2015).

The deflections can be modelled by two rigid links pinned at the centre of the circular path.
Pivot location is defined by the nondimensional “characteristic radius factor (y — Figure 1).
The length of the pseudo-rigid link is r; = L; + €l; = yl;, where [; is the flexible segment length
(“characteristic radius-Figure 1”) and L is the length of the rigid part. Flexible beam deflections
are obtained as a = [;(1 — y) cos(®), B = l;y sin(0©).

Deflection resistance is modelled by a torsional spring with a torsional spring constant as in
Eq. (8):

El;
K; = vKo, n (8)

Figure 3. Cantilever beam subject to an end load.

Formulas used for nonlinear large deflections of pinned-pinned flexible link depicted in Figure
3 are stated as in Eq. (9):

9;(0) = 8, (D10 = (1,0 — (1))
Iei = 1—12’11“.1'(1%.1')3

Fy(t) = (f:')z P,(b), 9)

where §,,; and P; are normalized deflection and load matrix, respectively.

The forces produced by flexible links are modelled using 4t order polynomial functions
derived from nonlinear inextensible exact elastic theory. F;(t) can be approximated with a 4t
order polynomial function of deflection given in Eq. (10):

Fi(t) = Kis(9:(0)" + Kia(9:(0)” + Ki3(9:(0) + Ki289:(6) + Ky (10)

The force-deflection curve of the flexible joints are plotted in Figure 4.
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Figure 4. The force-deflection curves of the flexible joints. the pin-pin beam buckling;
derived from the solution of the exact elastica.

The coefficients of the polynomial function are evaluated from the flexible links force-
deflection curve through the curve fitting algorithm. The values of the coefficients are
presented in Table 1.

Table 1. Curve-fitted coefficients of the flexible joints.

Ky s 9673
K4 —2418
Ks 5 201.7
K; ., —4.078
K3, 0.02046
Ky s 1864
K4 —613.1
Ky 5 67.09
K ~1.79
K, 0.01182

2.3. Dynamic Simulation via Simultaneous Constraint Method

The simultaneous constraint method builds on the kinematic relationships described in this
section. The second derivatives of the loop equation are obtained. Then, simple force balances
are applied to each link to relate the forces on each link to its acceleration. Next, an approach
similar to the vector loop methodology yields additional information on the link acceleration
of the centre of mass. The equations are combined into a sparse matrix that can be evaluated
through MATLAB/SIMULINK as a component of a full simulation. The free-body diagrams
(FBD’s) of the components of the Watt six-bar compliant mechanism drawn in Solidworks are
represented in Figure 5.
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Figure 5. FBD'’s of link-2, link-3, link-4, link-5, link-6, respectively.

2.3.1. Dynamic Equations

Each joint can sustain only a force and that the forces are broken down into x-and y-
components. In general, F; ; will be for the force exerting on the link j, originating from the link

i. An essential point here is that ﬁ}i is equal and opposite F; ;- Force equations are the result of
Newton’s Second Law, applied to the links.

The equations of motion (EOM) for the i*" link can be written as in Eq. (11).
F}'i,x + Frix = MiQeix

Fjiy + Friy — Mg = m;Qe;y, (11)
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where the acceleration terms (a;x, ac;,) are the x- and y-projections of the acceleration of the
centre of mass of the link. Those accelerations are hidden in the vector loop equations for the
entire mechanism. For each link, another position vector equation should be derived that maps
the acceleration of the COG of each link to the other state variables.

The vector relationships to derive the acceleration of the centre of mass of links are given in
Eq. (12):

Aezx(t) = —Te20,(£)? cos(0,(t)) — 120, (t)sin (0,(¢))
Aoy (t) = —Te20, ()% sin(6,(8)) + 76,0, () cos (8,(1))
Geax(t) = —7e404(t)? c05(04(t)) — Teabs(t)sin (64(1))
Qg y(t) = —Tea0, ()% sin(6,(t)) + 1248, (t)cos (04(1))
Qe (1) = —Te606(£)? c0s(0(t)) — 10686 ()sin (B (1))
ey (t) = —Tee86 ()% sin(06(1)) + 12606 (t)cos (B5(0)) (12)

The general form of the relationships between the summation of moments and the angular
acceleration can be reduced by choosing the centre of gravity (COG;) of the links as an axis
about which the moments are taken. The summation of moments leads to Eq. (13):

FijxTei SIN(O;) — Fyj e 08(6;) — Fyx (ri — 1) Sin(8;) + Fiiyy (ri — 1) cos(6;) = 1,;6;
(13)
After all, the force and moment equilibrium of the rigid links is built as in Eq. (14):
Fi55(8) + F3(t)cos (03(t)) = maacy (1)
Fi55(t) + F3(Dsin (65(t)) — mpg = myac,, (t)
T (£) + Fipx (0)7e2 sin(0,(t)) — Fiq, (072 cos(6,(1))
—F3(t)cos (05(t)) (12 — 7¢2) sin(B2 (1)) + F5(D)sin (63(2)) (rz — 7c2) 05(62(1)) = I26,(t)
Fiax(t) + Fs(©) cos(85(2)) + F5(t) cos(83(t)) = Myacq(£)
F14,y(t) + F<(t) sin(@s (t)) + F5(t) sin(03(t)) —Myg = Myleyy(t)
Fiax(t)Tcs Sin(94(t)) — Fi45(£)1c4 cos(84(1))
—F5(t)cos (05(£)) (14 — 7¢4) Sin(4(t))
+Fs(t)sin (85(6)) (14 — 724) cos(6,(0))
—F5(t) cos(93 (t)) (ry — rc4)sin(94(t))
+F;(t) sin(03 (t)) (ry — rc4)cos(94 (t)) =1.,6,(1)
Fi6x(t) + Fs(t) cos(85(t)) = meace (t)
Fi65(t) + Fs(Dsin (85(t)) — meg = meace, (t)
Fiex()Tcs Sin(96 (t)) — Fi65(£)1c6 cOs(86(1))
—F5(t)cos (05(8)) (16 — 1ee) sin(Bs (1))
+F5 (t)sin (05 (£)) (1% — 7c6) €05(06 (1)) = IeeB6(t) (14)

10
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2.3.2. Solution Procedure of the Flexible Pin-Pin Large Deflection

The deflections of the elastic links are calculated by using quasi-static analysis (Lobontiu, 2014)
while the mechanism moves. The simulation of the mechanism is conducted under the
condition of quasi-statically slow speeds while omitting the beam and joints inertial
forces&damping forces. System modelling and simulation can be made by adding the inertia
and the damping forces. When the mass of the flexible beam is small compared to the rigid
parts, it may not be included in the inertia of the system. The inertia of the flexible moving
parts might then be modelled as a lumped mass. Newton-Raphson method is utilized to reveal
this equation set starting from the initially compressed state of the mechanism. As the link-2
turns quasi-statically through the full cycle of 360° in the reverse direction, the solution for the
previous step is utilized as the initial guess for the next iteration The unknowns r3(t), 63(t),
15(1), OB5(t), 04(t), O6(t), and 7,,,(t) are evaluated after solving Eq. (15) simultaneously.

rycos(0,(t)) + 13 (t)cos(03(t)) — 714 €0S(014) — r4cos(94(t)) =0
1251In(0,(t)) + 13(D)sin(03(£) ) — 114 sin(B14) — 145in(0,(6)) = 0
1,08(04(t)) + r5()cos(85(t)) — 115 cos(B15) — r6cos(66(t)) = 0
1,5in(0,(t)) + r5(0)sin(O5(t)) — ryp sin(615) — 7esin(64(¢)) = 0
Tm (t) + F3(B)sin (63(8)) (1) cos(62(t)) — Fz(t)cos (85(t))(r2) sin(6,(t)) = 0
—Fs(t)cos (85(t)) (r4) sin(64(¢))
+F5 (1) sin(05(t)) (1) cos(04(t)) — F5(t) cos(05(¢)) (r)sin(6,(¢))
+F;(t) sin(93 (t)) (r4)cos(94(t)) =0
—F5(t)cos (05(¢)) (16) sin(Be () + Fs(D)sin (85(t)) (76) cos(4(t)) = 0 (15)

To solve these nonlinear equations, one should develop a numerical method having proper
initial conditions. The mechanism is simulated by using Matlab codes that contain “Isqnonlin”
command  with  options [options =  optimset('maxfunevals', 3000000, maxiter’,
400000, TolFun',1e-20,'TolX',1e-20)], and trust-region-reflective-algorithm.

For kinematic analysis, r3(t) and r5(t) elastic link deflections must be known. At this point, the
results of the quasi-static analysis help us to calculate elastic link deflections and also reduce
the number of unknown equations. Nonlinear load-deflection analysis of the flexible beam is
represented by a polynomial fitted by using nonlinear inextensible exact elastic theory. 8, — 3
and 8, — 15 curves represented in Figure 6 obtained from quasi-static results.

11
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Figure 6. Change of the a) r3 and b) r5 flexible link lengths w.r.t. 8, and c) their residuals,
respectively.

The related polynomial equations are given in Eq. (16):
r3(2(68,)) = —0.0142% — 0.0072z°
+0.087z* + 0.01623 — 0.172% + 0.057z + 0.19, z(6,) = (6, —3.1)/1.8
r5(2(8,)) = —0.0372° + 0.00232° + 0.019z*
—0.005z% — 0.029z2% — 0.0074z + 0.25, z(6,) = (8, —3.1)/1.8 (16)

12
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2.3.3. The Simultaneous Constraint Matrix

Combining 10 kinematic constraint equations (Eq. 7 and Eq. 12) with the 9 dynamic equations
(Eq0 14), 19 unknown variables  ([f3,7;,8s,75, Qe A2,y Acaxr Acayys Qe A,y
Fi2.2 F12,9) Tm Frax Fia,y 6,, Fi6x Fie,y, f¢]) are determined by solving the simultaneous
constraint matrix equation (Gardner, 2001) as demonstrated in Eq. (17):

rsf, 6, 0 0O 0 0 0 0 0 0 0 0 0 0 0  rs6, O 0 o a7 e
re, s6, 0 0 0 0 0 0 0 0 0 0 0 0 0 -red, 0 0 o | & ||
0 0 -rs6, 6 0 0 0 0 0 0 0 0 0 0 0 -rs6, 0 0 6 || 4 | |63

0 0 re, s, 0 0 0 0 0 0 0 0 0 0 0 ref, 0 0 e || i | |b@

o 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 la,. | |55

0o 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 |a,,| |66

o 0 0 0 0 0 1 0 0 0 0 0 0 0 0 g0, 0 0 0 |la, | |6

o 0 0 0 0 0 0 1 0 0 0 0 0 0 0 —ref, O 0 0 a,,| |b®

o 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 1, |la,.| | bO)

o 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 —1h, ||la,, |=|b(0)

0o 0 0 0 -m, 0 0 0 0 o0 1 0 0 0 0 0 0 0 0 | F,.| |baD)

o 0 0 0 0 -m, 0 0O 0 0 0 10 0 0 0 0 0 0 ||E,, | 6012

0 0 0 0 0 0 0 0 0 0 7,0 -red 1 0 0 0 0 0 0 ||z, | 603

0o 0 0 0 0 0 -m, 0 0 0 0 0 0 1 0 0 0 0 0 |[F,. | |64

0O 0 0 0 0 0 0 -m 0 0 0 0 0 0 1 0 0 0 0 |E,, | 605

0o 0 0 0 0 0 0 0 0 0 0 0 0 rs0, -red, -1, 0 0 0 || 4 | |b(6)

o 0 0 0 0 0 0 0 -m 0 0 0 0 0 0 0 1 0 0 ||F,.| |baD)

0o 0 0 0 0 0 0 0 0 -m O 0 0 0 0 0 0 1 0 |Fg, | [608)

Lo 0 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 rgl, -ned L, | 6 | [609)]
(17)

In this matrix, notation s is for sin(.) function and c for cos(.) function.

13
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The notations representing the known vector in Eq. (17) are given in Eq. (18).

b(1) = r5(£)85(t)%cos(85(t)) — 1404 (£)%cos(8,(t)) + 275(£)05(t)sin(B5(1))
+1,0,(t)?cos(0,(t)) + 1,0, (t)sin(8,(£))b(2) = 1,0, (t)?sin(8, (1)) +
13()85(t)%sin(0;(t))- 275 (1) B3 (t)cos(85(t))
—130,(t)%sin(0,(t)) —1,0, (t)cos(6,(t))
b(3)=275 ()05 ()sin(8s (t)) +14,04(t)?cos(8,(1))
+75(£) 65 (£)*cos(65 () — 1666 (£)*cos (86 (1))
b(4)=140,(t)*sin(6,(t))
+15 (65 (£)*sin(B5 (£) — 275 (D65 (£)cos (85 (1)) 1606 (t)*sin(B6(t))
b(5) = —T265(£)? cos(8,(t)) — 128, (t)sin (6,(1))

b(6) = —1c,0,(1)? Sin(92 (t)) + 120, (t)cos (6, (1))

b(7) = —1c484()* cos(04(1))

b(8) = —1:40,(t)? sin(6,(¢))

b(9) = —7¢606(t)* cos(8s(t))

b(10) = —1.605(t)? sin(6, (1))

b(11) = —F;(t)cos (65(1))

b(12) = —F;(t) sin(65(1)) + myyg
b(13) =F5(t)cos (65(t)) (1, — 1c5) sin(0,(t))

—F3(t)sin (63()) (r2 — 7c2) c05(62(1)) + 26, (8)

b(14) = —Fs(t) 605(05 (t)) — F5(t) 605(03 (t))
b(15) = —F5(t) sin(65(t)) — F3(t) sin(63(t)) + mug
b(16) = Fs(t)cos (65()) (14 — Tca) sin(64(t))
—F5(t)sin (65(t)) (74 — 7ea) cos(64(1))
+F5(t) 605(93 (t)) (ry — rc4)sin(04(t)) — F5(t) sin(93 (t)) (ry — rc4)cos(94(t)))
b(17) = —F5(t)cos (05(t))
b(18) = —Fs(t) sin(95(t)) + mgg
b(19) = Fs(t)cos (65(8)) (16 — 1c6) sin(6s (1))
—F5(t)sin (85(t)) (s — 7c6) cos(86(1)) (18)

The unknown vector can be evaluated from the theory of linear algebra by multiplying the
inverse of matrix A (coefficient matrix) and B(known vector), which implies as X = A~!B. This
matrix equation is embedded in a MATLAB function that, in turn, can be embedded into a
Simulink-based simulation.

