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SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus Standard developed under the auspices of ASHRAE. Consensus is defined
by the American National Standards Institute (ANSI), of which ASHRAE is a member and which has approved this Standard as an ANS, as
“substantial agreement reached by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.”
Compliance with this Standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.
ASHRAE obtains consensus through participation of its national and international members, associated societies, and public review.
ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project
Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all
must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project Committees.
The Senior Manager of Standards of ASHRAE should be contacted for
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.

DISCLAIMER
ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted
industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components, or systems
tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards or Guidelines
will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating purposes, by
suggesting safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing other information
that may serve to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them, and conformance
to them is completely voluntary.
In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied,
that the product has been approved by ASHRAE.

ASHRAE is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
ANSI is a registered trademark of the American National Standards Institute.
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(This foreword is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed according
to the ANSI requirements for a standard and may contain material that has not been subject
to public review or a consensus process. Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

Addendum d to Standard 55-2020 makes changes to the ERF code. The new code allows the user to
calculate ERF and delta mean radiant temperature for an additional body position: horizontal.

Note: In this addendum, changes to the current standard are indicated in the text by underlining
(for additions) and strikethrengh (for deletions) unless the instructions specifically mention some
other means of indicating the changes.

Addendum d to Standard 55-2020

Revise Section 3 as shown. The remainder of Section 3 is unchanged.

temperature, air average (t,): the average air temperature surrounding a representative occupant.
The average is with respect to location and time. The spatial average is the numerical average of the
air temperature at the ankle level, the waist level, and the head level. These levels are 0.1, 0.6, and
1.1 m (4, 24, and 43 in.) for seated occupants-and, 0.1, 1.1, and 1.7 m (4, 43, and 67 in.) for stand-
ing occupants, and the mean height of the body for horizontal occupants. Time averaging is over a
period not less than three and not more than 15 minutes.

Revise Section 7.3.2(b) as shown. The remainder of Section 7.3.2 is unchanged.

7.3.2 Physical Measurement Positions within the Building
[...]

b. Height above floor. Air temperature and average air speed V, shall be measured at the 0.1, 0.6,
and 1.1 m (4, 24, and 43 in.) levels for seated occupants at the plan locations specified in Sec-
tion 7.3.2(a)(1) and 7.3.2(a)(2). Measurements for standing occupants shall be made at the 0.1,
1.1, and 1.7 m (4, 43, and 67 in.) levels, and measurements for horizontal occupants shall be
made at the mean height of the body. Operative temperature ¢, or PMV shall be measured or
calculated at the 0.6 m (24 in.) level for seated occupants, and-the 1.1 m (43 in.) level for stand-
ing occupants, and the mean height of the body for horizontal occupants. Floor temperature that
may cause local discomfort shall be measured at the surface by contact thermometer or infrared
thermometer (Section 5.3.3.5).

[...]

Revise Section C1 in Normative Appendix C as shown. The remainder of Section C1 is unchanged.

C1. CALCULATION PROCEDURE
[...]

where /4 is the fraction of the body surface exposed to radiation from the environment (= 0.696 for
a seated person and 0.725 for a standing or a horizontal person), 4,. is the radiation heat transfer coef-
ficient (W/mz-K [Btuh/ft2-°F]), and ¢, is the air temperature (°C [°F]).

[...]

Direct radiation is incident only on the projected fraction of the body f,, which depends on solar
altitude 3, the sun’s horizontal angle relative to the front of the person (SHARP), and posture
(seated, standing, horizontal). The f, values are tabulated in the computer program in Section C4.

[...]

Revise Section C2 in Normative Appendix C as shown. The remainder of Section C1 is unchanged.

C2. INPUTS TO CALCULATION PROCEDURE
[...]
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h. Posture. Inputs are “seated,” and-"‘standing,” or “horizontal.”

[...]

Revise Table C-1 as shown. The remainder of the table is unchanged.

Table C-1 Symbols and Units

Symbol Description Unit

[...]

