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ABSTRACT:

Three different criteria were used to evaluate the performance of naturally
ventilated buildings as predicted by the NatVent software package. These criteria
included the average proximal ventilation rate and the frequency of occurrences of
1h and 3h periods when the predicted ventilation rate was below the minimum
recommended. Farmers are concerned with low ventilation rates due to low wind
speeds as well as the lengths of time these low ventilation conditions persist.
Knowledgeable experts were asked for their opinions regarding the expected
performance (excellent, very good, good, fair, not recommended) of these same
building designs. These opinions were correlated with predicted performance criteria
to establish criteria levels that could subsequently be used in the software to evaluate
other building designs according to the expected pertormance.
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RESUME

Le logiciel de conception pour les batiments agricoles ventilés naturellement
"NatVent" utilise trois critéres d’évaluation pour prédire le "Niveau de Satisfaction" que le
producteur agricole obtiendra avec la ventilation naturelle durant 'été. Ces critéres sont
basés sur le taux moyen pondéré de ventilation et les fréquences de périodes de 1 et 3
heures consécutives ot les taux de ventilation sont au-dessous du taux minimum de
ventilation désiré. Les producteurs sont surtout concernés par les fréquences et durées des
périodes de vitesses basses du vent causant de bas taux de ventilation. Plusieurs experts ont
été consultés pour exprimer leurs opinions sur leur "Niveau de Satisfaction" (excellent, tres
bon, bon, acceptable et non recommandé) basées sur des batiments agricoles types. Leurs
opinions ont été correlées pour établir une base utilisable par le logiciel "NatVent" pour
prédire les "Niveaux de Satisfaction" que I'on pourra espérer pour de futurs batiments
ventilés naturellement.

INTRODUCTION

Traditionally, the sizes of sidewall and ridge openings for naturally ventilated buildings
were determined by trial and error. When a producer built the first naturally ventilated barn
in a region, this barn became an experiment site for the distributors of natural ventilation
equipment. Over a period of one or two summers, the distributor would receive comments
from the producer on the ventilation performance and adequacy of the opening sizes. This
information was then retained to be used to benefit future construction projects.

It is now feasible to use existing knowledge relating to the performance of naturally
ventilated barns already built across Ontario and Québec to predict performance in other
geographic areas.

To do this systematically, design criteria must be selected to evaluate the performance
of naturally ventilated barns. The recently developed computer software, NatVent, uses such
criteria to provide the user with expected Levels of Satisfaction for new building designs.

OBJECTIVES

In order to provide NatVent software users with an expected Level of Satisfaction for
a design of a naturally ventilated building for any location across Canada, this study will:
1-  perform a Level of Satisfaction survey of agricultural producers and knowledgeable
experts for various naturally ventilated buildings located in Ontario or Québec;
2 - calibrate the Natvent software;
3 - discuss the use of the obtained Level of Satisfaction for other types of livestock;
4 - discuss the applicability of the obtained Level of Satisfaction for other climatic
regions across Canada.
It should be noted that all the above apply only to insulated buildings where solar
gains are not considered as a factor. If solar gain is a factor, such as with an uninsulated
building, then required ventilation openings would be larger.



SELECTION OF DESIGN CRITERIA el Tl

f o

- Choiniére et al. (198‘9 1990) derﬁonstrated that- naturally ventllated bulldlhgs sh(f)uld
be demgned based on with wind forces ‘only. To chéck’performance, Choiniere:{1989) and
Zemanéhlk et al.”(1991) suggestéd cbnsrdenn;__, weather ‘conditions 'Where: the dutside
temperature was equal to or greater“than a basic teniperaturé of 20°C.” This temperature
was selected for two reasons:'"Fhe first was to limit the’ siz& of'thé hlﬁtorlcal weather data
files'used”in the ’émal;fsls and'the se’cond’ wis to doncentrate on wan weather when there
is moré of 'a coricern for low Veftidtion ratés diie to low wind speeds. /1’ v 1ol s