14



Uyulan and Ipek Scientific Research Communications, vol. 1(1), 2021

3. Simulation and Experimental Results

3.1. Experimental Setup

The experimental setup and the prototype of the flexible Watt six-bar mechanism are
demonstrated in this sub-section. The design setup of the Compliant Watt-linkage prototype
is demonstrated in Figure 7. This prototype is utilized to contribute to the simulation results.
The main structure of the Watt six-bar compliant mechanism is comprised of three rigid links
and two flexible beams. The physical properties and their values related to the mechanism are
given in Table 2.

The dimensions of the cross-section of the flexible links are selected from the steel spring strips.
The input of the Watt six-bar compliant mechanism is supplied by DC Motor (2.2 Volt at initial,
4 Volt at operating). To predict the movement of the whole compliant mechanism, it should
be known how the flexible links buckle. The total length of the flexible links is 440 mm. The
first part of the flexible link (coded as 3) is 190 mm, and the second part of the flexible link
(coded as 5) is 250 mm before buckling, respectively. During the operation, the length of
flexible links changes while joints that connect the flexible links and rigid links turn. An
encoder is attached to each rigid link to measure the link angle and to evaluate the angular
crank velocity (6,(t)). Even though a DC motor within the house encoder is utilized in the
experiments, the DC motor’s encoder response was not certain. Therefore, a more accurate
encoder is integrated into the motor shaft. The data from the measurements of positions are
acquired with an Analogue-Digital Converter (ADC) IOTech personal data acquisition card.
Encoders and ADC’s are supplied with 6-7 Volt. DC Motor and encoder used in the
experiments are presented in Figure 8.

Figure 7. The prototype of the Watt six-bar compliant mechanism.

15
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Table 2. Physical properties and their values.

Physical property Value/Dimension
Length of the flexible
links (pre-buckling 19 cm, 25 cm
state) (r3,0), (75,0)
Length of the rigid links 12 cm, 22 cm, 24 em

(12), (1a), (%)

Length of the rigid links
(from the lower end to
the centre of gravity)

(Tcz ): (Tc4 ) ’ (rcé)

6cm,11 cm, 12 cm

Cross-section of the

36 mm * 18 mm

rigid links (b,*h,.)
Mass of the rigid links 0.0389 kg, 0.0713
(M) (Ms) (M) kg, 0.0778 kg

Moment of inertia of the
rigid links

(ICZ)' (104): (106)

1.7496*10~8 kgm?

Cross-section of the
flexible links (bs*hs)

21 mm * 0.2 mm

Young’s modulus of the

ﬂexible lil’lkS 2‘07*1011 N/mz
(E3), (Es)
Ground link length
03m
(rloc)l (rlﬁ)
Ground link orientation 257, —10°
counterclockwise

(01c), (B1p)

rotation (+)

16

Figure 8. DC motor and encoder used in the experiment.

Data processing is conducted by MATLAB/SIMULINK software. The data acquired from
encoders are processed in MATLAB/SIMULINK to acquire the angular velocity and angular
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position of the rigid links. The Simulink block diagram utilized for data processing is
represented in Figure 9.

J > 3
@ Angular
Tustin Derivative Velocity
(D)

360/NPulse Incremental
Angle

+
{11024 360/1024
Absolute
Angle

360/NPulse

Digital
Input

National Instruments
DAQCard-6024E [auto] .

P 36011024

Figure 9. Simulink block diagram utilized for data processing.

The angular velocity of each rigid link is obtained from the angular displacement data of the
related encoder. Unwanted noise is reduced by passing the collected raw data through
differential operator and filter, respectively, given in Eq. (19):

PO =D x 2 v(s) , F(5) = g (19)

t T5+1 s2+28wps+tw?

The differential operator guarantees the causality. 7 is selected as 120.51. The filter has a cut-
off frequency at w,=10 rad/sec. ¢ is selected as 0.707. The filter parameters were chosen to
obtain a continuous noise-free response of the angular velocity of each rigid link.

3.2. Experimental and Simulation Results

Link-2 has an initial angular velocity of 1.57 rad/s and an initial position of 270°. The other
initial conditions (configurations) were evaluated by conducting quasi-static analysis and
given in Table 3.

Table 3. Initial configuration of the mechanism.

030 0.3345 rad
040 4.1888 rad
050 6.1979 rad
060 3.8582 rad
T30 0.1714m
Ts0 0.2253m

The simulations were done in MATLAB/SIMULINK program. When Link-2 turns one cycle
[270°-(—907)], the changes in angular positions (63, 84, 05, 8), angular velocities (83, 8,4, 85, 65)

17



Uyulan and Ipek

Scientific Research Communications, vol. 1(1), 2021

and angular accelerations (83, 8, 85, 8¢) w.r.t. time are presented in Figure 10a-Figure 10d,
Figure 11a-Figure 11d, Figure 12a-Figure 12d, respectively.

a)
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[ 0.5 1 1.5 2 25 3 35 4
Time (sec)
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Time (sec)
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—Simulation

Angular Displacement (rad)

0.5 1 15 2 25 3 35 4
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d)

i

>

Angular Displacement (rad)

3.5t !
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Time (sec)

Figure 10. Angular displacement trajectory. a) 03-time graph, b) 04-time graph, c) 05-time
graph d) 06-time graph
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Figure 11. Angular velocity trajectory. a) w3-time graph, b) w4-time graph, c) w5-time graph,
d) wé-time graph

18



Uyulan and Ipek Scientific Research Communications, vol. 1(1), 2021

60— N N n

60 - ml

iment|
- i\ 1\ \ - -Simulation |/

z

s
S

IS
5

2

S
o
S

[
S

|
\
\
220 \ / \
\
\
\

Angular Acceleration (rad/s Z)
B

Angular Acceleration (m/sz)
=

IS
S

&

2
=T
s
&

L

15 2 25 3 35 4 0 0.5 1 15 2 2.5 3 35 4
Time (sec) Time (sec)

<) d)

150~

=
S

Exptrlmtnt
---Simul:

o
S

n
S

Angular Acceleration (rad/s 2)
=

=
3

Angular Acceleration (rad/s?)

n
3
ST
L
3
3
-
L

0.5 1 15 2 25 3 35 4 o 0.5 1

1.5 2 25 3 35 4
Time (sec)

Time (sec)

Figure 12. Angular acceleration trajectory. a) a3-time graph, b) a4-time graph, c) a5-time
graph, d) a6-time graph

The reaction forces (Fi2 .y, F12,y, Fiax Fiay Fiex F16,), motor torque (7,,) are represented in
Figure 13a-Figure 13b, respectively.

a) b)
G i ] ) 0.03 .
\ \ \ f\ il N\ N N
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Figure 13. Kinetic trajectory. a) Reaction force-time, b) Motor torque-time

One can deduce from the results that the kinematic and kinetic trajectories of the mechanism
were experimentally validated. The deformation of the flexible components are evident and
varies in the motion cycle of the mechanism.
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4. Conclusions

This paper describes the design procedure and dynamic analysis of a partially compliant Watt
six-bar linkage combining the PRBM and elastica buckling theory. Polynomial curve fits of the
pinned-pinned flexible beam and the PRBM of the large deflecting cantilever beam are
synthesized in dynamic simulation via simultaneous constraint matrix. The kinematic analysis
is realized through vector loop closure, the force equilibrium of elastic elements, and
numerically solving the nonlinear dynamical equations. The 4th and 6th link curves are
symmetric. The path of the mechanism is almost straight in one section and completely
parallel. Therefore, the compliant Watt six-bar linkage is quite suitable for legged robot design.
The parallel motion of the joints leads to an extended contact surface of the leg coupled with
the terrain. The balance of the legs can be sustained without damaging effects on the terrain.
The number of degrees of freedom is reduced to one so that the control system synthesis and
motion analysis are easily conducted. The full dynamic simulation results are verified by
comparing the experimental results. The synergy of the PRBM and elastica buckling theory
serves as an effective method in the analysis and synthesis of new compliant mechanism
designs. The compliant synthesis approach for industrial implementations wherein accuracy
is extremely important such as medical, welding and manufacturing robot cause compliant
modelling wherein failures are considered.

Nomenclature
Tia Ground link length (a) Fj,  The vertical force of link i acting on
014 Ground link orientation («) the link j
Tip Ground link length () €0G; Center of gravity of the j** link
615 Ground link orientation (B) T Length from G-
7 i*" flexible link length (i = 3,5) 1™ joint to j*™* COG;
Tio i** flexible link initial length (pre- m; j*" rigid link mass
buckling state) I j*™ rigid link moment of inertia
7; i*" flexible link buckling velocity about the COG;
; i flexible  link  buckling g Acceleration due to gravity
acceleration T Applied DC-motor torque
9; it" flexible link deflection
6; i*" flexible link angle
0; i*" flexible link angular velocity
0; i*" flexible link angular acceleration
F; i*" flexible link spring force
by i" flexible link cross-sectional
width
he; i*" flexible link cross-sectional
thickness

El; it" flexible link flexural rigidity

7 jt rigid link length (j = 2,4, 6)

6; j*" rigid link angle

6; j** rigid link angular velocity

9; j*" rigid link angular acceleration
b,;  j™ rigid link cross-sectional width

h.; i rigid link cross-sectional
thickness

Fijx  The horizontal force of link i acting
on the link j
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Abstract

Architecture and urbanism are disciplines based on knowledge of space. From this point of
view, this research aims to study the challenges of dealing with hawkers (Street Vendors) in
Jordan's urban centres generally by shedding light on downtown Amman. Although they
succeed in acquiring and controlling space informally in Amman, hawkers have been ignored
by local planners and even been harassed by local authorities for not being given space to
operate their businesses. Rigid transformations should be carried in urban planning strategies
in downtown Amman. Local policies need to be enforced to end this conflict and provide
suitable conditions and capacities to read and respond to the hawkers' needs. They represent
an integral part of the region's urban fabric. This study is based on reviewing related literature,
field survey, and observations carried out for two months in the study area. In addition to
several informal discussions held with the hawkers, pedestrians, merchants, and local
authorities, questionnaires were used to clarify specific issues. The study suggests a few
recommendations to help fulfil urban centres' effective utilization and harmonize formal
activities and the hawkers in order to resolve this conflict. The study found that street hawkers
are only considered troublemakers and have never been involved in decision-making when
urban planning occurs. These will be an ongoing issue, not unless they are integrated into the
planning processes. The study suggests different scenarios for proper allocation of hawking
space can be done regarding accommodating them according to their space requirements
worked out the basis of the products sold, as has been done in the present study. In short, this
will help in providing suitable trading environments for the hawkers, creating a pedestrian-
friendly neighbourhood, decreasing the unemployment rate, among other advantages.

Keywords: Street vendors; central business district; convivial urban space; national policy;
hawking space

1. Introduction

With the continually increasing population due to the crises in its neighbouring countries
(Nilsson& Borges, 2019) and pressure on jobs, Jordan is witnessing a noticeable increase in
unemployment, especially among youth. The government is now unable to provide suitable
job opportunities for their citizen; that's why many Jordanians were forced to work in the
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informal sector to escape worsening unemployment in the country, especially as many
support their families. Despite the limited income and the high cost of living, they face daily
pursuit by the local authorities who seize their goods; they are forced to pay fines or give up
what was confiscated from them, making their situation worse.

Jordan’s unemployment rate has been alarming and has increased from 11% in 2010 to 19% by
2019 (DoS, 2020). The participation rate of Jordan’s workforce has remained one of the lowest
in the world at about 40% (Husseini, 2016). The youth unemployment rate in 2018 was very
high, about 37.2%, and among the highest globally (The World Bank, 2019). The
unemployment rates have traditionally been higher in rural areas than in urban areas due to
the concentration of jobs in urban governorates and the lack of transportation or reluctance to
use it (Husseini, 2016). This made many people move from rural areas running from poverty
to urban areas (rural-urban migration). But those migrants do not possess the skills or
education to find suitable paid and secure employment in the formal sector. This made them
settle for work in the informal sector. Sharma (2016) discussed another reason why people are
pushed to work in the informal sector. According to her, many businesses, factories and
workshops were closed, and the previous workers could not find a proper job; hence they had
to work in the informal sector to survive.

The meaning of the informal sector has been discussed by many researchers (Schneider, 1986),
(Smith, 1994), (Saunders & Loots, 2015), (Dhakal, 2015) and others. The informal sector, as
Smith (1994) defines it is a market-based production of goods and services, whether legal or
illegal, that escapes detection in the official estimates of GDP. According to the International
Labor Office (ILO) definition, the informal sector is: “The informal economy is broadly
characterized as consisting of units engaged in the production of goods and services with the
primary objective of generating employment and income to the persons concerned.” (ILO,
1993:2). The activities in the informal sector can be categorized into two sections; (1) the self-
employed and (2) the non-permanent labour (Sharma, 2016). Self-employment is one of the
modern development concepts that switched perspectives in business and employment,
which means the individual's quest to find a job for themselves through the reliance on their
ideas, experiences, and educational and training level. A significant section of the self-
employed workers are hawkers or street vendors. The rise in the number of street hawkers is
due to the lack of employment in other sectors and directly linked to the informal sector's
expansion.

The term “Hawkers” is an interchangeable phrase that refers to people who tends to sell goods
or offer services to the public informally in any street or public place. These activities are not
being protected or supervised by the government; that's why they do not have a fixed place
or a permanent built-up structure. Hawkers tend to spread or display goods in open spaces or
temporary static structures to attract buyers and make sales. It also refers to the person who
moves from one place to another or goes to people's homes to sell goods or merchandise that
he offers for sale or deals in his craft or industry by roaming (GAM, 2009). The hawker may
use a trolley, kiosk, canopy, or merely using the pavement, see Figure 1.
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a b C d

Figure 1. Various means used by the hawkers at the study area (Amman downtown) to
present their goods and services. a) trolley, b) table, c) rug, d) boxes

Modernist planning focuses on cars' requirements rather than pedestrians' needs and
expectations, making cities lose many qualities (Israt, 2019). Good accessibility is directly
related to the pedestrians” thoughts and experience. It acts as a direction for the pedestrians
that, as a result, affect their perception. We cannot neglect the fact that there are many
problems associated with mobility and accessibility resulting from hawking in Amman
downtown's streets. Simultaneously, if planners, when planning to pedestrians, took hawkers
into account, many problems could be avoided. An external view of hawking in Jordan gives
the impression of this sector's randomness regarding distribution and spread. In reality, it is a
sector with a remarkable degree of control, and over time it had its traditions and inner life.
Families are working in hawking for three generations, and there is a great deal of
specialization in the sector.