SHARP Solar horizontal angle relative to front of person deg

Rioor Floor reflectance (fixed at 0.6) —

Posture (seated, standing, horizontal)
Revise Table C-2 as shown. The remainder of the table is unchanged.
Table C-2 Input Variables and Ranges for Calculation Procedure
Allowable Range of Inputs

Symbol Description Unit Default Value | Min to Max

oy Short-wave radiation absorptivity — 0.7 0.2t00.9

Soow Fraction of sky vault exposed to body — N/A Oto 1

Teol Window system glazing unit plus shade solar transmittance | — N/A Otol

Ly, Direct solar beam intensity W/m? 900 200 to 1000

Jhes Fraction of the possible body surface exposed to sun — N/A 0to 1

B Solar altitude angle deg N/A 0to 90

SHARP Solar horizontal angle relative to person deg N/A 0to 180

Posture (seated, standing, horizontal) N/A Seated/standing/horizontal
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Revise Section C3 of Normative Appendix C as shown.
C3. COMPUTER PROGRAM FOR CALCULATING COMFORT IMPACT OF
SOLAR GAIN ON OCCUPANTS

The following code is one implementation of the solar calculation using JavaScript in SI units.

function find span(arr, x){
/* for ordered array arr and value x, find the left index of the closed interval that
the value falls in. */

for (var i = 0; i < arr.length - 1; i++){ if (x <= arr[i+l] && x >= arr[i]) {
return i;

H
}

return -1;

function radians to degrees (radians) {
const pi = Math.PI;
return radians * (180 / pi);

X

function degrees to radians (degrees) {
const pi = Math.PI;
return degrees * (pi / 180);

1

function get fp(alt, sharp, posture) {
/*

This function calculates the projected sunlit fraction (fp) given a seated or
standing posture, a solar altitude, and a solar horizontal angle relative to

the person (SHARP). fp values are taken from Thermal Comfort, Fanger 1970, Danish
Technical Press.

alt : altitude of sun in degrees [0, 90] (beta) Integer

sharp : sun’s horizontal angle relative to person in degrees [0, 180] Integer

*/
if (posture == "horizontal") {
// transpose alt and sharp for a horizontal person
const altitude new = radians to degrees (
Math.asin (
Math.sin (degrees to radians (Math.abs(sharp - 90))) *
Math.cos (degrees to radians(alt))

)
N

sharp = radians to degrees(

Math.atan (
Math.sin (degrees to radians (sharp)) *
Math.tan (degrees to radians (90 - alt))

)
)i

alt = altitude new;
_r
var fp;
var alt range = [0, 15, 30, 45, 60, 75, 90];
var sharp range = [0, 15, 30, 45, 60, 75, %90, 105, 120, 135, 150, 165, 180];
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var alt i = find span(alt _range, alt);
var sharp i = find span(sharp_ range, sharp);
if (posture == 'standing'|| posture == 'horizontal') {

var fp table = [[0.35,0.35,0.314,0.258,0.206,0.144,0.082],
.342,0.342,0.31,0.252,0.2,0.14,0.0827,
.33,0.33,0.3,0.244,0.19,0.132,0.082],
.31,0.31,0.275,0.228,0.175,0.124,0.0821,
.283,0.283,0.251,0.208,0.16,0.114,0.0827,
.252,0.252,0.228,0.188,0.15,0.108,0.082]
.23,0.23,0.214,0.18,0.148,0.108,0.0827,
.242,0.242,0.222,0.18,0.153,0.112,0.0827,
.274,0.274,0.245,0.203,0.165,0.116,0.0827,
.304,0.304,0.27,0.22,0.174,0.121,0.0821,
.328,0.328,0.29,0.234,0.183,0.125,0.08271,
.344,0.344,0.304,0.244,0.19,0.128,0.0827,
.347,0.347,0.308,0.246,0.191,0.128,0.082]1;
} else if (posture == 'seated') {
var fp table = [[0.29,0.324,0.305,0.303,0.262,0.224,0.177],
[0.292,0.328,0.294,0.288,0.268,0.227,0.177],
[0.288,0.332,0.298,0.29,0.264,0.222,0.1771,
[0.274,0.326,0.294,0.289,0.252,0.214,0.17771,
[0.254,0.308,0.28,0.276,0.241,0.202,0.177],
[0.23,0.282,0.262,0.26,0.233,0.193,0.1777,
[0.216,0.26,0.248,0.244,0.22,0.186,0.17771,
[0.234,0.258,0.236,0.227,0.208,0.18,0.177]1,
[0.262,0.26,0.224,0.208,0.196,0.176,0.177]
[0.28,0.26,0.21,0.192,0.184,0.17,0.1771,
[0.298,0.256,0.194,0.174,0.168,0.168,0.177],
[0.306,0.25,0.18,0.156,0.156,0.166,0.1777,
[0.3,0.24,0.168,0.152,0.152,0.164,0.17711;

