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Radiant heat exchange plays a critical role in occupant thermal comfort, and can be leveraged to increase
building energy efficiency through radiant heating and/or cooling systems and personal comfort systems, for
example. However, the view factors and projected area factors f;, of seated occupants, necessary for the adequate
design of these systems, remain underexplored and often rely on outdated assumptions. This study investigates
the impact of two long-standing simplifications—anterior-posterior (A/P) symmetry and the neglect of seat
shading—on radiation data for both adult and child occupants in the seated posture. Using numerical manikins in
various seated configurations (floating, on a stool, and on a chair), f;, values are calculated and tabulated, and
their influence on view factors and mean radiant temperature is assessed. Results indicate that the A/P symmetry
assumption holds only where no seat is present (as if the occupant were floating), and seat shading significantly
reduces radiant exposure—up to 86 % for an adult in an office chair. Comparisons between adult and child
manikins reveal minimal differences (<12 %) in the seated posture, suggesting that age-specific radiation data
may be less critical for seated children than previously found for standing postures. Two test cases demonstrate
that using standard view factors relying on these assumptions overestimates ¢, by up to 2 °C, which could
compromise occupant thermal comfort. These findings call for updated design and evaluation practices to ac-
count for seat shading effects in indoor spaces where occupants remain in the seated posture for prolonged

periods.

1. Introduction

The determination of view factors F and projected area factors f; is an
important endeavour in thermal comfort literature due to the significant
role of radiation in occupant comfort in both indoor and outdoor envi-
ronments [1,2]. Outdoors, research shows that radiation from the
ground can increase the risk of heat stress [3-5]. In the indoor envi-
ronment, radiant heated floors and chilled ceilings have gained traction
due to their superior performance in both delivering thermal comfort
with reduced energy consumption [6,7], increasing their deployment in
office and institutional buildings [8-10]. Yet, the effect of radiation on
occupant comfort is still evaluated from data determined in long-dating
experiments which few have been able to replicate, and relied on as-
sumptions which have never been verified.

Humans spend 90 % of their time indoors [11] and 40-55 % of that
time sitting down [12]. Though research on occupant radiation in the
standing posture has expanded from the early methods and populations
studied [13-15], very little literature can be found on the seated posture.

This paper seeks to address these lacunas by determining the radiation
data of an adult and child numerical manikin in the seated posture under
various scenarios, addressing several of the calculation assumptions
held in the literature.

2. Literature review

When an occupant is in a moderate indoor environment, ASHRAE-55
recommends the calculation of the Mean Radiant Temperature ¢ using
Eq. (1). In those circumstances, the dominant form of radiation present
is the long wave emissions of the surrounding surfaces, which are
assumed to be grey, diffuse, isothermal, and at a low temperature so
view factors are used. ¢ is defined as the uniform temperature of a hy-
pothetical black-body enclosure that would produce the same net radi-
ative heat exchange with the subject as the actual, more complex
radiative environment, t; is the temperature of each surrounding surface,
and F,_; is the view factor between the occupant and that surface [16].
On the other hand, direct solar-beam radiation can be characterized by a
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small area, high temperature, and high directional radiant emission at a
large distance, so the projected area factor f}, is used for the calculation
of solar radiation effects on occupants. Therefore, knowledge of f, and ¢
enables us to derive an expression of the total net thermal radiation
leaving the body R, as shown in Eq. (2), expressed as the difference
between the long-wave emission of the body Ry, and absorbed
short-wave radiation from the sun Ry, . ¢ is the Stefan-Boltzmann con-
stant, ¢ is the emissivity of the human body, a; is the absorptivity of the
skin/clothing for the short-wave band considered (in this case the sun),
A, is the effective radiation area of the human body in m?, and g;- is the
intensity of radiation emitted by the sun in watts.

(€Y
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The view factor F is a mathematical geometrical property that de-
pends on the location of the occupant (i.e. their distance and orientation
from surrounding surfaces), the size of the considered surface (variables
a, b, and c in Fig. 1), as well as the occupant’s posture, meaning view
factors are different for seated and standing persons. The projected area
factor f; is dependent on the orientation of the radiating surface with
respect to the person, as expressed through the azimuth and altitude of
the surface with respect to the occupant (variables o and f in Fig. 1), as
well as the occupant’s posture. Despite the presence of other measure-
ment tools for the assessment of the mean radiant temperature, calcu-
lation through view factors remains the most reliable method [17,18].

Fanger [19] provides diagrams illustrating view factors for a nominal
occupant in either the standing or seated posture with various rectan-
gular surfaces in its surrounding for the purpose of direct mean radiant
temperature calculations. Computer codes have recently been developed
[16,20,21] that instead determine F for a specific surface using Fanger’s
f, arrays in Eq. (3). Therefore, f; is the single parameter needed to
determine the total radiant exchange of the occupant with his envi-
ronment, taking into account both the long-wave Ry, and short-wave
Rsw component of that exchange.
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The values of F and f;, provided by standards [16,22,23] and used by
professionals [21] are those extracted from the Fanger study [19] where
adult participants were photographed in the standing and seated posture
using an orthographic projection camera rotated front to back (0° < o <
180° on Fig. 1) and front to top (0° < B < 90°) in fifteen-degree
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Fig. 1. Diagram of the basis for the evaluation of the view factor between a
person (P) and a rectangular surface, reproduced from [19].
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increments. Only one fourth of the sphere was considered, as left-right
L/R and anterior-posterior A/P symmetry was assumed. As shown in
Fig. 2a, L/R refers to vertical axis symmetry of the left and right side of
the human body, so a person’s f;, at the same angle p from their left side
and right side (meaning at (a,p) and (-a, §)) are presumed equal. Liter-
ature has demonstrated this to be a reasonable assumption in healthy
non-disabled adults and children [24] provided pose is also symmetrical
across the vertical axis. A/P symmetry refers to the point symmetry of
the front and back side of the human body with respect to the centre of
volume, where a surface that is in front of and above the occupant’s
centre of volume is assumed to have the same f}, as that of a surface
behind and below, as shown in Fig. 2b This assumption is illustrated in
Fanger’s cases one to six [19]. Following this assumption, the f;, values
for surfaces that are below the occupant’s center of volume were never
measured in Fanger’s experiments, but were instead determined
through Eq. (4) [21].

ifﬂ<0:-ﬁ’(avﬁ) :fp(ISO—a, _ﬁ) (4)

Using such f;, for the calculation of F between the occupant and the
floor is only applicable if no objects intercept the line of sight between
the two. For the seated posture, the object upon which the occupant sits
would effectively shade parts of the occupant’s body from certain sec-
tions of the floor. Knowing Fanger’s participants were most likely seated
on a stool during his experiments; this would have affected the projected
areas photographed for values of o > 90° (i.e. shading the back of the
occupant’s legs). The most significant shading effect of the seat would
only be appreciated for negative values of §, which were not considered
in the Fanger experiment. Other studies that used Fanger’s data
(whether his f; arrays or his F diagrams), either to reproduce them using
a numerical algorithm [25,26] or to expand their applicability to com-
plex room shapes [27], inherently make those same assumptions.

