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ABSTRACT

Safety is the most important issue in civil engineering construction. Cladding may
cause severe wind loads acting on scaffolding, especially when it is nonporous.
Existing design recommendations provide limited information on wind loads for
scaffolding. This study aims to investigate aerodynamic characteristics on clad
scaffolding.

From the literature, scaffolding geometries and building openings may have
significant effects on wind loads acting on clad scaffolding. Wind tunnel experiments
were carried out based on a prototype of scaffolding with nonporous cladding. A
medium height building with rectangular cross-section was selected as the principal
building. Practical building openings and scaffolding geometries were considered.
Various wind directions were tested. A systematic study on wind load characteristics on
clad scaffolding was conducted. Wind loads on structures in real environments can be
quite different from those measured on isolated structures in wind tunnels. Previous
research only focused on scaffolding for an isolated building. However, this paper
studies interference effects of neighboring building on aerodynamics of clad
scaffolding. Parameters of neighboring building location, neighboring building height
ratio and principal building opening ratio were investigated.

Local peak pressures acting on scaffolding and unfavorable wind directions for the
largest local peak pressures were studied. Most design recommendations provide an
aerodynamic force coefficient or wind force coefficient for scaffolding for wind load
calculation. Mean panel force coefficients were determined based on experimental data.

Comparisons were made with current related design recommendations. Tie members
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mainly contribute to the horizontal stability of scaffolding and prevent scaffolding from
collapse. The tensile forces in tie members induced by wind loads imperil the
horizontal stability of scaffolding. Wind loads acting on scaffolding tie members were
calculated. In order to supply designers and engineers with more information on wind
loads acting on scaffolding, wind-resistant design considerations for scaffolding are

proposed.
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CHAPTER I INTRODUCTION

CHAPTER I : INTRODUCTION

1.1 Background

Scaffolding is a temporary structure used to support people and material during
construction or maintenance of buildings and other large structures. It provides a safe
work place with safe access suitable for the work being done. Such temporary support
systems are widely used because they are economical, convenient and have a wide
range of adaptability.

Safety is the most important issue in civil engineering construction. Ohdo (1999,
2002, 2005) investigated scaffolding collapse accidents and found that about 10% of
severe collapse accidents were due to wind. Thus, wind loads on scaffolding have
become an important issue in scaffolding design. For safety, and environmental and
noise considerations, clad scaffolding is becoming more commonly used, thus
increasing the solidity ratio, leading to larger wind loads on the scaffolding.

In general, the lifetime of a structure can be divided into three phases: the
construction period; the period of normal use; and the period of wear-out and repair.
Engineers are accustomed to designing the structure for the period of normal use
corresponding to the service-life of the facility. Considerable efforts have focused on
design for safety and performance during this period. However, relatively few design
documents exist pertaining specifically to the construction period, during which there

exists a significant amount of uncertainty. None has been focused on the wear-out and
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repair period (J. L. Peng, 1996).
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http://www.jiaodong.net/news/system/2011/07/16/011339933.shtml
http://www.zj.xinhuanet.com/newscenter/2007-01/23/content_8958363.htm

Fig. 1.1 Scaffolding collapse accidents.

Scaffolding as temporary structural system, its importance is often overlooked by
design engineers. Furthermore, existing design standards and recommendations
provide limited assistance to engineers for the design of temporary structure systems
during construction. Designers also have little information describing the actual cases
of wind induced scaffolding collapse. Often, construction engineers rely on their own
experience in view of the lack of guidelines. The collapse of scaffolding not only leads

to work delays and property loss, but has also been responsible for numerous worker
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injuries and deaths.

1.2 Literature survey on wind loads on scaffolding
1.2.1 Field measurements

Ohdo (2005) investigated transferred forces in ties from field measurement. The
loads acting on the ties due to strong wind varied and concentrated on only some
specific ties, especially the ties at the upper part of the scaffolds in this experiment.
Furthermore, from the results, the measured values were higher than the design values
on some ties. Therefore, it can be concluded that the design load acting on the ties
should be increased or the allowable strength of the ties should be decreased in the

design stage for the scaffolds to the wind loads.

No. of tig

3.0 2.0 1.0 0.0 0.0 -1.0 -2.0 -3.0
Transferred loads to the ties (kN) Transferred loads to the ties (kIN)
a. For the positive maximum (&= 330°). b. For the negative maximum (f = 150°).

Fig. 1.2 Distribution of wind loads acting on the ties obtained from the measurement of Ohdo’s

study.

1.2.2 Wind tunnel experiments

Yue et al (2001, 2004, 2005) conducted wind tunnel experiments in which a
practical design of typical integral-lift scaffolding was taken as a prototype. Four
building opening ratios and thirteen scaffolding solidity ratios were tested. The wind

loads on the scaffolding were measured by a five-component strain scale. The results
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showed that the drag force coefficient of scaffolding increased almost linearly with
increase in scaffolding solidity ratio, as shown in Fig. 1.3. For the same condition, the
greatest wind loads acting on the scaffolding occurred when the wall opening ratio of
the building structure was the largest. However, only one scaffolding geometry with

scaffolding completely enclosing the principal building was tested.

— - - — Frame-shear Wall
Structure or Frame-
tube Structurc

Wind Shapé .Coefﬁcient

Blocking Ratio of Scaffold

Fig. 1.3 Suggested shape coefficient of wind loading of scaffolds for use of Yue’s study.

Cladding increases wind loads on scaffolding, and nonporous cladding increases
them the most. It is very difficult to maintain the stiffness of scaled scaffolding pipes. It
is also very difficult to fix pressure taps on scaled scaffolding tubes and on cladding.
Some researchers have studied wind pressures on nonporous clad scaffolding by using
very thin panel models on which it was easier to fix pressure taps. Charuvisit et al (2002,
2007) studied the characteristics of wind pressure on clad scaffolding. Five different
scaffolding geometries were considered, but building openings were not considered.
The magnitude of the maximum wind pressure coefficient was found to be larger when
the scaffolding width was smaller. Besides, wind pressures on the principal scaffolding
were significantly affected by scaffolding arranged along another building side.

Hino et al (2002, 2005) carried out a series of wind tunnel experiments on a

prototype of a square section building for four building openings and four scaffolding
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geometries. The fundamental characteristics of wind pressures acting on scaffolding
were investigated. When wind flowed into the gap between the scaffolding and the
building surface, wind pressures on the inner surface of the scaffolding increased. In
most cases, the wind pressures on the outer surface of the scaffolding were not greatly

affected by the building openings.

scaffolds scaffolds scaffolds scaffolds
]
- e Building Building Building Building
Wind direction
= 0 degree
| 10% model| | Lo% modet| | U0% model | | 00% model
(a) Variations of the scaffolds shape
RIBOREKTDEN
Buildi Buildi Buildin Buildin
— L] L1
— 1 L 1
1 [ L1
— 1 L 1
— 1 [ 1
scaffolds  scaffolds scaffolds scaffolds scaffolds

SCF model 10% model 125% model 150% model 175% model
W RE EEXETIL
(b) Variations of the holes of the wall
SNEEDRAOABDELY

Fig. 1.4 Experimental models of Hino’s study.

Irtaza et al (2012) investigated models of sheet-clad and elevated sheet-clad
scaffolding surrounding a cubic building. Experimental data and code
recommendations were compared. Irtaza concluded that the Eurocode provisions for
sheet-clad scaffolding were appropriate for the pressure coefficients on the windward
and side faces, but recommended that the leeward side be designed to have a pressure

coefficient of 0.25.

1.2.3 Current related design recommendations

In most wind load recommendations, wind loads on scaffolding are calculated by
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an equation including three main components: velocity pressure, reference area and
mean wind force coefficient.

For clad scaffolding, BS EN 12811 (British Standards Institution, 2003) states that
the aerodynamic force coefficient for the cladding shall be assumed as 1.3 and 0.1 for
perpendicular direction and parallel direction, respectively. However, this method may
not be applied to scaffolding that completely encloses a building.

JGJ 128 (The Ministry of Construction of People’s Republic of China, 2000) uses
the shape coefficient of wind load to represent aerodynamic force coefficient. For clad
scaffolding, JGJ 128 provides a shape coefficient of wind load by considering a solidity
ratio of cladding and principal building openings. If the principal building has wall
openings, the shape coefficient of wind load shall be 1.3¢p, where ¢ is the solidity ratio
of the scaffolding. If the principal building does not have openings, the shape
coefficient of wind load shall be 1.0¢.

SCEA recommendations (Scaffolding and Construction Equipment Association of
Japan, 1999) suggests a shape compensation factor and a position compensation factor
for mean wind force coefficient for clad scaffolding. The shape compensation factor is
related to the aspect ratio of the cladding, and distinguishes between elevated
scaffolding and scaffolding on the ground. The position compensation factor supplies
positive and negative factors for positive and negative wind loads. Scaffolding is
divided into three main zones: top two-storey scaffolds, side two-bay scaffolds and
middle part, each zone having a different position compensation factor. Furthermore,
the position compensation factor for side zone is distinguished by whether or not it is

connected to adjacent side scaffolding.

1.3 Literature survey on interference effects on wind loads

Past research on wind loads acting on scaffolding have mainly focused on the
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isolated building condition. However, wind loads on structures in real environments
can be quite different from those measured on isolated structures in wind tunnels.
Surroundings can significantly increase or decrease the wind forces on the interfered
structures. Orlando (2001) carried out wind tunnel experiments on a rigid model of two
adjacent cooling towers. Pressures measured on the two towers were compared with
those registered on an isolated tower. Gu and Xie (2007) studied base-bending moment
(BBM) response and the mean BBM of grouped high-rise buildings by a series of wind
tunnel tests on typical tall building models using the high-frequency force balance
technique. Lam et al (2008) investigated interference effects on a row of square-plan
tall buildings arranged in close proximity. Wind forces and moments on each building
in the row are measured with the base balance under different wind incidence angles
and different separation distances between buildings. Kim et al (2011) and Hui et al
(2012) discussed interference effects on local peak pressures on a principal building
with various configurations and different height ratios of a neighboring building.
Interference factor was defined and discussed. The largest interference factor is greater
than 1.5 for some cases, which means the absolute value of the largest negative peak
pressure coefficient becomes 50% higher than the design value of the isolated building
situation. Many studies have been done on interference effects on wind loads on
buildings and other structures, which showed that a neighboring building may cause

significant interference effects under some conditions.

1.4 Research scope, objectives and contents

This study aims to investigate aerodynamic characteristics on clad scaffolding. As
described in the literature, clad scaffolding may suffer more severe wind loads because
of the cladding, especially when it is nonporous. Scaffolding geometries and building

openings may have significant effects on wind loads acting on clad scaffolding. In this
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study, wind tunnel experiments were carried out based on a prototype of nonporous
sheet-clad scaffolding. A medium height building with rectangular cross-section was
selected as the principal building. Practical building openings and scaffolding
geometries were considered. A systemic study on wind loads on clad scaffolding was
conducted. Effects of building openings, scaffolding geometries and wind directions
are presented, and the experimental data are compared with relevant current design
recommendations.

Many studies have been done on interference effects on wind loads on buildings
and other structures, which showed that a neighboring building may cause significant
interference effects under some conditions. Interference effects of neighboring building
on wind loads on scaffolding are also investigated in this study. Effects of neighboring
building locations, neighboring building height ratios and principal building opening
ratios are discussed. It is the first time to study interference effects on wind loads on
scaffolding.

Tie member is the one of the most important components of scaffolding. Tie
members are mainly contributing to the horizontal stability of scaffolding and
preventing scaffolding from collapse. Wind loads acting on tie members imperil the
horizontal stability of scaffolding strongly. The failure of tie member may cause severe
casualties and losses. Wind loads acting on scaffolding tie members are calculated by a
pressure integration method. Effects of scaffolding geometry, building openings and
turbulence intensity on tie forces are studied. Interference effects of neighboring
building on wind loads acting on tie members are also discussed. Interference factor is
adopted to indicate the intensity of interference effect on the largest peak tensile force
acting on tie members.

This study is going to supply designers and engineers with more information on

wind loads acting on scaffolding. Therefore, equivalent static wind loads for
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scaffolding are proposed. Fig. 1.4 shows the framework of the study.

n € Wind tunnel experiments

»Building openings
» Scaffolding geometries
» Interference effects

hd

€ Wind pressure characteristics
@ Aerodynamic force coefficients

@ Largest peak tensile forces on tie members

J/

€ Wind-resistant design considerations

J

Fig. 1.5 Framework of the study.

The thesis consists of eight chapters as following:

Chapter I Introduction

Chapter II Effects of building openings on wind loads on scaffolding

Chapter III Effects of scaffolding geometries on wind loads on scaffolding

Chapter IV Interference Effects of neighboring building on wind loads on
scaffolding

Chapter V Peak tensile forces in tie members

Chapter VI Interference effects of neighboring building on peak tensile forces in tie
members

Chapter VII Wind-resistant design recommendations

Chapter VIII Conclusions
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CHAPTERII : EFFECTS OF BUILDING
OPENINGS ON WIND LOADS ON SCAFFOLDING

For different structural types and different construction sequences, buildings have
different kinds of wall openings during construction stages, which may affect wind
loads on scaffolding. Yue et al (2005) conducted wind tunnel experiments in which a
practical design of typical integral-lift scaffolding was taken as a prototype. Four
building opening ratios were tested. The wind loads on the scaffolding were measured
by a five-component strain scale. The results showed that the greatest wind loads acting
on the scaffolding occurred when the wall opening ratio of the building structure was
the largest. Hino et al (2005) carried out a series of wind tunnel experiments on a
prototype of a square section building for four building openings and four scaffolding
geometries. In most cases, the wind pressures on the outer surface of the scaffolding
were not greatly affected by the building openings. However, there was only one hole
on each side in each floor of the building model to simulate the openings, which was
not very similar to real buildings. Thus, the influence of building opening ratios should
be considered in the design stage when estimating wind loads acting on scaffolding.

In this chapter, effects of building openings on wind loads on scaffolding were

studied. Partial covered buildings were also investigated.
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2.1 Experimental setup
2.1.1 Wind speed and turbulent intensity profiles

Wind tunnel experiments were carried out in a Boundary Layer Wind Tunnel in
Tokyo Polytechnic University, Japan. The test section was 2.2m wide and 1.8m high.
The atmospheric boundary layer was simulated as a geometrical scale of 1:75. Two
kinds of terrain characteristics were simulated and same velocity scale of 1:2.5 was
adopted. The power law exponents o of mean wind speed were 0.2 and 0.27 (AIJ 2004
category 3 and 4), which represent residential area and urban area, respectively. The
mean wind speeds at the reference height z,., (top of the principal building which is
318mm above the bottom of the tunnel) were the same around 8.6m/s, the

corresponding turbulence intensity were approximately 21% and 29%, as shown in

Fig.2.1.
Turbulence intensity Turbulence intensity
0.1 0.15 0.2 0.25 0.3 0.1 0.2 0.3 0.4
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0.1(z/z5) 0.1(z/z)
1 ¥ Height of 1 ¥ Height of
N — TPH )
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05F 0.5 8.6(Z/Zref)0'27
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0 2 4 6 8§ 10 12 0 2 4 6 8 10 12
Mean wind speed (m/s) Mean wind speed (m/s)
(a) A1J 2004 category 3 (0=0.2) (b) ALJ 2004 category 4 (0=0.27)

Fig. 2.1 Mean wind speed and turbulence intensity profile.
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2.1.2 Experimental models

The prototype dimensions of the building were 19.2mx12m in plan and 23.8m in
height. The building comprised seven stories 3.4m high. The scaffolding was
assembled by using typical door-type tubular-steel scaffold units 1.7m high, 0.9m wide
and 1.8m in span (one-bay). The prototype scaffolding was 27.2m high, and comprised
sixteen stories. The scaffolding was 3.4m (two-stories) higher than the principal
building. The distance between the building surface and the cladding of scaffolding was
1.2m in full scale. There were four scaffolding models for the four sides of the principal
building. Two were pressure-measured models and the other two were dummy models.
Nonporous acryl models Smm thick were made to simulate the nonporous clad
scaffolding (scaffolding pipes were ignored). Pressure taps were fixed symmetrically
on both the outer and inner surfaces of the scaffolding models. 188 pressure taps were
fixed on scaffolding model L, which was arranged along the long side of the building.
116 pressure taps were fixed on scaffolding model S, which was arranged along the
short side of the building, as shown in Fig. 2.2. In this study, twelve scaffolding
geometries were tested, and there was only one measured scaffolding model for each
geometry, as shown in Fig. 2.3. The last letters of the geometry definitions stand for the

measured model.
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(a) Model L

Fig. 2.2 Pressure tap positions on measured scaffolding models (unit: mm).
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(b) Model S.
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Fig. 2.3 Definitions for angle and scaffolding geometries (top view).