Given the precedmg, Zémai’réhlk ef al!'(1991), Choiniéte'er L. (1992) cons]dered the
following ‘specific desigh’ criteri& to help ch’ébke the best Building brié’ntatron and fsﬁe of
ventilatiorr Gpenings: SEUNS A ERAR RERIE
1. maximize the average ventilation rate; diuient 3 0 dilpieed
2. maximize the average prox1mal vehtilation rate;’ w0 sty S
3. minimize the treqhem,y of single hour events, the tr‘éq'uemy of ‘three consecutive hour

~ events, and the longest contifiuous event; when'ventilation rates are below the mrmmum
recommended for summer; D S-SR
4. maximize the rate of decay of the frequency distribution curve of consecutlve hours below

" the minimilim ‘recommerdéd sutiiey vélibition lite. ~ 2 - vonoe  soli csiteseneD

Average Ve'r’l‘tilétimil R'at'es U e Y e % B o SRR T
o ! TS S SULS il v Wil i e Xe Pari V% e T {rafy
. Usrflg theée triteria; both the"average ventilation and average- proxrmal véntilation
rates aré maxﬁrnze'dI basréally, the l‘argér’ihé number ‘the" béHér the déh]gn SR
i | e fesul wrt 2 SRS FT N S A1 NS TS
A‘V’erage Vel'ltl]atlol'lir‘\lﬁtdr o !1‘ it ff i il'.f,;z. Al e Lmlee e s

TG Lot ranvi 1 IR ae U oo av et b fgiass

The average ventllatlon raté is calculated by sumrhmg the hourly ventilation rates
predicted by NatVent for act‘ual tistorichl weather“data, and’ dmdlng by“the ‘fumber of

1hf)

~ values included in tHe summatiofi {SuchofSRl-Trembfdy et al:(1991; Choiniére et al. (1992)).

%

Figure 1" ﬂresenfé a sehienmdtic L of the ventildtion'tate distfibution “Curve with the
“average- W—m‘hlatid‘r‘r rate marked!" For 'a sticcessful’ bbtl‘élmg désign "ank ofientation,” the
average vertilatidn raté should Be considerably greatter thdd the minfmii recbmmen”ded
summer ventilation rate. Zemartchik’er al. (1991) tepérted predicted average ventilation
rates betweeh 1.8 and 2.0 ir ’chaﬂgea per mmute forJa typlc,al fmlsHmb hog'barn bdbﬁd on

Otfa\i/a wedmer e VLU Y TP U I ST T

SRRl a8 - UL O Vs B 1 S COU R T

Avcra;fé Pro:érr’i‘al Vent’nlatlon Rate ™ u Sl S R Tt = Lo STHE S RGN
' S a i TR TV KPS ST S AT A ST I

o Most® agricult‘ural producers enjot: the’ hlgh ventilation fates thit coiricide’ with ‘high

W1Hd speeds’” Howéver, they are ‘conc néd about fienods of 16W ventilation fates which
occur more often with low wiiid ‘speeds.” “Fhe fdllbwm‘;, is a deserlphon of the' t‘oncébt of
average pr’(fxrmal ventilation rate, which optinizés the ventilation rates that occur bclow the
“"mininfum recommended summer vertifafidn Fate. 7 AT S wuls o mon v i Lo



When NatVent useg historical wgather data, the predicted ventilation rates can be
either less than, equal to, or greater than the minimum recommended summer ventilation
i rate. “Ta:calculate the average proximal ventilatiop,rate, all predicted ventilation rates which
{_I,@r@,gnéa;tqr than,the minimum recommended summer ventilation rate are reduced to the
_rminimum recgmmended symmer, xentilation pate. ; This is done since in reality, surplus
- .ventilation gannot be stored and,ysed during periods of low, wind speeds. The average of
,;all ventilation. ratgs, including.the reduced rates, is.now calculated. _
s By reducing high predicted ventilation,rages.down,tg, the mipimum recommended
summer ventilation 5atg, the rgswltant aygrage,ventijatiop.rate, will be weighted downwards.
sii+ L+t The avepage prxima).ventilation ratg can; approach, byt not be greater than the
. minimym recommendgd: supnmer, ventilation. rate,  Figure 2 presents g_s_cl';ematic of a
ventilation rate curve with the average proximal and minimum req,%mngtied summer
ventilation rates shown. afer g o gy gt
NatVent selects the Preferred Building Orientation (Suchorski: Tremblay er al. (1991),
. Zemanchik, et al. (1991) and Choiniere er al. (1992)), giving.preference to the highest
.- average proximal ventilation rate. At the present time, it i_$;rpcgrp,meﬁded to yse this criteria
for design purposes. AR SR o—
Gl ey ; 59 A, St 5
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Consecutive Hours Below the Minimum Regommended Summer Ventilation. Rate Concept