The Greater Amman Municipality's (GAM) Campaigns against the phenomenon of street
vending began in 1997. Some of these campaigns were very severed and targeted local markets
as well (Khalil, 2019). Hawkers tended to move between many locations, while some chose to
work during the night or early morning. At the same time, GAM did not provide alternative
markets. GAM, as a regulatory body, is working to violate this sector because of the quality of
goods that are handled since they are usually poor and not suitable for consumption.
Moreover, since these workers have a specific place or are evading paying taxes and fees, it
leads to a breach of security and order, the use of sidewalks, and obstructing citizens'
movement. Another justification for GAM’s campaigns can be in the urban landscape. But this
contradicts reality, as these hawkers, especially in Amman downtown, constitute a cultural
and heritage character and reflect a real image of the people. That's why these campaigns to
date do not have the capabilities to withstand and continue. The GAM should see the informal
sector's other sides and be aware of the critical role that the urban informal sector plays in the
urban economy worldwide. An organized street vending in Amman or other urban space in
Jordan could be part of city precedence for the city community's benefit.

2. Problem Statement

With high unemployment rates, increasing poverty, and the high cost of living in Jordan,
hawkers' flow into urban centres has become a distinguishing feature of most cities. Still, they
are often regarded as an 'element out of place' (Widjajanti, 2016). Their problem is the absence
of reference in determining their activity’s location in the city plan. Their random distribution
causes many problems. For a sustainable community for its inhabitants, it must be liveable. To
achieve suitable and orderly urban intervention; policy guidelines concerned with the effective
use of urban centres must be formulated, customized and developed to address urban space
users. In downtown Amman for example, most urban spaces are conquered by hawkers.
Hawkers' rugs are spread over a wide range of different forms (see Figure 2.), on the sidewalk
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inside the bazaars and local markets, in front of the Grand Husseini Mosque, see Figure 1.
GAM has always fought against the hawkers. But at the same time, it did not try to understand
their needs, did not provide them with job opportunities that would spare them all these
conflicts. The government must provide solutions to overcome this crisis and help people.
Hence the importance of recognizing them, laying down laws that regulate their work and
their whereabouts in a way that achieves balance and the public interest. Sustainable planning
should address spatial integration issues and resolve conflicts and hawkers' movement within
the urban fabric. The purpose of this study is to examine the spatial processes and
requirements in the areas where street hawkers are present. Urging the authority to propose
suitable sites for hawkers, relocate them within urban spaces, plan their activities, and direct
their growth and development in an organized pattern. The study assumes that the population
of hawkers will continue to increase in Amman downtown. This means extra urban space is
required to conduct their activities. The GAM has to restore economic growth, generate
employment opportunities to absorb the unemployed's large numbers, particularly the youth,
and reduce poverty levels.

Figure 2. Different hawkers’ units spread in Amman Downtown within the study area

2.1. Objectives

Public spaces are open for all to use and raise the difficulties in balancing pedestrians' right to
move freely in the city and the hawkers to work legally and earn money to live a better life.
The research will try to solve this conflict and fill the gap and build a sustainable city
community. By suggesting scenarios where hawkers can be relocated in desirable urban spaces
within the urban structure, they can conduct their business, considering accessibility, comfort,
and characteristics referring to their activity. From this point, the research aims to provide
quantitative norms, theories and concepts for accommodating street hawkers legally in
Amman downtown. See Figure 3.
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Type, location, operational space use and Identify and classify
functional within their surrounding. the existing types of
hawkers.

Suggest proposals of planning taking into
consideration location, space use,
relation with surrounding and other
requirement that helps for efficient
operation and growth of hawkers within
the Amman downtown.

Examine the policies, regulations control
and standards and guidelines for street
vending in Amman downtown.

Examine conflicts of location and growth.
Also issues of control and environmental
impact of hawkers in the Amman
downtown.

Figure 3. Study objectives

2.2. Methodology

This study is based on quantitative and qualitative methods; Figure 4 summarizes the data
collection sources. This study is centred on (1) reviewing related literature; searching the
concept of the informal sector, conflicts between hawkers, merchants, pedestrians and
government, (2) field survey and of hawking establishments in the Amman downtown, the
type of the goods, the size of the unit, etc., walking within the study area and observing
pedestrian movement, the road network, how the hawkers related to the urban space and
taking photographs of the activities (3) informal discussions with hawkers to collect
information about the related problems and difficulties they face, the nature of their work,
their needs, nature of their business, characteristics of their specific activity, their dependence
on the site context, (4) questionnaires were carried out for formal business operators,
pedestrians and study area visitors (5) Analysis of primary and secondary information and (6)
conclusion and recommendations. The field survey was carried out after preliminary studies
were made from related literature. The analysis of all collected data was presented using
analytical tables. While the questionnaires were analyzed using Statistical Package for Social
Science (SPSS).

Quantitative Data

Qualitative Data

Figure 4. Data collection methods

3. Study Area

Amman is the capital of Jordan, and it covers 1680 km? of land area. 38 % of Jordan's population
live there; hence it is considered the most densely populated region (Potter et al., 2009). Lack
of adequate housing, unemployment, poor air quality, transportation, water shortages, rapid
population growth, hawking or street vending in urban centres is among the most common
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problems of Amman's urbanization. These challenges are putting Amman in a massive
problem in terms of its sustainability. The detailed study area in Amman downtown was
defined by the area enclosed by King Faisal Square, Als-Saadeh Street, Ar-Reda Street, and the
illustrated parts of King Talal Street and Shaaban Street; as shown in Figure 5 below. In the
selected study area, the observation subjects were (1) spaces the hawkers were occupying and
(2) the specific business venture in which the hawkers were engaged. For this study, the
famous Friday market was excluded.

sValz=|

King Faisal Square

Als-Saadeh Street

Ar-Reda Street

King Talal Street

Shaaban Street

Husseini Mosque
square

JATS P

Figure 5. Study area

The target population for this research was; (1) all the hawkers who trade in the alleys of the
study area, (2) pedestrians, (3) the merchants or the formal businesses owners in the
surrounding area which hawkers located near their businesses and (4) the local authorities and
Greater Amman Municipality departments. The activities of hawkers were extensive; this
study classified them into three main “relatively” homogeneous categories; (a) food activities
(such as; seasonal fruits and vegetables, local sweets, boiled corn and light snacks), see Figure
6., (b) clothing activities (such as; clothes (second hand and new ones), sunglasses, accessories,
shoes, belts, watches and bags), see Figure 7. and (c) entertainment activities (such as;
accessories, stationery, books, toys, lottery, perfumes, mobile accessories and magic tricks
shows and home accessories), see Figure 8. Classifying them was to assess each group's
different needs and specifications when relocating is being suggested.

Figure 6. Various hawkers who deals with food activities in the study area
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Figure 8. Various hawkers who deals with entertainment activities in the study area

4. Study Sample

The fieldwork was carried out between May 2019 and June 2019 in the selected area in Amman
downtown. The observed hawkers' units were 168 units; check Tabel 1. The observation was
carried out to examine the everyday use, re-use, occupation, and allocation of the urban space
and the hawkers' conditions and challenges. It was noted that 152 hawking units were working
in the same space uniformly. That’s why, for this study, the total sample size is 152 units. The
floor space occupied by hawkers is 88.5 m2 For selecting respondents, this study adopted
simple random sampling to select hawkers in each category. This technique gave an equal
chance to each hawker of being included in the sample.

Table 1. The total number and the occupied space by hawkers in the study area

Parameter Unit
Total number of hawking units 168 unit
Total sample size 152 unit
Floor space area occupied by hawkers 88.5 m?2

As a representative of the formal sector, a sample size of 12 business owners was selected in
the merchants' case. The study aimed to listen to their opinions regarding relocating the
hawkers next to their shops/business. While two interviews were held with the GAM staff,
and data were collected from 170 respondents to the questionnaire, which was spread through
this internet and targeted people who often visit Amman downtown only (respondents must
be frequent visitors to the study).

A questionnaire survey was done with hawkers in the study area, most of whom cooperated
by answering the questions whilst others refused to answer due to fear. That's why
observation was also performed to validate the results and strengthen the findings. This
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survey included structured questions to collect information about the relationship between
hawking and public space to build a holistic perception of the current situation in Amman
downtown. The questionnaire survey collected data on activities, hawking duration, access,
the chosen location, sociability, the informal sector, safety, comfort, uses, faced problems and
the user's desires. The data was analyzed using SPSS.

5. Analysis and Discussion

5.1. Site Potentials

Amman Downtown, which has served as a central commercial area, has many other different
land-use activities, which have led to a high frequency of passing for local people and tourists
every day. Hawkers assessed this situation as an opportunity to be a selling location and utilize
the space for trading activities; Table 2 below summarizes the streets' spatial dimensions and
hawkers' percentage in the study area. The accessibility to this area was easy since it is served
with public transportations from different locations. Although it is considered a crowded area,
the affordable prices of goods and services offered around this area attract consumers. These
conditions make this place an attractive area for hawkers to construct their businesses.
Moreover, easy access to public transportation relieves the load for hawkers.

Table 2. Spatial dimensions of the streets and hawkers' percentage in the study area

P t f
Street name Street length* ercentage o

hawkers
King Faisal Square 205.90 m 50.66%
Ar-Reda Street 102.50 m 8.55%
As-Saadeh Street 103.30 m 9.21%
King Talal Street 380.50 m 30.26%
Shaaban Street 77 m 1.32%

* The street's length represents the covered part that the study managed to collect data

5.2. Strategic Location

As concluded from the field survey, hawking activities operate in the open, pavement, lanes,
and alleys, see Figure 9. The desirable location for hawkers is located within busy pedestrian
routes with different activities (shops, hotels, restaurants, etc.) around public transport
terminals and bazaars. In other words, the land use activities influenced them to select the
space from which they operate. Each day hawkers take their respective positions with their
wares ready to sell to potential buyers. They consider that the particular space is attractive for
consumers and is located between various activities with a high visitor rate and a high
frequency of mobility.
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Figure 9. Various pictures show the randomness of hawkers’ unit locations within the study
area

Every specific space has an owner; as indicated by interviewed hawkers, no other trader would
occupy the space without the original space owner's approval. This is a rule that should not
be broken. Many hawkers have worked in the same space for more than 40 years, going from
generation to generation. Youth hawkers indicated that their fathers were working in the same
space before, and now it's their turn to keep working to live. This means that even this informal
sector has its own rules. These locations, as hawkers noted, should be safe. In other words,
space should be smoothly running away from and easy to be mobile to avoid arrest.

As concluded from the interviews, hawkers transport their goods by two means; 1) on foot.
This is done by buying goods from a walking distance market downtown, carrying them on
their backs and walking to their trading space, 2) using public transportation to move their
goods. From this point, another influence can be seen in selecting its desirable location: public
transportation availability. Public transportation facilitates the movement of goods as well as
access to the site from their homes.

Some pedestrians complained that some pavements and alleys are just too narrow to
accommodate all users and that they cannot move easily. It is recommended that hawkers be
removed from streets with such issues to get rid of congestion that obstructs pedestrians’
movement.

5.3. Right in Urban Space

The hawkers' general problem in their daily operations can be summarized as not being
provided with ideal urban space to perform their activities, protecting them from climatic
conditions (sun, rain), insecurity, and harassment by the GAM. From the interviews, hawkers
pointed out a few critical needs to achieve a convenient place to trade; availability of ample
space, ease of modification of goods' means, ease of preparation and presentation of goods,
and freedom of movement to serve buyers. They are not governed by the time schedules, such
as the formal sector, which gives this sector an advantage of being flexible. Pedestrians agreed
that hawkers should have the right to work in the urban space and streets. They also said that
they prefer in many times to buy from them because they offer good services within suitable
prices compared to shops. On the other hand, many used to buy from them just to help them
for living.

As indicated from the survey, the hawkers use trolleys, wooden stands, tables and mats, which
they put on the ground to display their goods and services. They tend to use light materials
and structures to help them smoothly run away from the GAM. The hawkers who traded in
shoes and clothes displayed their goods on light mats to make it easy for customers to pick.
The hawking unit's size varies depending on the goods they sell, as indicated in Table 3 below.
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The most common unit size for the food activities category was 1.0¥1.0 m2 while 2.0*2.0 m2 and
2.5% 2.0 m2 for clothing and entertainment activities categories.

Table 3. Space occupied by hawkers within the study area

Occupied Space (m?2)

Product type
1.0*.0 105 15*1.5 15%20 2.0%20 2520 25%3.0 20*3.0 3.03.0 2535 3.0%4.0 25%0
Food activities 28.5% 12.4%  16.5% 13.6% 16.5% 18.5%
Clothing activities ~ 15.8% 16.5% 5.5% 11.5%  17.3% 8.5% 6.5% 4.5% 6.9% 3.8% 3.2%

Entertainment

. 15.4% 20.3% 10.3% 17.4% 21.5% 3.4% 7.5% 2.2% 2.0%
activities

5.4. GAM Act with Regards to Hawking

The Greater Amman Municipality (GAM) carries out the responsibility of regulating hawking
activities in Amman. The primary law is "System for monitoring and organizing hawkers,
rugs, umbrellas and kiosks within the boundaries of the municipal areas No. 81 for the year
2009" (GAM, 2009). The provision of this law applies to all municipalities in Jordan except
Greater Amman Municipality.

It should be mentioned that in the study area, few hawkers were legally working. When
examining these cases, there is a special case or story behind every one of them. One trader
has been working for 40 years, having inherited it from his past generation (Family
inheritance). The trader specializes in selling Islamic rosaries and other religious products due
to its location in the Grand Husseini Mosque plaza. It should be noted that it has been allowed
by King Hussein bin Talal. See Figure 10. Another licensed unit is located in King Faisal Street,
which a person owns with special needs. This particular trader possesses a license and
identification papers that exempt him from paying any fees to the GAM due to his health
condition. He noted that it was his only source of income, See Figure 11.