The experimental principal buildings were made from organic glass. To simulate

the internal wind environment of the building under construction, floor slabs and pillars
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were considered, and each floor slab had a hole as the stairwell. All the building models

had the same height, breadth and depth.
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(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio (Dp) 0% ratio (Dp) 20% ratio (D5) 40% ratio (@5) 80%

1

Fig. 2.4 Building models with uniform opening ratio (unit: mm).

There were two kinds of opened building models in this study: uniform opened
building and partial covered building. Building opening ratios for the uniform opened
building (@5) were 0%, 20%, 40%, 80%, as shown in Fig 2.4.

Five partial covered building models were investigated in this study, the
dimensions of the building models were the same, as Fig. 2.5 shown. 7/7 covered
building model was the building seven floors totally covered, and same as the building
model whose opening ratio was 0%. Namely, 0/7 covered building is corresponding to
building opening ratio 80%. Thus, 1/7 covered, 3/7 covered and 5/7 covered buildings

represent two seventh, four seventh and six seventh floors covered.

(a)0/7 coverage  (b)1/7 coverage (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage
Fig. 2.5 Partial coverage ratio of buildings.

Wind tunnel setup and experimental models are shown in Fig.2.6.

15
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(a) Geometry UL, building opening ratio 40% (b) Geometry IL, 3/7 coverage

Fig. 2.6 Wind tunnel setup and models in experiments.

2.1.3 Experimental arrangements and procedure

Pressure coefficients were obtained at a sampling frequency of 781Hz using a
multi-channel simultaneous-scanning pressure measurement system. For each case, ten
20s-long samples were collected, which corresponded to 26Hz and ten 10min-long
samples in full scale. Wind direction (¢) was changed at intervals of 5° for each case.
The tubing effects were compensated by the gain and phase-shift characteristics of the

pressure measuring system (Irwin et al., 1979). Table 1 shows the experimental cases.

Table 2.1 Experimental cases

(1) A1J 2004 category 3 (0=0.2)

Scaffolding geometry | Building openings Wind direction

ILIILLL UL CLOL | Building opening ratio (®p)

0°~360° (interval 5 °
ISITISLS US CS OS | 0%, 20%, 40%, 80% ( )

Partial coverage ratio: .
ILLL 0°~360°(interval 15 °©)
0/7,1/7,3/7,5/7,7/7

(2) ALJ 2004 category 4 (0=0.27)

Scaffolding geometry | Building openings Wind direction

ILIIL LL OL Building opening ratio (®p)

ISTIS LS OS 0% .80% 0°~360°(interval 15 °©)
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2.2 Data processing method
Wind pressures on the models are expressed in the form of a non-dimensional

pressure coefficient, defined as:

P (i,t)—P P (i,t)-PF
CP-outer(i’t)z 01”9"(1’ )2 ° Cp-inner = l’l"er(l’ )2 ° (21)
0.5pU, 0.5pU,

where Cyouier(i,t) and Cp_inner(i,t) are the wind pressure coefficients at tap i and time
¢ on the outer and inner surfaces of the models, respectively, Py is the static reference
pressure, Uy is the mean longitudinal wind speed at the reference height (model top)

and p is air density. Wind net pressure coefficient:
Cp-net (l’ t) = Cp-nuter (l’ t) - Cp-inner (l’ t) (22)

The positive wind net pressure coefficient direction is from the outer surface to the
inner surface, namely, from the scaffolding toward the building.

An “Equivalent time averaging” method was used to determine the wind load
acting on a finite area from point pressure. With this approach, the times from point
pressures were filtered by means of a moving average filter (Holmes, 1997). The

equivalent time was calculated as:

r=1.0xL/U, 2.3)

where 7 is averaging time and L is the length of the diagonal for a typical door-type
tubular steel scaffold unit of principal scaffolding in full scale. The dimensions of a
scaffold unit were 1.7mx1.8m in windward, making L = 2.5m. In this study, 0.0039s
corresponding to 0.12s in full scale was used for time averaging. The peak net pressure
coefficients were calculated by the “Cook-Mayne method” (Cook and Mayne, 1979)

using the equation:

Cp-net = U/\ +1.4 / a, (2.4)

Cponet Cponet

where U, and 1/a, arethe mode and dispersion of the extreme distribution
Cp -net Cp -net
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of net pressure coefficients, respectively, which can be calculated by the Best Linear

Unbiased Estimators (BLUE) as:

A A

10 10
(]A = Zak Cp—netk l/aA = Zbk Cp—netk (25)
k=1 k=1

C p-net C p-net

where, C ..t 1s the kth value of the ascending array of maximum values of 10

samples of peak net pressures and a; and b, are the BLUE coefficients.

2.3 Results and discussions
2.3.1 Mean pressure coefficient distribution

2.3.1.1 Uniform building opening ratio for entire building

-
¢
)
o
S »
a1
—
(a) 6=0° (b) 6=45° (c) 6=90°

0=180"

* /0=135°

Principal 0=90°
building |

R

(d) 6=135° (e) 6=180°.
Fig. 2.7 Mean net pressure coefficient distributions for different wind directions, geometry IL,

building opening ratio 0%.

Fig. 2.7 shows the mean net pressure coefficient distributions on scaffolding for
geometry IL for different wind directions. When wind direction is 45°, the largest
positive net pressure coefficient among all wind directions is found, which is at the

top corner of the scaffolding model. For wind directions 90°, 135° and 180°, the net
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pressure coefficients are negative due to the effect of the principal building.

(a) Outer surface, (b) Outer surface, (c) Outer surface, (d) Outer surface,
building opening ratio building opening building opening building opening ratio

0% ratio 20% ratio 40% 80%

(e) Inner surface, (f) Inner surface, (g) Inner surface, (h) Inner surface,
building opening ratio building opening building opening building opening ratio

0% ratio 20% ratio 40% 80%

Principal
Building

IL \
0=45°
Fig. 2.8 Mean pressure coefficient distributions for different building opening ratios, geometry

IL, 6=45°.

Fig. 2.8 shows mean pressure coefficient distributions on the outer and inner
surfaces of scaffolding for geometry IL for different building opening ratios for 6=45°.
Fig. 2.8 (a), (b), (c) and (d) show pressure distributions on the outer surface of the
scaffolding for building opening ratios of 0%, 20%, 40% and 80%, respectively. When
the building opening ratio varies from 0% to 80%, both the distributions and

magnitudes of pressures on the outer surface are almost the same. Thus, building
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openings do not affect mean pressures on the outer surface of scaffolding. Fig. 2.8 (e),
(1), (g) and (h) show pressure distributions on the inner surface of scaffolding for
building opening ratios of 0%, 20%, 40% and 80%, respectively. The pressure
distributions show that all the largest negative pressure coefficients always occur at the
top corner of scaffolding. Moreover, negative pressures on the inner surface become
larger as building opening ratio increases. When the building opening ratio is 0%, wind
speeds up as it flows into the gap between scaffolding cladding and building surface,
leading to larger negative pressures. For other building opening ratios, wind flow inside
the gap probably leaks out through the wall openings, resulting in smaller negative
pressure. According to the experimental data, for wind direction 135°, positive
pressures are found on the inner surface of scaffolding and tend to increase as building

opening ratio increases.
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¥
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(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio 0% ratio 20% ratio 40% ratio 80%

Principal
Building

OL\

Fig. 2.9 Mean pressure coefficient distributions on the inner surface of scaffolding for different

0=45°

building opening ratios, geometry OL, 6=45°.

It is found that pressure coefficients on the outer surface of scaffolding always

keep the same distribution and magnitude for different building opening ratios.
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Furthermore, based on the experimental data, pressures on the outer surface of
scaffolding for different scaffolding geometries are also almost the same. Hence, wind
pressures on the inner surface of scaffolding play an important role in the investigation

of pressure characteristics on clad scaffolding.

(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio 0%, geometry IIL  ratio 0%, geometry LL ratio 0%, geometry ratio 0%, geometry CL
UL

(e) Building opening (f) Building opening (g) Building opening (h) Building opening
ratio 80%, geometry ratio 80%, geometry LL ratio 80%, geometry ratio 80%, geometry CL
1L UL

Principal Principal Principal Principal
Building Building Building Building

IIL LL CL
o N N

UL\

Fig. 2.10 Mean pressure coefficient distributions on the inner surface of scaffolding for different

0=45° 0=45° 0=45°

building opening ratios and scaffolding geometries, 6=45°.
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Fig. 2.9 shows the mean pressure coefficient distributions on the inner surface of
the scaffolding for geometry OL for different building opening ratios for 6=45°. For
different building opening ratios, there is little change of pressure coefficients. For
geometry IL, in which scaffolding is located on only one building side, wind easily
flows into the gap between scaffolding and building. Thus, building openings can
significantly affect pressure coefficients on the inner surface. But for geometry OL,
scaffolding completely encloses the principal building, so that wind can not easily flow
into the gap. Thus, building openings have little effect on pressures on the inner surface
of the scaffolding.

Fig. 2.10 shows mean pressure coefficient distributions on the inner surface of
scaffolding for four scaffolding geometries and two building opening ratios for 6=45°.
Fig. 2.10 (a), (b), (c) and (d) show pressure distributions for building opening ratio 0%
for geometries IIL, LL, UL and CL, respectively. Fig. 2.10 (e), (f), (g) and (h) are for
building opening ratio 80%. For geometries IIL and LL, scaffolding is placed on two
building sides, and for geometries UL and CL scaffolding is placed on three building
sides. When the building opening ratio changes from 0% to 80%, for geometries IIL
and LL, pressures on the inner surface experience similar changes to geometry IL, in
which negative pressures become smaller. The same tendency is also found for
geometries UL and CL, but not as significantly as for geometries IL, IIL and LL.
Therefore, negative pressures on the scaffolding inner surface tend to decrease when
building opening ratio increases. Furthermore, the more building sides on which

scaffolding is placed, the weaker the effect.
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2.3.1.2 Partial covered building

Fig. 2.11 shows the mean pressure coefficient distributions on the outer surface of
scaffolding for geometry IL for different partial covered buildings for 6=45°. Fig. 2.11
(a), (b), (c), (d), (e) represents zero, one, three, five and seven floors were covered,
respectively (see Fig. 2.5). The results coincide with the previous discussion, and the
building openings are barely affecting the wind pressures on the outer surface of

scaffolding.

o o © o ©
N N N NS (N

(a)0/7 coverage  (b)1/7 coverage (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage

Principal
Building

IL
\6=45°

Fig. 2.11 Mean pressure coefficient distributions on the outer surface of scaffolding for different

partial covered buildings, geometry IL, 6=45°.

(a)0/7 coverage  (b)1/7 coverage (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage

Principal
Building

IL
\9=45°

Fig. 2.12 Mean pressure coefficient distributions on the inner surface of scaffolding for different

partial covered buildings, geometry IL, 6=45°.
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Fig. 2.12 shows the mean pressure coefficient distributions on the inner surface of
scaffolding for geometry IL for different partial covered buildings for 6#=45°. The
principal buildings in Fig. 2.12 (a) and (e) are corresponding to the buildings with
building opening ratios 80% and 0%, respectively. The largest negative pressure
coefficients are always at the top corner of scaffolding, but the magnitudes are quite
different. With the increment of covered floors, the largest negative pressure
coefficient becomes larger. Base on the results of Fig. 2.11 and 2.12, when the wind
direction is 45°, the net pressures on scaffolding are positive (outer surface minus
inner surface), and the magnitudes tend to increase when the number of covered floors
increasing.

When the wind direction is 105°, the net pressure coefficients on scaffolding for
geometry LL are negative values. For different partial covered building, the more floors
covered, the negative pressure coefficients are smaller, as shown in Fig. 2.13. This
tendency is same as the results in section 2.3.1.1, the negative pressures are becoming

smaller as the building opening ratio decreasing.

(a)0/7 coverage  (b)1/7 coverage (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage

Principal _ o
Building a0 =105

LL

Fig. 2.13 Mean net pressure coefficient distributions for different partial covered buildings,

geometry LL, 6=105°.

24



CHAPTER II EFFECTS OF BUILDING OPENINGS
ON WIND LOADS ON SCAFFOLDING

2.3.2 Local peak pressure coefficients
2.3.2.1 Uniform building opening ratio for entire building

Even if a part of scaffolding collapses due to wind, there may still be severe
property loss and casualties. Study on local peak pressures can supply designers and
engineers with more information on local wind loads on scaffolding. For each wind

direction for each building opening ratio, one largest positive and one largest negative

peak pressure coefficients (Cpne: (0, P,) and C,n:(6,P,)) were chosen from among
all the measurement points in Fig. 2.14 (a) and (b), respectively. Fig. 2.14 shows the
experimental data for geometry IL. For positive peak net pressures, the largest peak

value for building opening ratio 0% is around 20% larger than the value for building

opening ratio 20%. The largest positive 6 p-n(0,P,) becomes smaller when the
building opening ratio increases from 0% to 80%, which agrees closely with previous
discussion. When the building opening ratio increases, the negative pressures on the
inner surface of the scaffolding become smaller and the pressures on the outer surface

remain almost the same, which resulting in smaller positive peak net pressures.

Furthermore, the largest positive 6 p-net(0,P,) for building opening ratios 0%, 20%,
40% and 80% occur for wind directions 45°, 55°, 65° and 70° respectively. This
indicates that building openings not only affect the magnitude of peak net pressures, but
also affect the wind directions causing the largest peak net pressures. Therefore, the
largest peak pressures may occur for different wind directions when the building

opening ratios are different.
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Fig. 2.14 Largest local peak net pressure coefficients for each wind direction, geometry IL.

In Fig. 2.14 (b), the largest negative (v? p-net(0,@,) occurs for wind directions

from 85° to 105° for different building opening ratios. When the building opening ratio

increases, C,-.:(6,P,) become larger, this indicates that the positive pressure on the

inner surface of the scaffolding becomes larger. As shown in Fig. 2.14 (a) and (b), when

building opening ratios increase, C,..(6,P,) become smaller and C, (0, D)
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become larger. Therefore, studying positive peak net pressures on scaffolding should
focus on the cases when the building opening ratio is the smallest, and for negative ones

should focus on the cases when the building opening ratio is the largest.

(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio 0% ratio 20% ratio 40% ratio 80%

Principal
Building

LL

Fig. 2.15 Largest positive local peak net pressure coefficient (C p-nei(i,P,) ) distributions for

different building opening ratios for geometry LL.

Fig. 2.15 shows the largest positive peak net pressure coefficient ( (A? p-net (1, D) )
distributions for different building opening ratios for geometry LL. For each
measurement point, the largest positive value was chosen from all wind directions. For
different building opening ratios, the largest positive (A? p-net(i,@5) among all
measurement points is always found near the top corner of scaffolding, and the smallest

one is at the bottom corner of another side on scaffolding. When building opening ratio

change from 0% to 80%, the largest C-.(i,®,) decrease from 6.5 to 4.