Horikoshi et al. [14] conducted a study using the photographic
method with four adult male subjects. They set themselves apart from
the Fanger study by taking photographs at close distances from the
subjects: 1 and 2 m They hypothesized the large distance between
subject and camera in Fanger’s work (7 m) made their data inapplicable
to calculations where surfaces are at a close distance from occupants,
such as floors. In addition, they did not assume A/P symmetry and
determined F (but not fp) for floor surfaces. In the seated posture, their
findings were largely different from Fanger’s, reaching a 40 % difference
in F for the floor. The study did not describe nor address the presence of
any seat in the experiment, nor the shading ensued. Instead, they
concluded differing results were born out of the distinct photographic
methods used, which would be exacerbated at short distances. A recent
numerical investigation that replicated Horikoshi’s experiment at close
distances found differing results and posited that this discrepancy was
born out of methodological issues in Horikoshi’s work [28].

La Gennusa et al. [29,30] and Calvino et al. [31] conducted experi-
mental studies on subjects representative of the southern Italian popu-
lation, based on the method proposed by Calvino et al. [32]. In the
original photographic experiment of [32], occupants were seated on a
backless chair (i.e. a stool) which researchers stated strongly interfered
with the visibility of the subjects’ legs. They considered this interference
to be unwanted, and so the images were “treated” to eliminate the stool
from the photographs. None of these studies discussed the shading effect
of the chair in possibly reducing the real radiant exchange of the body
with the floor. All three studies determined f, from the same altitude
angles used by Fanger, effectively assuming A/P symmetry.

Lo Cursio [33], as reported by Nucara et al. [34], determined f,
numerically using adult numerical manikins of men and women both in
the standing and seated postures. In the seated posture, the study claims
a “significant agreement” with Fanger’s data, except at § = 30° where
the difference reached 0.08 (45 %). The study also assumed A/P sym-
metry, opting to only determine f;, for positive values of f. They did not
model a seat, and the effect of seat shading was not discussed.

Tanabe et al. [35] and Kubaha et al. [36] used floating seated
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Fig. 2. Illustrations of the (a) Left/Right (L/R) symmetry as seen from a = 0°, and (b) Anterior/Posterior (A/P) symmetry as seen from a = 90°.

numerical manikins and compared their f;, results to Fanger’s. Despite
both having found a good match when comparing their results in the
standing posture, Tanabe found some discrepancy for the seated posture.
Vorre et al. [37] determined the F of a floating manikin, using a ray
tracing method in ANSYS CFD, and found a good match with those
determined using Fanger’s F diagrams. The absence of a chair was noted
as a limitation by the authors.

Overall, A/P symmetry is a widely used assumption in view factor
literature, and consequently most studies opt to only determined f;, for
positive values of p. Despite several researchers noting the large effect
seat shading should have on this data, seats are rarely modelled in nu-
merical studies, and the effect of seat shading on the photographs taken
is rarely addressed in experimental studies.

Some studies have focussed on the shading caused by furniture and/
or other occupants. Manabe et al. [38] studied the effect of room oc-
cupancy density on F of seated manikins due to shading by other oc-
cupants. They did not discuss the effect of seat shading and modelled
their manikins “floating” in the air with no seats beneath them. The
study notes F found between the seated occupant and the floor surpassed
that of the standing occupant, without making note of the unrealistic
floating configuration. In all the cases considered, the view factor be-
tween the studied occupant and other occupants increases as occupant
intensity increases, reaching a maximum of 0.27 in the seated posture
when surrounded by 49 occupants. In all cases, the reported full body
view factor with the floor is the highest due to the unrealistic “floating”
configuration. Other studies acknowledged the effect of seat shading
without treating the data accordingly [39,40]. Only Francisco et al. [41]
determined the view factors between a simplified human manikin and
surrounding surfaces that included a small seat, table, drawer unit,
computer and screen. They found F between occupant and chair to be
the highest (Fchair = 0.08) out of all the surrounding furniture, indicating
the importance of shading by this specific piece of furniture. As a result,
F found between the occupant and floor was much smaller (AF = 0.111)
than in Vorre’s study which considered occupants to be floating [37].
These findings indicate the magnitude of the effect of shading from
surrounding objects (seats, desks, tables, other occupants, etc.) is highly
contextual. For the seated posture however, a seat of some form will
indubitably be present, raising the question as to whether it may be
wiser to systematically include minimal shading from a stool, than to
generalize the use of view factors which neglect it altogether.

Fanger’s data (both f, and F) are used by standards such as ASHRAE-
55 [16], ISO 7730 [23], and ISO 7726 [42] for the calculation of &, for
any occupants regardless of their anthropomorphic characteristics.
Several researchers have sought to confirm whether the radiation data
obtained by Fanger for young Scandinavian adult males, applies to other
populations. Nucara et al. [34] reports that Lo Cursio [33] studied adult
models of men and women with anthropometric data characteristic of
different nationalities (Italian, Australian and British, Chinese, Japa-
nese, German, and American) and found absolute differences in f;, (Af}, <

+ 0.017 for standing and Af, < + 0.018 for seated) between the

populations considered in both the standing and seated cases. Similarly,
Calvino et al. [31] considered the southern Italian population and found
differences in f;, of up to £0.018 (8 %) in the standing posture, and up to
0.081 (52 %) in the seated posture when comparing to Fanger’s Scan-
dinavian subjects. Rykaczewski et al. [13] investigated the impact of
BMI and height variations among the American adult population on
their f, and fefr in the standing posture and found that differences <10 %,
apart from extreme cases (BMI > 80th percentile) where Af;, reached
42 %. Similarly, Tanabe et al. [35] found differences of 7 % in f, when
comparing a “standard” to a “10 % wider” adult male manikin. Park &
Tuller [43] compared a normal- and over-weight Canadian adult men
and women in the standing and walking postures and found absolute
differences in f, < 0.017. Children on the other hand, constitute a larger
proportion of every population [44] and have larger anthropometric and
body surface area differences from adults than differences found
amongst adults [45], and recent investigations indicate adult radiation
data does not always apply to them [12,28]. Youssef & D’Avignon [12]
found a difference in f;, reaching 23 % and 0.036 when comparing a 5-y.
o. child manikin in the standing posture to an adult. As the standing
child’s F with the floor was found to bear the greatest difference to the
adult’s F (up to 23 %), an investigation into the underestimation of floor
F for children in the seated posture appears warranted.