Choiniére (1989) introduced the concept of using the frequengy of gyents ocgurring

when the predicted ventilation rate is below the recommended ventilation rate for a given

. number. of onsecutive, hours.  This jdea is based on the copcern that the.animals or plants

within the building may possibly suffer from heat stress dyring, periods: of Jow yentilation.

The goal is to find the building orientation which provides the least number of these low

ventilation rate events during the many years of historical weather data. For a given building

design and historical weather data set, NatVent analyzes the predicted hourly ventilation

~ rates,using. simple,, sarting and,, counting techniques.. ,,The; frequency ,distribution of

|, consegytive: hours (1,.2; 3, etc.) when the predicted ventjlation ratgs are Jess than a given
- minimym recommended summer, ventilation;rate can then be produged. |,

i 1w In.this concept,gach predjcted ventilation rate below the mig;mum;.!ggﬁplmended
_asummer ventilagion rate is asingle; hour evept. If the ngxt hour’s predicted yentilation rate
( _is alsq.beJow.the regommended summer yentilation ratg, it is also counted as,a single hour
. event and the two,together comprise a twp consecytive hqur event (hourl 3 hourz),, If a
+following hours predicted,ventilation rafe, is,below, fhe recommended summer venijation
rate, then it is also a single hour event. Together with the two previous hqyrs, therg, is one
three consecutive hour event (hourl + hour2 + hour3) and two two consecutive hour events
(hourl + hour2, hour2 + hour3). If the fourth hour’s predicted yentjlation rate g,gq_ua}l_to
or greater than the recommended summer ventilation rate, the addifion ceases.  When the
. freguency of events of.low ventilation rafes.are,plotted against the, gyent size (duration of
(.gvents, (singlg, twa,. thyee, gtc.)), an exponentially declining type curve results (Choipiére,
«, 1989, and. Zemanchik, et al, (1991)).,,Such a,qurve is shown in Fig. 3. e R
w1t giie - Erom  these data, ‘building designers may, emphasize the effect of the number of
consecutive hours below the minimum recommepded summer ventilation rate by selecting

.



any of these design criteria: the frequency ‘of single hour-events, the frequency of three
consecutive hour events, and the duration of maximum consecutlve hours event

1t o wianehett e gf
Frequency of Single Hour Events

v . ) PRIVRSS T N e — 3 N T

ConsuTtatlons with experts and- frgncultdral préducers suggested ‘that part ofithe
' des1gn ¢riteria should be the ftequencybf smgle ‘houf events. Everyoné comsulted exprassed

their desire’ to minimize: IowtventllatiOn ratés. > ER PR (R AV I DA L1
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i
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- This criteria pr0v1des oty esh‘mate ofthe possible discomfort felt byragricultural
workers and animals‘remaining withih' the: ‘building dufing three tonsecutive/hours. The
three hour duration was suggested by local agricultural producers. They becomé concerned
when the predicted ventilation rate remaifs low for that-length of time. This also depends
upon the temperature at which this occurs. However, the cut off value is arbitrary since
there is no scientific literature available compiring the period of time of low ventilationand
temperature with the growth otsproduction'gerformafices of the animals.