«%' -:'-' I

Figure 10. Grand Husseini Mosque case
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Figure 11. King Faisal Street case

The third one is in King Faisal Street, located at a corner in front of the Gold Market and is
dedicated to selling fresh peanuts and has been trading for more than 60 years. This selling
unit was distinguished by the fact that tourists were attracted to that particular sight of the
owner doing his business. Taking a picture of/with him is no less important to them than
taking a picture in the Roman amphitheatre in the same area. Figure 12. Below

Figure 12. Gold Market case (Alddemh, 2009)

From here, it should be noted that the hawkers in Amman downtown are part of the place's
cultural heritage, and they are what attracts tourists to the place. The GAM should help in the
economic recovery by supporting hawkers; provide them with permanent trading spaces to
overcome the crisis of poverty and the high unemployment rates. This will help achieve
improved services by making the urban spaces an attractive place for everyone to live and do
business legally without the fear of harassment.

5.5. Product/Activity Type

The field study showed many different types of goods hawkers tend to deal with, such as;
fruits and vegetables, clothes and bags (second hand and new ones), sunglasses, toys,
stationery, lottery, mobile accessories, light snacks. The distribution and percentage of their
activities are summarized in Table 4. The field survey indicates that within the different
hawking activities distributed along the study area, clothes and toys (28.29%, 21%,
respectively) were the most percentage of the sample size. As mentioned above, this study
classified those various types of activities into three categories; check Table 5. Results showed
that the maximum concentration of the different categories was located in King Faisal Square.

11
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Table 4. Distribution of hawking units as per their product type

o 8 A T G
type Square Street Street Street Street Total
Toys 15.07% 2.63%  1.98% - 1.32% 21%
Séfg‘(’)girsy 198% 0.66% 132% 1.32% - 5.28%
Watches 0.66% - - 0.66% - 1.32%
Accessories  6.58% - 0.66% 1.32% - 8.56%
Perfumes - - 0.66% 2.63% - 3.29%
Clothes 855%  2.63% 1.32% 15.79% - 28.29%
Mobile acc.  5.26% - 0.66% - - 5.92%
Sunglasses  1.2% - - 1.97% - 3.17%
Shoes 2.63%  1.32% 0.66% 0.66% - 5.27%
Bags 2.63%  0.66% - 0.66% - 3.95%
Home stuff 3.29%  1.32% - 3.23% - 7.84%
Food 3.23% 1.68% 1.2% - 6.11%

Table 5. Distribution of hawking units as per their main category

King As- Ar- King
Main category Faisal Saadeh Reda  Talal
Square  Street Street  Street

Shaaban
Street

Food activities 3.23% - 1.68% 1.2% -
Clothing activities 21.71% 4.61% 2.64% 21.06% -

Entertainment

26.14% 4.61% 4.62% 7.18% 1.32%
activities

5.6. The Formal Businesses

The study showed that most of the formal business sector's problem was that there existed an
unfair competition between them and the hawkers, especially if they happen to be selling the
same product. However, they have no problem with the presence of hawkers in the area, as
long as it does not affect their work. The study also noted that the formal business sector is the
suppliers of goods and customers to the hawkers trading in the study area. Some shop owners
at the study area used to supply hawkers with products sold at competitive prices or
accumulated and wanted to dispose them off and sell them at bargaining prices because there
was not enough space in their warehouses.

One of the interviewed hawkers noted that many of them tended to pay a fixed price for the
adjacent shop owners to guarantee a specific place for them on the street. While another one
said that he has been working for eight years at the same space because the adjacent shop
belongs to one of his relatives, he will not pay this amount of money. This is evidence of many
points of agreement and points of disagreement between the two parties.

12
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5.7. Hawking Units

The hawking unit's size is essential to be taken into consideration because planners need to
ensure that the units are not infringing on the pavements and are not an obstacle to pedestrian
movements. The size of a hawking unit varies depending on the specific type of product
offered. Standardizing could be problematic in general, but it would be much more efficient
in the same category.

The GAM would get revenue in regards to the space occupied. The study recommends that
the rates charged by the GAM should reflect the space a hawking unit occupies. This will mean
that hawkers pay the GAM for the size of space they need considering that every potential
location has a maximum and minimum occupancy area controlling the number of hawkers
that can be accommodated in an urban space. Taking into consideration that the desired unit
size depends on the spatial needs of each activity, this study suggested space requirements for
the hawking unit as follows:

1)Hawking zones should be at the entry/exit points of transport nodes and parking areas.
Those zones should be at specific static structures located on pavements and footpaths to
assure buses and cars smooth movement.

2)The GAM allowed seven markets in Amman that work during the weekdays. The Friday
Market at Ras Alain area was one of them, see Figure 13. It is open every Friday and located
in an empty parking area. From here rises the point of spreading this successful case by
allowing specific parking areas to accommodate the hawkers during the non-working days.

A}

Figure 13. The Friday Market at Ras Al-Ain area; left: design space, right: space
within working hours (Ammonnew, 2014)

3)To avoid clashes with the official shop owners; care must be taken into consideration; (a)
maintain a precise distance between the shops and the hawking units, (b) ensure that the
hawking units and the shops are not offering the same type of goods and services, (c) maintain
sufficient distance for pedestrians to move between the official store and the hawking unit.

4) The width of the pathways should also be taken into consideration. The pathways'
minimum width in which it's considered suitable for hawking should not be less than 4 meters.
In comparison, units should be separated by a distance of 5 meters minimum to assure
pedestrians' free movement and hawkers to work sufficiently.

6. Conclusions and Recommendations

Planning should consider the importance of making hawking zones in different streets/cities
in Jordan a legal working space because it is believed that an organized street hawking in the
urban spaces could be part of city precedence for the city community's benefit. Planners should
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know the need for street hawkers to locate them in certain places may be even at certain times.
Those strategic locations should be selected due to accessibility, main activity, demand and
space comfort. Indeed, much care should be placed on the street design and ensure a smooth
flow for pedestrian movements and the local merchants' interests.

Through participatory planning - while organizing hawkers' activity - planners should ensure
all stakeholders' integration to ensure equality, sustainability, and durability of this activity.
Hawkers - the urban poor - should be included in formulating and implementing a street
roaming activity as part of the stakeholders. Participation will raise awareness about the
problem situation, make them more understanding of proposed improvements, and feel more
responsible and committed to change. By this, success has a better chance. In short, instead of
treating hawkers as an outlaw that only create chaos on the streets, they should be allowed to
contribute, Street hawkers can be assets to the development of the urban system. Pedestrian
pathways, transport nodes and parking areas have the potential to accommodate hawkers. If
adequately located despite the small space, they will find a stable job, a better income and
equal dignity as other citizens. By this, hawkers will become a part of the city's socio-economic
fabric rather than a problem in this fabric.

Through the development process for Amman's new master plan, the Greater Amman
Municipality should provide detailed enforcement procedures for customizing its standards
for hawking by specifying the implementing authority. The mechanism and criteria for
allocating hawking space and assuring that hawking space allocation should be considered
while planning and designing. The hawking space size needs been discussed in this research,
but it cannot be generalized to include all the streets or cities in Jordan. Every street and city
has a different case scenario. There are some fixed specifications, but it is advised that the space
norms for hawking should be included in each zonal development plan for each city alone in
Jordan.
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Abstract

With the advancement of information and communication technology, social networking and
microblogging sites have become a vital source of information. Individuals can express their
opinions, grievances, feelings, and attitudes about a variety of topics. Through microblogging
platforms, they can express their opinions on current events and products. Sentiment analysis
is a significant area of research in natural language processing because it aims to define the
orientation of the sentiment contained in source materials. Twitter is one of the most popular
microblogging sites on the internet, with millions of users daily publishing over one hundred
million text messages (referred to as tweets). Choosing an appropriate term representation
scheme for short text messages is critical. Term weighting schemes are critical representation
schemes for text documents in the vector space model. We present a comprehensive analysis
of Turkish sentiment analysis using nine supervised and unsupervised term weighting
schemes in this paper. The predictive efficiency of term weighting schemes is investigated
using four supervised learning algorithms (Naive Bayes, support vector machines, the k-
nearest neighbor algorithm, and logistic regression) and three ensemble learning methods
(AdaBoost, Bagging, and Random Subspace). The empirical evidence suggests that supervised
term weighting models can outperform unsupervised term weighting models.

Keywords: Ensemble methods; term weighting schemes; sentiment analysis; text classification

1. Introduction

With the tremendous growth of social media and microblogging sites, the enormous quantity
of information available will serve as an important source for decision making, regarding
products, services, and policies (Onan, 2017; Onan, 2018). People may express their views,
complaints, feelings, and attitudes towards subjects. They can express their ideas about current
issues, and products through microblogging platforms.

Twitter is one of the most common microblogging sites in the world, in which millions of
people publishing more than one hundred million text messages (referred as, tweets) every
single day. On Twitter, users can send short messages with a character limit of 280. On Twitter,
users can post messages about real-word events occurring around the world, aside from
personal tweets. Many incidents are now being posted on Twitter for the first time, as near
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real-time as it occurs (Samant et al., 2019). The content created by users on Twitter provides
researchers and practitioners with a valuable source of information, which can be employed
for several applications, including earthquake prediction (Sakaki et al., 2010), influenza
epidemics (Woo et al., 2018), and crisis management (Hecht et al., 2011).

Sentiment analysis is a task in natural language processing, which seeks to identify the
semantic orientation of text documents, with the use of tools and techniques from computer
science, data science and statistics (Onan and Korukoglu, 2017). Sentiment analysis can be
employed to obtain useful information from unstructured text documents. Traditional
application fields for sentiment analysis include the detection of public sentiment for policy-
making purposes and the market analysis of goods and services based on feedbacks of
consumers (Zhang et al., 2009; Fersini et al., 2014). In that sense, organized, insightful
knowledge obtainable by recognizing subjective information from online content can be
extremely useful for decision making, including decision support systems and individual
decision makers (Onan et al., 2016). The approaches used in sentiment analysis can be divided
into two groups, as machine learning-based and lexicon-based methods. In machine learning-
based sentiment analysis, the identification of sentiment orientation has been modelled as a
text classification problem, in which supervised learners, such as Naive Bayes, support vector
machines and artificial neural networks have been employed (Aggarwal and Zhai, 2012).

For short text messages, the identification of an appropriate term representation scheme is a
crucial task. In the vector space model, term weighting schemes are important schemes to
represent text documents.

In this paper, we present a comprehensive analysis on sentiment analysis in Turkish with two
unsupervised term weighting schemes (i.e., term frequency, and TF-IDF) and seven
supervised term weighting schemes (i.e., odds ratio, relevance frequency, balanced
distributional concentration, inverse question frequency-question frequency-inverse category
frequency, short text weighting, and inverse gravity moment and regularized entropy). Four
supervised learning algorithms (i.e., Naive Bayes, support vector machines, k-nearest
neighbor algorithm and logistic regression) and three ensemble learning methods (i.e.,
AdaBoost, Bagging and Random Subspace) are used to explore the predictive efficiency of the
term weighting schemes. To the best of our knowledge, it is the first study in Turkish text
sentiment classification, where supervised and unsupervised term weighting schemes have
been comprehensively evaluated in conjunction with supervised learning models and
ensemble classification models. The experimental results indicate that supervised term
weighting models can outperform unsupervised term weighting models.

The remainder of the paper is structured as follows: Related work on sentiment analysis is
discussed in Section 2. Section 3 presents the term weighting schemes. Section 4 presents
classifiers, Section 5 presents the ensemble methods. The experimental procedure, dataset and
the empirical results are discussed in Section 6. The concluding remarks have been presented
in Section 7.

2. Related Work

Sentiment analysis on the content created by users on Twitter has attracted great research
attention. The early work on sentiment analysis on Twitter data is briefly reviewed in this
section.

Go et al. (2009) evaluated the predictive performance of maximum entropy and support vector
machine classifiers for sentiment analysis on Twitter messages. In this study, text documents
are represented using different structures such as 1-gram, 2-gram, and part-of-speech tags. It
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was observed that 80% correct classification performance was achieved with the developed
method. In another study, Agarwal et al. (2011) examined the effectiveness of 1-gram scheme,
feature engineering-based schemes and tree-based data representation for sentiment analysis
on Twitter. In the 1-gram representation, the data set is represented by using around 10000
features, while the number of features in the representation based on feature engineering was
reduced to 100, but the correct classification performance was kept higher. On the other hand,
it has been observed that the highest accuracy classification achievements are obtained when
Twitter messages are represented using the tree structure. Similarly, Kouloumpis et al. (2011)
evaluated the effectiveness of n-gram features, dictionary-based features, part-of-speech tags,
and Twitter-specific features for sentiment analysis on Twitter messages. In the empirical
analysis, the highest predictive performance has been obtained by n-gram features. In the
study performed by De Boom et al. (2016), word2vec word embedding scheme and a weighted
word embedding vector extraction method based on TF-IDF weighting function were
presented to capture the semantic integrity on short text documents, such as Twitter messages.

Similarly, Djaballah et al. (2019) evaluates the predictive performance of machine learning and
deep learning-based schemes for sentiment analysis on Twitter messages. In experimental
analysis, vectors obtained using word2vec word embedding method were considered in two
different ways, namely, unweighted, and weighted vector pooling. Experimental results show
that weighted vector pooling gives higher performance. The predictive performance of various
n-gram models (namely unigram, bigram, and trigram) and their combinations on sentiment
analysis of Turkish Twitter messages were examined by Onan (2017). In empirical research,
the combination of unigram and bigram features achieves the highest predictive efficiency. In
a similar way, Onan (2018) introduced an ensemble approach to sentiment analysis on Twitter
based on LIWC (i.e., Linguistic Inquiry and Word Count) categories. In the study performed
by Sahin (2017), vectors obtained by word2vec word embedding scheme and support vector
machines have been utilized to classify Turkish text documents. In another study, Griol et al.
(2020) presented an ensemble classification scheme for sentiment analysis on Twitter
messages, which incorporates ensemble of feature sets based on opinion lexicons, n-grams,
and word clusters in conjunction with maximum entropy classifier. Similarly, Samant et al.
(2019) examined the predictive performance of supervised and unsupervised term weighting
schemes for sentiment analysis on Twitter and they presented a novel improved supervised
term weighting model. Recently, Carvalho and Plastino (2020) comprehensively examined the
predictive performance of n-gram features, meta-level features, microblog features, part-of-
speech features, surface features, emoticon features, and word embedding based features on
sentiment analysis for Twitter messages.