Across human view factor literature, the general method used to
quantify differences in radiation data stemming from one’s methodo-
logical approach relies on comparing results to established literature,
mainly the experimental results of Fanger. Thus, a manikin or sample of
participants resembling the average anthropometric characteristics of
participants in the Fanger study are used, their f; or F are determined
and compared to Fanger’s resulting f, or F values. Comparison of f;
curve shapes [13,31,35,36], relative and absolute differences [13,36,43,
46], as well as regression models [35] are the most common methods
used. The significance of differences found across different populations
can then be judge relative to differences due to the methodological
approach employed [43].

This paper aims to make a thorough investigation of radiation data
for seated occupants. First, the effect of long-held assumptions for this
posture, particularly anterior-posterior symmetry and the disregard for
the effect of seat shading, on F and f;, are investigated. Then, the par-
ticularity of child occupants is examined for the seated posture. Finally,
a test case is used to evaluate the influence of these assumptions on view
factors in a sample room under two scenarios, one employing radiant
floor heating and one employing a chilled ceiling.

3. Methodology

The approach used in this study is inspired by the method outlined in
[12], which was used to determine radiation data for occupants in the
standing posture. Numerical models for two seated adults and one
seated child were created using the UMTRI human body shape generator
[47] and parameters listed in Table 1. Anthropometric characteristics of
the male manikin, “Youssef”, represent the average of the 10 men in
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Table 1
Anthropometric data of numerical manikins.
Manikin Age [years] Gender Height [m] BMI SHS
Youssef 22 Male 1.78 22 0.51
Nour 22 Female 1.66 22 0.53
Adam 5 Male 1.125 16 0.53

Fanger’s 1970 study [19], while the female manikin, “Nour”, is based on
the mean of the 10 women in said study. As the sitting-height-to-stature
(SHS) ratio of the subjects was not specified in the original work,
average SHS data for northern European young adult men and women
[48] were used, as shown in Table 1. The child manikin, “Adam”, was
created based on the anthropometric characteristics of the 50th
percentile 5 y.o. American boy from the CDC [45].

The manikin postures produced by the UMTRI generator are typical
of car seat occupants (i.e., inclined seatback, inclined seat cushion,
raised arms, etc.) and were adjusted in Blender [49] towards more
typical postures associated with indoor seating: manikins were adjusted
so that their knee angle was at 90 degrees from the thighs, their torso
recline and neck angles were at zero degrees from the vertical axis, their
arms as vertical as the manikin adjustment allowed, and their elbows
close to a 90 degree angle from the arm. Although the exact posture of
seated subjects was not detailed in Fanger’s book [19], Figures 42 to 47
suggest occupants rested their arms on their thighs, which was also the
pose adopted by Tanabe et al. [35]. Additional adjustments were made
to position the chest slightly forward and the neck slightly back to
achieve the desired torso flex angle. Manikin poses used are shown in
Figs. 3, 4, and 5.

The manikins were imported into ANSYS Spaceclaim [50] and
positioned at the center of a 7-meter radius sphere to remove any impact
from the parallel ray assumption used in the ray-tracing method [12,14],
whose surface was divided into segments of 15-degree increments. Each
manikin was aligned such that its center of mass coincided with the
sphere’s center, facing o and § of zero. Each section was identified by the
spherical angle of its center with respect to the sphere center, with «
representing the azimuth and p the altitude.

Manikins Youssef and Adam were modeled in three configurations:
float, stool, and chair, as shown in Figs. 3 and 5, while the Nour manikin
was only modeled in the float configuration, shown in Fig. 4. The float
configuration had all three manikins “floating in the air”, meaning no
chair or supporting object was simulated beneath their thighs.

Seat selection was made to present the breadth of possible shading,
from the most minimal amount represented by the stool, to the large and
highly shading office chair. The stool (stool configuration) had a height
of 0.3817 m for the Youssef manikin and 0.246 m for the Adam manikin.
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Fig. 4. Nour in the float configuration.

It was retrieved from a free 3D model website [51], adjusted to remove
structural parts that did not pertain to the radiation calculations (truss,
screws), sized and positioned so the bottom of the manikin’s feet was
level with the base of the stool legs, and the contact area between the
manikin and stool seat was proportionally equal between the two
manikins.

The Youssef manikin was analyzed seated on an office chair equip-
ped with back and neck support (chair configuration), measuring 1.3 m
from top to bottom [52]. The backrest, headrest, and seat dimensions
were 2650 cm?, 694 cm? and 2135 cm?, respectively. The Adam
manikin was evaluated seated on a school chair (chair configuration)
from [53], measuring 0.58 m from top to bottom, with backrest and seat
dimensions of 401 cm? and 751 cm? respectively. For all cases, only
one-half of the sphere was considered (0 <a<180° and -
90 < < 90°), assuming L/R symmetry but not A/P symmetry. All

Fig. 3. Youssef in the three seated configurations considered: (a) float (b) stool (c) chair.
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Fig. 5. Adam in the three seated configurations considered: (a) float (b) stool (c) chair.

manikins had their feet areas deselected from radiation calculations as
they are assumed to be in contact with the floor.

The manikins were meshed in ANSYS using the patch-independent
tetrahedron method, resulting in a total element count ranging from
1.3 to 6.4 million, depending on the configuration. The meshed model
was then imported into ANSYS Fluent, where the surface-to-surface ra-
diation model was applied. View factors F,,_s; between the manikin m
and each selected surface ss were computed using the ray-tracing
method, employing a resolution of 100 to minimize aliasing effects.
The determined view factors were post processed to minimize the row
sum error of the view factor matrix using the least square method [54].

The computed view factor values F,,_s were used to determine f;, for
manikin m with respect to each considered sphere surface section ss at an
angle (a, ) relative to the manikin’s center of volume, following Egs. (5)
and 6. A correction factor f, was applied to account for the self-radiation
effect of the human body, shown in Eq. (4). rg refers to the sphere radius
(7 m), and A, refers to the sphere section surface area in m>.

Fm—xx :fc'Fm—ss (5)
rZxF m—ss
=t oms ®)

A custom code was employed to calculate the view factor F between
the occupant and any rectangular surface from the arrays of f, deter-
mined, using Eq. (3) and the summation law.

A theoretical test case from literature was considered to quantify the
impact of f;, differences on t,. The view factors between an occupant and
each surrounding surface was calculated and compared using the f, data
derived from the configurations described above: Youssef and Adam in
the three configurations (float, stool, and chair), as well as the view
factors derived from Fanger’s data.

4. Results and discussions
4.1. Verification of adult manikin results against literature

The f, data of the adult manikins Youssef and Nour, in the float
configuration, are compared to those of Fanger’s nude male and female
subjects in Figs. 6 and 7, respectively. The f, values can be found in
Tables 1 and 2 in the Appendix. The f, curves display the same behavior
as those found in the Fanger study (Figs. 6 and 7, (a), (b) and (c)).