Fig. 2.16 shows the largest negative peak net pressure coefficient (C p-ne (i, Dy) )

distributions for different building opening ratios for geometry LL. For each building

opening ratio, the largest negative C,-..(i,@,) among all measurement points occurs
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at the side edge and lower part of the scaffolldilng and the magnitude tend to be larger as
the building opening ratio increasing. The effects of building opening ratio on local

peak net pressures and mean pressures on scaffolding are similar.

(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio 0% ratio 20% ratio 40% ratio 80%

Principal
Building

LL

Fig. 2.16 Largest negative local peak net pressure coefficient (C p-ner(i,Dy) ) distributions for
different building opening ratios for geometry LL.

For each building opening ratio, the largest positive local peak net pressure

coefficient ( Cpu(P,) ) was chosen from all measurement points and all wind

directions, as shown in Fig. 2.17. When the building opening ratio increases, the largest
positive local peak net pressure coefficient for each geometry tends to be smaller. As
discussed before, the increase in building opening ratio leads to smaller negative

pressures on the inner surface of the scaffolding, resulting in smaller positive net

pressures. For model L, (A? p-net (@) for geometries IL, IIL and LL are larger than the

values for geometries UL, CL and OL. The scaffolding placed on other sides of the

principal building may affect and diminish the pressures on the measured scaffolding

model. For model S, é‘ p-net (@) for geometries IS, IIS and LS are also larger than
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those for geometries US, CS and OS. The observation for geometry LS is not

significant, but can still be seen when the building opening ratio is 0%.
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Fig. 2.17 Largest positive local peak net pressure coefficients (C p-net (D) ) for different building

opening ratios.
For different building opening ratios, Cp-.(®P,) for geometries IL, IS, IIL, IIS,

LL and LS change more significantly than for other geometries. Therefore, the peak net
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pressures for these geometries for which scaffolding is placed on only one or two

sides of the principal building, are more sensitive to building openings.
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Fig. 2.18 Largest negative local peak net pressure coefficients ( C p-ne (D) ) for different building
opening ratios.
Fig. 2.18 shows the largest negative local peak net pressure coefficients

(Cp-nea(Dy)) for different building opening ratios. For each building opening ratio,

the largest negative local peak net pressure coefficient was chosen from all
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measurement points and all wind directions. For geometries UL, CS, OL and OS,

Cpne(D,) were smaller than for other geometries. Both side edges of the measured

scaffolding model adjoin those scaffolding models placed on other sides of the

principal building, which diminishes the pressures on the measured scaffolding model.

When the building opening ratio becomes larger, C,-..:(®,) tend to be larger for most

geometries. However, for geometries OL and OS, in which scaffolding completely

enclosed the principal building, the values have the inverse effect and become smaller.

2.3.2.2 Partial covered building

L]
S

(a)0/7 coverage  (b)1/7 coverage  (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage

Fig. 2.19 Largest positive local peak net pressure coefficient (C p-ner(i,Py) ) distributions for

different partial covered buildings for geometry IL.
Fig. 2.19 and Fig. 2.20 show C,u(i,®@,) and Cp-n(i,D,) distributions for

different partial covered buildings for geometry IL, respectively. For different partial

covered buildings, the largest positive Cp-n:(i,®,) among all measurement points are

always found at the top corner of scaffolding, as Fig. 2.19 shown. The largest negative
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Cpne(i,P,) among all measurement points occur at the side edges and lower part on
scaffolding, as Fig.20 shown. When the partial coverage ratio increases, Cp-ne:(i,P,)

tend to be larger and C - (i,®,) tend to be smaller.

(a)0/7 coverage  (b)1/7 coverage  (c)3/7 coverage  (d)5/7 coverage  (e)7/7 coverage

Fig. 2.20 Largest negative local peak net pressure coefficient (C p-nei(i,P,) ) distributions for

different partial covered buildings for geometry IL.

2.3.2.3 Effects of turbulence intensity

There were two kind of flow conditions were studied, the mean wind speeds at the
reference height z,.-(top of the principal building) were the same in this study. However,
the turbulence intensities were quite different at the reference height. Fig. 2.21 shows

the largest local peak net pressure coefficient distributions for different flow conditions

for geometry LL. Fig. 2.21 (a) and (b) show the comparison of Cp-ue(i,P,)

distributions between the two turbulence intensities. For different turbulence intensities,

the distributions of Cp-ne(i,®,) and Cpuu(i,P,) are similar, but both the largest

32



CHAPTER II EFFECTS OF BUILDING OPENINGS
ON WIND LOADS ON SCAFFOLDING

positive C,-(i,P,) and the largest negative Cp-n.(i,®,) are significant larger for

1;7=29%. It is are mainly resulted from the larger turbulence intensity.

(a) Largest positive (b) Largest positive (c) Largest negative (d) Largest negaive
local peak net pressure local peak net pressure local peak net pressure local peak net pressure

coefficients coefficients coefficients coefficients

Cp—net(l',éB) Cp—net(i,éB) Cp—net(i,éB) Cp—net(i,QB)

distributions (/z;=21%) distributions (/;=29%) distributions (/z7=21%) distributions (/z=29%)

Principal
Building

LL

Fig. 2.21 Largest local peak net pressure coefficient distributions between different turbulence

intensities, building opening ratio 0%, geometry LL.
Fig. 2.22 shows the comparison of C,u(®@,) and Cp(D,) between

different flow conditions. For given building opening ratio and scaffolding geometry,

when the turbulence intensity changes from /5=21% to [z=29%, Cp-n(P,) increase
around 10%-40% and Cp-w(D,) increase around 20% -60%. This results imply that
the effects of turbulence intensity on C,-.(®P;) are more remarkable than on

Cp-na(®@,) . The turbulence intensities at the reference height (building top) were

approximately 21% and 29% for this two flow conditions, respectively, which has

around 40% increment.
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Fig. 2.22 Comparison of largest local peak net pressure coefficients for different turbulence

intensities.
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2.3.3 Mean panel force coefficient

2.3.3.1 Uniform building opening ratio for entire building

\]

C(0,3,)

—_—
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—a— D =0% |
—-@— D =20%
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Principal
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Fig. 2.23 Mean panel force coefficients (5 f-(«9, ®,)) for each wind direction, geometry IL.

Fig. 2.23 shows mean panel force coefficients (éjk(Q,QDB)) for each wind

direction for geometry IL. The largest positive C (6,®;) occurs for wind directions

near 0° for each building opening ratio, and the values become smaller with increasing

building opening ratio. As discussed in section 2.3.1.1, the negative pressures on the

inner surface of the scaffolding tend to decrease as building opening ratio increases.

The largest negative C (0,®,) tends to increase when the building opening ratio

increases from 0% to 80%. This is because the positive pressures on the inner surface

of the scaffolding increase as the building opening ratio increases. The wind direction

for the largest negative mean panel force coefficient varies from 105° to 180° due to

the building openings.

35



TOKYO POLYTECHNIC UNIVERSITY, 2013

T),\%l.s
=B
S
s &
ISR
5
S
IS
-—1!.‘:1
& 505
= o)
*(7;0
(]
o0 8
S 5
N IS

)

Largest positive mean panel
force coefficient C

fmax (QB

—

—
(9]

o
W

(e}

1L A& LL <€¢CL|
—@—1IIL —y— UL —p—OL |

20

40

60

80

Building opening ratio @, (%)

B 1S —A—LS —<4—CS |
—@—1IS —v—US —»—0S |

20

40 60 80
o1 qe . . 0
Building opening ratio @, (%)

Principal Principal Principal

Building Building Building
IS LS CS

Principal Principal Principal

Building Building Building
IS US oS

Principal Principal Principal
Building Building Building
IL LL CL
Principal Principal Principal
Building Building Building
IIL UL OL

Fig. 2.24 Largest positive mean panel force coefficients (é /'jmax(QB) ) for the entire scaffolding for

different building opening ratios.

Fig. 2.24 and Fig. 2.25 show the largest positive and negative mean panel force
coefficients (C max(@y) and C 2in(@5)) for different building opening ratios. The
force coefficients for model L and model S experience similar change tendencies as

building opening ratio increases. For most scaffolding geometries, C;,,.,(®;) tends
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to be smaller and éf,mm(@g) tends to be larger when the building opening ratio

increases from 0% to 80%. For geometries OL and OS, which represent scaffolding
completely enclosing the principal building, there is an inverse effect. As discussed,
model L for geometries IL, IIL, LL, IL, CL and OL correspond to model S for
geometries IS, IIS, LS, US, CS and OS, respectively. For a given building opening
ratio, the mean panel force coefficients of model L and model S are similar for
corresponding geometries, and the difference is less than 0.3 in each case. For positive

force coefficients, the values for different geometries are similar. Furthermore, the
wind directions causing 5 f,,,m(@g) are almost the same, and are perpendicular to the
outer surface of the scaffolding.

However, the wind directions causing C in(@p) for different geometries are
quite different, which is due to the influence of the scaffolding placed on other sides

of the building. Moreover, the magnitudes of C win(Py) are also quite different for

different geometries. C £ min (D) for geometries LL, CL, LS and US are greater than

those for other geometries. Geometries LL, CL, LS and US have the common feature
that one side of the measured scaffolding model adjoins an adjacent scaffolding model
and the other side is free. When the wind comes from the free side of the measured
scaffolding towards its inner surface, the adjacent scaffolding stops the flow and the

positive pressures on the entire inner surface of the measured scaffolding become
larger, thus, 5 min(Pp) increasing. C in(@g) for geometries OL and OS are very

small. For geometries OL and OS, because the scaffolding completely encloses the
principal building, the pressures on the inner surface of the scaffolding are always

negative for all wind directions, except the top two stories (higher than the principal
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building). Thus, the negative net pressures and the negative mean panel force

coefficients are small for geometries OL and OS.
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Fig. 2.25 Largest negative mean panel force coefficients (6' - min (¢B)) for different building

opening ratios.
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2.3.3.2 Partial covered building
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Fig. 2.26 Mean panel force coefficients (C +(6,Dy)) for different partial covered building for each

wind direction.
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Fig. 2.26 shows C'/'(@,CDB) for different partial covered building. For both
geometries IL and LL, C (0,®;) experience the same change tendency. When the
coverage ratio increases, the largest positive C (0,®;) tends to be larger and the

largest negative Cf.(H,@B) tends to be smaller. This result agrees well with the

previous discussion which on mean pressure coefficients and local peak pressure
coefficients.

2.3.3.3 Effect of turbulence intensity
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Fig. 2.27 Comparison of mean panel force coefficient (C (6,D;)) between different turbulence
intensities.

Fig. 2.27 shows (C +(6,D,)) for different turbulence intensities. From the study on

local peak net pressure coefficients, the change of turbulence intensity leads to

remarkable change on the magnitude of local pressures on scaffolding. However, the

change of turbulence intensity does very little influence on C (6,8;) , even the wind

directions caused C mae(Pp) and C -min(@g) are also not affected. Thus, turbulence

intensity has significant effects on local peak pressures, but almost no effect on mean
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panel force coefficient.

2.4 Summary

Building openings have almost no effect on pressures on the outer surfaces of
scaffolding. However, wind pressures on the inner surfaces of scaffolding play an
important role in wind loads on clad scaffolding.

For most scaffolding geometries, the largest positive local peak net pressures
tend to become smaller and the largest negative local peak net pressures tend to
become larger when building opening ratio increases. When scaffolding is placed on
one or two sides of the building, local peak net pressures on the scaffolding are more
sensitive to change of building openings.

For partial covered buildings, the largest positive local peak net pressures tend to
become larger and the largest negative local peak net pressures tend to become
smaller when coverage ratio increases.

For most scaffolding geometries, positive mean panel force coefficients tend to
become smaller and negative mean panel force coefficients tend to become larger

when the building opening ratio increases.
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CHAPTER III : EFFECTS OF SCAFFOLDING
GEOMETRY ON WIND LOADS ON
SCAFFOLDING

3.1 Introduction

Effects of scaffolding geometry on wind loads on scaffolding are discussed in this
chapter. Discussions will base on a part of the experimental data from the wind tunnel
experiments introduced in chapter two (see Section 2.1). The experimental cases will

be discussed in this chapter as Table 3.1 shown.

Table 3.1 Experimental cases

Scaffolding Building opening Wind direction .
. . Terrain category
geometry ratio (Dp) (interval 5 °)
IL IILLL UL CL OL A1J 2004 category 3
0%, 20%, 40%, 80% 0°~360°
ISTIS LS US CS OS (0=0.2, I5=21%)

3.2 Data processing method
Wind pressures on the models are expressed in the form of a non-dimensional

pressure coefficient, defined as:

P (i,{)—P P (i,f)—P
Cp-outer(i’ t) = —ouer (Z’ t) 2 : Cp-irmer = Wle"(l’ t) 2 : (3 1)
0.5pU, 0.5pU,

where Cyouier(i,t) and Cp_inner(i,t) are the wind pressure coefficients at tap i and time

t on the outer and inner surfaces of the models, respectively, Py is the static reference
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pressure, Uy is the mean longitudinal wind speed at the reference height (model top)

and p is air density. Wind net pressure coefficient:

Cp—net (l’ l) = Cp—uuter (l’ t) - Cp—inner(i’ t) (3 2)

The positive wind net pressure coefficient direction is from the outer surface to the
inner surface, namely, from the scaffolding toward the building.

An “Equivalent time averaging” method was used to determine the wind load
acting on a finite area from point pressure. With this approach, the times from point
pressures were filtered by means of a moving average filter (Holmes, 1997). The

equivalent time was calculated as:

r=10xL/U, 33)

where 7 is averaging time and L is the length of the diagonal for a typical door-type
tubular steel scaffold unit of principal scaffolding in full scale. The dimensions of a
scaffold unit were 1.7mx1.8m in windward, making L = 2.5m. In this study, 0.0039s
corresponding to 0.12s in full scale was used for time averaging. The peak net pressure

coefficients were calculated by the “Cook-Mayne method” using the equation:

AN

Cp-ne[ ZU/\ +1.4/GA (3.4)

C ponet C ponet

where U, and 1/a, are the mode and dispersion of the extreme distribution

Cp-nez Cp»ner
of net pressure coefficients, respectively, which can be calculated by the Best Linear

Unbiased Estimators (BLUE) as:

10 A 10 A
U, =>a,Cpun 1a, =bCpun (3.5)
k=1

Cp-lwr k=1 Cp-net
N
where, C .. 1s the kth value of the ascending array of maximum values of 10

samples of peak net pressures and a; and b, are the BLUE coefficients.
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3.3 Results and discussion

3.3.1 Mean pressure coefficient distributions
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Fig. 3.1 Mean net pressure coefficient distributions for scaffolding geometries, building opening

ratio 0%, 0=45°

Fig. 3.1 shows the mean net pressure coefficient distributions for building
opening ratio 0% for different scaffolding geometries for 3=45°. Geometries IL, LL, UL
and OL represent the scaffolding is placed on one, two, three and four building sides.
When the geometry changes from IL to OL, the positive net pressure coefficients
decrease sharply. As mentioned in chapter two, scaffolding geometry has very little
effect on wind pressures on the outer surface of scaffolding. The scaffolding placing on
the other sides of the building decrease the negative wind pressures on the inner surface
of the measured scaffolding, which leads to the positive net pressure coefficients
becoming smaller, as Fig. 3.1 shown.

When the wind direction is 110°, scaffolding experiences negative net pressures
for all scaffolding geometries, as shown in Fig. 3.2. In Fig. 3.2 (b), scaffolding
geometry is LL, the dummy scaffolding model which is placed in the adjacent side
stops the wind flow in the leeward and increases the positive pressures on the inner

surface of measured scaffolding. Comparing to geometry IL, geometry LL generates
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larger negative net pressures at the side edge of scaffolding. In Fig. 3.2 (c), geometry
UL has scaffolding in the windward what decreases the positive net pressures on the
inner surface of scaffolding, as a result, the negative net pressures are smaller. For
geometry OL, which scaffolding enclosed the building completely, quite small negative

net pressure coefficients are found.
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Fig. 3.2 Mean net pressure coefficient distributions for scaffolding geometries, building opening

ratio 0%, 6=110°

When the net pressures on scaffolding are positive, the values seem to be smaller
when the other scaffolding is placed. When the net pressures on scaffolding are
negative, the distributions of net pressure coefficients are different and the values are

quite small for geometry OL.