The goal is to find the building orientation which provides the least number of these
three “édnsecutive - h0ur"low ventllétlon Taté ‘events *durmg the ’many years of historical
weather‘data, 0 e tan - £ :

Rate of Décay of thé“Fréq'ﬁiency of {;fon'seeuti\/e Hours Event§'*
o o Tatie S0 fer et i i

A MUY, i

For each combination of building’ configuration, oriéntation angle, and weather
station, Choiniere (1989) and Zemanchik et al. (1991) attempted to use the natural logarithm
'of the consécutivé niinber ‘8f’hours curve and obtain a tentative “ralte of decay" curve' (Fig.
%) whéré the slope’of'thé curve would itidicate how' fast the Hiimber of consecutive hours
below the recommendéd véntilatiod raté would'be feduced. ‘Hbwever, subsequent work by
Zemanchik et al. g 991) demonstrated that there was very little ditference between the
various tested Buildihg orfertations. Consediieéntly; this design ‘ctitéria was éliminated.

Diiration of Maxiiiuih Evett © L T P ST A
v b beoo 1R ie I

"The work of Zemanchlk et al. (1991) also demonstrated! that thiére was very little

differenée” among 'building’ onentdtions based on''the ‘Mmaximunt - @uratxd)n event

' Consequen'flj/, tl‘iis de_s:gzi criteria w‘és ‘not coh’éldered further LU Tt

14 1 I 1 BRI i 3n

AR L TR R S : S Y R ) IR CI



9 CTIET- SRR, ., METHOD AND PROCEDURE
U FRERRT O ! '
Survey of Producers and Experts
L
During 1991, a survey was performed among agr1cuﬁuraI producers already usmg
naturaly -ventilated barns, as. well as.knpwledgeable eXpETts: in the argas of natural
ventilation-equipment manufacturing and distriputing.,; Also, Ontario Mmlstry pf Agriculture
and Food’s extension engineers were consulted. Frq;n this survey, it.has begn possible,to
obtain a typical building design for new free stall and tie stall da1ry barns, finishing hog
barns, and broiler and turkey barns (see Taple 1). g
The producers were asked to give their opinion on their expected Level of
Satisfaction of; the ;varioys possiple sidewall, end wall. and ridge qpenings that could be
installed pn4he same typjcal building. They.had,totgllif the: Lievel of, Satisfaction would be
. excellent, yery good, good; fajr or-pot recommendgd f(ar the. proposqd openings. These are
he -definitions ‘attache¢d;to the quel of Sdtlsf;lqpon
) e e o i 5 .
! Excellent w1, The operator, is; pxtremely )satls[t,lqd therp 1s no need for addmonal
-+ openings, CVCﬂ during.the hottest-days of.the summer

S oo "
o0 ol e

- ' o o T N HTOTEY LT COTRRI X 11 SRS AL RURUT T &
., Very Goed 1. ;. . The Operator» is. jvery satgsfled,(t,ljlere are qnlyj,glﬂfew daysmiprmg the
summer when the operator feels he needs additional openings. .

Good The operatoy is satisfied; however, the, QRGragor weuld likg marg air
movement during the periods of low winds and suggests to use some

s % . supplemental circulagion fans. ;. - o ogpecioe . e

T S AR | BT P 0% at W Rl Nouns HYL e nlo 18

- Fair 0 1r; +hhe s pperator, expresses .concerns .about;the, hot, summer dﬁys

Sl 4 ww . aecompanied with.low; speed winds and, a shgrtness, of aif,moygment;

iv o twocsedus - Permanent cxrcql@twn fans age strongly suggested,~. 1wl

R S Sy Lty givoabe ik, A et

No¢t R@:commended Mc;et operators alid expems dlphke thesg Jypes ofbarns. ». )

The opinions of these people were averaged to provigg,the hasis for thg galibrapion
of the NatVent software.
NS The propgsed .typical buildings with the variqus gpenings. were then entered into
NatVeq,t to calcylate ;the, percentages {assgclated with. the. CX_PF39¥9¢ Leyels of Satistaction.
The weather data from the Ottawa Interngtional Aizpgrt was- usgd for, the. su.nulatlon .. The
resultant percentages associated with the Levels of Satisfaction were plotted against the total
opening area around the building used for ventilation. Finally, the survey results on the
Level of Satisfaction were compared to the resultant percentages. As a result, different
percentage ranges were established for each Level of Satisfaction and each typical barn
tested.