For the Youssef manikin, the maximum difference found was
—27.50 % (Af,=—0.0486), with a mean of —5.11 % (Af,= —0.0088). For

the Nour manikin, the maximum difference found was —26.80 % (Af,=
—0.0476), with the mean being —6.35 % (Af,= —0.0121). The differ-
ence is least prominent (<16 % and Afy,< —0.031) in the higher altitude
angles (f = 60°, 75°, and 90°) where the curves display similar patterns.
For shallow altitude angles (B = 0° and 15°), the relative difference is
lower than 15 % except for the Nour manikin at the middle azimuth
angles (60° < a < 90°) where it is higher than 16 %. The highest dif-
ferences (>16 %) were found for § = 30° and 45° and o > 135°, where
the manikins overestimate the values of f, provided by Fanger. The
reduction of the error at higher altitude angles can be attributed to the
uniformity of the shape of the manikins and subjects at these angles,
where individual differences in body shape and pose are less influential.
The magnitude of both absolute and relative differences found is on par
with that found in the literature which, as shown in Table 2, are as high
as +52 % (Af,=0.081).

A regression analysis of the significance of the difference with
Fanger’s data is conducted and presented in Figs. 6d and 7d, as well as
Table 3, where it is compared to the regression performed by Tanabe
[35] for each B curve. Overall, the present data slightly overestimates
Fanger’s results, except at p=15° where Youssef-float and Nour-float
slightly underestimates Fanger’s. The Youssef manikin shows a better
match with Fanger’s men than the Nour manikin with Fanger’s women,
but the differences found are consistent with those found by Tanabe.
Comparing our regression analysis to that of Tanabe, we find that our
overall and individual regression coefficients are lower than Tanabe’s
(overall 1.002), but our coefficients of determination are consistently
higher (Tanabe’s 0.397 to 0.93, versus our 0.99), indicating our differ-
ences from Fanger have smaller variations than the differences between
Tanabe and Fanger.

Fig. 8 presents f}, of the Youssef-float manikin compared to the nu-
merical results of Tanabe [35]. For all p curves, there is a good match
between our results and those of Tanabe, and the regression coefficient
found is better than that found with the Fanger data (0.973). Based on
this comparison with literature, the proposed method is deemed valid to
determine the radiation data of the various numerical manikins and
configurations studied.

4.2. Anterior-posterior symmetry in the seated posture and effect of
seating

Fig. 9 shows the f, curves for the Youssef manikin in the three
considered configurations: float, stool, and chair. The tabulated data can
be found in Tables 1, 4, and 6 of the Appendix. To analyze the anterior-
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Fig. 6. Comparison of f, between Youssef-float and Fanger’s nude male subjects:

fp between Youssef-float and Fanger’s men.

posterior symmetry assumption, each subfigure shows the curve for both
the positive and negative altitude as well as the vertical line of symmetry
that applies under the A/P symmetry assumption. This assumption im-
plies, for example in Fig. 9a, that the § = —15° curve would be sym-
metrical with the p=15° curve with respect to the vertical symmetry line
(highlighted), as deduced from Eq. (4) and Fig. 2b [21].

Looking at the curves of the float configuration (dash line for positive
B, solid line for the corresponding negative p), the symmetry is present
though not perfect. In addition, as Fig. 9f shows, the top-down ( = 90°)
and down-top (f = —90°) f;, values are comparable when the manikin is
floating. This mirrors the findings of past studies [35-38] which simu-
lated manikins in the floating configuration, did not consider negative
and assumed A/P symmetry, which found similar results to those of
Fanger. This can lead us to conclude that if the manikin is floating, the
A/P symmetry assumption is acceptable.

Analysing Fig. 9 for the stool configuration, we find that the sym-
metry is no longer in place. Comparing the positive p curves of the stool
configuration (short-dash line) with those of the float configuration

Building and Environment 287 (2026) 113866

0.40 §

0.35 4

0.25 4

+20.20 4

0.15 4

0.10 4

0.05 - e B=30° * B=45°

— Youssef-float----- Fanger men

0.00

T T T T T T T T T T T 1
0 15 30 45 60 75 90 105 120 135 150 165 180
a ()

0.35

m  Data ’
v=09eg7oxx|  (d) - d
R?=0.99 " d

- - Y=X - L] ’

0.30

Fanger men
o
N
(6]
1

0.20

0.15 T

T
0.15 0.25

Youssef-float

0.30

(a) altitude 0°, 15°; (b) altitude 30°, 45°; (c) altitude 60°, 75°, 90°; (d) correlation of

(dash line), we can see that these configurations are almost identical for
positive values of p (difference less than 4 % and 0.006). On the other
hand, comparing the negative § curves of the stool configuration (dash-
dot-dot line) with those of the float configuration (solid line), we can see
evident difference, where the stool configuration has visibly lower
values of f,, due to the blocking effect of the stool. The gap between the
two lines is small for the lower values of § = —15° and —30° (1 %—12 %,
0.0024-0.0348) and becomes clearly larger as the altitude increases,
reaching 28 % and 0.0575 for f = —75°, and 26 % and 0.0488 for f =
—90° As a result, the positive (short-dash line) and negative (dash-dot-
dot line) B curves for the stool configuration do not display symmetry
with respect to the vertical symmetry line, and the A/P assumption is not
valid.

The chair configuration displays even larger differences from both
the float and stool configurations. Comparing the negative § curves of the
chair configuration (dot line) with those of the float configuration (solid
line), we can see a very large difference, where the chair configuration
has visibly lower values of f,, due to the blocking effect of the chair. The
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Fig. 7. Comparison of f, between Nour-float and Fanger’s nude female subjects: (a) altitude 0°, 15°; (b) altitude 30°, 45°; (c) altitude 60°, 75°, 90°; (d) correlation of

fp between Nour-float and Fanger’s women.

Table 2
Absolute and relative error between literature and Fanger’s experimental results
for f,.

P

Error Minimum Maximum Mean

Study Abs. Rel. Abs. Rel. Abs. Rel.

Tanabe - —21% - +20 % - 0%
et al.

La Gennusa —0.0401 —23% 0.081 +52% —0.001 0%
et al.