3.3.2 Local peak pressure coefficients

Fig. 3.3 shows the largest positive peak net pressure coefficient (é‘ p-net (1,Dy) )
distributions for different geometries for building opening ratios of 0%. For each
measurement point, the largest positive value was chosen from all wind directions. For
geometries IL, IS, IIL, IIS and LL, the largest values among all measurement points

were significantly larger than for the other geometries. The positions of the largest

46



CHAPTER III EFFECTS OF SCAFFOLDING ARRANGEMENTS
ON WIND LOADS ON SCAFFOLDING

values are different as well. For geometries IL, IS, IIL, IIS, LL and LS, the largest
values occur at the top corner of the scaffolding. For those geometries, scaffolding was

placed on only one or two sides of the principal building, for which the wind directions

result in the largest Cp-(i,P,) generally from the side of the outer surface of the

scaffolding and tilt toward the outer surface of scaffolding. Therefore, the largest

Cp-net(i,®,) are found at the top corner of the scaffolding.

Principal ‘ Principal Principal Principal ‘ ‘ Principal ‘ Principal

Building Building Building Building Building Building
IL IS 1L IIs LL LS

(a)IL (b)1S () IIL (d) 118 (e) LL (HLS

- ﬁ Lr?
~ () v

Principal ‘ | Principal ‘ Principal Principal Principal Principal
Building Building Building Building Building Building
UL US CL CS OL (O]

(g) UL (h) US (i) CL (i) CS (k) OL (1) OS

Fig. 3.3 Largest positive local peak net pressure coefficient ( Cp-ner(i,Py) ) distributions for

different scaffolding geometries, building opening ratio 0%.

But for geometries UL, US, CL, CS, OL and OS, the largest values were found at
the top corner or the middle of the upper region. The wind directions resulting in the

largest positive peak net pressures are mostly perpendicular to the outer surface of the
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scaffolding.

Principal Principal Principal
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(a) IL (b) IS () IIL
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Fig. 3.4 Largest negative local peak net pressure coefficient (Cp-ne(i,P,) ) distributions for

different scaffolding geometries, building opening ratio 80%.

Fig. 3.4 shows the largest negative peak net pressure coefficient (C p-ne(i,Dy) )

distributions for different geometries for building opening ratios of 80%. For each

measurement point, the largest negative value was chosen from all wind directions. The

largest Cp-n(i,®,) among all measurement points is always found at the side edge of

the scaffolding for each geometry. The wind directions resulting in the largest

Cv? p-net(I,@y) are generally parallel to the scaffolding or within small angles toward the

inner surface of scaffolding, resulting in large negative net pressures at the side edge of
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the scaffolding. The largest C,-.:(i,®@;) are greater for geometries IL and IS and

smaller for geometries OL and OS. For geometries IL and IS, the scaffolding is placed
on only one side of the principal building, and for geometries OL and OS, the
scaffolding completely encloses the principal building.

Fig. 3.3 and Fig. 3.4 show how the largest peak net pressure coefficient
distributions on scaffolding vary a lot for different geometries. For some geometries,
even though the largest peak values are always found in similar positions, their
magnitudes varied significantly. The magnitudes of both the largest positive and
negative peak pressures tended to be smaller when scaffolding was placed on more
building sides. This may have been because the scaffolding on different sides

interfered with each other.

AN

net pressure coefficient C et

- o [

IL IS IIL IIS LL LS UL US CL CS OL OS
Scaffolding geometry

© = N W A LA O
——— —r—
H
H
H
1

Largest positive local peak

A

Fig.3.5 Largest positive local peak net pressure coefficient (C p-sei) distributions for different

scaffolding geometries.
Fig. 3.5 shows the largest positive local peak net pressure coefficient (C )

distributions for different scaffolding geometries. For scaffolding geometry, the largest
positive value was chosen from all measurement points, all wind directions and all
building opening ratios. For positive peak pressures, the values for geometry which

only one or building sides placing scaffolding are larger than for other scaffolding
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geometries. There is a change tendency is that C,_,., slows down when there are more

building sides placing scaffolding. The scaffolding on the others building sides affects
the wind flow between building face and scaffolding, what decreasing the negative

pressures on the inner surface of scaffolding and resulting in smaller peak net pressures.

Fig. 3.6 shows the largest positive local peak net pressure coefficient (é’ p-net )
distributions for different scaffolding geometries. For scaffolding geometry, the largest
negative value was chosen from all measurement points, all wind directions and all
building opening ratios. For geometries UL, CS, OL and OS, both two adjacent
building sides of the measured scaffolding are placing scaffolding. The positive

pressures on the inner surface of the measured scaffolding are smaller comparing to

other geometries, what resulting in smaller negative net pressures.

— O

Vv

net pressure coefficient Cp_n of

6L
7L m

S

Largest negative local peak

] o o o))

IL IS

Fig.3.6 Largest negative local peak net pressure coefficient (C p-ne:) distributions for different

scaffolding geometries.

From Fig. 3.5 and Fig.3.6, the scaffolding geometry affects both é’ p-ner and

é’ »-ner dramatically. For given condition, the less building sides placing scaffolding,

oL OS LL LS UL US CL CS OL OS
Scaffolding geometry

Vv

both Cpv and C,. are larger.
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3.3.3 Unfavorable wind directions

The most unfavorable wind direction is the one resulting in the largest local

positive or negative peak net pressure coefficient (6 p-neat(Dy) OF é p-net(@p) ) of all
measurement points. In Fig. 3.7, the red arrows indicate the wind directions causing the
largest positive peak net pressures, and the blue arrows indicate those causing the
largest negative peak net pressures. The numbers near the arrows represent the
corresponding building opening ratios. At most, four red arrows and four blue arrows

can be found for each geometry because four building opening ratios were tested for

each geometry. For different building opening ratios, C,-(P,;) may occur for the

same wind direction.
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Fig. 3.7 Wind directions resulting in the largest local peak net pressures (unfavorable wind

directions) for different scaffolding geometries.

For the largest positive peak net pressures, the unfavorable wind directions are

oblique and toward the outer surface of the scaffolding for geometries IL, IS, IIL, IIS,
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LL and LS. For these wind directions, Cp,-..(®,) can be found at the top corner of the

scaffolding. For geometries UL, US, CL, CS, OL and OS, the most unfavorable wind
directions are perpendicular to the outer surface of the scaffolding. For geometries IL,

IS, IIL, TIS, LL and LS, which represent cases where scaffolding is placed on only one

or two building sides, C,-.(P,) are always found in the same position on the

scaffolding, and also the unfavorable wind directions are similar for each geometry. For
geometries UL, US, CL, CS, OL and OS, scaffolding is placed on three sides of the
building or completely encloses the building. The scaffolding on different building
sides may interfere with each other dramatically. Also, the wind directions resulting in
the largest peak net pressures may vary a lot. For example, for most measurement
points (located below the top height of the principal building) on scaffolding model S,
large positive peak net pressures occur for only wind directions around 270°, which is
perpendicular to the outer surface of the scaffolding. However, for the measurement
points at the top corner of scaffolding model S, large positive peak net pressures may
occur for wind directions around 90° and 270° for geometry US, for wind directions
around 180° and 270° for geometry CS and for wind directions around 90°, 180° and
270° for geometry OS. The largest positive peak net pressures may occur at the top
corner or the middle of upper region of the scaffolding for these three geometries, and
the corresponding unfavorable wind directions may be quite different for different

building opening ratios.

For all geometries, the unfavorable wind directions caused Cp-net(Py) are

generally parallel to the scaffolding or toward to the inner surface within small angles.
Therefore, it is remarkable that the building opening ratio has a major effect on

unfavorable wind directions.

52



CHAPTER III EFFECTS OF SCAFFOLDING ARRANGEMENTS
ON WIND LOADS ON SCAFFOLDING

3.3.4 Current design force coefficients for scaffolding

In most wind load recommendations, wind loads on scaffolding are calculated by

an equation including three main components: velocity pressure, reference area and

mean panel force coefficient.

For clad scaffolding, BS EN 12811 (British Standards Institution, 2003) states that

the aerodynamic force coefficient for the cladding shall be assumed as 1.3 and 0.1 for

perpendicular direction and parallel direction, respectively. However, this method may

not be applied to scaffolding that completely encloses a building.

JGJ 128 (The Ministry of Construction of People’s Republic of China, 2000) uses

the shape coefficient of wind load to represent aerodynamic force coefficient. For clad

scaffolding, JGJ 128 provides a shape coefficient of wind load by considering a solidity

ratio of cladding and principal building openings. If the principal building has wall

openings, the shape coefficient of wind load shall be 1.3¢, where ¢ is the solidity ratio

of the scaffolding. If the principal building does not have openings, the shape

coefficient of wind load shall be 1.0¢.

SCEA recommendation (Scaffolding and Construction Equipment Association of

Japan, 1999) suggests a shape compensation factor and a position compensation factor

for wind force coefficient for clad scaffolding. The shape compensation factor is related

to the aspect ratio of the cladding, and distinguishes between elevated scaffolding and

53



TOKYO POLYTECHNIC UNIVERSITY, 2013

scaffolding on the ground. The position compensation factor supplies positive and
negative factors for positive and negative wind loads. Scaffolding is divided into three
main zones: top two-storey scaffolds, side two-bay scaffolds and middle part, each zone
having a different position compensation factor. Furthermore, the position
compensation factor for side zone is distinguished by whether or not it is connected to

adjacent side scaffolding.

3.3.5 Mean panel force coefficient
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Fig. 3.8 Mean panel force coefficients for each wind direction, building opening ratio 0%.

Fig. 3.8 shows mean panel force coefficients for each wind direction for an

building opening ratio of 0%. For each scaffolding geometry, the largest positive mean
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panel force coefficient occurs for wind directions near 0° and the value varies from
1.2 to 1.5. The largest negative mean panel force coefficient occurs for wind
directions 105° or 110° for most scaffolding geometries, except geometry UL for 210°
and geometry OL for 250°. The largest negative mean panel force coefficient for
geometry LL is largest around -1.4, and for geometry OL is smallest around -0.2. The
differences between the values are mainly due to the scaffolding models placed on

other sides of the principal building, which affects the pressures on the measured

scaffolding model.
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(b) Largest negative mean panel force coefficients.
Fig. 3.9 Comparison of the largest mean panel force coefficients with current design

recommendations.
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Fig. 3.9 shows the largest positive and negative mean panel force coefficients

and C

( C f ymin

f,max

) for different scaffolding geometries. For each scaffolding

geometry, the largest positive and negative mean panel force coefficients were chosen
from all wind directions and all building opening ratios. The largest mean panel force
coefficients for the prototype scaffolding were calculated by the previously mentioned
design recommendations. BS EN 12811 and JGJ 128 recommend that the largest force
coefficients for the entire scaffolding in this study be the same value of 1.3. Based on
the statement in BS EN 12811, this value is not applicable for geometries OL and OS.
For most scaffolding geometries, the largest positive mean panel force coefficients are
greater than 1.3. Furthermore, the recommendations also underestimate the largest

negative mean panel force coefficients for geometries LL, LS, US and CL.

3.3.6 Area-averaged wind force coefficient

The pressure coefficient distributions for scaffolding show that the largest
pressures usually occur in the top or side regions, and area-averaged wind force
coefficients are important for scaffolding design as well. As SCEA recommendations
suggest, scaffolding is divided into zones, as shown in Fig. 3.10. The top zone
represents the top two-story scaffolds in full scale, which is also the part higher than the
rooftop of the principal building. The side zone corresponds to approximate side
two-bay scaffolds in full scale, and the middle zone is the rest. There are two
area-averaged wind force coefficients corresponding to the two side zones. In this study,
the larger one is chosen to represent the area-averaged wind force coefficient for the

side zone.
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(a) model L (b) Model S

Fig. 3.10 Definitions for zones of models.

SCEA recommendations provide basic mean wind force coefficients, shape
compensation factors and position compensation factors for clad scaffolding. There are
two position compensation factors for positive wind loads: one for top zone and the
other for both side zone and middle zone. There are three position compensation factors
for negative wind load: one for top zone, one for side zone and one for middle zone.
According to SCEA recommendations, the aspect ratio of model S is a little larger than
that of model L, so the shape compensation factor of model S is also a little larger. The
positive and negative area-averaged wind force coefficients for each zone were

calculated using the method from SCEA recommendation (Section 3.3.4).
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(b) Largest negative area-averaged wind force coefficients for top zone

Fig. 3.11 Comparison of the largest area-averaged wind force coefficients for top zone with SCEA

recommendations.

The largest area-averaged wind force coefficients for top zone, side zone and
middle zone are shown in Fig. 3.11, Fig. 3.12 and Fig. 3.13, respectively. For each
scaffolding geometry for each zone, the largest positive and negative area-averaged

wind force coefficients were chosen from all wind directions and all building opening

ratios. C

ft.max >

and C

C fs,max fm,max

represent the largest positive area-averaged wind

C

Stmin >

force coefficients for top zone, side zone and middle zone, respectively.

fs,min

and C

fm,min

represent the negative ones.
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(b) Largest negative area-averaged wind force coefficients for side zone

Fig. 3.12 Comparison of the largest area-averaged wind force coefficients for side zone with

SCEA recommendations.

In Fig. 3.11, the largest positive area-averaged wind force coefficient for top zone
from experimental data is greater than the value recommended by SCEA for each
geometry SCEA underestimates the positive area-averaged wind force coefficient for
top zone. The largest negative area-averaged wind force coefficients for top zone from
experimental data are greater than the recommended values for geometry IS and LL.
As shown in Fig. 3.11(b), the negative values for IL, IS, LL and LS are larger than for
the other geometries. The measured scaffolding model usually experiences negative

force coefficients when it is located on the leeward side. For each other geometry, the
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scaffolding model is located on the opposite side to the measured model, which

affects the pressures on the top zone of the measured model.
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(b) Largest negative area-averaged wind force coefficients for middle zone

Fig. 3.13 Comparison of the largest area-averaged wind force coefficients for middle zone with

SCEA recommendations.

Fig. 3.12 and Fig. 3.13 show that the largest positive area-averaged wind force
coefficients for the side zone and middle zone are always smaller than the
recommended values from SCEA. The SCEA recommendations suggest appropriate

values for the positive area-averaged wind force coefficients for the side zone and
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middle zone. However, it underestimates the negative area-averaged wind force
coefficients for some scaffolding geometries. For geometries LL, LS, US and CL, the
largest negative area-averaged wind force coefficients for the side zone and middle
zone are obviously larger than the values for the other geometries and greater than the
recommended values from SCEA. For these geometries, the wind directions causing
the largest negative area-averaged wind force coefficients come from the free side of
the measured scaffolding and are generally parallel to it. As discussed, larger positive
pressures occur on the inner surface of scaffolding due to the adjacent scaffolding and
result in larger negative force coefficients.

The wind directions resulting in the largest negative mean panel force coefficient
and the area-averaged wind force coefficient are almost the same for each geometry, but
the magnitudes of those force coefficients are different. The negative area-averaged
wind force coefficients for the side zone and middle zone experience a similar change
for different geometries. However, the area-averaged wind force coefficients for the top
zone are affected significantly by the scaffolding model located on the opposite side of
the principal building. Furthermore, based on Fig.3.11 to Fig. 3.13, for most scaffolding
geometries, the positive area-averaged wind force coefficient for the side zone is the

smallest and the negative value is the largest of the three zones.