3. Term Weighting Schemes

Term weighting schemes can be classified predominantly into two categories, as unsupervised
and supervised term weighting schemes (Samant et al, 2019). For unsupervised term
weighting schemes, category information is not utilized to allocate weight values to words,
whereas supervised term weighting schemes use category information from the training data
for a particular term. Let N denote the total number of documents in the corpus, let tf denote
the frequency of the word indicating the number of times in the document a specific term has
been encountered, and let df denote the number of documents in which at least one specific
term has been encountered.

Term frequency (if) is an unsupervised term weighting scheme to compute weight value wg, ,
for term t; in document d;, as given by Equations 1 and 2 (Samant et al., 2019):
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Wdi,tj = tf (1)
1 , termencountered
Wq.t. = (2)
vt 0 , termnotencountered

Term frequency-inverse document frequency (TF-IDF) is another unsupervised term
weighting scheme on information retrieval and text mining. Term frequency represents the
relative frequency of a word ¢ in a text document and inverse document frequency scales with
the number of documents. TF-IDF weighting scheme can be computed as given by Equation
3:

waye, = of + Log () ©)

Odds ratio (OR) is a supervised term weighting scheme, which is the ratio of the probability
of occurrence of an event in one group to the probability of occurrence in another group. OR
can be computed as given by Equation 4 (Quan et al., 2010):

tp xtn
0R=log(p )

4
Fo+ i @
where tp denotes true positives, tn denotes true negatives, fp denotes false positives and fn
denotes false negatives.

Relevance frequency (RF) is another supervised term weighting scheme. In this scheme, the
ratio of number of positive category (positive class label) documents consisting of the word to
the number of negative category (negative class label) documents containing the word has
been considered to compute weight values, as given by Equation 5 (Lan et al., 2006):

tp
R =g (242 ) ;

9 Max(1, fn) )
Balanced distributional concentration (bdc) is another supervised term weighting scheme
based on entropy. Balanced distributional concentration test term t’s discriminating power
based on its distribution in different categories (c;). Balanced distributional concentration can
be computed, as given by Equation 6 (Wang et al., 2015):

BH,

bdc=1-— fog (K) (6)
S /e p(t/c)
= = LS p /e ( {ilp(t/ci)> 7

where K denotes total number of categories in the training data and p(t/c;) denotes the
probability of term ¢ in category c;.

Inverse question frequency-question frequency-inverse category frequency (IQF) is another
supervised term weighting scheme for short text classification, which can be computed as
given by Equation 8 (Quan et al., 2010):

N K
log(tp + 1) * log (- +1) 8
tp+fn>*og(p+ ) xlog Tl 8)
where cf denotes the number of categories that have at least one document in which ¢ has been
encountered. Short text weighting (SW) is another supervised term weighting scheme for short
text classification, which can be calculated as given by Equation 9:

iqf = log(
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where j denotes term present in document i, which contains |T| terms and tf;; denotes the
frequency of it.

©)

Inverse gravity moment (IGM) is another supervised term weighting scheme based on class-
specific gravity (Chen et al., 2016). Inverse gravity moment-based weight value for a term ¢;
has been computed as given by Equations 10 and 11:

W(t;;) =1+ A% IGM(t;) (10)
fia

IGM(t) = op——— 11

(t) 11»{=1 fir *T ( )

where A is the parameter which has been set according to (Samant et al., 2019) and f;, denotes
term’s frequency in category r.

Regularized entropy (RE) is another supervised term weighting scheme, which seeks to find a
balanced weighting scheme for terms by measuring term distribution. Regularized entropy
can be computed as given by Equation 12 (Wu et al., 2017):

RE=b+ (1—-b)*(1—h),whereb € [0,1] (12)
h=—p* «log(p*) —p~ *log(p™) (13)
. tp/(tp + fp)
PP=""p tp (14)
tp+ fp + fn+tn
_ fn/(fn+tn)
P =" L __tp (15)

tp+fp fn+tn

4. Supervised Learning Models

Naive Bayes, support vector machines, k-nearest neighbour, and logistic regression algorithm
are used to evaluate the predictive efficiency of unsupervised and supervised term weighting
schemes.

Naive Bayes algorithm (NB) is a probabilistic classification algorithm based on Bayes’ theorem.
Owing to the assumption of conditional independence, it has a basic structure. It can be used
efficiently in text and web mining applications, despite its simple structure (Onan, 2016).

Support vector (SVM) machines are supervised learning algorithms that can be used to solve
problems with classification and regression based on maximum margin hyperplane. To
classify both linear and non-linear data, they can be applied effectively (Onan, 2017). To solve
classification or regression problems, support vector machines construct a hyperplane in a
higher dimensional space. By reaching the greatest distance to the nearest training data points
of classes, the hyperplane seeks to make a good separation.

An instance-based classifier is the K-nearest Neighbour Algorithm (KNN). The class label of
each instance in the KNN algorithm is calculated based on the k-nearest neighbours of the
instance. A majority voting mechanism is used to decide the class label, based on the
predictions of neighbouring instances.
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Logistic regression (LR) is a linear classification algorithm that uses a linear function of a
collection of predictor variables to model the likelihood of occurrence of any event
(Kantardzic, 2011). Linear regression can provide good outcomes. The membership values
produced by linear regression, however, cannot always be within the [0-1] range, which is not
an acceptable probability range. A linear model is based on the transformed target variable in
logistic regression, while removing the stated problem.

5. Ensemble Learning Models

Three ensemble learning methods (i.e., AdaBoost, Bagging and Random Subspace) are used
to explore the predictive efficiency of the term weighting schemes.

The AdaBoost algorithm is a common method of ensemble learning that aims to obtain a
robust classification system by focusing on hard-to-classify data points (Freund and Schapire,
1996). The weight values assigned to the training set instances are modified in this method
such that the weight values of misclassified instances are increased, while the weight values
of properly classified instances are reduced. The learning algorithms therefore concentrate on
the classification of difficult cases.

Bagging (Bootstrap aggregating) is a common method of ensemble learning that aims to
achieve a single prediction with higher predictive output by combining weak algorithms of
learning trained on different training sets (Breiman, 1996). Different training sets are obtained
in this scheme by simple random sampling with substitution. By majority voting or weighted
voting, the forecasts of poor learning algorithms are combined.

The random subspace algorithm is an ensemble learning algorithm that combines many
classifiers trained on randomly selected subspaces of functions (Ho, 1998). The algorithm aims
to avoid over-fitting by training the weak learning algorithms on various samples of the
feature space, thus providing high predictive efficiency.

6. Experimental Procedure and Empirical Results

This section presents the experimental procedure, evaluation measures, and the empirical
results of the study.

In the experimental analysis, a data set containing Turkish Twitter messages was created to
evaluate the performance of the unsupervised and supervised term weighting schemes. The
dataset was acquired over a two-month period using an application written in Python using
the Twitter APL In the sentiment analysis dataset, there are a total of 21000 Twitter messages,
10500 of which are positive and 10500 are negative. On the data set, pre-processing steps such,
as stemming, extraction of stop words, and root finding were applied. To annotate raw Twitter
messages, we used an annotation process in which each message was assigned to one of two
categories based on its sentiment orientation: positive or negative. The raw messages have
been annotated by two experts. Cohen's kappa (k) metric has been calculated. We obtained a
score of 0.82 for the corpus, indicating perfect agreement between the annotators.

During the stemming phase, Twitter messages reporting both a positive and a negative
statement were removed from the data set. In addition, each of the letters in the messages has
been converted to lowercase letters, punctuation marks, numbers, and special characters such
as '@', '#' have been removed. Text messages were filtered by terms and character length,
duplicate letters were removed. Lucene application development interface was used to extract
the stop words, and Zemberek library was used in the root finding phase.
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The performance of the data set represented by these data representation methods was
evaluated with four basic classifiers, namely, k-nearest neighbour algorithm (KNN), support
vector machines (SVM), logistic regression (LR) and Naive Bayes (NB). In addition, three
ensemble learning methods (i.e., AdaBoost, Bagging and Random Subspace) are used to
explore the predictive efficiency of the term weighting schemes. In machine learning based
experimental analysis, 10-fold cross validation was used. Implementation was done with
WEKA 3.9 via default parameter values.

To evaluate the performance of term weighting schemes, classification algorithms and
ensemble learning methods, classification accuracy and F-measure have been utilized.

Classification accuracy (ACC) is the proportion of true positives and true negatives obtained
by the classification algorithm over the total number of instances as given by Equation 16:

TN+TP

ACC = P T FP T EN T TN

(16)

where TN denotes number of true negatives, TP denotes number of true positives, FP denotes
number of false positives and FN denotes number of false negatives.

Precision (PRE) is the proportion of the true positives against the true positives and false
positives as given by Equation 17:

PRE 17)

“TP+FP
Recall (REC) is the proportion of the true positives against the true positives and false
negatives as given by Equation 18:

TP
REC = ——— 18
¢ TP+ FN (18)
F-measure takes values between 0 and 1. It is the harmonic mean of precision and recall as

determined by Equation 19:

2% PRE * REC 19

F — measure = BRE T REC (19)
In Tables 1 and 2, the classification accuracy values, and F-measure values obtained by
unsupervised and supervised term weighting schemes on conventional classification
algorithms and ensemble learning methods have been presented, respectively. As it can be
observed from the empirical results listed in Table 1, supervised term weighting schemes
outperform the unsupervised term weighting schemes for short text classification in Turkish.

Regarding the empirical results presented in Tables 1 and 2, the highest predictive
performance among the conventional classification algorithms has been generally obtained
Naive Bayes algorithm in conjunction with supervised and unsupervised term weighting
schemes. Ensemble learning models outperform the conventional classification schemes when
term weighting-based text representation models have been utilized for text representation in
Turkish. The highest predictive performances among all the compared schemes have been
generally obtained by random subspace ensemble of support vector machines. Among all the
compared supervised and unsupervised term weighting schemes, regularized entropy (RE)
outperforms the other term weighting schemes. The highest predictive performance among
all the compared configurations has been achieved by regularized entropy-based term
weighting in conjunction with random subspace ensemble of support vector machines.
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Table 1. Classification accuracies by learning algorithms and term weighting methods

TF-

Weighting Scheme TF IDF OR RF BDC IQF SW IGM RE

NB 79.60 7815 8272 8292 8319 8337 8298 8324 83.31
SVM 7888 7743 8204 8233 8255 8275 8252 8274 8279
KNN 7238 7093 7720 77.68 78.04 7824 7787 7819 78.32
LR 76.53 7508 79.88 80.19 8046 80.65 80.31 80.48 80.94
AdaBoost (NB) 8270 8125 86.26 86.42 86.83 8711 8722 87.61 88.19
AdaBoost (SVM) 80.37 7892 83.67 8391 8417 8435 84.02 8428 84.39
AdaBoost (KNN) 7939 7794 8263 8282 83.09 8341 83.05 8322 8340
AdaBoost (LR) 7382 7237 7858 79.05 7937 7948 7917 7949 79.61
Bagging (NB) 76.64 7519 7996 8023 8058 80.67 80.37 80.89 80.97
Bagging (SVM) 7872 7727 8187 8208 8234 8254 8214 8238 8245
Bagging (KNN) 7939 7794 8263 8285 8311 8342 83.09 8333 8345
Bagging (LR) 80.37 7892 83.81 8393 8427 8444 8413 8433 84.39
Random Subspace (NB) 81.51 80.06 84.65 8478 85.06 8528 8494 8540 85.58
Random Subspace (SVM) 8558 84.13 88.88 88.99 89.27 8934 89.17 8942 89.76
Random Subspace (KNN) 8513 83.68 88.28 8857 8894 8899 88.83 88.97 89.04
Random Subspace (LR) 8248 81.03 86.21 86.41 86.80 86.93 86.67 8748 87.77

Table 2. F-measure values obtained by learning algorithms and term weighting methods

Weighting Scheme TF ITSF OR RF BDC IQF SW IGM RE
NB 080 079 083 084 084 084 084 084 084
SVM 080 078 083 083 083 083 083 083 083
KNN 073 072 078 078 079 079 078 079 0.79
LR 077 076 081 081 081 081 081 081 0.82
AdaBoost (NB) 083 082 087 087 08 08 08 088 0.89
AdaBoost (SVM) 081 080 084 08 08 08 085 08 085
AdaBoost (KNN) 080 079 083 083 084 084 084 084 084
AdaBoost (LR) 074 073 079 080 080 08 080 080 0.80
Bagging (NB) 077 076 081 081 081 081 081 082 082
Bagging (SVM) 079 078 083 083 083 08 083 083 083
Bagging (KNN) 080 079 083 084 084 084 084 084 084
Bagging (LR) 081 080 084 08 08 08 085 08 085
Random Subspace (NB) 082 081 08 08 08 08 08 08 0.86
Random Subspace (SVM) 086 085 090 090 090 090 090 090 0.90
Random Subspace (KNN) 086 0.84 089 089 090 090 090 090 0.90
Random Subspace (LR) 083 08 087 087 08 08 087 088 088
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We observed that the relative performance of term weighting schemes varies significantly
across datasets and classifiers in our experiments. Unsupervised schemes outperformed
supervised schemes, while regularized entropy-based schemes outperformed supervised
schemes. The empirical results indicate that the weight values for terms can be improved by
employing supervised term weighting models which utilize class-specific information.