Lo Curcio - N/S 0.08 45 % - N/S

Present: —0.0486 —27.5% 0.0434 +13.9% —-0.0088 —-5.1%
Youssef-
float

Present: —0.0476 —26.8%  0.0248 +8.2% —0.0121 —6.3%
Nour-
float

gap between the two lines is remarkable for both low and high values of
B, reaching a maximum of 86 % and 0.235. The largest difference is
observed for azimuth angles « >90°, where the blocking effect of the
chair back is most influential. Comparing the positive p curves of the
chair configuration (dash-dot line) with those of the float configuration
(dash line), it can be observed that for high azimuth (a« > 45°) and low
altitude (p < 60°), the chair configuration has a lower f}, value than that
of the float configuration due to the shading effect of the chair back and
seat. For low azimuth (a < 30°), the difference is marginal (<5 %),
except for § = +75° where the chair configuration has a higher value
than that of the float configuration (average of 10 %). This difference
can be explained by A, being equal between the two configurations for
that angle, and A being much smaller for the chair configuration,
making the f;, value of the chair configuration larger. Similarly, the A/P
symmetry for the chair configuration is not valid, as shown in the blue
highlight in Fig. 9b

Comparing the chair and stool configurations, the same observations



N. Youssef and K. D’Avignon

Building and Environment 287 (2026) 113866

Table 3
Correlation of f, with Fanger’s results.
Study p 0° 15° 30° 45° 60° 75° total
Metric
Youssef-float Regression coefficient 1.000 1.049 0.911 0.956 0.940 0.922 0.969
Coefficient of determination 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Nour-float Regression coefficient 0.957 1.029 0.91 0.96 0.937 0.910 0.955
Coefficient of determination 0.99 0.99 0.99 0.99 0.99 0.99 0.99
Tanabe (2000) Regression coefficient 0.99 1.04 0.944 0.979 1.016 1.042 1.002
Coefficient of determination 0.397 0.739 0.846 0.93 0.964 0.796 0.891
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Fig. 8. Comparison of f, between Youssef-float and Tanabe [35]: (a) altitude 0°, 15°; (b) altitude 30°, 45°; (c) altitude 60°, 75°, 90°; (d) correlation of f, between

Youssef-float and Tanabe.

can be made, alas to a smaller degree for higher negative altitudes (p <
—60°) but comparably for high azimuth angles (x > 90°) where the
shading effect of chair back is noticeable, reaching a difference of 85 %
and 0.092 for a = 180° These relative and absolute differences between
seat configurations are much larger than the methodological differences
with the literature (27 % and 0.048) and can thus be deemed significant.

4.3. Children manikin in different configurations, comparison with adult

The f;, curves of the Adam-float manikin are compared to those of the
adult Youssef-float manikin in Fig. 10. The tabulated data for the Adam
manikin in the different configurations are presented in Tables 3, 5, and
7 of the Appendix. As can be seen in Figs. 10a, 10b, and 10c, the curves
display a similar shape and there are no distinct patterns like those
observed between the adult and child manikins in the standing posture
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[12]. In addition, the regression analysis shown in Fig. 10d shows that
the difference between the two sets of data is insignificant. The largest
difference observed is 12.63 % and 0.022 for p = —90°, whereas for the
positive values of B, the difference is lower than 8 % and 0.018, much
smaller than the methodological differences found with the literature
(27 % and 0.048). A comparison between the same adult and child
manikins in the standing posture resulted in different curve shapes and a
consistent difference that reached 22 % and 0.036 [12]. It is likely that
the shape and size of the occupant in the seated posture has a smaller
effect on their f;, than that observed in the standing posture due to the
compact shape of the body in that posture. Though investigations into
the seated posture in the literature are scant, comparing the observed
population differences in that literature (Afy~0.017 [43]), we can
conclude differences between children and adults are insignificant in
this posture.

Fig. 11 shows the f;, curves of the Adam manikin in the three con-
figurations: float, stool, and chair. Similar observations to those made for
the Youssef manikin can be made here. The blocking effect of the chair

10

for Adam-chair configuration is remarkable (up to 76 % and 0.143) but
less than that observed for the Youssef-chair configuration (86 % and
0.235). This is because the school chair (shown in Fig. 5¢) is significantly
smaller compared to the size of the child than the office chair (shown in
Fig. 4c) compared to the size of the adult. This results in the school chair
having a smaller shading effect, particularly with respect to the back
where the Youssef-chair manikin has the entire back and head shaded by
the chair, whereas the Adam-chair manikin’s back is only partially
shaded.

4.4. Test scenarios

Two theoretical test scenarios are presented to analyze the effect of
the differences between adults and children, as well as the effect of seat
configuration on the mean radiant temperature. In both scenarios, a
room of dimensions 8 x 8 x 4 m, with the occupant seated in the middle,
is considered. The adult occupant’s center of mass is assumed to be at an
altitude of 0.6 m from the floor, based on the recommendations made by
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ASHRAE [16] and Fanger [19] for the seated posture. The child’s center
of mass is assumed to be at an altitude of 0.24 m based on the abdomen
altitude of seated standard 5-year-old [55]. In the first scenario, a “hot
floor” with radiant floor heating is used, while in the second, a “cool
ceiling” with a chilled ceiling is implemented. The temperature of each
surface presented in Table 4 was selected based on the classroom design
example from ASHRAE Handbook [22], used by Youssef & D’Avignon
[12].

Fig. 12 shows the view factors of the considered occupant with each
surface. “Fanger diagrams” refers to the values determined using the
view factor diagrams presented by Fanger [19]; “Fanger code” refers to
the values calculated using Fanger’s f;, arrays and the code developed
based on Eq. (3). The values for each manikin configuration were
calculated using their corresponding f, arrays presented previously
(tabulated in the Appendix) and the code.

There is a good match between the “Fanger diagrams” and “Fanger
code” values (within 2 %) and between the Youssef-float and “Fanger
code” (within 3 %). Both Youssef and Adam manikins in the stool
configuration have similar values to those in the float configuration for
the walls and ceiling (within 3 %) but show a difference of 9 % for the
floor. The Adam-chair manikin shows a significantly lower F for the rear
wall (22%) and floor (25%) than the float configuration, while the
Youssef-chair manikin shows an even larger difference for the rear wall
(67 %) and the floor (36 %), due to the larger shading of the office chair.
Comparing the adult and child manikins, the differences in F are present
but less significant than the effect of seating. For the float configuration,
Youssef has a lower F than Adam for the floor (by 10 %), and a higher F
for the ceiling (by 13 %) and rear wall (8 %). This is likely due to the
larger altitude (0.6 m) of Youssef than Adam (0.24 m). For the stool
configuration, the same variations are found (10 % for the floor, 13 % for
the ceiling, and 10 % for the rear wall). For the chair configuration, the
difference between the two manikins is large, due to the larger shading
of the office chair: Youssef’s F with the rear wall is half that of Adam’s,
and his F with the floor is 30 % lower.