Recommended Design Criteria Used in NatVerft S - L
. P . o O e 4 [ 1'/

h W1th the present knowledge experts recommended to use in NatVent (Cho1n1ere et
al., 1992) the fallowing criteria:

. n E 1. .
Vdlee, Ll ) I we mdi

i gt ir

Welght of prox1mal 'werag,e ventllauon rate’ . , . 3va
Weight of frequency of single I honr events : 33
Werght of frequency of tl;n,ree \GOD,SGCUUVC hour events o .33173

The relative welghts have bee,n establplshed arb1trar1ly based on the suggestlons of the
consulted agricultural produccrs and experts. .

Weather data used were tor Ottawa for outs1de tempel'atures equal to or above 20°C
Calculation of the Level of Satisfaction for the Selected,Design Criteria |

The I_,evel of Satlsfacuon for the three selected des1gn cr1ter}a are calculated as

follows; , : o et ol 15 vie
e N Average imial Ventiléti ' E T N (L B B Y
Average Proxinial ‘Ventilidfion Rate x 100 = A% ) [11
Recommended Summer Ventdéuon Rare i oo .
H e 2 M -5+ |
Ao R
. \ . .

N . n Nuhtber of Smgle Hour Evénts g ]
t i yrmh = { 100 = S A oy . [2]
o ]{?0 ( y Total Number of Hours ' . ‘ ] ' (:’?) " '
i b | ¥ ), ) 4 I ¥ .lz'_.,
I I B N LURT B A e Tr i ( TP L P et b e
100 - Number of 3 Consecutive Hour Events x 100| = T(%) 13

Total npmber:‘ of Hours . T - ]
AT TR R D RS R T DR I 118 I TP i s

'l“he Level of Satistactipn is calgplated by, " . T S
1 IR : Jenys owe e
“‘(%fj+s(f’) T8 ppvEr O Sifispaction 0 i)

RIS B R R o TS NETS
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 RESULTS AND DISCUSSION

" 2!

i :
Tables 210 6 present the combmatrons of r1dge sxdewall p]d end wall opemng t;'pes
and sizes tested with the calculated Level of Satisfaction from NatVent and the experts
opinions for each combination. The total opening area around the building is also added.
Figures 5 to 9 show the Level of Satisfaction versus the total opening area for each type of
livestock investigated. -

Generally, the results of Tables 2 to 6 and Figs. 5 to 9 show that an increase in the

total opening area results in an increase in the Level of Satisfaction. When small total



opening areas are used to begin with, the increase in the Level of Satisfaction is rapid as the
opening area is enlarged. However, after the two highest ranges (Excellent and Very Good)
_are obtained, the curve plateaus, indicating that larger sidewall openings would increase the
operators’ Level of Satisfaction only slightly. : ' o
The selection of the ranges of percentages associated with the Levels of Satisfaction
were based on comments from ventilation experts and agricultural producers. For
calibrating the dairy free stall, the Excellent range’ was ;é}jtablis'h[étl' to be between 88% and
100%. From Table 2, the RI-900-CL test (66.8 ™m” of d_bbnin s')’;o'btail"ged 87.9%, while the
CH-1050-CL test (71.6 m® of openings) obtained 88.2%. Since the formkr test was classified
_as Very Good and the latter as Excellent, the 88% value was simply taken as a cCOmpromise.
All the other ranges were establishéd followihg this Procedure, =
Consequently, the proposed ranges for the Levels of Satisfaction for different animal
productions ‘are éstablished based 0On the best knowledge of the niataral ventilatioh experts
and agricultural producers today. , ‘ oL . . » .
The lower'limit for the &xcellent range varies among the different anirhial production
types. The tie stall dairy barn has the highest lower limit at 93%, followed by the free stall
" dairy ‘barn with 88%, turkey'and broiler chicken barns at 84.5% and 84%, respectively, and
finally swine barns with 80%. The producers’ working time spent in each facility may be the
IIjlﬁlin factor in this phenomenon. For example, qairyproducers spend considerably more
time in the barn 'ds compared to a hog producer,, -~ .0 g
Table 7 presents the proposed Level of Satistaction ranges for various production
types. This table presents the five species tested as well as others where natural ventilation
is used. Since it was not possible to collect data. for all these types of production, some
animals were assogiated with others’ basedor ggé"type,gf_tgcming, sttthmer ventilation rate
requirements and the general perception of the experts. }Again,'a more precise calibration
would be necessary in order to obtain percentage ranges for the Level of Satisfaction for
each species. ;