3.5 Summary

The largest local peak net pressure coefficient usually occurs in the upper
region or side edge of scaffolding. The magnitude of both positive and negative peak
pressures tend to be smaller when scaffolding is placed on more building sides,
because they may interfere with each other. Building openings have significant
effects on unfavorable wind directions for the largest local peak net pressures.

When scaffolding completely encloses the building, the negative mean and
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area-averaged wind force coefficients are quite small.

BS EN 12811 and JGJ 128 underestimate the mean panel force coefficients of
scaffolding for some scaffolding geometries. SCEA recommends appropriate positive
area-averaged wind force coefficients for the side zone and middle zone, but still
underestimates the negative area-averaged wind force coefficients for some

geometries.
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CHAPTER IV : INTERFERENCE EFFECTS OF
NEIGHBORING BUILDING ON WIND LOADS ON

SCAFFOLDING

4.1 Introduction

Past research on wind loads acting on scaffolding have mainly focused on the
isolated building condition. However, wind loads on structures in real environments
can be quite different from those measured on isolated structures. Surroundings can
significantly increase or decrease wind forces on interfered structures. Orlando (2001)
carried out wind tunnel experiments on a rigid model of two adjacent cooling towers.
Lam et al (2008) investigated interference effects on a row of square-plan tall buildings
arranged in close proximity. Kim et al (2011) and Hui et al (2012) discussed
interference effects on local peak pressures on a principal building with various
configurations and different height ratios of a neighboring building. Many studies have
been done on interference effects on wind loads on buildings and other structures,
which showed that a neighboring building may cause significant interference effects
under some conditions.

Scaffolding and Construction Equipment Association of Japan (SCEA) introduced
influence coefficient in their recommendation for wind loads on scaffolding. It stated

that the building taller than 50m would affect wind loads on scaffolding. This chapter is
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to discuss the interference effects of neighboring building on wind loads on scaffolding.
Wind tunnel experiments were carried out based on a prototype of nonporous
sheet-clad scaffolding. A medium height building with rectangular cross-section was
selected as the principal building. The buildings with same cross-section dimensions of
principal building and different height ratios were selected as the neighboring buildings.
Effects of neighboring building locations, neighboring building height ratios, principal
building opening ratios and wind directions are investigated. Mean pressure

coefficients and mean panel force coefficients are determined.

4.2 Experimental setup and data processing method

4.2.1 Wind speed and turbulent intensity profiles

Turbulence intensity
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Fig. 4.1 Mean wind speed and turbulence intensity profile.

Wind tunnel experiments were carried out in a Boundary Layer Wind Tunnel in
Tokyo Polytechnic University, Japan. The test section was 2.2m wide and 1.8m high.

The atmospheric boundary layer was simulated as a geometrical scale of 1:75. Open
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terrain characteristics were simulated and a velocity scale of 1:2.5 was adopted. The
power law exponent a of mean wind speed was 0.2. The mean wind speed at the
reference height z,., (top of the principal building which is 318mm above the bottom of
the tunnel) was around 8.6m/s, the corresponding turbulence intensity was

approximately 21%, as shown in Fig. 4.1.

4.2.2 Experimental models

The dimensions of the prototype principal building were 19.2mx12m in plan and
23.8m in height. The building comprised seven stories 3.4m high. The scaffolding was
assembled by using typical door-type tubular-steel scaffold units 1.7m high, 0.9m wide
and 1.8m in span (one-bay). The prototype scaffolding was 27.2m high, and comprised
sixteen stories. The scaffolding was 3.4m (two-stories) higher than the principal
building. The distance between the building surface and the cladding of the scaffolding
was 1.2m in full scale. There were four scaffolding models for the four sides of the
principal building. There was one pressure-measured model and three dummy models.
Nonporous acryl models Smm thick were made to simulate the nonporous clad
scaffolding (scaffolding pipes were ignored). Pressure taps were fixed symmetrically
on both the outer and inner surfaces of the scaffolding models. 188 pressure taps were

fixed on the measured scaffolding model, as shown in Fig. 4.2.
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Fig. 4.2 Pressure tap positions on measured scaffolding model (unit: mm).

The experimental buildings were made from plexiglass. All the principal building
models were 318mm in height (H), 256mm in breadth (B) and 160mm in depth (D).

Four principal building models were tested. The building opening ratios (@z) were 0%,

R

20%, 40%, 80%, as shown in Fig. 4.3.
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(a) Building opening (b) Building opening (c) Building opening (d) Building opening
ratio (Dz) 0% ratio (Dp) 20% ratio (D5) 40% ratio (@5) 80%

Fig. 4.3 Principal building models.

Three neighboring building models were tested. The neighboring building models
had the same cross-sectional dimensions as the principal building. The neighboring
building height ratio (Hr) was defined as the neighboring building height dividing by

the principal building height (H). The neighboring building height ratios were 0.5, 1
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and 1.5, as shown in Fig. 4.4. In this study, the neighboring building opening ratios

were always 0%.

%
1.5H

;
B o B o B

(a) Neighboring building  (b) Neighboring building  (c) Neighboring building
height ratio (Hr) 0.5 height ratio (Hr) 1 height ratio (Hr) 1.5

Fig. 4.4 Neighboring building models.

Three scaffolding geometries were tested. There was only one measured
scaffolding model for each geometry. The scaffolding geometries were named I, L and
O, as shown in Fig. 4.5. Geometries I, L and O are corresponding to geometries IL, LL

and OL.

Measured Measured Measured
scaffolding scaffolding scaffolding

QL %Wind QL %Wind QL %Wind
*DJ’ *DJ' «DJ»

Geometry | Geometry L Geometry O

Fig. 4.5 Scaffolding models and geometries.

The experimental arrangements were as shown in Fig. 4.6. The red solid dots
represent the locations of the neighboring building. When the neighboring building was
located on the X-axis, the building distances were 1, 1.2, 1.5, 2, 3 and 4 times the
building depth (D). When the neighboring building was located on the Y-axis, the
building distances were 1.6, 1.92, 2.4, 3.2 and 4 times the building depth (D), which
were also 1, 1.2, 1.5, 2 and 2.5 times the building breadth (B), respectively.
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Fig. 4.6 Experimental arrangements.

The wind tunnel setup and experimental models are shown in Fig.4.7.
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Fig. 4.7 Wind tunnel setup and models in experiment. (Neighboring building at (X,Y)= (0, 2.4D),
geometry O, @g= 0%, Hr=1.)

4.2.3 Experimental procedure

Pressure coefficients were obtained at a sampling frequency of 781Hz using a
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multi-channel simultaneous-scanning pressure measurement system. For each case, ten
20s-long samples were collected, which corresponded to 26Hz and ten 10min-long
samples in full scale. Wind direction (#) was changed at intervals of 15° for each case.
The tubing effects were compensated by the gain and phase-shift characteristics of the
pressure measuring system (Irwin et al., 1979). Table 4.1 shows the experimental cases.
Basic isolated cases are the condition that without neighboring building and the

principal building opening ratios are all 0%.

Table 4.1 Experimental cases of interference effects

Number of Wind Principal | Neighboring
Scaffolding | neighboring | directions | building building
geometries building @ (interval | opening | height ratios
locations 15°) ratios @p Hr
Isolated L L, 0 0°~360° 0%
cases
I 21
Effects of
neighboring
building L 19 0% 1
locations
O 14
Effects of 07360 0%
principal 20(;’
building I,O 3 40% ’ 1
opening o/
ratios 80%
Effects of
neighboring LO 3 0% OiS’
building ’ ¢ T
height ratios )
Two
neighboring LL,O 2 0°~360° 0% 1
buildings

4.2.4 Data processing method
Wind pressures on the models are expressed in the form of a non-dimensional

pressure coefficient, defined as:
])outer (l’ t) — ])0 ])inner(i’ t) — PO

C i,1) =2 c. =—tmr_—_— 4.1
p-outer ( ) 0. 5,0U12{ p-inner 0. S,OU[%I ( )
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where Cp_ouzer(i,t) and Cp.inner(i,) are the wind pressure coefficients at tap i and time
t on the outer and inner surfaces of the models, respectively, Py is the static reference
pressure, Uy is the mean longitudinal wind speed at the reference height (building top)

and p is air density. Wind net pressure coefficient:

Cp—net (l’ l) = Cp—uuter (l’ t) - Cp—inner (l’ t) (42)

The positive wind net pressure coefficient direction is from the outer surface to the
inner surface, namely, from the scaffolding toward the principal building.

Pressure data obtained from wind tunnel experiments can be used to analyze not
only local pressures but also overall wind loads. For most scaffolding design standards

and recommendations, mean panel force coefficient (mean wind force coefficient for
the entire scaffolding) C r was proposed for calculating wind loads on scaffolding.

Thus, mean panel force coefficient was studied as well.

4.3 Results and discussions
4.3.1 Mean pressure coefficient distribution
4.3.1.1 Effects of neighboring building location

Fig. 4.8 compares mean pressure coefficient distributions on scaffolding for the
isolated condition and a neighboring building at (X, Y)= (1.5D,0) for wind direction
6=30° and geometry O. When a neighboring building is located in front of the
measured scaffolding for wind direction #=30°, the positive mean net pressures on the
scaffolding decrease dramatically, as shown in Fig. 4.8 (a) and (d). The measured
scaffolding is in the wake of the neighboring building. Mean wind pressures on the
outer and inner surfaces of the scaffolding are both affected by the neighboring
building. In particular, the wind pressures on the outer surface change from positive to

negative due to the shielding effect of the neighboring building.
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Fig. 4.8 Mean pressure coefficient distributions for isolated condition and neighboring building at

X, Y)=(1.5D,0), 6=30°, geometry O, @z= 0%, Hr=1.

Fig. 4.9 compares the mean pressure coefficient distributions for the isolated
condition and a neighboring building at (X,Y)= (2.0D,0) for wind direction 6=135°
and geometry L. For the isolated condition, the scaffolding experiences negative mean
net pressures. The neighboring building has almost no effect on the wind pressures on
the inner surface of the scaffolding. However, larger negative wind pressures are
generated on the outer surface of scaffolding because of the existence of the
neighboring building, as shown in Fig. 4.9 (b) and (e). Thus, the positive mean net
pressures on the scaffolding become larger. Both the magnitudes and distributions of

mean net pressure coefficients are affected by the neighboring building.
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Fig. 4.9 Mean pressure coefficient distributions for isolated condition and neighboring building at

X, Y)=(2D,0), 6=135°, geometry L, @5= 0%, Hr=1.

Fig. 10 compares the mean net pressure coefficient distributions for the isolated
building and neighboring building at (X, Y)=(0, 1.6D) and (X, Y)=(0, 1.92D) for wind
direction #=330° and geometry I. When the neighboring building is located at
(X Y)=(0, 1.92D), the positive mean net pressures on the scaffolding increase
significantly, especially at the side edge of the scaffolding. However, when the
neighboring building is connected to the principal building ((X,Y)=(0, 1.6D)), which
means that the principal building becomes a bigger building and the building is
partially covered by the scaffolding, increments of positive mean net pressures are

only found within a small region at the right side of the scaffolding.

72



CHAPTER IV INTERFERENCE EFFECTS OF NEIGHBORING BUILDING
ON WIND LOADS ON SCAFFOLDING
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building building | building building building
Wind Wind Wind

(a) Isolated building  (b) (X,Y)=(0, 1.6D) (c) (X,})=(0, 1.92D)
Fig. 4.10 Mean net pressure coefficient distributions for isolated building and neighboring

building at (X,Y)= (0,1.6D) and (X,Y)= (0, 1.92D), 6=330°, geometry 1.

Fig. 4.11 shows the comparison of mean net pressure coefficient distributions for
isolated building and neighboring building at (X,Y)= (0,1.6D) and (X,Y) =(0, 1.92D)
for wind direction #=210° for arrangement I. For wind direction 6=210°, neighboring
building is in the leeward of scaffolding. In Fig. 4.11 (a) and (b), the net pressure
coefficient distributions are almost the same. But in Fig. 4.11 (c), larger negative net
pressure coefficients are found. Wind pressures on the inner surface of scaffolding are
negative for isolated case and neighboring building at (X,Y)= (0,1.6D) because the
scaffolding is in the wake of the principal building. There is a gap between principal
building and neighboring building when neighboring building at (X, Y)= (0,1.92D).
This induces the change of the flow pattern and leads to positive pressures appearing
on the inner surface of scaffolding. Thus, larger negative net pressure coefficients are

found in Fig. 4.11 (c).
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(a) Isolated building  (b) (X,Y)=(0,1.0B) (c) (X,Y)=(0,1.2B)
Fig. 4.11 Mean net pressure coefficient distributions for isolated building and neighboring

building at (X,Y)= (0,1.6D) and (X,Y)= (0, 1.92D), 6=210°, geometry 1.

Figs. 4.8 to 4.11 indicate that a neighboring building can increase the positive or
negative mean net pressures on scaffolding, which may cause more severe wind loads

on it.

4.3.1.2 Effects of neighboring building height ratio

1 0.7 1
0.3 Principal
building
Neighboring
03 building
Wind
(a) Hr=0.5 (b) Hr=1 (c) H=15

Fig. 4.12 Mean net pressure coefficient distributions for different neighboring building height
ratios of neighboring building at (X,Y)=(1.5D, 0), 6=0°, geometry I, @z= 0%.

Fig. 4.12 shows mean net pressure coefficient distributions for different
neighboring building height ratios for a neighboring building at (X, Y)=(1.5D, 0) for

wind direction 6=0° and geometry I. The principal building and scaffolding are
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located on the leeward side when the neighboring building is in front of the
scaffolding for wind direction 6=0°. It is easy to imagine the interference effect of the
neighboring building on the scaffolding. When the neighboring building height ratio

increases, the positive mean net pressures on the scaffolding decrease significantly.

Principal Neighboring
building building
Wind

(a) H=0.5 (b) Hr=1 (c) H=1.5
Fig. 4.13 Mean net pressure coefficient distributions for different neighboring building height
ratios of neighboring building at (X,Y)=(0, 2.4D), 6=0°, geometry I, @z= 0%.

Fig. 4.13 shows the mean net pressure coefficient distributions for different
neighboring building height ratios for a neighboring building at (X, Y)=(0, 2.4D) for
wind direction 6=0° and geometry I. There is a clear change in which the positive
mean net pressures tend to increase as the neighboring building height ratio increases.
Based on Figs. 4.12 and 4.13, the increment of the neighboring building height ratio
can intensify the interference effects, imposing continuous increasing or decreasing

positive mean net pressures on the scaffolding.

Wind

V4

Principal
building

Neighboring
building

(a) H=0.5 (b) H=1 (c) H=1.5
Fig. 4.14 Mean net pressure coefficient distributions for different neighboring building height
ratios of neighboring building at (X,Y)=(1.5D, 0), 6=150°, geometry I, @5= 0%.

Fig. 4.14 shows mean net pressure coefficient distributions for different
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neighboring building height ratios for a neighboring building at (X,Y)=(1.5D, 0) for
wind direction #=150° and geometry I. The largest negative mean net pressure
coefficient is found at the top corner of the scaffolding and this value increases as the
neighboring building height ratio increases. However, larger negative mean net
pressure coefficients in the middle region are found when the neighboring building
height ratio is 1. Therefore, the neighboring building height ratio also changes the

distributions of mean net pressure coefficients.

4.3.1.3 Effects of principal building opening ratio

Fig. 4.15 shows mean pressure coefficient distributions for different principal
building opening ratios for a neighboring building at (X,Y)=(1.5D, 0) for wind
direction 6=45° and geometry 1. Fig. 4.15 (a), (b), (c) and (d) show pressure
distributions on the outer surface of the scaffolding for building opening ratios of 0%,
20%, 40% and 80%, respectively. When the building opening ratio varies from 0% to
80%, both the distributions and magnitudes of pressures on the outer surface are almost
the same. Thus, building openings have almost no effect on mean pressures on the outer
surface of scaffolding. Fig. 4.15 (e), (f), (g) and (h) show pressure distributions on the
inner surface of scaffolding for building opening ratios of 0%, 20%, 40% and 80%,
respectively. The pressure distributions show that all the largest negative pressure
coefficients always occur at the top corner of the scaffolding. Moreover, negative
pressures on the inner surface increase as the building opening ratio increases. When
the opening ratio is 0%, wind speeds up as it flows into the gap between scaffolding
cladding and building surface, leading to larger negative pressures. For other building
opening ratios, wind flow inside the gap probably leaks out through the wall openings,

resulting in smaller negative pressures.