Table 5 shows the mean radiant temperature calculated for each
configuration using Eq. (1). For both scenarios, the Fanger diagram and
code produce the same temperature as both the Youssef-float and Adam-
float manikin. This leads us to conclude that whereas differences of up to
1 °C were reported in similar circumstances in the standing posture
between adults and children [12], the differences in the seated posture
are negligible. Remarkable differences are found between seat config-
urations. For Youssef, introducing the stool decreases t, by 0.4 °C in the
hot floor scenario and 0.2 °C in the cold ceiling scenario, while intro-
ducing the chair decreases it by 2.0 °C and 1.3 °C, respectively. This is
due to the chair shading the body from the radiant effect of both the
floor and rear wall. For Adam, introducing the stool decreases t, by 0.3
°C in the hot floor scenario and 0.2 °C in the cold ceiling scenario, while
the chair decreases it by 1.2 °C and 0.8 °C, respectively.

The effect of a 2 °C difference on occupants’ thermal comfort,
expressed through the Predicted Mean Vote (PMV), varies according to
both environmental conditions and individual characteristics. Several
studies have challenged the use of the PMV equation for the prediction
of children’s thermal comfort as the applicability of several of its terms is
limited to adults [55,56]. But the effect of a difference in t. can be
propagated to PMV, based on Fanger’s [19] PMV sensitivity tables; a
0.5-2 °C shift in & corresponds to a PMV change of approximately

Table 4
Temperature of surfaces in Celsius for the test scenarios considered.
Surface Front Rear  Left Right Ceiling Floor = Window
Scenario 1: Hot 19.5 20.5 20.5 20.5 18.5 26 18
Floor
Scenario 2: Cool 24.5 22 23 23 17 21 22
Ceiling

12
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+0.06 to +0.24. Alfano et al. [57], who also analyzed the sensitivity of

the PMV equation to &, found that a variation of +0.2 °C resulted in a
difference of +£0.16 to +0.25 in the PMV. These PMV differences (up to
0.2) can result in uncertainty in attribution to a thermal comfort cate-
gory [23], and can cause failure in predicting real thermal comfort
conditions.

5. Conclusions

The study explored the calculation of f, for an adult and child
manikin in the seated posture. The anterior-posterior symmetry
commonly assumed in seated literature was investigated and found to be
valid only if the occupants are assumed to be floating in the air. The
presence of a seat, even one as nonintrusive as a stool, makes that
assumption invalid, and requires the use of negative f values for all
realistic scenarios in a seated posture. These findings indicate current
view factors F used in the design and evaluation of indoor and outdoor
spaces should be revised for the seated posture and dispense of that
assumption.

We found seat shading had significant effect on f;, regardless of the
seat type considered. The presence of the stool, the most minimalist seat
deemed realistic, was found to decrease f, by up to 28 % (Af,=0.0575)
for the adult manikin and by up to 36 % (Af;=0.055) for the child
manikin. The presence of an office chair decreased f, by up to 86 %
(Af,=0.235) for the adult manikin due to its large obstruction of radi-
ation, while a school chair decreased the child’s f, by up to 76 %
(Af,=0.143). The significant differences between chair configurations
indicate that chair type may have to be considered in the most severe
cases. Generally, it is our recommendation that a minimum chair
blocking effect be systematically considered, through the use of appro-
priate f;, values, when designing radiant systems for spaces where pro-
longed seating occurs, such as offices and schools.

Differences between the adult and child manikins in the seated
posture were found to be minimal (<12% and <0.022), paling in
comparison to differences found between the same standing adult and
child manikins (up to 22 % and 0.036) [12].

Two test scenarios were used to investigate the effect of occupant age
and chair type on mean radiant temperature. It was found that age ef-
fects mean radiant temperature only marginally (less than 0.04 °C),
while the presence of a stool, an example of minimalist seating,
impacted t, by 0.37 °C for the adult and 0.3 °C for the child. A standard
executive office chair resulted in a decrease of 2.0 °C for the adult, while
a school chair decreased . by 1.2 °C for the child. It appears using f;
values in current standards for the calculation of ¢ may result in a gross
overestimation of the effect of radiant surfaces for seated occupants
which could impact their thermal comfort in spaces with large radiant
surfaces.

This paper clearly establishes the significant effect of the assump-
tions studied (ie. no seat shading and A/P symmetry) on radiant heat
transfer between the body and its environment. In both theoretical test
cases considered, correcting these undue assumptions significantly
reduced the mean radiant temperature experienced by the occupant
from surrounding building surfaces. To confirm their net effect on the
occupant’s heat balance and thermal comfort, several other important
aspects should also be considered such as the relative importance of
local discomfort on the back and thighs, clothing insulation increase
brought about by the chair presence and type, as well as potential
reradiation by the chair to the occupant. Further research is needed to
establish the full effect of correcting these radiation assumptions in the
seated posture.
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Table 5
Mean radiant temperature calculated for each method and configuration.
Source Fanger Youssef Adam
Diagrams Code float stool chair float stool chair
Hot Floor
t (°QC) 23.0 23.1 23.0 22.7 21.1 23.0 22.6 21.8
Cold Ceiling
21.5 21.5 21.5 21.3 20.2 21.5 21.3 20.8
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60 0.185062 0.198967 0.214694  0.242722  0.261955 0.270482  0.283291 0.293753 0.291928 0.274678 0.246158  0.219722  0.179567
75 0.185062  0.204530  0.222117  0.240763  0.246873  0.245950  0.251069  0.263031  0.264064  0.254157  0.234525  0.210949  0.179567
90 0.185062  0.210521  0.229761  0.245463  0.246170  0.238613  0.236675 0.247726  0.250515  0.242878  0.223779  0.205386  0.179567
105 0.185062 0.216084 0.236741  0.257995 0.262850  0.257241  0.252121  0.252427  0.248918  0.236377  0.215581  0.199395  0.179567
120 0.185062 0.219508 0.239732  0.261050  0.270583  0.267903  0.263858  0.257241  0.248023  0.230581  0.210485 0.192120  0.179567
135 0.185062 0.222289  0.244275 0.265357 0.277101  0.275583  0.272218  0.262572  0.244316  0.220086 0.201954 0.182064  0.179567
150 0.185062 0.225713  0.248041  0.269274  0.280552  0.279710 0.272716  0.261540  0.238437  0.209433  0.186001 0.170938  0.179567
165 0.185062 0.229778  0.250257  0.268334 0.276718  0.275526  0.268730  0.256726  0.230959  0.197450 0.170712 0.167086  0.179567
180 0.185062 0.230634 0.250257  0.267237 0.273331  0.274666  0.264689  0.251567  0.225463  0.194552 0.170601 0.167728  0.179567
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Appendix 2 - f;, for the Nour-float manikin

Nour-float
Jo B
—90 -75 —60 —45 —30 —15 0 15 30 45 60 75 90
a O 0.182886  0.165933 0.147213  0.156065 0.198187  0.243538 0.277426  0.298561 0.307088  0.296689  0.274033  0.238982  0.177510

