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Abstract

The main objective of this paper is to introduce a simple quick tool for architects represented by a design chart that
determines the dimensions of an external horizontal shading device over an equator-facing window as a function of
the latitude and the shading height, resulting in an automatic seasonal adjustment. This chart is applicable for any
city all over the world at lower or middle latitudes where shading is an essential passive strategy.
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1. Introduction

External shading devices are usually more effective than internal ones and according to (Ching & Shapiro, 2014),
it is very valuable to block the sun before it reaches the building. And for an equator facing fagade, a horizontal
shading device is effective because of the higher angles around noon that would be easily blocked with a smaller
surface area. If sized correctly, a horizontal shading device could effectively block the unneeded sun within the
overheated period (summer) and allow solar gains in within the underheated period (winter). So, the paper mainly
concentrates on the sizing of such devices using a simple quick tool represented by a design chart that could be
generic and applicable for most cities all over the world, where shading is a need.
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Nomenclature

HSA  horizontal Shadow angle ..o e e e e e e °
VSA  vertical Shadow angle ... s °
LAT  aliUOE oo e °
h Shading REIGRE ...t e m
d horizontal shading device epth ... e m
p protrusion of horizontal shading device exceeding the window opening length .............................. m
w WINAOW OPeNiNg TENGEN ... . e e m
| horizontal shading device total Iength. ... ... ...ttt m
X spacing between horizontal shading device and wall .............ccoiiiiiiiiiiiii e m
y horizontal shading device thiCKNESS ... ... e m

1.1. Background and Previous Studies

This paper introduces a simple quick tool to find the dimensions of a horizontal shading device. This tool is
represented by a design chart that could be considered a continuation of another design chart (made by the author in
a previous research (Saifelnasr, 2013). The first chart determines the depth of a projected structure over an equator-
facing window as a function of the latitude and the shading height. The projected structure in that case is handled as
a horizontal shading device which is characterized by a vertical shadow angle (VSA) and neglecting the effect of the
horizontal shadow angle (HSA) assuming the uniform broadening of that projected structure along the fagade. But in
this paper, the design chart is developed such that it involves the integration of both shadow angles to design the
required horizontal shading device and find its dimensions, as a function of the latitude and the shading height.
These obtained dimensions would ensure complete summer six months sun exclusion (for an equinox cut-off) at the
selected hours (cut-off times), for any location at low or middle latitudes where shading is a need.

Some previous studies as (Brown & DeKay, 2001) proposed similar charts but for a single latitude, i.e., a specific
city, that finds out the depth of a single overhang or the spacing between multiple louvers as a function of the
shading height. But this chart is more generic and applicable for any location (city) within the low or middle
latitudes, where shading is a need during the overheated period, i.e., summer.

1.2. Main Objectives and Hypothesis

The main objective of this paper is to introduce a simple quick tool for architects represented by a design chart
that integrates HSA as well as VSA to determine the dimensions of a horizontal shading device over an equator-
facing window as a function of the latitude and shading height for the selected cut-off times, resulting in an
automatic seasonal adjustment, i.e., full shading in summer but allowing solar heat gain in winter.

2. Methodology

To carry out the aimed design chart, a number of measuring techniques were used associated with some
simplifications and assumptions as follows.

2.1. Used Measuring Techniques

Shading design for the exclusion of solar input is a geometrical task, so, the different dimensions of the
horizontal shading device could be determined when all the other parameters are given represented in the shading
height (h), shadow angles; (VSA) and (HSA) for the selected hours (cut-off times).

The different curves within the design chart signify the (VSA) as well as the (HSA) for the selected hours (cut-off
times). Therefore, the different dimensions; depth (d) and protrusion (p) could be obtained as ratios with the shading
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height (h); (d/n) and (p/h), i.e., the depth (d) and protrusion (p) of the device could be determined at the selected
hours (cut-off times) as a function of the latitude (LAT) and the shading height (h).

2.2. Smplifications and Assumptions

Some experimentation parameters, simplifications and assumptions were considered in the design chart
concerning its applicability, orientation of facade, effect of the thickness of the different cross sections and the
specifications of the used base cases.