76



CHAPTER IV INTERFERENCE EFFECTS OF NEIGHBORING BUILDING
ON WIND LOADS ON SCAFFOLDING

(a) Outer surface, (b) Outer surface, (c) Outer surface, (d) Outer surface,

D= 0% D=2 0% Dp=40% D= 80%

(e) Inner surface, (f) Inner surface, (g) Inner surface, (h) Inner surface,
D= 0% Dp=20% D= 40% P=80%
Principal
building

X

Neighboring|  yying
building

Fig. 4.15 Mean pressure coefficient distributions for different building opening ratios of

neighboring building at (X,Y)=(0, 1.5D), 6=45°, geometry I, Hr=1.

Fig. 4.16 shows mean pressure coefficient distributions for different building
opening ratios for a neighboring building at (X,Y)=(0, 2.4D) for wind direction 6=135°
and geometry I. Mean wind pressures on the outer surface of the scaffolding are the
same for different building opening ratios. In Fig. 16, the principal building is located
upstream. If the principal building has openings, wind can flow through the principal
building. Thus, increment of building opening ratio leads to the negative pressures on

the inner surface of scaffolding becoming smaller and finally turning positive.
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Fig. 4.16 Mean pressure coefficient distributions for different building opening ratios of

neighboring building at (X,Y)=(0, 2.4D), 6=135°, geometry I, Hr=1.

4.3.2 Mean panel force coefficient
Before discussion about interference effects of a neighboring building on mean

panel force coefficient, the isolated condition is introduced. Fig. 4.17 shows the mean

panel force coefficients (C +(0)) for the isolated condition for different wind directions

for building opening ratio 0%. The largest positive mean panel force coefficient for all

wind directions occurs for wind direction §=0° for all scaffolding geometries, and the
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magnitudes for geometries I, L and O are similar. The wind direction causing the largest
negative mean panel force coefficient for all wind directions is around =105° for all
scaffolding geometries, which is almost parallel to the scaffolding, tilting a little
towards its inner surface. The largest negative value for geometry L is significantly
larger than for geometries I and O. This is because of the dummy scaffolding model,
which stops the wind flow and increases the positive wind pressures on the inner

surface of the measured scaffolding model.
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Fig 4.17 Mean panel force coefficients for entire scaffolding (C (0)) of isolated condition for

different wind directions, @z= 0%.

4.3.2.1 Effects of neighboring building location

Fig. 4.18 shows the largest positive and largest negative mean panel force

coefficients among all wind directions (C,,,,, and C

fomin

) for different neighboring

building locations (neighboring building located in front of the scaffolding or at the

rear of the principal building). When the neighboring building is located in front of the

measured scaffolding, the shielding effect on C /

is dramatic. C ,

is obviously

,max ,max

smaller than for the isolated case for all scaffolding geometries. When the neighboring
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building is located further away, the shielding effect becomes lower and C

f,max

becomes larger and closer to the isolated case, as shown in Fig. 4.18 (a).
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Fig. 4.18 Largest mean panel force coefficients for different neighboring building locations,
(neighboring building located in front of scaffolding or at rear of principal building), @z= 0%,
Hr=1.

When the neighboring building is located to the rear of the principal building,

interference effects on C

f,max

are weak for all scaffolding geometries. Only when the

neighboring building is located at (X,Y)=(-1.5D, 0) and (X,Y)=(-2D, 0), the C - i
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values are slightly larger than for the isolated conditions for geometries I and L. Fig.

4.18 (b) shows C

min for different neighboring building locations. When the

neighboring building is located in front of the scaffolding, the C 1 min

values are larger
than for the isolated case as the building distance (L) varies from 1.5D to 4.0D. The
largest negative value is found when the neighboring building is located at (X,Y)=(2D,
0) for all scaffolding geometries. When the neighboring building is located at the rear of

the principal building, the C

values are larger than for the isolated case only for

f ,min

geometry I. The largest negative value is found for the neighboring building at
(X,Y)=(-2D, 0).
Fig. 4.19 shows the largest positive and negative mean panel force coefficients

among all wind directions ( C, and C

Jmax f,min

) for different neighboring building
locations (neighboring building located on left or right side of scaffolding). When the
neighboring building is located on the left or right side of the measured scaffolding, the
C

f,max

values are larger than for the isolated cases, except for the neighboring building

at (X,Y)=(0, 1.6D). The largest C, is found for the neighboring building at (X,Y)=(0,

1.92D) for all scaffolding geometries. The interference effect weakens with increase of

Lg, as shown in Fig. 4.19 (b). The C

values are larger than for the isolated cases

f,min
only for geometry I, also not including the case where the neighboring building is at

(X,Y)=(0, 1.6D), and the interference effect weakens with increase of Lp.
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Fig. 4.19 Largest mean panel force coefficients for different neighboring building locations

(neighboring building located on left or right side of scaffolding), @g= 0%, Hr=1..

Fig. 4.20 shows the largest positive and negative mean panel force coefficients

among all wind directions (C, _ and C

Jmax f,min

) for oblique locations for geometry I.

Six oblique locations were tested: locations A, B, C, D, E and F were at (X,Y)=(-2D,

3.2D), (-1.5D, 2.4D), (-1.2D, 1.92D), (1.2D, 1.92D), (1.5D, 2.4D) and (2D, 3.2D),

respectively. The C

fmax

values for the oblique locations were all smaller than for the
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isolated case except for neighboring building location D, as shown in Fig. 4.20 (a).

The absolute C

fmin

values for the oblique locations were also no larger than C

for the isolated case, except for neighboring building locations D and E. Thus, it

and C

fmin

seems that severe interference effects on C occur more often when the

Jfmax

neighboring building is located in front of or beside the scaffolding.
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Fig. 4.20 Largest mean panel force coefficients for oblique locations, geometry I, @g= 0%, Hr=1.

4.3.2.2 Effects of neighboring building height ratio
Effects of neighboring building height ratio on largest mean panel force
coefficients were studied. Three neighboring building height ratios, three neighboring

building locations and two scaffolding geometries were considered. As discussed in
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Section 4.3.2.1, a neighboring building located in front of scaffolding can reduce the

largest positive mean panel force coefficient (C - )» and a neighboring building

located on the left or right side of scaffolding can increase the C, _ value. As shown

fmax

in Fig. 421 (a), an increment of neighboring building height ratio intensifies

interference effects such that C

Jmax

becomes larger at (X,Y)=(0, 2.4D) and smaller at
(X,Y)=(1.5D, 0) for geometry I. For a neighboring building located at (X,Y)=(0,2.4D)

for geometry I, the absolute value of C, . becomes larger as the height ratio increases,

as shown in Fig. 4.21 (c). However, when a neighboring building is located at

(X,Y)=(1.5D, 0) and (X,Y)=(-1.5D, 0), the largest negative C are found when the

fmin

neighboring building height ratio is 1. Fig. 4.21 (b) and (d) shows C

fimax
for different neighboring building height ratios for geometry O. As shown in Fig. 4.21

(b), an increment of height ratio also intensifies interference effects such that C,

imax

becomes larger at (X,Y)=(0, 2.4D) and smaller at (X,Y)=(1.5D, 0). When the

neighboring building is located at (X,Y)=(1.5D,0), the largest negative C is found

fimin
when the neighboring building height ratio is 1.5, as shown in Fig. 4.21 (d). The

neighboring building height ratio has almost no effect on C when the neighboring

building is located at (X,Y)=(0, 2.4D). When the neighboring building is located at the

rear of the principal building ((X,Y)=(-1.5D,0)), the absolute value of C

decreases

fmin

as the height ratio increases.
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Fig. 4.21 Largest mean panel force coefficients for different neighboring building height ratios,
@B: 0%.
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4.3.2.3 Effects of principal building opening ratio
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Fig. 4.22 Largest mean panel force coefficients for different building opening ratios, Hr=1.

As discussed, building openings can have significant effects on mean wind

pressure distributions on the inner surface of scaffolding. Fig. 4.22 shows the largest

positive and negative mean panel force coefficients among all wind directions (C e

and C

f,min

) for different building opening ratios for scaffolding geometries I and O,
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respectively. For all three neighboring building locations and geometry I, C

Jmax

becomes smaller and the absolute value of C

fmin

becomes larger when the building

opening ratio increases. Building openings lead to larger positive pressures on the
inner surface and smaller negative pressures on the inner surface. For geometry O, the

largest mean panel force coefficient seems barely affected by the building openings.

and C

Smin

Both C

fmax

remain almost the same for all opening ratios. This is

because the scaffolding entirely encloses the principal building, so the building

openings can not affect the wind pressures on the inner surface.

4.3.3 Two neighboring buildings

Interference effects of two neighboring building were also studied. For each
scaffolding geometry, two neighboring building arrangements were considered.
Neighboring buildings arrangement F&R is the two neighboring building are located
at (X,Y)=(1.5D,0) and (X Y)=(-1.5D,0), respectively. Neighboring buildings are
located in front of measured scaffolding and at the rear of principal building.
Neighboring buildings arrangement L&R is the two neighboring building are located
at (X,Y)=(0, 1.92D) and (X,Y)=(0, -1.92D), respectively. Neighboring buildings are
located on left and right side of measured scaffolding. Detailed arrangements are in

Fig. 4.23.
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Fig. 4.23 Two neighboring building arrangements.

The largest positive mean panel force coefficient ((_ffmx) for neighboring

buildings arrangement F&R is smaller than for isolated case for each scaffolding
geometry. It is mainly because one the neighboring building is located in front of the
measured scaffolding resulting in the shielding effect. For all scaffolding geometries,
C,

fmax

are larger than for the isolated cases when the two neighboring buildings are

located on left and right side of the scaffolding, which are similar to the results of

with one neighboring building, as shown in Fig. 4.24(a).

The largest negative mean panel force coefficient (C, . ) for geometry I is

always larger than for isolated case and smaller than for isolated cases for geometries

L and O due to the two neighboring buildings. In Fig. 4.24(b), C for two

f,min
neighboring buildings for each scaffolding geometry shows similar results of for only

one neighboring building which discussed in Section 4.3.2.1. It is seems that the

interference effects on C

/,min

of two neighboring building are no more severe than

for only one neighboring building in these neighboring building arrangements.
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Fig. 4.24 Largest mean panel force coefficient for two neighboring buildings.

4.4 Summary

Interference effects of a neighboring building on wind loads on nonporous
sheet-clad scaffolding were investigated by wind tunnel experiments. Three scaffolding
geometries, four building opening ratios, three neighboring-building height ratios and
different neighboring-building locations were studied.

(1) When the neighboring building is located in front of the measured scaffolding,
the positive mean panel force coefficients decrease significantly, and the negative mean

panel force coefficients increase. When the neighboring building is located on the left

89



TOKYO POLYTECHNIC UNIVERSITY, 2013

or right side of the measured scaffolding, the positive mean panel force coefficients are
greater than those for the isolated case.

(2) The increment of neighboring building height ratio dramatically intensifies
the interference effects, continuously increasing or decreasing the largest mean panel
force coefficients.

(3) For geometry I, the largest positive mean panel force coefficient tends to
become smaller and the largest negative mean panel force coefficient tends to become
larger when the building opening ratio increases. For geometry O, the building opening
ratio barely affects the mean panel force coefficient of the scaffolding because the

scaffolding completely encloses the principal building.
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CHAPTER V : PEAK TENSILE FORCES IN
TIE MEMBERS

5.1 Introduction

Tie member is the component of scaffolding which connecting scaffolding and the
principal building. Tie members are mainly contributing to the horizontal stability of
scaffolding and preventing scaffolding from collapse. The tensile force in tie members
induced by wind loads imperil the horizontal stability of scaffolding strongly. The
failure of tie member may cause severe -casualties and losses. Different
recommendations for scaffolding ties state different requirements of tying pattern of tie
members.

Safety and technical code and for frame scaffoldings with steel tubules in
construction (JGJ-128, 2000) states that the horizontal distance between ties should be
no larger than 4m for sheeted scaffolding. When scaffolding does not completely
enclosed the principal building, more ties are needed at the side edge or corner of
scaffolding and the vertical distance between ties should be smaller than 4m.
Furthermore, technical code for safety of steel tubular scaffold with couplers in
construction (JGJ-130, 2011) states that the vertical spacing of ties should also smaller
than floor height.

Fagade scaffolds made of prefabricated components (BS EN 12810, 2003) gives
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the examples for typical tying patterns for tie members, as shown in Fig. 5.1. They state
that it is preferable for the tie free zone to be twice the normal distance between
working levels. The requirement for a tie free zone is to ensure that scaffold has
sufficient strength integral in the design.

Ordinance on Industrial Safety and Health (by Japan International Center for
Occupational Safety and Health) suggests for prefabricated scaffolding that the
distances between two ties should less than 8m in horizontal and 9m in vertical. For
tube and coupler scaffolding, the distances between two ties should less than 5.5m in
horizontal and 5m in vertical which tie free zone almost equal to six typical scaffold

units.

2

- & & & é—éw

E
= M \ ¢ \ 4 \ 4 O—Q—Q—A—Q—Q—;—O—
=

g
&
&
i
80m
L0 m

/ e

1

(a) Typical taggered tying pattern. (b)Typical continus horizontal tying pattern.
Fig. 5.1 Examples for typical tying patterns given by BS EN 12810.

Three kinds of tying pattern of scaffolding ties are discussed in this chapter. Each
tie member corresponding to two scaffold units, four scaffold units and six scaffold
units, as Fig. 5.2 shown. Two scaffold units represent one tie for one-bay-two-stories
scaffolds. Four and six scaffold units represent one tie for two-bays-two-stories

scaffolds and three-bays-two-stories scaffolds, respectively.
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Fig. 5.2 Configurations of different tying patterns.

5.2 Analytical methods
5.2.1 Estimation of wind forces in tie members

Based on wind tunnel experimental data, external force acting on each tie member
can be estimated by a pressure integration method. As mentioned, net wind pressure

coefficient at time # at pressure tap i is calculated by equation (5.1).
Cp—net (l’ t) = Cp—uuter (l’ t) - Cp—inner(i’ t) (5 1)
C, ,.(J>1) is the wind net pressure coefficient at time ¢ at scaffold unit j which

can be interpolated and extrapolated using the “Biharmonic spline interpolation”
method (David T. Sandwell,1987). The scaffolding elevation is shown in Fig. 5.3, the
blue solid dots indicate the centers of scaffold units, and the black circles represent the

pressure taps. Tie free zone in Fig.5.3 is two scaffold units
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Fig. 5.3 Elevation of scaffolding and definition for tie free zone.

The wind force (external force) at time ¢ acting on scaffold unit j can be calculated
by equation (5.2):
. 1 . .
F(.) =2 pUC, ()< A)) (5.2)
where A4(j) is the projected area of scaffold unit j. Design mean wind speed at building

top is 30m/s for 50-year recurrence. Based on the design standards (BS EN 12811, 2003

and JGJ 128, 2000), a factor of 0.7 should be applied for the 50-year recurrence wind

speed, finally, U, =0.7x30m/s=21m/s was used.

An “Equivalent time averaging” method was used and a moving average time ¢

(Holmes, 1997) was calculated as:
r=1.0xL/U, (5.3)

where L is the length of the diagonal for a scaffold unit of principal scaffolding in full

scale. The dimensions of a scaffold unit were 1.7mx1.8m in the windward direction,
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making L = 2.5m. In this study, 0.0039s corresponding to 0.12s in full scale was used
for time averaging.

