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ACI Web Sessions

ACI Web Sessions are recorded at ACI conventions and other
concrete industry events. At regular intervals, a new set of
presentations can be viewed on ACI’s website free of charge.

After one week, the presentations will be temporarily
archived on the ACI website or made part of ACI’s Online
CEU Program, depending on their content.
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ACI Conventions

ACI conventions provide a forum for networking, learning the
latest in concrete technology and practices, renewing old
friendships, and making new ones. At each of ACI’s two
annual conventions, technical and educational committees
meet to develop the standards, reports, and other documents
necessary to keep abreast of the ever-changing world of
concrete technology.

With over 1,300 delegates attending each convention, there is
ample opportunity to meet and talk individually with some of
the most prominent persons in the field of concrete
technology. For more information about ACI conventions,
visit www.aciconvention.org.
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Dr. Jeffrey S. Haberl, P.E., is a Professor of Architecture and
Associate Department Head for Research at Texas A&M
University. He is an ASHRAE Fellow and IPMVP Fellow, and
obtained his B.S., M.S., and Ph.D. degrees from the University
of Colorado at Boulder, followed by post-doctoral research at
Princeton University's Center for Energy and Environmental Studies. He is
a Registered Engineer in the State of Texas, has authored or co-authored
48 publications, 23 books or book chapters, 180 conference proceedings,
228 reports and holds numerous U.S. patents. He is currently the chairman
of ASHRAE TC 4.7, and was the chairman for ASHRAE’s Performance
Metric Protocols committee. He has received numerous awards and
recognition including a Boulder County Energy Conservation Award, two
USDOE innovative research awards, a 1990 GSA Design Award, a 1992
National Endowment of the Arts Federal Design Award, and a 2001
ASHRAE Distinguished Service Award.
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How are we going fo creafe new high-performance buildings?
« Can we create high-performance buildings from existing
buildings?

What design methods were used fo design existing buildings?
How diid the methods treaf thermal mass ?

 Jeff S. Haberl, Ph.D., PE., FASHRAE
Juan-Carlos Baltazar, Ph.D.

~ Chunliu Mao ﬁ

ems Laboratory
Texas Engineering Experiment Station
Texas A&M University System

‘Source: hitp:/juliancarr.com/fles/2009/10/new_york_from_empire_state_building jpg
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!: Peak Heating Load
b Calculation

‘ Peak Cooling Load l
* How did the methods evolve from 1900 fo Present?
* How did these methods treat the use of thermal mass?

C@hditioning Engineers

g,

T In 1905:
L+ ASRE Transactions was first
~=—1 | published
In 1922: i3
+ ASHVE Guide was first o
published = =

In 1915:
+ Journal of ASHVE was first
published

Simulation

1972 ASHRAE Ly 1981 ASHRAE | [ 2005 ASHRAE
Handbook  * | Handbook 7 Handbook le

1977 ASHRAE ™ 1985 ASHRAE 1993 ASHRAE 2001 ASHRAE
Handbook . Handbook Handbook | Handbook

Refrigeration 5
Air Handling Units, centrifugal fans
Steam engine

Steam heating system

H SOUTH ‘

‘Source: ht://www.sia.gov/emeu/checs/census_maps himi
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Observations:

+  52.3% of the buildings were built from1970 to1999
+  39.7% of the buildings were built in South

= e
2003 CBECS Survey for All Buildings

mBefore 1945 w1946 - 1969 1970 - 1989 1990 - 2003
2,000,000 1

Number of Buildings
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Midwest South
Building Location
Observations: 3

*  39.7%of buildings were built in South
*  27.9% in Midwest, 18.2% in West and 14.2% in Northeast

arge scale electronic digital
available - ENIAC

ttp:/www.computerhistory.org/babbage/adalovelace!;

o/

onograph Electronic Comp
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Pre 1945

Number of Buildings

I I
Pre WW Il WW Il — Pre Computer Early Computer Present

evelopments

Figure 3: A model of Gorrie's ioe machine from the John Gorrie
Muvawm in Apalachicols, Fla
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History: Pre 1945 — Important Developments

In the late 1880s, “War of the Currents” began between Edison and Tesla

Thoma.s Edison Nikola Tesla

V.S. dw l'

A

_/j;
Before that, air handling systems were
steam-driven!