Applicability of the design chart: the design chart is suitable for locations found at lower latitudes with temperate,
hot-dry or warm-humid climates where shading is a need, i.e. low and middle latitudes. And it is not suitable for
locations found at higher latitudes with cold climates where the main problem is the lack of heat. But, for study and
experimental purposes, a wider range of latitudes are considered in the design chart from 0° (equator) to 60° N and
S.

Orientation: the window wall is facing the equator (due south in the northern hemisphere and due north in the
southern hemisphere). The design chart is created based on the fact that a horizontal shading device above a window
facing the equator, can give an automatic seasonal adjustment: full shading in summer but allowing solar heat gain
in winter if the (VSA) = 90° - (LAT) (Szokolay, 2008); e.g. for the city of Cairo, Egypt ((LAT) = 30° N) it will be
(VSA) =90° - 30° = 60°.

Selected shading strategy: the horizontal shading device is considered to be fixed because shading is the main
concern for such temperate and hot climates (Lechner, 2008).

Effect of the thickness of the horizontal shading device: the shaded part increases as a function of that thickness,
so to avoid that effect, the shading height (h) is measured vertically from the underside of the shading device till the
window sill or the ground (as in case of curtain walls).

Effect of the thickness of the external wall: the penetration of direct sunlight inside the space decreases as a
function of that thickness, so to avoid that effect, the shading height (h) is measured on the external surface of the
wall which implies the shading of the window sill itself, i.e., the thickness of the wall is negligible.

Specifications of the used base case:

- External length =450 m
- External width =4.50m

- Lintel height =210m
- Window width =1.50m
- Sill height =0.90m

- Wall thickness =0.25m
- Slabthickness =0.156m
- Device thickness = 0.15 m

3. Results

Different configurations of a simple space with a horizontal shading device are introduced with different
latitudes, shading heights and cut-off times. The depths (d) and protrusions (p) are identified for of all these different
configurations (see Fig. 1, Fig. 2 and Fig. 3). The latitude (LAT) usually signifies the location of the city and the
proposed latitudes are low, middle or high latitudes that might not be relevant to the need of shading or blocking
sunrays, but mainly for study purposes; LAT 10°, LAT 20°, LAT 30°, LAT 40°, LAT 50° and LAT 60°. The
shading height (h) is measured vertically from the underside of the horizontal shading device (that varies from the
lintel level till the roof level) down to the sill level; 1.20 m, 1.65 m and 2.10 m. The selected hours (cut-off times)
are those hours at which the sun rays are excluded from the southern facade (in the northern hemisphere) for an
equinox cut-off; 0900-1500 hr, 1000-1400 hr and 1100-1300 hr.

To design the aimed chart, a formula to find (p/h) is going to be derived and then verified mathematically by
comparing the values from the formula with the measured ones for the different proposed configurations.
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Sill Level Sill Level
LAT =10° [Cut-off Times|  HSA P LAT = 20° | Cut-off Times HSA 3
vSA = 80° |l 0900-1500 80° 122 m vsA =70° |l 0900-1500 71° 128 m
h=120m | 1000-1400 73° 0.70m h=1.20m [l 1000-1400 59° 0.74m
d=021m 1100-1300 57° 0.33m d=044m 1100-1300 38° 0.34 m
Sill Level Sill Level
'SA
LAT = 10° |[Cut-off Times |  HSA P LAT = 20° | Cut-off Times HSA P
VSA =80° |l 0900-1500 80° 1.68 m vsA =70 |l 0900-1500 7A 176 m
h=165m |l 1000-1400 73° 0.97 m h=165m (M 1000-1400 59° 1.01m
d=0.20m_|M 1100-1300 57° 045 m d=0.60m |[M 1100-1300 38° 0.47 m
Sill Level Sill Level
LAT=10° [Cutoff Times|  HSA P LAT = 20° | Cut-off Times HSA P
VvSA=280° ([l 0900-1sooi 80° 2.13m VSA =70° (Il 0900-1500 e 223m
h=210m | 1000-1400 73° 123 m h=2.10m | 1000-1400 59° 1.29m
d=0.37m |M 1100-1300 57° 0.57 m d=0.76m |M 1100-1300 38° 0.60 m