To summarize the main findings of the empirical results, Figure 1 denotes the bar chart for
classification accuracies based on supervised learning models and ensemble learning methods
and Figure 2 illustrate the bar chart for classification accuracies based on term weighting
schemes.
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Figure 2. The bar chart for accuracy for weighting schemes
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7. Conclusions

Social networking and microblogging sites have developed into important sources of
information as information technology advances. Individuals can express their opinions,
concerns, thoughts, and attitudes on a wide variety of subjects. They should make use of
microblogging platforms to voice their opinions about current events and products. Sentiment
analysis is a critical subfield of natural language processing research that aims to characterize
the sentiment orientation of source materials. Twitter is one of the world's most popular
microblogging platforms, with millions of users posting over a hundred million text messages
daily (known as tweets). The task of choosing an appropriate scheme for representing terms
in short text messages is critical. Term weighting schemes are advantageous when it comes to
representing text documents in a vector space model. We present a comprehensive analysis of
Turkish sentiment analysis in this paper, utilizing nine supervised and unsupervised term
weighting schemes. To investigate the predictive efficiency of term weighting schemes, four
supervised learning algorithms (Naive Bayes, support vector machines, k-nearest neighbor
algorithm, and logistic regression) and three ensemble learning methods (AdaBoost, Bagging,
and Random Subspace) are used. The results of the experiments indicate that supervised term
weighting models can outperform unsupervised term weighting models. Regularized entropy
(RE) outperforms all other term weighting schemes when supervised and unsupervised
schemes are compared. Regularized entropy-based term weighting in combination with a
random subspace ensemble of support vector machines produced the best predictive
performance of all the configurations compared.
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Abstract

The impacts of COVID-19 pandemic are expected to be challenging on all countries
worldwide, especially from an economic concept. Reformations in the world’s economic
system and changes in human precautions and behaviors are expected to influence several
other aspects directly and indirectly. This paper aims to evaluate the impact of the pandemic
on the behaviors and perceptions of shopping malls” users. Through the performed
questionnaire on the residents of Dernah, Libya, it was found that they depend on cars as a
main mean of transportation. Thus, no major impacts were found on the user’s choices in that
aspect. However, evaluations of the scale reflect changes of people’s attitudes towards their
preferences for shopping malls. These results are significant indicators in directing the
attention of designers and managers of shopping malls to adopt new strategies and
approaches.

Keywords: COVID-19; shopping mall; reformation

1. Introduction

Tourism provides livelihoods for millions of people and allows billions more to appreciate
their own and different cultures, as well as the natural world. For some countries, it can
represent over 20 per cent of their GDP and, overall, it is the third largest export sector of the
global economy. Tourism is one of the sectors most affected by the COVID-19 pandemic,
impacting economies, livelihoods, public services, and opportunities on all continents. While
sustaining the livelihoods dependent on the sector must be a priority, rebuilding tourism is
also an opportunity for transformation with a focus on leveraging its impact on destinations
visited and building more resilient communities and businesses through innovation,
digitalization, sustainability, and partnerships (UNSDG, 2020).

Tokazhanov et al. (2020) reviewed literature material to study the impact of the pandemic on
elements of sustainability in design of residential units. The authors recommended the
reconsideration of architectural and engineering requirements to adjust to health and safety
needed measures. Fezi (2020) suggested a “health engaged” architecture that looks into the
needs of users in the new era. Effects on design elements are expected to extend to all possible
elements including scales and dimensions, ventilation control, and layouts. The author
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suggested that sustainability certification bodies to lead the movement towards the new
requirements. Ahsan (2020) proposed several solutions for architecture in post-pandemic,
which included reverting to successful techniques from historic civilizations and focusing on
sustainability. Based on these studies and the persistent professional viewpoints of the
eventual changes in architecture and design during and after the COVID-19 pandemic, it is
important to understand the change in user behaviors and preferences.

2. Literature Review

2.1. Pandemic Challenges to Shopping Malls

For daily essentials —grocery, bakery, pharmacy —consumers increasingly prefer one-stop
shop destinations. Our focus-group participants said they find local neighborhood centers or
strip malls most convenient for meeting these daily, functional needs, and they expect to shop
less in enclosed malls than they did before.

That, along with the growing strength and convenience of e-commerce, means mall owners
will have to work even harder to give consumers a reason to travel beyond their neighborhood
to get what they need. Single-purpose malls, where consumers go only to shop from a
collection of retailers, will struggle to stay relevant.

As the restrictions imposed to protect public health during the pandemic are eased, people
will likely be craving more social interaction. If their functional needs are being met close to
home, malls themselves will need to build broader, more dynamic experiences that people
cannot find elsewhere. Landlords and retailers need to collaborate creatively to drive foot
traffic and boost dwell times to increase their revenue productivity.

Consumers told us that to capture their attention and get them to come back, the new
destination mall will need to offer not only a great assortment of food options, as mentioned
earlier, but also local or made-in-Canada merchants, a variety of parking and curbside pickup
options, a centralized place for product returns (including those bought online), and even
green spaces with trees and parkland. Progressive malls are building strategies to create
mixed-use spaces that bring together residential, office, entertainment, leisure, health and
wellness, and other novel experiences. Our interviewees talked about creating community
living-room spaces in malls for people to meet and socialize, or building concept destinations
like the mall, or health and wellness center, which would include clinics, pharmacies, and spa
services.

“If the mall or store can’t provide a great experience, there is no reason to go there because
you can just buy what you want online,” said one mall owner. Lower-performing enclosed
community malls in urban or mature markets are (or will soon become) obsolete. Consumers
will be drawn to new mixed-use projects with strong leisure and entertainment offerings that
help them find the social interaction they crave, especially now (Powell, 2020).

2.2. Negative Effects of COVID-19 on Global Tourist Activities

Potential tourists tend to postpone or cancel their plans for a destination that is plagued by a
pandemic, especially when its main features are scarce of effective antivirus drugs and
vaccines, the rapid spread of the virus and the damage that can cause to health. In cases of
pandemics, tourists cancel their travels avoiding suspect places and people. Such kinds of
pandemics directly affect industries such as tourism and retail service sector. The economic
consequences of this outbreak will be serious, and they will cause damages not only to the
tourist destinations with an important concentration of cases but also at a global level. A
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similar case is the outbreak of SARS in 2002. Tourism is currently -March 2020- one of the most
affected sectors and the World Tourism Organization has revised its 2020 forecast for
international arrivals and receipts, though it emphasizes that such predictions are likely to be
further revised. The United Nations specialized agency for tourism expects that international
tourist arrivals will be down by 20% to 30% in 2020 when compared with 2019 figures. An
expected fall of between 20-30% could translate into a decline in international tourism receipts
(exports) of between US$300-450 billion, almost one-third of the US$ 1.5 trillion generated in
2019. Considering past market trends, this would mean that between five- and seven-years’
worth of growth will be lost to COVID-19 (Folinas & Metaxas, 2020).

This immense shock could translate into a drop of 850 million to 1.1 billion international tour-
ists and a loss of $910 billion to $1.2 trillion in export revenues from tourism, putting 100 to
120 million direct tourism jobs at risk. This is particularly critical as around 80 per cent of all
tourism businesses are MSMEs. Considerable challenges lie ahead, including the unknown
evolution of the pandemic and how consumer confidence will recover. The global economy is
projected to contract sharply by 4.9 per cent in 2020, though the outlook is expected to pick up
in 2021, according to the International Monetary Fund. Although countries and international
organizations have implemented a range of measures to mitigate the socio-economic impacts
of COVID-19 and to stimulate the recovery of tourism, the magnitude of the crisis requires
extra efforts and continued support (UNSDG, 2020).

3. Methodology

The main aim of the study is to study the effect of COVID-19 pandemic on shopping mall
users-based changes that occurred to their behaviors, preferences, and considerations. The
scope of the study is focused on measurement in Dernah, Libya. Moreover, the questionnaire
tool used in the study is designed to collect data under three main sections:

1. Demographics
2. General changes
3. Specific changes in shopping malls that affect user satisfaction. This part measures
using 5-point Likert scale four main aspects:
e Habits,
e Accessibility,
e Design, and
e Health and safety.

Using an electronic collection method, twenty-seven questionnaires were collected from the
population. Results are analyzed through a comparison and descriptive statistics. Many
limitations surround the current research, as the cause of change is an ongoing event (i.e.
COVID-19). Therefore, it would be challenging to provide final and definite conclusions. The
current studies available in the literature provide an initial vision to user behavior and design
in the new era. Nonetheless, it is beneficial to focus on exploratory studies in order to assess
the changes, which can empower future decision-making.

4. Results

The first section of the questionnaire collected the demographic data of the sample, which are
illustrated in Figure 1. The majority of the participants were males (85%) and the sample was
closely distributed between three age groups. Majority of the participants work at the public
sector (54%), followed by students (31%), and employees of the private sector (15%). The vast
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majority of the participants are holding a university degree as a minimum, which reflects a
well-educated sample.

Gender Age

Female 12

8
| I I I
4
2
Male 0
85% 18-30 31-40 41-65
Occupation Level of Education
Primary

4%

15%

Student

31% Higher education

33%

Public Sector
54%

University

0,
Private Sector 63%

15%

Figure 1. Demographics of participants

In the second section of the study, general differences between before and after the pandemic
are measured and compared. Figure 2 compares differences in using means of transportation
used to reach shopping malls between the two eras, where no major changes were noticed as
users depend on private cares as the main mean of transportation.
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Figure 2. Changes in types of used transport to shopping malls

Figure 3 shows the difference in frequency of visits to shopping malls before and after the
pandemic. The results show that the majority of participants were going 1 to 3 times per week,
while the number was reduced after the pandemic. A research (Cokyigit et al. 2019) carried
out in three shopping centers of Antalya-Turkey before the pandemic showed that most of the
participants (86%) preferred shopping malls for the aim of shopping.

16

12

10

(o)}

N

[\

Daily 1-3 times per 1-3 times per Very Little Rarely
week month

o

m Before m After

Figure 3. Frequency of visits to shopping malls

Figure 4 shows the preference of the participants to the distance to destination shopping malls.
It is evident that more users started preferring close malls after the pandemic, where the
majority did not consider distance as a factor before it.
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Figure 4. Shopping malls preference according to distance

Figure 5 shows the behaviors of the users in visiting shopping malls, where the majority of the
participants started preferring to visit it alone, instead with family or a friend, after the

pandemic.

Alone Family Friend

e
S N A~ N 0 O

S N B~ O ®

H Before m After

Figure 5. Companion preference in shopping mall visit

In the third section of the study, a scale measuring habits, accessibility, design, and health and
safety was measured. Table 1 shows the mean and standard deviation values for each of the
twenty-seven items. The indicator that aggregated the highest mean score was for the impact
of hygiene and cleanness on reinforcing trust (3.41), followed by the preference of outdoor
dining areas (3.37), the preference for shopping malls that are easier to reach (3.33), the
preference of spending time in outdoor spaces (3.26), and the priority of caring about cleanness
(3.22). Similar to a result in this study, Yiicedag and Cetin (2020) stated that EFL teachers
mostly preferred online shopping during pandemic.

6
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Table 1. Evaluation of shopping malls based on user’s preferences after COVID-19 pandemic

Items Mean SD
1 Shopping habits had changed 2.19 1.36
2 My preferred working hours had changed 241 1.37
% 3 I prefer online shopping 2.37 1.47
:‘E 4 I fear from spending long periods in closed spaces 2.70 1.49
While it was an entertaining activity before, shopping had
5 .. 2.63 1.50
become for necessities only
1 After the Pandemic, the choice for means of transport had 256 14
changed
2 Igo toshopping malls that are easier to reach 3.33 1.69
3 The location being in the city center affects my decision to 537 150
. go there
% 4 I do not prefer to reach using public transport 2.89 1.65
'% 5 I use public transports that do not have high density of 567 157
9 users
< It is important for me to have sufficient availability of car
6 ) 3.00 1.57
parking
7 T use stairs in shopping malls 2.81 1.62
g Warni‘ng and awareness signs affect my preference for a 550 1.50
shopping mall
1 Architectural design and construction do not affect my 178 1.09
preference
2 I prefer indoor open spaces 3.00 1.64
3 Itry to spend less time in closed indoor spaces 2.70 1.46
go 4 I prefer spending time in outdoor spaces 3.26 1.68
é 5 I prefer areas with natural sightseeing 3.04 1.74
6 I prefer outdoor dining facilities 3.37 1.67
7 socio-cultural facil%ties, e.g. cir‘1ema, playgrounds, etc., are 533 197
not the reason behind my choices
8 The use of touchless equipment affects my choices 2.33 1.27
1 The first thing I care about is the feel that it is clean 3.22 1.85
%‘ 2 The keep of cleanness and hygiene reinforces trust 3.41 1.72
3.)?5 3 The presence of control points increases my trust 2.96 1.72
f 4 Idonot find children's playgrounds safe anymore 3.11 1.72
= 5 Idonotfind dining spaces healthy anymore 2.70 1.44
:?j) I think that shopping centers will remain unsafe for a long
6 2.52 1.37

time
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5. Conclusions

The magnitude of event makes it imperative that COVID-19 pandemic affects and continue
affecting human attitudes, habits, preferences, and lifestyles. Therefore, it is highly expected
that preferences for shopping malls are also changed after the pandemic. The findings of the
current study provide a general comparison between user habit for shopping malls before and
after the pandemic, as well as an evaluation of the most important aspects that are considered
by users while visiting a shopping mall. Comparisons show that while no effect on preferred
means of transportation was found in the Libyan sample, differences were found in users’
frequency of visits, preference of distance to shopping malls, and companion preferences. It is
indicated that users after COVID-19 pandemic prefer less frequently visiting malls, with
preferences for close malls and individual visits. Evaluation of different aspects of shopping
mall experiences after the pandemic, it is indicated that hygiene and availability of outdoor
spaces are the most important factors influencing user decisions.
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Abstract

The paper mostly summarizes disperse contributions of the authors published during the last
tifteen years on the scour depth at single piers. These contributions rely on unique experiments
in the sense that they are systematically longer than most of those found in the literature. The
characterization of the effects of flow intensity, relative sand size, flow shallowness, time and
pier shape and alignment is significantly improved as compared with existing literature. Our
contributions consist on refinements of the model suggested by the school of Auckland,
initiated by Raudkivi and boosted by Melville and his students. A considerable number of
empirical equations and charts expresses those contributions.

Keywords: Single piers; flow intensity; flow depth factor; sediment size factor; time factor; pier
shape and alignment.

1. Introduction

Local scour around bridge piers and abutments is a frequent cause of partial failure or collapse
of bridges. The reconstruction or rehabilitation of destroyed or damaged bridges frequently
amounts to significant monetary costs. Above all, the casualties that occur in many of these
disasters raise the societal claim for security. Enhanced security involves failure prevention,
which in turn requires the accurate prediction of the scour depth or the adoption of proper
mitigation scour countermeasures. In spite of the remarkable progresses registered since the
mid-last century, scouring remains only a partly solved problem, due to the large number of
variables involved in the processes and the inherent complexity of their phenomenological
interactions.