For one tie member, the wind force time history is calculated as sum of wind force
time histories at two, four and six scaffold units. In each tie free zone, the tie is assumed
to be located in the center of the zone. The whole scaffolding structure is divided into
same size zones. Besides, the top part of scaffolding (higher than the building) is
usually fixed on building top by the slant shoring bars in real engineering construction.
This study focuses on external forces acting on tie members. The top part of scaffolding

is also assumed as using horizontal tie members.

5.2.2 Evaluation of peak tensile force
Negative wind net pressures can result in tensile forces on scaffolding tie members,
which may lead to outward collapse. The peak tensile forces were calculated by the

“Cook-Mayne method” (Cook and Mayne, 1979) using the equation:
F=U. +l4/a, (5:4)
F F

where U, and 1/q, are the mode and dispersion of the extreme distribution of tensile
F F

forces, respectively, which can be calculated by the Best Linear Unbiased Estimators

(BLUE) as:

A

10 A 10
U, =>aFi 1/a, =Y b Fi (5.5)
Foa Foo=

where, F « 1s the kth value of the ascending array of maximum values of 10 samples of

peak tensile forces and a; and by are the BLUE coefficients.
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5.3 Results and discussions

5.3.1 Effects of building opening ratio
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Fig. 5.4 Largest peak tensile force (£'(®y)) for different building opening ratios, 2 scaffold units,

Vi=21m/s.
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Fig. 5.4 shows the Largest peak tensile force (]C“ (®,)) for two scaffold units for

different building opening ratios. For each case, the largest peak tensile force for all tie

members and all wind directions for building opening ratio @, was chosen. Geometries

UL, OL, CS and OS are the situations that both two sides of scaffolding connecting to

the scaffolding which located at adjacent building sides. F(®,) For this four
geometries are obvious smaller than others. Besides, F(®,) has very little change

with the increment of building opening ratio. For other geometries, F(®,) become

larger when building opening ratio increasing from 0% to 80%.
A slight difference is that the change tendencies for geometries IL, IIL, IS and IIS

are more significant. One side of scaffolding connecting to the scaffolding located at

the adjacent building side for geometries LL, CL, LS and US, which decreases ﬁ' (D)

in tie members.

5.3.2 Effects of scaffolding geometry
Fig. 5.5 shows the largest peak tensile force ( /') for different scaffolding

geometries. For each case, the largest peak tensile force (F') for all tie members, all

wind directions and all building opening ratios was chosen. For the cases of tie free
zone is two scaffold units, 1; for geometries UL, OL, CS and OS are obvious smaller
due to the scaffolding located at the adjacent building sides. 1; for geometries IL, IIL,
IS and IIS are a little bit larger than for geometries LL, CL, LS and US when 1;
represents two scaffold units. But when 1; represents six scaffold units which means

a larger region, F' for geometries LL, CL, LS and US are significant larger than for
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geometries IL, IIL, IS and IIS. Thus, when scaffolding geometry is that both two sides
of scaffolding are free (no adjacent scaffolding), peak tensile force for a quite small

area is the largest.
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Fig. 5.5 Largest peak tensile force ( F') for different scaffolding geometries, V;=21m/s.
When only one side of scaffolding is free, peak tensile force for a larger area is the
greatest. When both two sides of scaffolding connecting to the scaffolding which

located at adjacent building sides, peak tensile forces in ties are smaller. In other word,

geometries IL, IIL, IS and IIS generate the greatest F but only for quite limited area.

Geometries LL, CL, LS and US can influence larger area on scaffolding for suffering
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tensile force.

5.3.3 Effects of turbulence intensity
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Fig. 5.6 Comparison of largest peak tensile force (F'(D;)) between different terrain categories,

Vi=21m/s.

Fig. 5.6 shows the comparison of largest peak tensile force (F(®;)) between

different terrain categories. As discussed in chapter two, the increase of turbulence

intensity leads to larger peak wind loads on scaffolding. From 75=21% to Iy =29%,

F(®,) forall cases are increase and the increments are around 54%. The increments of

F(®,) are caused by the effects of turbulence intensity which increases from 21% to

29%.
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5.3.4 Comparison to related design recommendations
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Fig. 5.7 Comparison of largest peak tensile forces (F'(®D;)) and strength requirement of tie

members.

BS EN 12811 and JGJ 128 provide requirements about the strength of tie
members, the strength should be larger than 12.2kN and 10kN, respectively. Safety
technical guideline for scaffolding to wind loads (by Scaffolding and Construction
Equipment Association of Japan) suggests that the strength of tie should consider a
safety factor of 2.0. Allowable tensile force for tie member is 4.41kN, so the
requirement of tie strength is 8.82kN. BS EN 12811 and JGJ 128 recommend the design
wind speed of 50-year recurrence by multiplying a reduced factor 0.7 which is 21m/s in
this study. However, SCEA recommendations suggest the design wind speed of

scaffolding is 1-year recurrence which is 17m/s in this study.

Fig. 5.7 shows the comparison of F(®,) and strength requirements of tie

members. When tie free zone is four or six scaffold units, the largest peak tensile forces

exceed the strength requirements. Almost all the design recommendations do not
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specify the condition of scaffolding with nonporous cladding which increasing wind
loads on scaffolding dramatically. Even if the free zone of tie is only for two scaffold

units, failures still can be found in some cases.

5.3.5 Effects of tying pattern
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Fig. 5.8 Comparison of largest peak tensile forces (F'(D;)) between different tying patterns,
Vi=21m/s.
Even if the area of tie free zone is the same, different tying patterns may also have

effect on F(®,). For example, when free zone of tie is two scaffold units, the tying

pattern can be continuous horizontal tying pattern (one tie for one-bay-two-stories) or

continuous vertical tying pattern (one tie for two-bays-one-storey). Fig. 5.8 shows the

comparison of largest peak tensile forces (/' (®;)) between different tying patterns.

F(®,) for continuous vertical tying pattern is always smaller than for continuous

horizontal tying pattern. The largest local peak net pressure coefficient distribution for
each scaffolding geometry is studied in chapter three. The largest local peak pressures

are usually found at the side edge of scaffolding. When continuous vertical tying
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pattern is taken, more tie members are fixed at the side edge of scaffolding. Thus,

vertical tying pattern diminish the largest peak tensile force among all tie members.

5.4 Finite element model analysis
Wind forces acting on scaffolding tie members were estimated by pressure

integration method, which are the external forces. In real engineering construction, the
boundary conditions could have significant effects on the internal forces in structural
components. In this study, finite element model analysis was conducted to study the
effects of boundary conditions on wind forces in tie members.
5.4.1 Finite element models

In this study, ANSYS software was used for the finite element modeling and
analysis. The analytical scaffolding was assembled by using typical door-type
tubular-steel scaffold units 1.7m high, 0.9m wide and 1.8m in span (one-bay). The
prototype scaffolding was 27.2m high, and comprised sixteen stories. The scaffolding
was 3.4m (two-stories) higher than the principal building. The prototype scaffolding
was 19.2m wide, and comprised twelve spans. The lengths of tie members were 0.3m in
full scale. Based on the equivalent stiffness theory, which means the scaffold has same
displacement under same loads, the scaffolding frames were simplified, as shown in Fig.
5.9. This study is mainly focusing on wind loads which are horizontal, so only
equivalent horizontal stiffness was considered. The original vertical and horizontal pipe
of scaffold is steel tube which diameter is 42.7mm and thickness is 2.5mm. After
simplification, the reinforced pips were removed and only the vertical pipe changed
into steel bar of 45.3mm in thick. The tie members are steel bar which is solid and the

diameter is 27mm. The X-bracings were ignored in this study.
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Fig. 5.9 Analytical model simplification.

A 3-D beam element, BEAM188, was chosen to model the scaffolding frames. This
beam element also had 6 degrees of freedom per node. The vertical connection of
different scaffolding layers was considered as a kind of half-rigid connection, which
released the vertical torsion degree of freedom (ROT Z).

The tie members were rigid fixed into the building wall except the tie members for
the top two scaffold stories (higher than the building top). Three models were created
for different boundary conditions. In Model 1, the top two scaffold stories were fixed
on the building top by a slant shoring bar (solid and the diameter is 27mm), as shown
in Fig. 5.10. Base constraints were considered as pin constraint which only 3 degrees
(UX, UY and UZ) were constrained, all the torsion degrees of freedom were released.

Tie member positions on the scaffolding were every two spans and two stories.
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(a) 3-D view of Model 1 (b) Elevation
Fig. 5.10 Finite element Model 1.
Table 5.1 Top and base boundary conditions of finite element models.
Model 1 Model 2 Model 3
[ [\_Shoring bar [~ [\_Shoring bar =0
. I 1 W \
Top condition
Y II'
\ A\
‘Tie \-['ic Tie
Shoring bar Shoring bar Tie member
Base constraint Pin constraint Rigid constraint Pin constraint

Model 2 and 3 are only different to Model 1 for the top and base boundary

conditions, as shown in Table 5.1. Model 1 and 2 are both using the slant shoring bar
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for the top constraint, but the base constraint for Model 2 is rigid fixed. Model 3 has
the same base constraint as Model 1, but the shoring bar at the top was changed into a
tie member located at the same height of building top, and the top two scaffold stories

are free.

5.4.2 Analysis results and discussions

The time-history analysis for the scaffolding was carried on by using the Transient
Analysis Module in ANSYS. Loading time is ten 3-minutes in full scale. Damping ratio
of the scaffolding is assuming as 5%. Wind net pressure coefficients were obtained
from wind tunnel experiment. The wind velocity on the top of the model Uy is set to
21m/s. Wind loads on finite element model’s nodes were interpolated and extrapolated
by using “Biharmonic spline interpolation” method (David T. Sandwell,1987). The
peak tensile forces were calculated by the “Cook-Mayne method” (Cook and Mayne,
1979).

One typical severe case of building opening ratio 80% for geometry LL and wind
direction 6=95° was taken as the example for the study of finite element model
analysis. Tie free zones are four scaffold units. Fig. 5.11 shows the peak tensile force
distributions between Model 1 and the calculation result by pressure integration
method. The black dots represent the position of tie members and shoring bars on
scaffolding. The peak tensile forces of top part in Model 1 are larger, which is because
of the shoring bars. Wind loads are horizontal and the shoring bars are 45 ° down,
which increase the internal forces in the shoring bars. The peak tensile forces of lower
part in Model 1 are smaller because of the base boundary condition. The base

constraint also resists the horizontal wind loads.
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(a) Pressure integration method (b) Finite element model analysis (Model 1)
Fig. 5.11 Peak tensile force distributions between pressure integration method and finite element

model analysis (unit: kN), geometry LL, §=95°, Uy = 21m/s, tie free zone: four scaffold units.

Tie members were arranged into eight layers for different heights. The largest
peak tensile force in each layer was picked out to compare. From the peak tensile
force distributions (Fig. 5.11), the largest values are always found at the side edge of
scaffolding because of wind direction wind direction 6=95° and scaffolding geometry
LL. Fig. 5.12 shows the largest peak tensile force of each tie layer (different heights)
for finite element Model 1 and Model 2. In each tie layer (tie members at same
height), the largest peak tensile force was selected. As mentioned, the only difference
between Model 1 and Model 2 is the base constraint. The results are almost same
between the two models. The pin constraint and rigid constraint do not result in much

difference for the peak tensile forces in tie members.
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Fig. 5.12 Largest peak tensile force of each tie layer (different heights) for finite element Model 1
and Model 2.
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Fig. 5.13 Largest peak tensile force of each tie layer (different heights) for finite element Model 1
and Model 3.

Model 1 and Model 3 are different in the top condition. The top tie members are
down to the building roof in model 3. The peak tensile forces in the second tie layer
(counting from top) become smaller because the top tie members shared part of the
wind loads, as shown in Fig. 5.13. Even suffered same wind loads, the internal force in
the shoring bar should much larger than tie member. It is because the shoring bar is slant

and long. However, The largest peak tensile force at the top layer in Model 3 which

107



TOKYO POLYTECHNIC UNIVERSITY, 2013

using tie member still larger than in Model 1 which using slant shoring bar, which

mainly due to the free top two scaffold stories.

5.5 Summary

IF both two sides of scaffolding are free (not connecting to other scaffolding
which is placing at adjacent building sides), peak tensile force is the largest when the
free zone of tie is quite small. When only one side of scaffolding is free, peak tensile
force for a larger area is the greatest. When both two sides of scaffolding connecting to
the scaffolding which located at adjacent building sides, peak tensile forces in ties are
smaller than for other scaffolding geometries.

For most scaffolding geometries, the largest peak tensile force presents the
increasing trend when building opening ratio of principal building increases. High
turbulence intensity results in larger peak tensile forces.

For all scaffolding geometries, vertical tying pattern diminish the largest peak

tensile force comparing to horizontal tying pattern.
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CHAPTER VI : INTERFERENCE EFFECTS OF
NEIGHBORING BUILDING ON PEAK TENSILE
FORCES IN TIE MEMBERS

6.1 Introduction

Interference effects of neighboring building on peak tensile forces in tie members
are going to be discussed in this chapter. Moreover, tie members mainly contribute to
the horizontal stability of scaffolding and prevent scaffolding from collapse. Thus,
wind induced external peak forces acting on tie members are estimated and interference
factors are determined.

The largest peak tensile forces are estimated by the method introduced in Section

5.2. Experimental data for the calculation is from wind tunnel experiments which

introduced in chapter four. For each case, the largest peak tensile force ( F(®,)) for

building opening ratio @3 for all ties and all wind directions will be mainly discussed.

In this chapter, F'(®,) is the largest peak tensile force the tie which the free zone is an

area of two scaffolds units, the design mean wind speed at building top , Vy=21m/s.
This section begins to discuss the interference effects of neighboring building on

peak tensile forces in tie members. Interference factor (/F) was adopted to indicate the

intensity of interference effect on the largest peak tensile force (F(®;)) as follows:
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o F(®,)with neighboring building

; (6.1)
F(®,)without neighboring building

In this section, interference effects will be discussed based on Interference Factor
(IF) defined in Eq. (6.1).

Before looking into the interference effect on the largest peak tensile force, some
of their basic properties in the isolated situation need to be understood. Fig. 6.1 shows
the largest peak tensile force distributions for the isolated condition for geometries I, L
and O. Building opening ratios are 0%. For each tie member, the largest peak tensile
force is chosen among all wind directions. In Fig. 6.1 (a), (b) and (c), large values are
always found at the side edge of scaffolding, especially at the corners. The values for
geometry O, which represents scaffolding completely enclosing the principal building,

are smaller than those for geometries I and L.

I L
7.5 G | || o
Lo
s s i ©
s s ¢
5 5 J I A
o © [
(a) Geometry | (b) Geometry L (c) Geometry O

Fig. 6.1 Largest peak tensile force distribution (among all wind directions) of isolated condition

for each scaffolding geometry (unit: kN), @5= 0%, Up=21m/s.
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6.2 Effects of neighboring building location
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Fig. 6.2 Interference factor (/F) for different neighboring building locations (neighboring building
is located front of scaffolding or at the rear of principal building), @g= 0%, Hr=1.

The location of the neighboring building plays an important role in this study. As
discussed, change of building distance (L) dramatically affects the magnitude of the
largest mean panel force coefficient. Fig. 6.2 shows the interference factor (/F) for
different neighboring building locations (neighboring building located in front of
scaffolding or at the rear of the principal building). When the neighboring building is
located in front of the scaffolding, the magnitudes of /F are larger than 1 as the building
distance (L) varies from 1.5D to 4.0D for all scaffolding geometries. The largest IF is

found for the neighboring building at (X,Y)=(1.5D, 0) for all geometries. The largest

peak tensile forces ( F') are 39%, 55% and 66% larger than those for the isolated case

for geometries I, L and O, respectively. When the neighboring building is located
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further away, IF decreases and approaches that for the isolated case. When the
neighboring building is located at the rear of the principal building, the /F values are
larger than 1 for geometries L and O. For geometry L, the interference effect becomes
weaker and /F becomes smaller when the building distance (L) increases. Conversely,

IF becomes a little larger for geometry O.