Fig. 1: Different configurations of horizontal shading devices with different shading heights (h) for Latitude 10° and 20°.
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Sill Level Sill Level
LAT =30° | Cut-off Times | HSA P LAT = 40° | Cut-off Times HSA P
VvSA =60 |l 0900-1500 63° 1.39m VSA =50° |l 0900-1500 57° 1.57m
h=1.20m | 1000-1400 49° 0.80m h=120m | 1000-1400 42° 0.80m
d=069m 1100-1300 28° 0.37m d=1.01m 1100-1300 23° 042 m
Sill Level Sill Level

LAT =30° |Cut-off Times | HSA [ LAT = 40° | Cut-off Times HSA P
VvSA=60° (Il 0900-1500 63° 1.90m vSA =50° |l 0900-1500 57° 215m
h=165m |l 1000-1400 49° 1.10m h=165m |l 1000-1400 42° 124 m
d=0.95m | 1100-1300 28° 051 m d=1.38m | 1100-1300 23° 0.58 m

Sill Level Sill Level

LAT =307 |Cut-off Times |  HSA p LAT = 40° | Cut-off Times HSA P
63° 242m VSA = 50° 57° 274m
49° 1.40m h=210m |l 1000-1400 42° 158 m
d=121m [ 1100-1300. 28° 0.65m d=1.76 m |I 1100-1300 288, 073 m

Fig. 2: Different configurations of horizontal shading devices with different shading heights (h) for Latitude 30° and 40°.
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Sill Level Sill Level
LAT =50° | Cut-off Times | HSA P LAT =60° | Cut-off Times HSA P
VSA =40 (Il 0900-1500 53° 1.87m VSA 30° (Il 0900-1500 49° 240m
h=1.20m | 1000-1400 37° 1.08 m =1.20m | 1000-1400 34° 1.39m
d=143m 1100-1300 19° 0.50m d 208m 1100-1300 17° 064 m

Sill Level Sill Level
i i

-

LAT =50° | Cut-off Times | HSA [ LAT = 60° | Cut-off Times HSA P

VSA =40° |l 0900-1500 53° 257Tm vsA =30° Il 0900-1500 49° 330m
h=165m |l 1000-1400 37° 1.48m h=165m |l 1000-1400 34° 191m
d=1.97m_|M 1100-1300 19° 0.69 m d=2.86m | 1100-1300 17° 0.88 m

Sill Level Sill Level
S ~ A N

LAT =50° | Cut-off Times | HSA P LAT = 60° | Cut-off Times HSA p

VSA =40° |l 0900-1 suoi 53° 327 m VvSA =30° |l 0900-1500 49° 4.20m
h=210m | 1000-1400 37° | 1.89m h=2.10m |l 1000-1400 34° 242m
d=250m _|M 1100-1300: 19° 0.88m d=3.64m | 1100-1300 17° 1.13m

Fig. 3: Different configurations of horizontal shading devices with different shading heights (h) for Latitude 50° and 60°.
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3.1. Derivation of the formula used in finding (p/h)

Derivation of the ratio between the protrusion of the horizontal shading device (p) and the shading height (h) as a
function of the latitude (LAT) at the selected hours (cut-off times).

The ratio (p/h) between the additional protrusion (p) to the shading height (h) could be derived as follows:

For an equinox cut-off (Szokolay, 2008):

w VSA =90 — (LAT)
The ratio (d/h) between the depth of the horizontal shading device (d) to the shading height (h) (Saifelnasr, 2013):

% = tan(LAT) -+ -+ erwevee oo (Eq. 1)

The additional protrusion (p) from the side of the window with the sun on (External Shading Devices, 2004):
©wp=d Xtan(HSA)
Divide both sides by (h):

X tan(HSA) -+« - -+ (Eq. 2)

S
S &

By substitution from Eqg. (1) in Eq. (2):