The scope of this paper is scouring at single piers. Single piers are characterized by a unique
cross-section along their main axes, assumed vertical. Local scouring at such single piers has
been extensively studied. Research has been made mostly through experimentation. Early
contributions of Chabert and Engeldinger (1956), Laursen and Toch (1956), Laursen (1963) or
Shen et al. (1966) deserve to be mentioned, whereas one of the most comprehensive reviews
on bridge scouring was offered by Melville and Coleman (2000).

For uniform flows in straight open channels, the maximum scour depth at a given moment, s,
was shown to be described through the following parametric equation (see Fael (2007)):
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I, =¢( My My; Oy s op; 85 11,5 T Ty; Ty T T4 (1)

where I stands for non-dimensional parameter, ¢ means “function of” and subscripts refer to
the variables influencing scouring. These are, namely, d = flow depth; U = average approach
flow velocity; Dso = median grain size of the bed sediment; v = kinematic water viscosity; f =
pier shape; = pier alignment; WV = channel width; G = geometry of the channel cross-section.
Non-dimensional parameters op and s stand for, respectively, gradation coefficient and
specific gravity of the bed sediment. The basic variables used to derive Eq. (1) were the
characteristic length of the pier cross-section, D,, the gravitational acceleration, g, and the
water density, p.

Hds :¢( Hd;Hu;HD50;UD;HV;Hf;Hg;Ht) (2)

In this equation, it is assumed that the effect of flow contraction on scouring at single piers
vanishes in wide channels and that the specific sediment gravity is practically invariant,
notably for sand. It is also assumed that the rectangular cross-section is the reference shape of
open channels.

According to Melville and Coleman (2000), the previous equation can be materialized for piers
as follows:

d

[ = KiKiKpsoKo K KKK, with 1y =

or [l,=— 3)

p

It should be noted here that K; refers to the effect of the relative flow depth or flow
shallowness, I1s = d/D,; Ku accounts for the effect of flow intensity, ITy = U/U. (U, = critical
velocity of beginning of sediment motion); Kpso reflects the effect of relative sediment size or
sediment coarseness, [1pso = D,/ Dso; Kop refers to the armoring effect (which mostly depends
on op); K, accounts for the effect of fluid viscosity as captured through any form of the
Reynolds number, e.g., Iy = u-Dsy/v (u- = friction velocity); Krand Ko attend, respectively, to the
effects of shape and alignment of the pier; and K; varies with the non-dimensional time, I1; =

ut/l)p.

In the last fifteen years, we have revisited local scouring at single piers inserted in channel
beds composed of practically uniform (op < 1.5; Kop = 1.0) non-ripple forming sand (Dso > 0.6
mm). Under these conditions, we have indeed contributed to the enhanced characterization of
Eq. (3). This paper reviews those contributions, synthetizing mostly the works of Lanca et al.
(2010), Simarro et al. (2011), Lanca et al. (2013) and Fael et al. (2016). It does not cover the effects
of water viscosity, bed armoring (due to the wide granular distribution of the bed material) or
ripple forming bed material (Dso < 0.6 mm) since we performed only a very limited number of
experiments on these effects. The effect of viscosity can indeed be anticipated to be negligible
since the flow field around obstacles tends to be rough turbulent, irrespective of the approach
flow regime (smooth, transitional or rough).

Prior to addressing those contributions, we include a short description of the experimental
facilities and granular materials used in the studies, as reported by Fael et al. (2014), and assess
the calculation of the equilibrium scour depth from scour depth time records.
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2. Experimental Facilities and Granular Materials

Three horizontal-bed flumes were used in the studies. Each flume included a central reach
consisting of a rectangular recess box in the bed (Figure 1), where the piers were installed. The
main features of the flumes are shown in Table 1, where W = flume width, L = flume length, ¢

= distance from flume entrance to the recess box, ¢; = length of bed recess box and d, = its depth
(Figure 1).

w— I
| -~ 7
"—Prl,e,r,;f . recess box
s - DL oo
/sy T tajlgate =
g
Figure 1. Sketch of the flumes
Table 1. Main features of the flumes
Flume W (m) L (m) ¢ (m) 4 (m) dr (m)
F1 4.00 28.00 13.90 3.00 0.60
F» 0.83 12.70 5.00 3.10 0.35
F3 1.00 33.20 16.00 3.20 0.35

Two natural quartz sands were used: sand Si, defined by Dsp = 1.28 mm and op = 1.46; sand
Sz, defined by Dsp = 0.86 mm and op = 136) Herein op = (D84.1/D50 + D50/D15.9)/2 and Dsp =
sand particle sieving diameter for which 50% are finer by weight. Both sands can be considered
as uniform, since op < 1.5. The specific gravity was verified to be s = 2.65 in all cases.

Distinctive characteristics of the experiments were 1) the absence of contraction scour and wall
effects and 2) their long duration. They typically lasted longer than 7 days, this way allowing
the proper assessment of equilibrium scour depth. Another remarkable feature is the large
number of experiments covering uncommon ranges of the relative sediment size or coarseness,
Ipso = D,/ Dso.

3. Experimental Equilibrium Scour Depth

Local scouring occurs for two distinct sediment transport conditions: i) under clear-water, i.e.,
in the absence of sediment movement in the bed of the approach flow, which implies the bed
shear stress to be smaller or, at most, equal to the critical bed shear stress of beginning of
sediment motion; ii) under live-bed, i.e., when noticeable bed sediment movement occurs in the
approach flow, meaning that the bed shear stress is larger than the critical bed shear stress.
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Conceptually, under clear-water, a scour hole is in equilibrium when the scour depth practically
does no increase anymore, while under live-bed, a scour hole is in equilibrium when the time-
averaged amount of sediment leaving the scour hole equals the time-averaged amount of
sediment that it captures from upstream. Starting from a flatbed, the time required to reach
equilibrium scour depends on the state of sediment movement. For live-bed conditions, there
is the simultaneous removal of grains originated from the scour hole and of those trapped by
the same scour hole as they move downstream. The quantity of material that initially leaves
the scour hole exceeds the quantity of material coming in and the scour depth increases. After
a comparatively short time, both quantities tend to be equal. This state of equilibrium is known
as dynamic equilibrium since the scour depth normally oscillates. The oscillations reflect the
movement of bedforms - ripples, dunes, antidunes - that, in turn, induce periodical variations
of the amount of sediments falling into the scour hole. In this context, it is pertinent to define
the maximum scour depth, dsx, as the sum of the average equilibrium scour depth, ds, with a
value that depends on the semi-amplitude of bedforms.

For clear-water flow conditions, the increase of scour depth induces the continuous reduction
of bed shear stress inside the scour hole until it becomes conceptually insufficient to transport
sediment particles downstream. As scouring progresses, the scour rate decreases. The
equilibrium depth is reached asymptotically and equilibrium is usually said to be static, in
contrast with the live-bed case. It should be noticed here that, though the most frequent scour
disasters occur under live-bed conditions associated with floods, scour due to long-lasting
clear-water flows can originate slightly deeper scour holes.

The scour depth has classically been assumed to evolve in three phases, particularly in the clear
-water flow case. These phases are i) the initial phase, where scour depth increases very quickly;
ii) the principal phase, where the scour hole increases in depth and plan extent at a progressively
decreasing rate; iii) the equilibrium phase, where the scour depth is assumed to stop increasing.

Until to the beginning of the present millennium, most studies assumed the existence of a finite
time to reach equilibrium, both for clear-water and live-bed conditions. Many research works,
including those of Cardoso and Bettess (1999), Fael et al. (2006) or Cardoso and Fael (2010),
adopted this concept. At the dawn of the XXI century, Oliveto and Hager (2002; 2005) stated
that “end scour as the equilibrium state between the vortical agents and the resistance of
sediments to be scoured does not normally exist”, in disagreement with previous research
works. Although there is no evidence supporting the inexistence of end scour, we recognize
that the probability of occurrence of a sufficiently strong turbulent event capable of entraining
bed grains is never null. Thus, it can be assumed that the mentioned probability decreases as
scouring progresses, the scour depth evolving to a finite equilibrium value.

In other words, time to equilibrium can be conceived as infinity (notably, under clear-water
flow conditions) although the equilibrium scour depth is indeed finite. Under these
assumptions, the equilibrium scour depth of each experiment was derived by adjusting the
polynomial equation,

d=plio— 1 |y et @)
A T e T A R Ty

to the recorded time evolution of the scour depth. Parameters p: to ps were obtained through
regression analysis and the equilibrium scour depth was calculated as ds. = p1 + ps + ps for t =
. The above polynomial was suggested by Lanca et al. (2010) as an improvement of a similar
proposal by Bertoldi and Jones (1998). Langa et al. (2010) have shown that the method leads to
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practically invariant results for d.. as soon as experiments last for at least 7 days, which applies
to the present experimental data.

4. Flow Intensity Factor

Referring to Eq. (3), let us consider that scouring occurs in a uniform flow on a straight, wide
and rectangular open channel. Assuming also that i) the bed material is uniform (Kop = 1.0);
ii) the pier is a cylinder (K¢ = Kr= 1.0); iii) viscosity does not play a significant role on scouring
(K, =1.0); iv) the scouring process has sufficiently approached the equilibrium stage (K: = 1.0);
V) Kpso = const., Eq. (3) comes

d,
D

4

Hdse = ¢(Hd;nu) Wlth Hdse = or Hdse — d (5)

p

where d,. stands for equilibrium scour depth. For slender cylindrical piers, when the average
approach velocity, U, reaches a value of the order of 0.5U. (Chabert and Engeldinger, 1956;
Hanco, 1971), the flow structure around the pier induces local bed shear stresses that promote
the beginning of grains motion, i.e., the initiation of the scour process (see Figure 2) although
there is no sediment transport in the approach channel. To a given value of the approach flow
velocity in the range ~0.5U. < U < U. corresponds one single value of the equilibrium scour
depth, d, as soon as I1; = d/D, remains constant. The scour depth, ds, increases linearly with
U/ U, until it reaches its maximum for U = U, (ITy = 1.0). Increasing further the velocity, the
bed grains of the approach flow will move and dunes will develop in the bed. For U > U,, the
movement of dunes downstream feeds the scour hole with successive waves of bed material
that the vortical system (horseshow vortex plus wake vortices) keeps removing from the scour
hole, this way reducing its capacity to erode the original bed. Through this mechanism, dunes
tend to induce a small decrease of ds as U increases in the range U, < U < *2U, (1 < Iy < =2).
A minimum of the equilibrium scour depth occurs for U =2U.. For approach flow velocities in
the range ~2U. < U < ~4U,, dunes become longer and their upstream slope become milder as
flow velocity increases. The scouring process will be influenced by the arrival of other dunes
with lower height and volume; the vortical system tends to be increasingly able to move the
incoming sediments downstream. Consequently, the equilibrium scour depth increases again
gradually with the approach flow velocity. A new maximum of d is reached for U =4U. (ITu =~
4). This maximum is of the order of the one observed for U = U. but it occurs for the upper-
regime flat bed. For velocities higher than ~4U,, antidunes normally develop, and the scour
depth tends to decrease again for the same reasons as those why the occurrence of dunes also
decreases the equilibrium scour depth.

dse
L I
- 1
- |
L/
i | <« live-bed
- |
| <«-————— clear-water
r |
0.5 1.0 2.0 3.0 4.0 I,

Figure 2. Typical variation of di with U for comparatively coarse uniform bed sediment
(adapted from Breusers and Raudkivi (1991))
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It should be emphasized here that the condition of scour inception - given as U/ U. = 0.5 and
meaning that the critical value of the flow intensity for scour inception would be ITy; = 0.5 -
has not been consensual. For instance, Chiew (1995) indicated ITu; = 0.3, Melville (1992, 1997)
suggested charts according to which ITy; = 0 and Hager and Oliveto (2002) proposed an
equation to calculate ITy; as a function of the flow blockage.

In view of the lack of consensus, Fael et al. (2006) investigated the scour inception at vertical
wall abutments by performing 31 long lasting (more than 7 days) experiments with sand S1 in
the flume F1. Abutments’ length, ¢, varied in the range 0.64 m <¢, <1.86 m, the flow depth was
kept practically constant (= 0.06 < d < = 0.07 m), the relative abutment length, 1/I1; = ¢, /4,

spanned from 8.9 to 30.1, the flow intensity covered the range ~0.4 < ITy <~1.0 and wall effects
and contraction scour were absent. Fael et al. (2006) also selected 25 experiments from the

literature, covering lower values of ¢, /d, between 2.0 and 17.4, and ~0.6 < ITy; < ~1.0. From the

data collected, Fael et al. (2006) concluded that the scour inception at vertical wall abutments
is defined by

1
1+0402(, /d)"*" ©

ui

Since abutments can be conceptually regarded as half-width piers, meaning that they mimic
piers with D, = 2¢, the previous equation can be written as

. 1
" 1+0257(D, /)" @

Eq(s). (6) and (7) are plotted in Figure 3 together with the equation suggested by Hager and
Oliveto (2002). In this figure, ¢o stands for pier width, D,, or abutment length, ¢, depending on
the equation.

Hager and Oliveto (2002)

05} Eq. (7)

Fael et al. (2006); Eq. (6)

0.0 AL i 1 1 L 1
0 5 10 15 20 25 30 UI=e¢yd

Figure 3. Variation of ITiy; with 1/T1q4

Further assuming that the scour reduction occurring for Ily = 2.0 is negligible, it can be
concluded that Ky, defined as
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d, (fora givenIl;)

K. =
Y4, (forTI, =1.0) ®)

can be obtained as follows:

0 IT, <I1

ui
1
Ku = (Hu _Hw) I, <II,; < 1 )
1_Hw
1 IT, = 1

This equation reflects the influence of ITy and I1s - trough Iy - on Ku. It compares with other
contributions according to Figure 4.