(@)
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var fpll = fp table[sharp i]lalt i];
var fpl2 = fp table[sharp i]lalt i+1];
var fp2l = fp table[sharp i+l1][alt i];

var fp22 = fp table[sharp i+1][alt i+1];
var sharpl = sharp rangel[sharp i];
var sharp2 = sharp range[sharp i+1]; var altl = alt rangelalt i];

var alt2 = alt rangelalt i+1];

// Bilinear interpolation

fp = fpll * (sharp2 - sharp) * (alt2 - alt);

fp += fp21 * (sharp - sharpl) * (alt2 - alt);
fp += fpl2 * (sharp2 - sharp) * (alt - altl);
fp += fp22 * (sharp - sharpl) * (alt - altl)

fp /= (sharp2 - sharpl) * (alt2 -altl);

’

return fp;

}

function ERF (alt, sharp, posture, Idir, tsol, fsvv, fbes, asa) {
/*
ERF function to estimate the impact of solar radiation on occupant comfort INPUTS:
alt : altitude of sun in degrees [0, 90]
sharp : sun’s horizontal angle relative to person in degrees [0, 180] posture: posture of
occupant ('seated', e 'standing', or 'horizontal')
Idir : direct beam intensity (normal)
tsol: total solar transmittance (SC * 0.87)
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fsvv : sky vault view fraction : fraction of sky vault in occupant's view
fbes : fraction body exposed to sun [0, 1]

asa : average shortwave absorptivity of body [0, 1] (alpha sw)
*/

var DEG TO RAD = 0.0174532925;

var hr = 6;

var Idiff = 0.2 * Idir;

var fp = get fp(alt, sharp, posture);

if (posture== 'standing' || posture == 'horizontal') {
var feff = 0.725;
else if (posture=='seated'){ var feff = 0.696;

else {

console.log("Invalid posture (choose seated or seated)"); return;
}
var sw_abs = asa;

var lw_abs 0.95;

var E diff = 0.5 * feff * fsvv * tsol * Idiff;

var E direct = fp * feff * fbes * tsol * Idir;

var E refl = 0.5 * feff * fsvv * tsol * (Idir * Math.sin(alt * DEG_TO RAD)
var E solar = E diff + E direct +E refl;

var ERF = E solar * (sw_abs / lw_abs);

var trsw = ERF / (hr * feff);

return {"ERF": ERF, "trsw": trsw};
}

ANSI/ASHRAE Addendum d to ANSI/ASHRAE Standard 55-2020
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Revise Table C4-1 as shown below.