% = tan(LAT) X tan(HSA) -+ -+ -+

3.2. Verification of the Formula

Table 1 shows the mathematical verification of the formula used in finding (p/h) by comparing the values of
tan(LAT) x tan(HSA) with those of the ratio (p/h), where (h) is the assumed shading height and (p) is the
corresponding measured protrusion for the different proposed cases with different configurations. These values are
found to be equal and completely match which in turn verifies that:

% = tan(LAT) X tan(HSA)

Table 1: The mathematical verification of the formula used in finding (p/h)

# LAT Shadow Angles Measurements Calculati Using the Formulas
VSA HSA HSA HSA h d p p p d/h p/h p/h p/h tan (LAT) tan (LAT) tan (LAT) tan (LAT)

0900- 1000- 1100- 0900- 1000- 1100- 0900-1500 1000-1400 1100-1300 x tan x tan x tan

1500 1400 1300 1500 1400 1300 (HSA) (HSA) (HSA)
_1 120 021 122 0.70 0.33

__2lAT10 80 80 73 57 1.65 029 1.68 097 045 0.176 1.016 0.586 0.272 0.176 1.016 0.586 0.272
3 210 037 213 123 0.57
_4 120 044 128 0.74 034

_51AT20 70 71 59 38 165 0.60 176 1.01 0.47 0364 1.064 0.614 0.285 0.364 1.064 0.614 0.285
6 210 0.76 2.23 1.29 0.60
_7 120 069 139 0.80 0.37

__8LlAT30 60 63 49 28 165 095 190 110 0.51 0577 1.154 0.667 0.309 0.577 1.154 0.667 0.309
9 210 121 242 140 0.65
_10 120 1.01 157 0.90 0.42

_11 LAT40 50 57 42 23 165 138 215 1.24 0.58 0.839 1.306 0.754 0.350 0.839 1.306 0.754 0.350
12 210 176 274 158 0.73
_13 120 143 187 1.08 0.50

_14 LAT50 40 53 37 19 165 197 257 148 0.69 1.192 1.556 0.898 0.417 1.192 1.556 0.898 0.417
15 210 250 327 189 0.88

16 120 2.08 240 139 0.64
17 LAT60 30 49 34 17 165 28 330 191 0.88 1732 1.155 0.536 1.732 1.155 0.536
18 210 3.64 420 242 113
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3.3. The design chart to determine (d/h) and ((p/h) of a horizontal shading device

The design chart shown in Fig. 4 is a combination of two charts; the first chart (on the right) determines the depth
(d) of a horizontal shading device as a function of the latitude (LAT) and the shading height (h), and it is drawn
using the formula:

d
7= tan(LAT)

The second chart (on the left) determines the protrusion (p) of a horizontal shading device as a function of the
latitude (LAT) and the shading height (h). This chart is drawn using the formula:

% = tan(LAT) X tan(HSA)

d/h
Depth (d) / Shading Height (h)

s}

ER

=,

S5

(RSHER = i I
l ! | ] 4 H - LAT
240% 220% 200% 180% 160% 140% 120% 100% 80% 60% 40% 20% O 10 20 30 40 50 60
Protrusion (p) / Shading Height (h) Latitude (LAT)

Fig. 4: The design chart to determine (d/h) and ((p/h) of a horizontal shading device

3.4. Description of the design chart

The design chart consists of two parts; right and left.

The right part is designed by the author in a previous research (Saifelnasr, 2013) from which we can find the ratio
(d/h). It consists of two axes; the horizontal axis represents the range of latitudes from 0° (Equator) to 60° N and S
that signifies the location of the city, while the vertical axis represents the ratio (d/h) between the required depth (d)
of the horizontal shading device and the shading height (h).

The left part is the new addition to the design chart from which we can find the ratio (p/h). It consists of two
axes; the vertical axis represents ratio (d/h) between the required depth (d) of the horizontal shading device and the
shading height (h), while the horizontal axis represents the ratio (p/h) between the required protrusion (p) of the
horizontal shading device and the shading height (h).