Melville & Coleman (2000)

1.0 } \

Chiew:(1995)
Hanco! (1971)

0.0 ’

Figure 4. Variation of Ky with ITy

5. Effects of Flow Depth and Sediment Size on the Equilibrium Scour Depth

Resuming the scenario of rough turbulent uniform flows on uniform non-ripple forming sand-
beds in straight, very wide, rectangular open channels and also considering constant values of
flow intensity, Iy, Eq. (3) reads

M, = KKp KKK, (10)

The equilibrium scour depth - where Ils = T4 - at cylindrical piers (Kf = K¢ = 1.0) can be
described as

Hdse = KdKDso (11)

It is unanimously recognized that the relative approach flow depth, Il; = d/D,, is a key
parameter of the scour process. On the contrary, many authors (e.g. Ettema (1980), Melville
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and Chiew (1999)) have successively assumed that the normalized equilibrium scour depth,
[ase = dse/ Dy or Iase = dse/ d does not depend on the relative sediment size, I1pso = D,/ Dso, as
soon as Ipsp > =~ 25 - 50. Under this assumption, the equilibrium scour depth would be given
as

i (D, d, (D,
se — o —2 or —se —| £ or d =old;D 12
B @[d) y q{dj . =0(d:D,) (12)

P

Kandasamy (1989) collected scour data for piers and abutments corresponding to
comparatively low values of Ilps. In the attempt to unify the analysis of both obstacle types,

he used a common characteristic length, &, to represent the abutment length (assuming

D, = 2.3 ¢) and the pier diameter. He obtained the 3D representation of the surface
d,=o(d;l,) (13)

included in Figure 5 for [Ty = 1.0, i.e., corresponding to the maxima scour depths. According
to Kandasamy (1989), this surface can be divided into four zones. Zone 1 consists of the planar

area defined by d > bilo (surface OAB). In this zone, covering the domain of slender piers, the
scour depth does not depend on the flow depth, meaning that

d,=C/t, (14)
Zone 4 (surface ODE) would be a planar surface too, obeying the condition ¢, > b>d. According

to Kandasamy (1989), it would apply to long abutments, for which the equilibrium scour depth
is independent of the obstacle length and only depends on the flow depth (ds. = Cad).

Figure 5. Shape of the function d,, =d, (d;L) as defined by Kandasamy (1989)

Figure 5 includes curves F and G, parallel to the axis of obstacle length and to the axis of flow
depth, respectively. The curve F establishes the variation of ds with ¢ for d = const.; curve G
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establishes the variation of ds. with d for ¢, = const. Along curve F, which intersects zones 1, 2
and 3, the scour depth increases strong and linearly with ¢ in zone 1; in zone 2 (where piers
prevail), the increase slows down; this effect is even more pronounced in zone 3,
corresponding to ¢ > d. Had the curve crossed zone 4, d. would become constant and

proportional to d. Qualitatively, curve G presents the same type of variation as curve F; it is
obvious that the rate of increase of scour depth diminishes from zone 4 to zone 1. To the right

of the line OB, d.. is independent of d and becomes Cilo (see Eq. (14)).

Several contributions can be found in the literature corresponding to specific forms of Eq. (13).
One of the most widely spread was obtained by Melville (1992; 1997) who suggested the
following envelop curves for the calculation of equilibrium scour depth at cylindrical piers:

dSe‘

Se=24 for D,/d<0.7(I1, >143) (15)
P

dse DP v

L for 0.7<D,/d<5(02<I,<143)  (16)
p

d, (17)
=4S for D,/d>5(T1,<02)

It should be noticed here that the contribution of Melville (1992; 1997) implicitly fixes b1 = 0.7,
bz = 5, C1 =24 and Cz =4.5.

The cancelation of the relative sediment coarseness effect - associated with I1pso - assumed by
Ettema (1980), Kandasamy (1989) and Melville (1992; 1997), among many others, was disputed
by Sheppard et al. (2004) and Lee and Sturm (2009), according to whom Il decreases with
increasing relative sediment size, particularly, for I1pso > = 50. In spite of the importance of this
contribution, it did not sufficiently pervade the hydraulics community until to the present.
Consequently, Lanca et al. (2013) reassessed the influence of I'lpso on scouring. They performed
thirty eight tests with sand S, lasting between 7 and 14 days on this effect, covering values of
the relative sediment size in the range 58 < I'lpso < 465 and relative flow depth, I, in the range
0.5 <I1;<5.0, for flow intensity close to the condition of initiation of motion (0.93 < Ty < 1.04).
In their tests, there were no significant wall as well as contraction scour effects.

The collected data allowed the characterization of Eq. (11). The values of Ils = di/D, are
plotted against I1pso in Figure 6. Data of six long duration clear-water experiments (Ts> 6 days)
by Sheppard et al. (2004) for I1pso > 500 and Iy sufficiently close to 1.0 (0.85 to 1.21) are also
included. Figure 6 renders it clear that I1psp influences Ila. by decreasing the normalized scour
depths as I1pso increases in the range of the study.
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Figure 6. Effect of I1psp and I on I, Langa et al. (2013)

Lanca et al. (2013) suggested the upper-bound predictor of the equilibrium scour depth given
by Eq. (11), assuming that K is the predictor of Melville (1997) slightly modified to read:

K - {2.3(Hd)1/ ’ 0.50 <IT, <1.45 as)
26 M, >145
and that Kpso is given by:
1.0 60 < IT,,5, <100
Kpso =45.8(Tps ) 100 < I1,, < 500 (19)
0.55 sy > 500

In engineering practice, the use of Eq(s).(18) and (19) requires the application of appropriate
multiplying factors - see Eq. (3) - to take into account the effects of flow intensity, viscosity,
pier shape, pier alignment, gradation coefficient, flow contraction, channel cross-section shape
and time. The effect of flow intensity was presented in section 4. Sections 6 and 7 assess the
time factor and the pier shape and alignment factors, respectively.

6. Time Factor

The data of Lanca et al. (2010), covering time durations between 24.9 and 45.6 days,

complemented with data of one 58.2 days-long experiment found in the literature, were

reassessed by Simarro et al. (2011) who have shown that the exponential function suggested
by Franzetti et al. (1982),

d, . . Ut

Kt:d —l—expl:—all_[t :| with HI—D—

se P

(20)

is a good predictor of the scour depth time evolution for clear-water flow conditions. The use
of this equation requires the proper knowledge of a1 and a, assuming that ds. is known.

10
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In the sequence of the assessment performed by Simarro et al. (2011), Lanca et al. (2013) also
revisited the proposal of Franzetti et al. (1982). Contrary to these authors, they have concluded
that a1 and a» are not constant. The multiplying coefficient a: varies in the range
0.005 < a1 < 0.080, with an average value of 0.031, whereas a» varies within the range
0.212 < a» < 0.458, with an average value of 0.311. Langa et al. (2013) have shown that a; and a>
depend on Ilpso as follows:

a, =1.22(I1,5,

)—0.764

a, =0.09(TT,s,

0.244
) el
From the above, the model of Franzetti et al. (1982) for the prediction of scour depth time
evolution can be applied to cylindrical piers in wide channels whose bed is composed of non-
ripple forming uniform sand whenever the approach flow velocity is close to the critical
velocity of beginning of motion, i.e., for [Ty = 1.0. In this case, the time factor, K;, reads as
follows:

K,=1-exp {—1.22 (1‘[D50 )—0»764 [Ht ]0.09(1'1[,50)“-244 } 2

Further research is needed to include the effect of Ty on K.

7. Pier Shape and Alignment

The pier shape multiplying factor Krof Eq. (3) is defined as the ratio between the scour depth
at a pier with a given cross-section shape and the scour depth at the standard section-shape
pier (usually the circular pier), all the other parameters kept constant. Likewise, the pier
alignment or orientation factor, Ky, is defined as the ratio between the scour depth at a pier
aligned with a given angle (angle of attack) towards the flow direction and the scour depth at
an equal pier aligned with the flow direction (zero angle of attack), all the other parameters
kept unchanged.

The effects of pier shape and alignment have received little attention since Laursen and Toch
(1956). Yet, a number of pier shape factors, K; were suggested by different researchers.
Richardson and Davis (2001) recommended the following expression that describes the values
of Ky obtained by Laursen and Toch (1956) for the particular case of rectangular piers:

f 0.65
K,= [cos 0+ %ﬁ sin 0) (23)

where ¢, stands for pier length and D, reads as pier width.

According to Richardson and Davis (2001), Ko replaces the product KKy if the angle of attack,
6, is larger than 5° and 2 < ¢, /D, < 16. This suggestion corroborates Laursen and Toch (1956)
who found that the shape effect becomes negligible (K= 1.0) in the above domain.

Fael et al. (2016) extended the existing experimental evidence on Krand Ky by performing fifty
five tests with sand S; in Flume F; bisected longitudinally to render W = 2.0 m. They tested
rectangular square-nosed, rectangular round-nosed and oblong piers as well as zero-spacing
(packed) pile-groups (see Figure 7) for skew angles 8= {0°; 30°; 45°; 60° and 90°} and aspect
ratios ¢,/D, = {1.33;2.0; 4.0}, i.e., extending down the lower limit of the experiments by Laursen
and Toch (1956).

11
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Figure 7. Tested pier shapes

Within their experimental domain, Fael et al. (2016) concluded that i) the shape factor is
Kf = 1.0, for rectangular round-nosed and oblong cross-section piers, and K = 1.2, for
rectangular square-nosed and pile-group cross-section piers; ii) the shape effect is non-
negligible at skewed piers, contrary to what is usually accepted, although the associated shape
coefficients remain in the narrow range of 1.0 to 1.2; iii) Eq. (23) constitutes a good predictor of

Kgfor ¢, /D, = 4.0, whereas it is better described by

/
14 20 for Zr-133
1000 D
_ 4 (24)
’ 86 l
1+ — for =200
1000 D

In short, the scour depth at skewed piers depends on both shape and alignment as soon as
¢/D, < 4.0. This is relevant whenever equilibrium scour is to be calculated at piers whose cross-

section is defined by small aspect ratios, ¢, /D,.

8. Concluding Remarks

This paper aims at reviewing contributions of the authors towards a more precise prediction
of the equilibrium scour depth at single vertical piers. It covers the effects of i) flow intensity
under clear-water flow conditions, ii) flow depth and sediment size, iii) time evolution, and iv)
alignment and cross-section pier shape. The paper also deals with the controversial concept
and assessment of the equilibrium scour depth. Our contributions do not accrue from a new
framework; they are rather a refinement of the model suggested by the school of Auckland,
initiated by Raudkivi and boosted by Melville and his students. The enhanced predictive
capacity associated to our works arises from precise equilibrium scour values properly
estimated from unusually long experiments covering uncommonly high laboratory relative
pier sizes.

Our most import contributions express K-factors of Eq. (3) and can be summarized as follows:

i) The critical value of flow intensity above which scouring is triggered is not a constant
value but rather a function of the relative flow depth as given by Eq(s). (6) or (7).
ii) Flow intensity factor can be predicted by Eq. (9).

12
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iii) The relative sediment size factor is not constant for values of Ilpsp above 25 - 50, as it is
frequently assumed, but it rather decreases in the range 100 < ITpsp < 500. It is described

by Eq. (19).

iv) The effect of the relative flow depth or flow shallowness can be described by Eq. (18)

instead of Eq(s). (15), (16) and (17).

v) The time factor is given by Eq. (22) for flow intensities close to 1.0, reflecting the effect of
the relative grain size in the range 60 < ITpso < 500.

vi) The shape effect is non-negligible at comparatively short skewed piers.

vii) Eq. (24) accounts for the alignment effect for small values of the pier cross-section aspect

ratio.

It should be noted here that predictions of the improved Auckland’s model (Eq. (3)) can be
significantly smaller mostly due to the correction associated with the relative sediment size

factor.

Another important contribution of the authors to the topic of local scouring is of instrumental
nature and refers to the evaluation of the equilibrium scour depth in clear-water scour
experiments. These should last for at least about one week and the issuing scour values be
adjusted by the six parameters polynomial given by Eq. (4) (or a similar equation) to render

the value of the scour depth at infinite time.

Nomenclature

a coefficient of the model of Franzetti
et al. (1982)[-]

a coefficient of the model of Franzetti
et al. (1982)[-]

b1 experimental cst. [-]

b> experimental cst. [-]

b pier diameter in a pile group [m]

G experimental cst. [-]

@) experimental cst. [-]

d flow depth [m]
D159 sand particle sieving diameter for
which 15.9% are finer by weight [m]
Dsy  sand particle sieving diameter for
which 50% are finer by weight; median
grain size of the bed sediment [m]
Dsy1 sand particle sieving diameter for
which 84.1% are finer by weight [m]
D,,  characteristic length of the pier
cross-section [m]
d, depth of bed recess box [m]
scour depth [m]
equilibrium scour depth [m]
- maximum scour depth [m]
pier shape [-]
channel cross-section geometry [-]
gravitational acceleration [ms2]
d flow shallowness or relative flow
depth factor [-]

[

O TN A R

13

Kpso relative sediment size factor or
sediment coarseness factor [-]
Ky pier shape factor [-]

Ku flow intensity factor [-]

K time factor [-]

K, fluid viscosity factor [-]

Ko pier alignment factor [-]

Kop  armoring factor [-]

14 distance from flume entrance to the

recess box [m]
L flume length [m]

b length of bed recess box [m]
2 abutment length [m]

bo obstacle length [m]

b pier length [m]

p1 - ps experimental constants [-]

s specific gravity of the bed sediment
[-]

t time [s]

u average approach flow velocity
[ms™]

Us friction velocity [ms™]

U. critical velocity of beginning of

sediment motion [ms™]
w channel width [-]
I1 any non-dimensional parameter [-]
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Iy=d/¢and 11,=d/D, relative flow Iy scour inception parameter [-]

depth or flow shallowness [-] Iy cross-section aspect ratio [-]

[l non-dimensional scour depth [-] Iy = u-Dsy/v  particle Reynolds number [-]
s = die/d and Mg = die/D,  non- I, alignment parameter [-]
dimensional equilibrium scour depth [-] ¢ function of [-]

Ipso = D,/ Dso relative sediment size or v kinematic water viscosity [m2s™]
coarseness [-] 0 pier alignment [°]

Iy pier shape parameter [-] oy water density [kgm™]

Il channel cross-section parameter [-] oD gradation coefficient of the bed
I1;= Ut/D,.  non-dimensional time [-] sediment [-]

[My=U/MU.  flow intensity [-]
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