15 0.182886  0.170660 0.158560 0.176435 0.216861  0.253322  0.282985  0.305468  0.311709  0.300150  0.274589  0.239842  0.177510
30 0.182886  0.179683  0.182923  0.201760  0.235279  0.267251  0.290935 0.311281  0.315302  0.302824  0.274144 0.236834  0.177510
45 0.182886  0.191071  0.203169  0.225748  0.249910 0.269956  0.290101  0.308173  0.312350  0.296453  0.268359  0.233396  0.177510
60 0.182886  0.199020 0.217520  0.240612  0.255172  0.263337  0.277981  0.294072  0.296885 0.284341  0.257457  0.226306  0.177510
75 0.182886  0.206755  0.227198  0.242815  0.246380  0.242847  0.248128  0.265984  0.272435 0.265308  0.245999  0.219431  0.177510
90 0.182886  0.214704  0.236209  0.249578  0.248755  0.237724  0.232618  0.248315 0.255750 0.251623  0.233539  0.213415  0.177510
105 0.182886 0.221794  0.243663  0.262949  0.265504  0.256430  0.248517 0.251883  0.250167  0.242264  0.223527  0.206540  0.177510
120 0.182886  0.226736  0.248335  0.267982  0.274296  0.267826  0.259747  0.253955  0.246188  0.234242  0.214405 0.195797  0.177510
135 0.182886 0.230388 0.253786  0.273881  0.283344  0.276229  0.266085 0.256660  0.240412  0.220164  0.204949  0.182262 0.177510
150 0.182886  0.231462  0.255900 0.276319  0.285783  0.280028 0.269365 0.257178  0.233353  0.206007  0.186594  0.167437  0.177510
165 0.182886 0.233396  0.256345  0.275061  0.281932  0.279165 0.265418  0.248833  0.221802 0.189726  0.165791  0.159488  0.177510
180 0.182886 0.233826  0.256456  0.274510 0.277761  0.276229  0.261582  0.245207  0.219107 0.187446 0.166013  0.159058  0.177510

Appendix 3 - f,, for the Adam-float manikin

Adam-float
fo (i
—90 —-75 —60 —45 —-30 —15 0 15 30 45 60 75 90

a 0 0.157928  0.136596  0.128880  0.157346  0.214962  0.257779  0.295691  0.316200 0.318628 0.306112  0.276012 0.231386  0.165366
15 0.157928  0.142507 0.137406 0.172880  0.218872  0.260606  0.294435 0.313994  0.314907 0.301707 0.271858  0.231597  0.165366
30 0.157928  0.154963  0.160580  0.193359  0.234699  0.273162 0.297712  0.313372  0.312637 0.297379  0.264097  0.229064 0.165366
45 0.157928 0.166152  0.181021  0.211752  0.244094  0.275989 0.298040 0.313146 0.308665 0.286019  0.252291  0.220619  0.165366
60 0.157928  0.177130  0.195341  0.224890  0.248698  0.268524  0.288644  0.299629  0.296116  0.277518  0.240376  0.207530  0.165366
75 0.157928  0.183885  0.209223  0.231381  0.241824  0.252180 0.264117  0.271974  0.272785 0.262448  0.231632 0.196763  0.165366
90 0.157928  0.190852  0.220482  0.242124  0.246365  0.245902  0.245381  0.252689  0.249959  0.244751  0.222340 0.188319  0.165366
105 0.157928 0.197186  0.231194  0.259512  0.269569  0.266036  0.259966  0.255121  0.243527 0.230841  0.208458 0.179874  0.165366
120 0.157928 0.204152 0.237097  0.268863  0.285712  0.285264 0.276736  0.261511  0.242518  0.224040  0.200150 0.171852  0.165366
135 0.157928 0.210275 0.243000  0.272031  0.287919  0.290694  0.280232  0.264226  0.239807  0.214843  0.187579 0.164041  0.165366
150 0.157928 0.217875  0.250433  0.278059  0.293153  0.290863  0.279740 0.258514  0.231988 0.199774 0.169871  0.151374  0.165366
165 0.157928 0.221464  0.255352  0.283314  0.294288  0.291259 0.254940 0.254046  0.222655 0.184626 0.158612 0.145252  0.165366
180 0.157928 0.221675 0.255898  0.287101  0.298323  0.294709  0.279522  0.254159  0.218115 0.180994 0.155879  0.145463 0.165366

Appendix 4 - f, for the Youssef-stool manikin

Youssef-stool
fo B
—90 -75 —60 —45 -30 —15 0 15 30 45 60 75 90

a 0 0.136234  0.118687 0.116972  0.143458 0.199617  0.249465  0.279854  0.296630  0.303190  0.290491  0.266427  0.228698  0.178457
15 0.136234  0.124048 0.125633  0.163476  0.217167  0.261300 0.287567  0.303639  0.305368  0.291747  0.265761  0.228698  0.178457
30 0.136234  0.133698 0.147396  0.185849  0.234013  0.273019  0.294170 0.309556  0.308378  0.291590  0.263429  0.227840  0.178457
45 0.136234  0.143562 0.164051  0.205631  0.244262  0.274570  0.296056  0.309499  0.305240 0.286252  0.256323  0.223122  0.178457
60 0.136234  0.151283  0.175377  0.216543  0.247208  0.265953  0.281851  0.293068  0.290700  0.273456  0.243887  0.214330  0.178457
75 0.136234  0.154499 0.181706  0.212853  0.231195  0.240044  0.250334  0.262219  0.263093  0.253360  0.232006  0.206610  0.178457
90 0.136234  0.159003 0.187702  0.215444  0.228697  0.232346  0.236573  0.246708  0.249130 0.241585  0.221013  0.200605  0.178457
105 0.136234 0.161362  0.192033  0.225649  0.243557  0.251476  0.251444  0.251706  0.247849  0.234755 0.213463  0.195459  0.178457
120 0.136234 0.164578  0.192699  0.226120 0.249706  0.260381  0.262985  0.256934  0.247144 0.228946  0.207911  0.187739  0.178457
135 0.136234 0.167152  0.197140  0.230045 0.253485 0.267217 0.271586  0.261932  0.243877  0.219055 0.199694 0.177660  0.178457
150 0.136234 0.168224  0.195697  0.223451  0.245671  0.257508 0.261986  0.256187  0.236575 0.208065 0.184149 0.166508  0.178457
165 0.136234 0.172942  0.197029  0.223686  0.244454  0.257106  0.258435 0.251017 0.228633 0.196368 0.169048 0.162648  0.178457
180 0.136234 0.177231 0.198584  0.224314  0.240739  0.255038  0.253663  0.244927  0.222740 0.193620 0.168715 0.163506  0.178457
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Appendix 5 - f;, for the Adam-stool manikin

Adam-stool
fp B
—-90 -75 —60 —45 -30 —15 0 15 30 45 60 75 90
a O 0.106619  0.086794  0.094141 0.142294  0.207416  0.255113  0.294277 0.314716 0.316978 0.304645 0.274141 0.229432  0.164128