3.5. Using the design chart

To get the dimensions of a horizontal shading device as a function of the Latitude and shading height, both parts
of the design chart are used as follows.
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Enter the right part of the design chart on the horizontal axis with latitude (of the given city). Draw a vertical
construction line from the marked latitude on the horizontal axis till it intersects the curve on the right part. From the
point of intersection, draw a horizontal construction line till the ratio (d/h) is found on the vertical axis.

Enter the left part of the design chart with the obtained ratio (d/h). Extend a horizontal construction line from the
obtained ratio (d/h) till it intersects one of the three curves on the left part according to the required cut-off times.
From the point of intersection, draw a vertical construction line downwards till the ratio (p/h) is found on the
horizontal axis.

To get the exact dimensions of a horizontal shading device, the depth (d) and the length (I) should be calculated
as follows.

To calculate the depth (d) of the horizontal shading device, multiply the obtained ratio (d/h) by the needed
shading height (h).

d
d=—Xh
h

To calculate the protrusion (p) of the horizontal shading device, multiply the obtained ratio (p/h) by the needed
shading height (h) for the selected hours (cut-off times).

p
=—Xh
P=h

To calculate the length (I) of the horizontal shading device, add the width of the equator-facing window (w) to
double the value of protrusion (p) that is exceeding that width from both sides.

l=w+2p

Example: using the design chart, it is required to find the dimensions of a horizontal shading device above a
window whose width is 1.50 m at the southern facade in the city of Cairo, Egypt ((LAT) = 30° N), and in the city of
Lecce, Italy (LAT = 40° N), given that the height needed to be shaded is 2.00 m and the required cut-off times are
1000-1400 hr and 1100-1300 hr respectively.

Solution: from the first curve on the left, the ratio (d/h) for Cairo and Lecce equals 58% and 84% respectively.
From the second chart on the right, the ratio (p/h) for Cairo and Lecce equals 67% and 35% respectively (see Fig. 5).

d/h
oo, Depth (d) / Shading Height (h)
i : sl
\ o p T sate Ity (LAT = 40°) | -
i |
! I» H LAT
240% 220% 200% 180% 160% 140% 120% 100% 80% 60% 40% 20% O 10 20 30 40 50 60
Protrusion (p) / Shading Height (h) Latitude (LAT)

Fig. 5: Using the design chart for the city of Cairo, Egypt and Lecce, Italy
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To get the exact dimensions of the horizontal shading device for Cairo:

d
d=E><h=0.58><2.00=1.16m

p=%><h=0.67x2.00=1.34m

l=w+2p=150+(2x134) =418m

To get the exact dimensions of the horizontal shading device for Lecce:

d
dzﬁxh=0.84x2.0021.68m

p=%><h=0.35><2.00=0.70m

l=w+2p=150+(2x0.70) = 290 m

3.6. Notes on the design chart

733

The position of the shading height in relation to the fagade doesn’t not affect the dimensions of the horizontal

shading device because shading design is a pure geometrical task (see Fig. 6).

Sill Level

Ground Level

LAT=30° [Cutoff Tmes| HSA . P LAT=30° |Cutoff Times|  HSA p

vsA=60° [l 0900-1500 63° 242m vsa=60° Il 0900-1500 63° 242m
h=210m [ 1000-1400 49° | 140m | h=210m [M 1000-1400 49° 140m
d=121m |M 110013000  28° 065m | d=1.21m |B 1100-1300]  28° 065m

Fig. 6: The position of the shading height in relation to the fagade doesn’t not affect the dimensions of the horizontal shading device.