R W0t ans i

=l vy SN

Applicability to Other Climatic Areas ‘across Canada

Levels of Satisfaction were obtained from-a sifédy performed in Eastern and
Southwestern Ontario and Western Québec. For these areas, .the gesign dry bulb and wet
Bulb temperatures dte équalfd 30%31°C-and 23°-24°C; respectively (National Building Code
Supplement, 1990). In order to secure the same Levels of Satisfaction for other locations
across Canada, the NatVent user must verify that the local climate is similar or cooler than
the one used to calibrate Na;\{ent. s mp s .

At this time, the proposed Ldveld ‘¢ Satisfaction cohld be used with success for all
climatic areas across ‘Canada. Only some ‘lregi‘olns in South)yglstern O(\nt]qr;o are¢ known to
L o T
St Lo B o Gtk 800 58 R ity ! B gaf®
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SUMMARY AND GONCLUSIONi» L oen WA g i
i Do g oty i
A survey on the ‘relative i Levels: of Satlsfactmm of agricultural;: pradiicers and
- knowledgeable experts for. naturaily ventilated: dairy tie and: free stall baris, tutkey:and
‘broiler chicken barn$, and:finishing. hog barns was performed in..Ontario::abd Western
Québec. They were asked f6t their ppinionssregarding the expected performance of these
same building designs (Excellent, Very Good, Good, Fair and Not Recommended).
These opinions were correlated with the predicted performance criteria to establish
the proposed ranges of Levels of Satisfaétion that could be used in the software, NatVent,
to evaluate other building designs.
The proposed:ranges weréialso applied to-other types. of :animal productlon which
“were not part-of ithessurvey and:dnitial calibration. 3 ST R o
* Finally,with the.present:state of knowledge, the proposed Levels of Satrsfacnon could
be used with sucecess for all cHmatic areas across Canada. 1y
The proposed Levels of Satlbtactlon dpply only to msulated barns where solar gain
is not a:factor. .o o v LI : v .
.- el ‘) ) o N lha WY Hiaw