1.5F

IF

o1
05} —AT |
O B
0 \ ] \ ] \ ] \ ] \ ] \ ] \
4 3 2 -1 0 1 2 3 4
Building distance LB (D)
 Building distance L3,
4D 3D 2D -1 [ ID 2D[ 3D 4D
— e —0 @ — 1 —— D — e —&— 6 —m—
= B R e
Neighboring building

[N
VX Wind

Fig. 6.3 Interference factor (/F) for different neighboring building locations (neighboring building
located on left or right side of scaffolding), @z= 0%, Hr=1.

Fig. 6.3 shows the interference factor (/F) for the neighboring building located on
the left or right side of the measured scaffolding. The /F values are larger than 1 for all
scaffolding geometries and all neighboring building locations. The largest /F is found

to approach 1.4, which means the neighboring building causes about a 40% increment

in the largest peak tensile force (/). For geometry I, with an increase of building

distance (Lp), IF changes from small to large and then back to small within a small
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range around 1 to 1.1. This is different to the interference effects on the largest mean
panel force coefficient (Section 4.3.2.1), where /F' shows an alternate increasing and
decreasing change tendency instead of the uniform change tendency for geometries L

and O. When the neighboring building is located at the right side of the scaffolding,
the wind directions causing the largest /' are always around 6=90° for geometries L
and O. Thus, the largest F occurs when the scaffolding is in the wake of the

neighboring building. The largest F'is always found at a similar position at the side

edge of scaffolding for all scaffolding geometries. When the building distance (Lp)

changes, F' is affected by the vortex generated by the neighboring building, which is

upstream.

6.3 Effects of neighboring building height ratio

2 T T T 2 T T T T T
1.5F .\./0 1 1.5¢ 1
I ‘\\\.‘:/" SIS j;:;;
—@—(1.5D,0) —@—(1.5D,0)
0.5- —M—(-1.5D,0) 0.5F —— (-1.5D,0)]
—A—(0,2.4D) —A— (0 2. 4D)
0 1 0 1 s 1
0 5 1. 5 1. 5
Neighboring bu11d1ng height ratio Hr Nelghborlng bulldmg height ratio Hr
(a) Geometry 1. (b) Geometry O.
Y Y
24D A24D
Neighboring Neighboring
bu11d1ng building
-1.5D i | 1.5D -1.5D QL 1.5D
n @ X | ® @ X
o ]
Geometry | Geometry O

Fig. 6.4 Interference factor for different neighboring building height ratios, @z= 0%.
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The neighboring building can intensify the interference effects on the largest mean
panel force coefficients for some experimental cases. Fig. 6.4 shows the interference
factor (/F) for different neighboring building height ratios for geometries I and O. For
geometry I, the smallest /F is always found when the neighboring building height
ratio is 1 for all three neighboring building locations. For geometry O, the largest /F is
found when the neighboring building height ratio is 1 for the neighboring building at
(X, )=(1.5D, 0). Effects of neighboring building height ratio on mean panel force
coefficient have been discussed in Section 4.3.2.2. The mean panel force coefficient
changes a lot as the neighboring building height ratio increases. However, as shown in
Fig. 6.4, the effect of the neighboring building height ratio on /F is not as significant
as expected. Thus, the change of neighboring building height ratio does not affect the

largest peak tensile force much.

6.4 Effects of principal building opening ratio

As mentioned, the building opening ratios for all isolated cases are 0%. The largest
peak tensile forces for the isolated cases are the basic values for the calculation of
interference factors. Fig. 6.5 shows the interference factors (/F) for different building
opening ratios for scaffolding geometries I and O, respectively. For geometry I, /F
increases when the building opening ratio increases from 0% to 80%, but shows little
change with the increase of building opening ratio for geometry O. As discussed in
Section 4.3.2.3, the effects of building opening ratio on /F are weak for geometry O
because the scaffolding completely encloses the building. /F is sensitive to the
building openings for geometry I because wind can flow into the gap between

scaffolding and building.
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Fig. 6.5 Interference factor for different building opening ratios, Hr=1.

6.5 Wind direction caused the largest peak tensile force

Wind direction is also an important parameter for wind-resistant design. Wind

directions causing the largest peak tensile forces are presented in Figs. 6.8 to 6.8. For

isolated building cases, the wind directions causing the largest peak tensile forces are

around 6=90° for geometries I and O and 6=105° for geometry L. When a neighboring

building is located nearby, the wind directions causing the largest peak tensile forces

are still almost parallel to the scaffolding. For most cases, the neighboring building

barely affects the wind direction causing the largest peak tensile force. When the

neighboring building is located in front of and close to the measured scaffolding, the

wind directions cause similar change while tilting a little.
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Fig. 6.6 Wind direction causing largest peak tensile force, geometry I, @5= 0%, Hr=1.
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Fig. 6.7 Wind direction causing largest peak tensile force, geometry L, @5= 0%, Hr=1.
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Fig. 6.8 Wind direction causing largest peak tensile force, geometry O, @z= 0%, Hr=1.

6.6 Summary

For different scaffolding geometries, the largest interference factors are found
when the neighboring building is located in front of the scaffolding for a building
distance 1.5 times the building depth. When the neighboring building is located on the
left or right side of the measured scaffolding, the interference factors are always larger
than 1.

The Neighboring building has less effect on the wind direction which causing the
largest peak tensile force. The height ratio of neighboring building affects the
interference factor slightly. The largest peak tensile force among all tie members is

usually occurs at the side edge of scaffolding.
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CHAPTER VII:  WIND RESISTANT DESIGN
CONSIDERATIONS

In this study, Mean and area-averaged wind force coefficients for scaffolding were
studied, largest peak tensile forces in tie members were estimated and interference
factors were determined. Based on the wind tunnel experimental data and analyzing
results, equivalent static wind load acting on scaffolding will be proposed by using the
equation:

W=q,xAxCxGxIF (7.1)
where gy is the velocity pressure at a reference height H, A is the reference area, C is
aerodynamic force coefficient, G is gust loading factor and /F is the interference factor.
In this chapter, the aerodynamic force coefficient, gust loading factor and interference

factor will be discussed, respectively.

7.1 Aerodynamic force coefficient

Most design recommendations provide an aerodynamic force coefficient or wind
force coefficient for scaffolding for wind loads calculation. Usually uniform coefficient
will be given for entire scaffolding. BS EN 12811 (2003) states that the aerodynamic
force coefficient for the cladding shall be assumed as 1.3 for perpendicular direction.

JGJ 128 (2000) provides a shape coefficient of wind loads by considering a solidity
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ratio of cladding and principal building openings. If the principal building has wall
openings, the shape coefficient of wind load shall be 1.3¢p, where ¢ is the solidity ratio
of the scaffolding. For nonporous cladding, it will be 1.3.

Table 7.1 shows the largest positive and negative mean panel force coefficient for

different geometries.

Table 7.1 Largest positive and negative mean panel force coefficient

Scaffolding
IL nL | LL | UL | CL | OL | IS Ins | LS | US | CS | OS
geometry

Croae | 152 | 151139120 | 151 | 1.48 | 1.45 | 138 [ 1.34 | 1.33 | 111 | 1.19

Cf,mm -1.02 {-0.70|-1.57|-1.19 | -1.43 |-0.19 | -1.00 | -0.74 | -1.65 | -1.49 | -1.08 | -0.08

Mean panel force coefficients for many scaffolding geometries exceed the value of
1.3 which provided by BS EN 12811 and JGJ 128.

SCEA recommendation (Japanese Guideline) suggests shape compensation factor
and position compensation factor for mean wind force coefficient for clad scaffolding.
Without regard to the position compensation factor, mean panel force coefficient for the
scaffolding models in this study are calculated by using the method from SCEA
recommendation, which are around 1.26 and 1.3 for scaffolding model L and
scaffolding model S, respectively. The position compensation factor is a kind of
consideration of scaffolding geometry. SCEA recommendations provide the position
compensation factor for positive and negative mean wind force coefficient separately.
The position compensation factors for the positive wind force coefficients are larger
than 1 and can be up to 1.31, so that the mean panel force coefficient suggested by
SCEA recommendation for the scaffolding models in this study can be up to 1.7 for
some area on scaffolding. However, the position compensation factors for the negative
mean wind force coefficients are not larger than 1. Therefore, the negative mean panel

force coefficient for the scaffolding models in this study are mostly smaller than 1.3,
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also smaller than the results from wind tunnel experiment.

The aerodynamic force coefficient for scaffolding suggested by those design
recommendations seems inadequate and rational increment will be needed for
calculating design wind loads. Clad scaffolding is widely used in engineering
constructions, a proper recommendation of aerodynamic force coefficient is needed
and more safety consideration should be taken into account. Based on the data of all
experimental cases, the largest positive and negative mean panel force coefficient are
better to be larger than 1.6 and -1.7.

SCEA recommends area-averaged force coefficients for different scaffolding
zones. Comparisons between the recommended values and experimental data were also
made. Based on the experimental data, the largest positive area-averaged wind force
coefficient for the top zone is 1.6 larger than the value 1.3 recommended by SCEA
recommendations. The largest negative area-averaged wind force coefficients for the
top zone, side zone and middle zone are -1.4, -1.9 and -1.7 larger than the values -1.3,
-1.3 and -0.8 recommended by SCEA recommendations, respectively. Comparison of
largest area-averaged force coefficient between experimental data and SCEA

recommendations is shown in Table 7.2

Table 7.2 Comparison of largest area-averaged force coefficient between experimental data and

SCEA recommendations
Zone of Experimental SCEA
scaffolding data recommendations

Largest positive Top 1.6 1.3
area-averaged force Middle 1.6 1.7
coefficient Side 1.5 1.7

Largest negative Top -1.4 -1.3
area-averaged force Middle -1.7 -0.8
coefficient Side -1.9 -1.3
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7.2 Gust loading factor
Peak tensile forces in tie members were estimated in this study. The gust loading

factors were determined by using the following equation:

A

F

=— - 7.2
qy xAxC (7.2)

where 12” is the largest peak tensile force among all tie members, which estimated by
pressure integration method in Chapter Five. The reference areas are 2 scaffold units, 4
scaffold units and 6 scaffold units and the design wind speed at the reference height
(building top) is 21m/s. The aerodynamic force coefficient for entire scaffolding is 1.7

which is the largest value from the experimental data.
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Fig. 7.1 Largest gust loading factor for different scaffolding geometries and reference areas.

For each scaffolding geometry, the largest gust loading factor is picked out among
all wind directions and all building opening ratios as shown in Fig. 7.1. The largest gust
loading factors for 2 scaffold units are always larger than for 4 and 6 scaffold units. The

largest gust loading factor tends to be smaller when the reference area increases.
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Fig. 7.2 Largest gust loading factor for different scaffolding geometries.

Fig. 7.2 shows the largest gust loading factor among all wind directions, all
building opening ratios and all reference areas for different scaffolding geometry. As
discussed in Fig. 7.1, the largest gust loading factors are always found for the reference
area of 2 scaffold units. The largest value of all is 4.1 which is found for geometry IIS.
The values for geometries UL, CS, OL and OS are quite small compare to other
geometries, which are around 2.5~2.7. Geometries UL, CS, OL and OS have the same
feature that both two side edges of the measured scaffolding are covered by the

scaffolding placed at the adjacent building sides.

7.3 Interference factor

Interference effects of neighboring building on peak tensile forces in ties were
studied, interference factors were determined (Chapter Six). For wind-resistant design
consideration, the peak tensile forces in tie members should including interference
effects by multiplying the interference factor (/F).The distributions of interference
factors are shown in Fig 7.3, 7.4 and 7.5. The numbers nearby the dots are the values of
IF.

Detailed interference effects were discussed in Chapter Four and Chapter Six.
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CHAPTER VIII : CONCLUSIONS

A detailed and comprehensive study of aerodynamic characteristics of scaffolding with
nonporous cladding has been carried out. The main objective of this dissertation was to
wind loads acting on clad scaffolding and the interference effects of neighboring
building on scaffolding. Extensive wind tunnel experiments have been conducted to
measure wind pressures acting on scaffolding. Effects of building opening, scaffolding
geometry, wind direction and turbulence intensity were investigated. Neighboring
building induced interference effects on scaffolding were studied which never been
discussed before. Base on experimental data and analytical results, comparisons with
related design recommendations were made and wind-resistant design considerations
were proposed.

(1)Building openings have almost no effect on pressures on the outer surfaces of
scaffolding. However, wind pressures on the inner surfaces of scaffolding play an
important role in wind loads on clad scaffolding. For most scaffolding geometries, the
largest positive local peak net pressures tend to become smaller and the largest
negative local peak net pressures tend to become larger when building building
opening ratio increases. When scaffolding is placed on one or two sides of the
building, local peak net pressures on the scaffolding are more sensitive to change of
building openings.

(2)For each scaffolding geometry, the largest local peak net pressure coefficient

127



TOKYO POLYTECHNIC UNIVERSITY, 2013

usually occurs in the upper region or side edge of scaffolding. The magnitude of both
positive and negative peak pressures tend to be smaller when scaffolding is placed on
more building sides, because they may interfere with each other. When scaffolding
completely encloses the building, the negative mean and area-averaged wind force
coefficients are quite small.

(3)The neighboring building has significant effects on wind loads acting on
scaffolding. The negative force coefficients are larger when the neighboring building is
located in front of scaffolding, and the shielding effects on positive force coefficients
are significantly. When the neighboring building is located at left or right side of
scaffolding, the positive force coefficients are greater than the isolated cases. When the
neighboring building is adjoining with the principal building, both the positive and
negative force coefficients are not larger than the isolated cases. The increment of the
height ratio of neighboring building can intensifies the interference effects that
continuous increasing or decreasing wind loads on scaffolding.

(4)The peak tensile forces acting on scaffolding were calculated in this study.
Compare to building openings, scaffolding geometry has more remarkable effects on
the peak tensile forces. IF both two sides of scaffolding are free (not connecting to other
scaffolding which is placing at adjacent building sides), peak tensile force is the largest
when the free zone of tie is quite small. When only one side of scaffolding is free, peak
tensile force for a larger area is the greatest. When both two sides of scaffolding
connecting to the scaffolding which located at adjacent building sides, peak tensile
forces in ties are smaller than for other scaffolding geometries. For most scaffolding
geometries, the largest peak tensile force presents the increasing trend when building
opening ratio of principal building increases. High turbulence intensity results in larger
peak tensile forces. For all scaffolding geometries, vertical tying pattern diminish the

largest peak tensile force comparing to horizontal tying pattern. For different
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scaffolding geometries, the largest interference factors are found when the neighboring
building is located in front of scaffolding. Neighboring building has almost no effect on
the wind direction which caused the largest peak tensile force. The height ratio of
neighboring building affects the interference factor slightly. The largest peak tensile
force among all tie members is usually occurs at the side edge of scaffolding.

(5) Based on the data of all experimental cases, the largest mean panel force
coefficient is 1.7 which is larger than 1.3 recommended by BS EN 12811 and JGJ 128.
In this study, the largest positive area-averaged wind force coefficient for the top zone
is 1.6 larger than the value 1.3 recommended by SCEA recommendations. The largest
negative area-averaged wind force coefficients for the top zone, side zone and middle
zone are -1.4, -1.9 and -1.7 larger than the values -1.3, -1.3 and -0.8 recommended by
SCEA recommendations, respectively.

(6) Wind-resistant design considerations are discussed in chapter seven,
equivalent static wind load acting on scaffolding is proposed. Aerodynamic force
coefficient, gust loading factor and interference factor are investigated. If the
scaffolding is covered with nonporous cladding or high solidity ratio cladding, the tying
pattern is better to be continuous vertical tying pattern rather than continuous horizontal

tying pattern.
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