‘Source: htip:/stafffeps nethroysterwarhtm.
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History: Pre 1945 — Heating Load Calculation

Frank E. Kidder Architect’s and Builder's Handbook
Peak Load Calculation:
Heat Loss Calculation

In 1904, “There appears to be no rule
by which the architect can determine
the size of the furnace that should be
used to heat a given building other
than by using the tables given by the
various manufacturers...... F

‘Source: Architect's and Buider's Handbook in 1904 by Frank E. Kidder

History: Pre 1945 — Heating Load Calculation
1904: Radiators

f mfm IH] EXCELSIOR I\rmnc I STEAM-RADIATORS. _

Pt
i:hy;. Cut. '!F.t
1 260 1440

198 | 3‘, 0 |
216 | 18.6 |

‘Source: Architect's and Buidar's Handbook n 1904 by Frank E. Kidder

History: Pre 1945 — Heating Load Calculation

History: Pre 1945 — Cooling Load Calculation

1903 New York Stock Exchange, Board Room — earliest air conditioning system
be designed and operated for comfort (Engr: Alfred Wolff, Henry Torrance,
Carbondale Machine Co.)

+ 3 - 100 ton absorption chillers

» Used steam from cogeneration system

42 distribution boxes in the ornate ceiling
provided cooling to the exchange floor.

+ Remained in operation for 20 years.

Similar to systems Wolff designed for Cornell
Medical College (1899), Hanover Nat'l Bank
(1903).

» Based on Prof. Hermann Rietschel’'s 1894
“Guide to Calculating and Design of Ventilating
and Heating Installations”, Berlin Royal Institute

of Technology.

History: Pre 1945 — Cooling Load Calculation

1904 St. Louis World's Fair — Missouri State building at the Louisiana

Purchase Exposition. First demonstration of air conditioning

to be experienced by large numbers of people (Engr: Gardner T. Voorhees)

« 1,000 seat auditorium

« 35,000 CFM cooled by direct
expansion air conditioning

“The practical application of
mechanical refrigeration to air
cooling for the purpose of personal
comfort, no doubt has a
field,...and the day is at hand, or
soon will be, when the modern
office building...will be incomplete
without a mechanical air cooling
plant.” Editors, Ice and
Refrigeration, 1905.




Calculation

itiing" for treating air in

Source: Carrier, W., 1911. Rational Psychromatric_Formuiae: their elation to the problems of metearology and of air conditioning. ASME Transactions, Vol.33

d Calculation

Source: 1938 TRANE Air Conditioning Manual

SﬁAir Temperature

B| oo 2 i
Effect of thermal mass could be
calculated !

Time

Inside Surface Temperature t,=t+ 0'.856 Tk T2 cos(15n8 - a, —?)

There is time lag for the peak and a reduction in amplitude.

‘Source: Mackey, C.0,, Wight, L.T., 1944, Periodic Heat Fiow-Homogeneous Walls or Roofs. ASHVE Journal:
Meguiston, Parker, 1994 Heating, Fourth Editon

Phase angle
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d Calculation

—fhé equations in Mackey and Wright and ASHRAE
original test data were then tabulated in the ASHRAE

Guide and Data Book
A FASRNS

0 4 12 24
Time

There e lag for the peak and a
reduction in amplitude.

Sourze, 1961

ad Calculation

t erature
ne Averaging Method

TD table addé
Data Book in
Basic heat gai

Thermal mass is in the TETD

Source: 1961

Calculation

Ii‘t_i by zone.