According to (Chiras, 2002), It is better to make a separation between the top of the window and the underside of
the horizontal shading device in order to avoid the emission of heat off the device inside the space through the
window. But this separation should not exceed a certain limit as it would lead to a notable increase in the
dimensions of that device; depth (d) and length (). Fig. 7, shows three different cases with varying separating
distances between the top of the window and the underside of the horizontal shading device; 0.00 m, 0.45 m and
0.90 m respectively. The second and third cases are better than the first in turn of the heat that is reflected off the
shading device to be emitted inside the space. But, they have got larger dimensions which would make the second

alternative more suitable than the others.
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Sill Lot Sill Lerved Sill Lorved
LAT = 30° [Cut-off Times |  HSA | p LAT =30° [Cut-off Times|  HSA | p LAT =30° [Cut-off Times |  HSA | p
vsA =607 |l 0800-1500 63 | 139m vsA =607 [l 0900-1500 63° | 190m vsA =607 [l 0900-1500 63° | 242m
h=120m |M 1000-1400 49° | 080m h=185m (I 1000-1400; 48° 1 1.10m h=210m (I 1000-1400: 49° | 140m
d=069m [M 1100-1300 28° 0.37Tm d=095m [M 1100-1300 28° 0.5 m d=121m [ 1100-1300 28° 0.65m

Fig. 7: Three different cases with varying separating distances between the top of the window and the underside of the horizontal shading device.

It is better to minimize the contact between the horizontal shading device and the window wall by creating a
spacing (X) between them, to avoid heat transfer through conduction. The ratio (x/y) between the spacing (x) and the
thickness of the device (y) would be exactly the same as that ratio (d/h) between the depth of the device (d) and the
shading height (h), i.e., the right part of the design chart could be used to find the ratio (x/y).

; = % = tan(LAT)

To calculate the spacing (x) of the horizontal shading device, multiply the obtained ratio (x/y) by the thickness of

the device (y).
X
X y Xy

Note that this spacing (x) would be subtracted from the calculated depth (d). And if this spacing exceeded the
calculated value, the sun rays might be permitted through the space during the cut-off times.

The effective surface area of a horizontal shading device has the shape of a trapezoid whose smaller length equals
to the width of the window opening (w) and its bigger length is exceeded by double the obtained protrusion (I = w +
2p). But for some reasons that might involve design or technical considerations, a rectangular shape could be used
instead. But this rectangular surface area should cover the whole surface area of the trapezoidal shape, i.e., the
length of the rectangle equals the bigger length of the trapezoid (1).

To overcome the elongated horizontal shading devices, especially in mid and upper latitudes when designing
over a larger period of cut-off times, many small devices could have the same effect in blocking the same sun rays
as a single large one, but they might obscure some of the view in case of a view window (Lechner, 2008). In case of
using a number of louvers (n), the depth and protrusion of each smaller louver is equal to the obtained depth (d) and
protrusion (p) from the design chart divided by their number (n), considering that their thickness is negligible.

depth of each louver = - and protrusion of each louver = %

It is clear that when the cut-off times are for a longer period, as from 0900 hr to 1500 hr (6 hours), the resulting
dimensions; depth and length are relatively large when compared to shorter periods. In higher latitudes, a shorter
period of time would be selected for blocking the sun, e.g., 1100-1300 hr or 1000-1400 hr. While, in lower latitudes,
there might be a need to block the sun along a larger period of time. In this case the protrusion (p) of the device is
very large compared to its depth (d), so it might be more suitable to use a horizontal projected structure such as:
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overhangs, porches, arcades and loggias, because of the uniform broadening of that projected structure along the
fagade. In this case the right part only of the design chart is going to be used to identify the depth of that projected
structure.

4. Discussion and Conclusions

This design chart can be used as a rule of thumb to find the dimensions of a horizontal shading device as a
function of the latitude and the shading height, i.e., a quick tool for basic design decisions. That obtained dimensions
would cause shading during the six months of summer and permits solar heating during the six months of winter.

The fact that it is a chart, makes it applicable for any location (city) within the low or middle latitudes, where
shading is a need during the overheated period, i.e., summer.

The design chart could also be continued or upgraded in future researches. Another graph could be added so as to
take account of other irregular configurations, or find more detailed dimensions. Their cost effectiveness could be
investigated putting into consideration the difficulty in presenting the aspects concerning the economic values of
different types of shading devices as mentioned by (Olgyay & Olgyay, 1976). The efficiency or the performance of
such horizontal shading devices could be evaluated or studying their integration with other building systems, e.g.,
their effect on daylighting distribution inside the adjacent space.
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