RESUME ET CONCLUSION
‘ Lt A G B T B DR 5 3
43 [dne enquete a.été effectuée-avec plusieurs prodticteurs. agr;colres et experts reconnus
en. Ontario et au Québec. Les répondants:devaient exprimer.les niveaux de satistaction
espérés (excellesit, tres bon;ibon, acceptable ét non recommandable ) pour plusigiurs étables
types pour la productlon laitiere, porcine, de poulet de chair et dindons. .
Les opinions furent correlées avec les performances prédites par le 10g1c1el "NatVent"
. enifonction d’obtertir un‘moyen del propdser différents miveduxide satisfaction 4 espérer pour
rles batiments futurs. ) lies nivedux de satisfaction ainsi. obtenus: pour les especes animales
incluses dans 'enquétei furent aussirétendus & d’autres espéces:animales selén lés besoins en
ventilation.
“"t". Fdna:],emeht selon les c’iﬁnnaissanoefs actuelles les rf)i‘es’ents niveamx de' satisfaction
Cependantg ces recﬁmmahdhtroms i apphquent umquement potrr les banmle’nts .Lstﬂes ou les
gains d’énergie solaire sont négligeables. NP e
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Table 1. Typical naturally ventilated buildings used for the'Levels of Satisfaction survey.
Production __Building K
Length (m) Width (m) ISidewal] (m) Ridge, End Wall Openings
Dairy Free 365 244 3 1 Chimney, 600 mmx
Stall, R Loty LY © 600 mm every 6 m 'k
100 cows EEARECII PR T SR G 2i:Continuous ridge, 200 mm
ur i W»idre i
‘ !.r{f vt o ‘,}31. dn,.e 3.7mx 3.7 m end
;;f\_i:; () " SIS i dggr {?rt each end
Dairy Tie 36.5 SR i~ I T 1. Chininey, 600 mm x "
Stall, TTENE R 600 mm every 6 m
50 cows o 2. Continuous ridge, 150 mm
1 “ wide
ELAN 3. 01 2.1 mx 24 mend*
[ ,door, At each end ,
Finishing 36.5 122 24 brsliChimney, 600 mm x
Swine, ~ 600 mm every 6'm
580 hogs 2. Continuous ridge, 200 mm
wide
3. Two 9mx 1.8 m end
windows at each end
Broiler 122 21 2.7 1. Chimney, 600 mm x
Chicken, 600 mm every 4 m
single 2. Continuous ridge, 250 mm
storey, wide
40,000 birds 3. One 3.6 m x 3.6 m end
door at each end
Turkey, 122 23 2.7 1. Chimney, 600 mm x
8700 birds 600 mm every 4 m

2. Continuous ridge, 300 mm
wide

3. One 3.6 m x 3.6 m end
door at each end

Important Notice: All these buildings have wall and roof insulation of RSI 2.5 to 3.5.
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- Nomenclature andAbbreviations - s

) Code

Description
G 7 Chigney e A . =
R Mlm - ':*__ (,ont,muous Ridge Opening “; P B
bHx21 ¢ o Intelrnmttent Sidewall Opening, 0.6 x 2.1 m, every 4 m
©Qm 24 ovbi~ -+ Interiittent Sidewall Opening, 0.9 x 2.1 m, every4 m
600, . 600 i A ni Continuous Sidewall Opening
675" 675 mr Continuous Sidewall Opening
750 750 min Continuous Sidewall Opening
900 O v.#900'mm Continugus Sidewall Opening
1050 .+, 1050 mm Continuous Sidewall Opening
1200 it .~ ¢ 3,4a1200 mm Continuous Sidewall Opening
1350 1350 mm Continuous Sidewall Opening
1500 1500 mm Continuous Sidewall Opening
OP T Gpen End Wall
CL e 8+, Closed End Wall i 1
' : e
i T o |
b odu e !
ISP b ' ",'!_’.M‘. N ‘ {11:‘.‘4' ‘
e £ '»'-f-,-’ 1 ¢
i r 1 Iy
IR
e i
'iJ.' { i) ) N
iy
e \ 2y} N

i 11



Table 2. Dairy free stall’ calibratidn for Level of Satistaetion: e
Calculated 3 ,

Description = Level of Satisfaction * Experts’ Opinidns ~ Total’Area m> 1+ 575!
CH-.9x2.1-CL-+* 74.3 ' Not Recommended*. 41.3 0 o
CH-600-CL 75.1 b Fair v 4191 . :
RI-.9x2.1-CL 786 ¢ ./ Good 4630+ .5 -1l
RI-600-CL 78.7 ULOOL 71L Good 47.00
CH-750-CL 81.3 » 7 Y Good 51.8 A
RI-750-CL 839 i Very Good 56.9 Lo
CH-900-CL 8.7 L 7" Very Good 61.7 L. F
RI-900-CL 879 « © w1 " Very Good = - 66.8 o= i
CH-.9x2.1-OP- 86.5 Very Good - 68.0 SRV
CH-600-OP 87.4 ~ Very Good 68.6- -
CH-1050-CL 88.2 il Excellent d 71.6 L.t
RI-.9x2.1-OpP* 89.4 M. ik Excellent 73.1 7 :
RI-600-OP -~ 894 . L Excellent : 73.7 s )
RI-1050-CL "' 90.1 ' =o' Excellent 767 v iF
CH-750-OP “-¢." 90.4 i 9 /7 Excellent ' 785 -
RI-750-OP - 91.6 Excellent 83.6 ) :
CH-900-OP - 92.2 i il Excellent 88.4 '
RI-900-OP 92.4 Hisl'uuv Excellent e 935 . 1
CH-1050-OP - 92.5 REE Excellent 083 (.t i
RI-1050-OP = 93.7 nwiuux’. Excellent -+ 103.4 <17 A