C4. COMPUTER CODE VALIDATION TABLE

Table C-5 Computer Code Validation Table
alt sharp posture Idir tsol fsvv fbes asa ERF s trsw
0 120 Seated 800 0.5 0.5 0.5 0.7 429433 | 103 104
60 120 Seated 800 0.5 0.5 0.5 0.7 63.72 153 151
90 120 Seated 800 0.5 0.5 0.5 0.7 649653 | 55 15.6
30 0 Seated 800 0.5 0.5 0.5 0.7 62763.1 |50 15.1
30 30 Seated 800 0.5 0.5 0.5 0.7 627624 | 150 14.9
30 60 Seated 800 0.5 0.5 0.5 0.7 59:860.5 | 43 14.5
30 90 Seated 800 0.5 0.5 0.5 0.7 568572 | 136 13.7
30 150 Seated 800 0.5 0.5 0.5 0.7 52451.7 |26 124
30 180 Seated 800 0.5 0.5 0.5 0.7 49.0-5 H38 11.7
30 120 Standing 800 0.5 0.5 0.5 0.7 596593 | 34 13.6
30 120 Seated 400 0.5 0.5 0.5 0.7 297274 | 66 6.6
30 120 Seated 600 0.5 0.5 0.5 0.7 41541.1 |99 9.8
30 120 Seated 1000 0.5 0.5 0.5 0.7 69268.5 | 166 16.4
30 120 Seated 800 0.1 0.5 0.5 0.7 HA11.0 |27 2.6
30 120 Seated 800 0.3 0.5 0.5 0.7 332329 |80 1.9
30 120 Seated 800 0.7 0.5 0.5 0.7 77576.7 | 86 18.4
30 120 Seated 800 0.5 0.1 0.5 0.7 2909293 |72 1.0
30 120 Seated 800 0.5 0.3 0.5 0.7 42742.1 | 162 10.1
30 120 Seated 800 0.5 0.7 0.5 0.7 68167.5 | 163 16.2
30 120 Seated 800 0.5 0.5 0.1 0.7 365364 | 84 8.7
30 120 Seated 800 0.5 0.5 0.3 0.7 45945.6 | H6 10.9
30 120 Seated 800 0.5 0.5 0.7 0.7 64864.0 | 55 153
30 120 Seated 800 0.5 0.5 0.5 0.3 237235 |54 5.6
30 120 Seated 800 0.5 0.5 0.5 0.5 39:639.1 |95 9.4
30 120 Seated 800 0.5 0.5 0.5 0.9 H2704 | 70 16.9
30 120 Seated 800 0.5 0.5 0.5 0.7 554548 |33 13.1
45 0 Horizontal 700 0.8 0.2 0.5 0.7 60.9 14.0
45 45 Horizontal 700 0.8 0.2 0.5 0.7 65.8 15.1
45 45 Horizontal 800 0.5 0.5 0.5 0.7 70.9 16.3
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE'’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE'’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.



ASHRAE - 180 Technology Parkway NW - Peachtree Corners, GA 30092 - www.ashrae.org

About ASHRAE

Founded in 1894, ASHRAE is a global professional society committed to serve humanity by advancing the arts and
sciences of heating, ventilation, air conditioning, refrigeration, and their allied fields.

As an industry leader in research, standards writing, publishing, certification, and continuing education, ASHRAE
and its members are dedicated to promoting a healthy and sustainable built environment for all, through strategic
partnerships with organizations in the HYAC&R community and across related industries.

To stay current with this and other ASHRAE Standards and Guidelines, visit www.ashrae.org/standards, and
connect on LinkedIn, Facebook, Twitter, and YouTube.

Visit the ASHRAE Bookstore

ASHRAE offers its Standards and Guidelines in print, as immediately downloadable PDFs, and via ASHRAE Digital
Collections, which provides online access with automatic updates as well as historical versions of publications.
Selected Standards and Guidelines are also offered in redline versions that indicate the changes made between the
active Standard or Guideline and its previous version. For more information, visit the Standards and Guidelines
section of the ASHRAE Bookstore at www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS STANDARD

To ensure that you have all of the approved addenda, errata, and interpretations for this
Standard, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no longer
distributed with copies of the Standards and Guidelines. ASHRAE provides these addenda,
errata, and interpretations only in electronic form to promote more sustainable use of
resources.

10/21