15 0.106619  0.092062  0.103304 0.159725 0.213772  0.259064  0.293350  0.312401  0.313705 0.300017  0.270541  0.228800 0.164128
30 0.106619  0.105125 0.124250 0.176384  0.227931  0.271030  0.296512  0.312401  0.311629 0.294850  0.262141  0.225850  0.164128
45 0.106619  0.116502  0.141814  0.188339 0.233595  0.272836  0.296894  0.311216 0.307035 0.283667  0.250141  0.218265 0.164128
60 0.106619  0.127036  0.154905 0.199599  0.236427  0.265329  0.287571  0.298122  0.294952  0.276494  0.238796  0.205202  0.164128
75 0.106619  0.132514  0.166577  0.204227  0.228497  0.248679  0.262494  0.270635 0.271605 0.260914  0.229959  0.194879  0.164128
90 0.106619  0.137571  0.175632  0.213173  0.232399  0.241454  0.244558  0.250993  0.248383  0.242790  0.219487 0.186872  0.164128
105 0.106619  0.144102 0.184250 0.228213  0.253040 0.261548  0.258950 0.253871  0.242531 0.229755  0.206832 0.177391  0.164128
120 0.106619 0.150844 0.188505  0.234074 0.266256  0.279101  0.275523  0.259911  0.241461  0.223122  0.198759  0.169385  0.164128
135 0.106619  0.155690 0.193305 0.232917  0.262417  0.279383  0.275360  0.260249  0.237559  0.213327 0.185886 0.161379  0.164128
150 0.106619 0.163696  0.196359  0.229910  0.254110 0.263918 0.261676  0.245179  0.225099  0.197979  0.168541  0.149159  0.164128
165 0.106619 0.166857 0.201814  0.235231  0.256690  0.265442  0.260531  0.241059  0.215660 0.183325 0.157086  0.142627 0.164128
180 0.106619 0.166646  0.203777  0.238779  0.259963  0.265894  0.258841 0.237165 0.207353 0.178698  0.154468  0.142627 0.164128

Appendix 6 - f, for the Youssef-chair manikin

Youssef-chair

I B
—90 -75 —60 —45 -30 —15 0 15 30 45 60 75 90

a 0 0.053284  0.080958  0.091557 0.137699  0.200653  0.254802  0.285013  0.301810 0.309198 0.298711  0.279393  0.259811  0.186842
15 0.053284  0.085604 0.096039  0.151381 0.213078  0.264305  0.292280 0.308032  0.311216  0.299948  0.279284  0.260444  0.186842
30 0.053284  0.095529  0.113642 0.169005 0.226575  0.274940 0.298618 0.313576  0.313676  0.299870  0.277207 0.259178  0.186842
45 0.053284  0.104397 0.124248  0.179672  0.231621  0.272734  0.297525 0.310691  0.309513  0.294459  0.270537  0.253899  0.186842
60 0.053284  0.107142  0.128621  0.178899  0.224052  0.256329  0.278566  0.291288  0.291097 0.279154  0.257964  0.246508  0.186842
75 0.053284  0.106931 0.127090 0.167381  0.201032  0.226179  0.243871  0.257687  0.260886  0.257047  0.245718  0.237428  0.186842
90 0.053284  0.105453  0.125997  0.163053  0.193778  0.215997  0.229829  0.241678  0.245875  0.243829  0.234894  0.232149  0.186842
105 0.053284 0.102286  0.121077  0.158801  0.192139  0.218542  0.230430 0.235909  0.238496  0.234399  0.226257  0.227081  0.186842
120 0.053284  0.095529 0.106535 0.136694 0.165397 0.189184  0.201472 0.201912 0.201978  0.204794  0.209529 0.217157  0.186842
135 0.053284 0.088771 0.087949  0.102142 0.121878  0.140253  0.153336  0.153320 0.154359 0.160734  0.179571  0.200475  0.186842
150 0.053284 0.083915 0.070236 0.068749 0.076152  0.084817  0.094600 0.097205 0.103272 0.112422  0.139664  0.180837  0.186842
165 0.053284 0.082225 0.063786  0.054526  0.050545 0.048671 0.050125 0.052687 0.061078 0.073773  0.108066  0.170490  0.186842
180 0.053284 0.081381 0.061490 0.050352  0.040390  0.039620  0.038378 0.037810  0.047896  0.063106  0.103583  0.169857  0.186842

Appendix 7 - f, for the Adam-chair manikin

Adam-chair
fo B
—90 -75 —60 —45 -30 —15 0 15 30 45 60 75 90

a 0 0.037253  0.033383  0.067773  0.130005  0.199937  0.251198 0.292172  0.312950 0.315127 0.303511  0.273403  0.229863  0.163750
15 0.037253  0.041108 0.071665 0.138872  0.201559  0.255561  0.291470  0.310209 0.311697 0.298695  0.269727  0.230698  0.163750
30 0.037253  0.052592  0.089504  0.152783  0.214842  0.266021  0.295036  0.310433  0.309826  0.293880 0.261187 0.226731  0.163750
45 0.037253  0.062197  0.103234 0.163866  0.219146  0.267027  0.294550  0.309426  0.305335 0.283103  0.249943  0.219632  0.163750
60 0.037253  0.071384 0.111126  0.168834  0.218273  0.258973  0.286067  0.296058  0.293049  0.275306  0.238267  0.206686  0.163750
75 0.037253  0.074725 0.115775 0.166006  0.205987  0.240011  0.261269  0.269041  0.270036  0.259867  0.230483  0.197499  0.163750
90 0.037253  0.078275 0.119992 0.164706  0.198378  0.226083  0.237713  0.245996  0.244716  0.241293  0.219455 0.188103  0.163750
105 0.037253  0.080989  0.122154  0.169598 0.207171  0.230446  0.239172  0.236655  0.228688  0.221573  0.203779  0.178498  0.163750
120 0.037253  0.083077 0.114586 0.165471 0.206548  0.233019  0.238794  0.227537  0.213907 0.204681  0.192643  0.169311  0.163750
135 0.037253 0.085165 0.113181 0.156681 0.193950 0.221608  0.225341  0.214225 0.198752 0.187254 0.176643 0.160750  0.163750
150 0.037253  0.087879  0.115559  0.151177 0.184096  0.203485 0.208160  0.195151  0.181290  0.165241  0.155453  0.150937  0.163750
165 0.037253 0.089759 0.117829  0.149878 0.177610 0.197612  0.200002  0.181950 0.166072  0.147585 0.143993  0.144882  0.163750
180 0.037253 0.087253  0.112748  0.146744 0.174492  0.193920 0.194329 0.179936 0.162642 0.146515 0.140965 0.144255 0.163750
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Data availability

Data will be made available on request.
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