Original CLTD/CLF GRP
158 method contained 36
roofs, 96 walls based on
transfer function method
(TFM), 40 N latitude, July
215l
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Calculation
/CLF Method:

Figare i Sches

Roof, Wall 'UA(CLTD)

lass, solar:

Source: 1977 ASHRAE Handbook; People:

Mequis and Parker, Heating and Ventilating, and
o o i g = No.xSens.H.G.xCLF

Air Conditioning Analysis and Design

ad Calculation

ion of Building Services

introduced by Institution of Hea
Ventilating Engineers (IHVE) Guide in 1970
v Later selected by CIBSE Guide A




History: 1946 — 1969 Annual Energy Use

Annual Building Energy Use Calculation:

Heating Degree-Day Method: Classic Heating Degree-Day Method:

v" Used to predict heating oil deliveries, L0204
crops & snow melt. Whers, A4

E: fuel or energy consumption for the estimate period, Btu
H,: design heat loss, including infiltration and ventilation, Btu/h.
D: number of 65F degree days in the estimation period
¥ Manual method was adopted by ASHVE 7 7umoerofoor tearee Savs o
k: a correction factor that includes the effects of rated full load
efficiency, part load performance, oversizing and energy

D

v Later appeared in ASHRAE conservation devices
V: heating value of fuel, units consistent with H, and E
Handbooks Cy: empirical correction factor for heating effect versus 65 F
degree-days

Equivalent Full Load Hours Method : Cooling Season Power:

v Manual method was adopted by ASHVE Pc :ME)\(T)"L

Where,

Pc: cooling season power (kWh)

(bhp),: brake horsepower per ton

T: maximum refrigeration design load (tons)

H,: equivalent ful-oad refrigeration operating time (h)

v Later appeared in ASHRAE Handbooks EmeeenearE i

v Cooling energy requirement calculation
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History: 1946 — 1969 Annual Energy Use

Hant patas

Bin Method:
¥ Manual method adopted
in the mid-1960s

Heat Jassen

v' Used for heating and/or

cooling calculations Figure 1
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v’ Later appeared in 1981
ASHRAE Handbook
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History : 1946 — 1969 Computer Developments

FRASAERS S o AN

Q In 1957, FORTRAN | complier was developed by John

Backus and colleagues at IBM t

Q During 1958 — Present, FORTRAN |1, lll, IV, FORTRAN |
66, FORTRAN 77, Fortran 90, Fortran 95, Fortran 2003, L l
Fortran 2008 now available _

Q In 1960, PDP-1, the first commercial mini computer
was available
Q In 1964, BASIC programming was available

« R ey
3 G = —_—

IBM Mainframe Computer 704 Series PDP-1 MiniICQmpu(er IBM PC 5150
Today, most whole building simulation programs are still using FORTRAN

hitp/fodo-1.

250625 intro ptml

History: 1946 — 1969 Annual Energy Use

Thermal Network Method:

1950s RC Networks:
Q layered walls, roofs.
O nodal temperatures to be
determined.
O solved by analog computers
(i.e., equiv. electrical circuits).
QO Results viewed on oscilloscope

Source: Buchberg, H_ 1958, Solutions ASHAE Transactions, Vol.64,pp. 111:128

History: 1946 — 1969 Annual Energy Use

- e

1958: Thermal mass could be represented by an electrical RC
network, solved by analog computer.

History: 1946 — 1969 Cooling Load Calculation

Computer Algorithms:

Heat Balance Method:

v Earliest use for general
thermal modeling in
aerospace and other
industries

v Used in detailed
calculation procedures by
Buchberg in 1958

v’ Later appeared in
ASHRAE Handbooks

T

Schematic of Heat Balance Processes in Zone
(Source: 2009 ASHRAE Handbook)
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History : 1946 — 1969 Annual Energy Use History: 1946 — 1969 Annual Energy Use

Computer Algorithms:

Computer Algorithms:

Thermal Response Factor Method:
Thermal Mass: Transfer Function Method:

¥ First developed by Stephenson and Mitalas in 1967, based

on 1950s work by Brisken & Reque (1956), Hill (1957). REHIRHEEREESE > 72 ASHRAE Handbook
of Fundamentals s

v Appeared as part of the Weighting Factor Methods in ¥ Associated Sol-Air Temperature

ASHRAE Handbook Heat gain through a wall or roof:
v Used for CLTD/CLF tables q, - A[Zb"(tg_,,M)de“(q"’;nAHuZCn]

= = =
Heat Gain Weighting Factors:  Vo:VasVa, Wi, W, where,
i . b, _c.4dl ALY
For each type of heat gain g, cooling load for Q, : ) e
Transfer function coefficients T P hY ;/\\ 3
Qp =Volp +Vilyy +...=WQyy —W,Q,, —... — i \/ -

Air Temperature Weighting Factors:  9,,0,,9,, P, P,. ot rrpenstation st = cemtiaueve
Source: 1972 ASHRAE Handbook; Stephenson and Mitalas, 1967, Coeling-Load-Caleulations, by Thermalresponse Faetor Meihod ==

History: 1970 — 1989 Annual Energy Use History: 1970 —1989 Guide Books
Computer Algorithms: o — : ey for A1 Bl
DOE-2 bl Guide Books: e
(Weighting Factor 1972 ASHRAE Handbook of Fundamentals i i
Method) 1977 TRANE Air Conditioning Manual !

1975 ASHRAE Task Group on Energy Requirements: L i '
Procedure for Determining Heating and Cooling -
Loads for Computerizing Energy Calculations

Complete
Set of
ASHRAE
Algorithms

=

History: 1990 — Present Guide Books History: 1990 — Present Cooling Load Calculation
Computer Algorithms:
Radiant Time Series Method:

Guide Books:
1998 - 2009 ASHRAE Handbook of Fundamentals
1996 TRANE Air Conditioning Manual

v First proposed by Spitler, Fisher and
Pedersen in 1997 to replace RF, TETD,
CLTD/CLF

¥ Later appeared in 2001 ASHRAE Handbook __
of Fundamentals =

v Requires software.

Air Conditioning Manual

Source: Steven F. Bruning 2012 ASHRAE
Journal

Source; 2001 ASHRAE Handbook.
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ad Calculation ad Calculation

or residential calculations
5 ASHRAE Handbook of Fundamentals
- 2

Tuble | RLF Limitations

Tem Valid Rangy Nodes
Latitude 2o BPN “Also approemacly valid for 20 60 60°5 with N and § arientations reversed
for sowthem hemisphere.
ue iy 21 Application must be summer peaking. Bildings in mild climwes with
‘sagnificast SEA/SW ghizing maty experience miximum cooling ke i
fallar evem winier. Uso RHI i local cxpericnce indicates this is @
paosibiliy.
il Less thn 2000m RLF S elesatian, Jovanl 1€, method is
‘aeceptably accurme except ut veey high olovations.
Crimate Warnhon s lay avrags ouldoor femperstire asmmad 1o be above indoar
design tom perutare.
Camtruction Lightweight residential sonstrustion fwoo crmetal My bo mpplied o mesanry veneer over framc cons(ruction; Ul ire
Frammig, weso oe sticen sking) comservative, Use RHR for structural masary or uncomentional f
constroction, . . Poswes 1k B 1 Asrnge Rk S s |
I k0 0 s T T g

Fonestrlionares (0 195 0f focr arce on any fasade, 0 10 308 of loor  Spaces with high feswsirrian faction sbould be e withy RIE.
area sl

b
i Sheylights with till less thain 30° treated aonial. Buaildi ith
e s i e T AT N
‘Source: 2005 ASHRAE Handbook of Fundamentals

e T ’—' s — Previous opment rmo, H.T., materials,
.T:'!_-i ry = 7.

[ ik =

-

: bbb e
e E% g \:Fj :ﬁ_J,JJﬁ & * 1904 — 1938 no direct consideration of thermal mass
a a b

B & in building heat load calculation.
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i“ TETD/TA) method developed based on Mackey
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