B TR ‘ 2

& [ ,Aroposed Ranges for (0% ST
Grades ; o= - g Levels of Satlsfactlon i
Excellent ="  ____ . .:_"'Sé 10,100, . G e
Very Good puef 82 t0,87.9
Good o 78 §0 B81L.9 -
Fair e "1 o779 ST i
Not Recommended "'Iess than 75 it |

e -
L D
i "i
3 e ‘

12



Table 3. Dairy’tie stallsajibration for Level of Satistaction.

Calculated ainluaL 2

Description Level of Satisfagtion - Experts Opmmns & Total Area m* s,
CH-.6x2.1-CL, | & 83.7 Uit i . Fair ¢ 283 £
RI-.6x2.1-CLe. [+ - 87.4 1 Good .. 33.4 t
CH-.6x2.1-OP i 90.3 GO Very Good o 387 ... 18
CH-.9x2.1-CL " 91.1 TS, Very Good 7 413 oy A
CH-600-CL = 91.0 D Very Good  © 419 |, ~
RI-.6x2.1-OP 91.7 v Very Good "% 438 - )
RI-.9x2.1-CL .| 92.6 Sy Very Good w 46.4 1
CH-675-CL .00 92.6 + Very Good > 46.8 a0
RI-600-CL .= 92.7 j , Very Good 47.0¢ g
CH-.9x2.1-OP 93.5 v Excellent 517+« .
CH-750-CL 93.2 " . Excellent 5180 ..o )
RI-675-CL | 93.3 = F Excellent . 519 ¢ .S
CH-600-OP - ., 93.5 . -  Excellent it 52.3 - > 15
RI-.9x2.1-OP &° 94.0 4 5 Excellent ' 56.8 | Gl
RI-750-CL 7 ¢f 93.8 e Excellent 56.9 ar =%
CH-675-OP 4 .- 94.1 . ¢ Excellent 57.2 y T
RI-600-OP . 94.1 . e Excellent - 57.4 Il
CH-900-CL - 94.5 Excellent 617 O vieis
CH-750-OP ; 94.3 Y Excellent ¢ 622 . 3t T
RI-675-OP i) 94.3 It Excellent < ‘( 623 A
RI-900-CL - —= = 951~ —-—Exceﬂem — — ~66.8 Sl
RI-750-OP 953 v v O éxcellent 67.3 o
CH-900-OP = __ Tt R dorpkeellent o Tl ke e
RI-900-OP 95.5 ( Excelle nt 77.2 sl

L Préposcd Ranges for of s
Grades . Lev*els of Satisfaction L)
Excellent - 930,100 [ geh & DX
Very Good ™~ e e - OfO792S- T T T ey
Good 85 to 89.9
Fair 80 to 84.9

Not Recommended less than 80




Tabled.  Finishing hog calibtitidn for Level bf Satisfaction,

Calculated Y R -
Description_ Fevel of Satistiétiofy “"Experts’ Opittions ~ Total Aream? " .G
CH-600-CL 68.9 V1 Fair rod 38.3 LA
CH-.9x2.1-CL 713 Good ' 413 v el
RI-600-CL 72.5 : Good -‘_‘ 42.1 & 7D
CH-600-OP 75.2 Very Good - 45.0 T UL
RI-9x2.1-CLT 753 """ Very Good 450 5 0
CH-750-CL ' -- 76.6 v Very Good 47.3
CH-9x2.1-0F 769 " Very Good 479° L
RI-600-0P  * 777 " 0 Very Good ¢ 488 I
RI-750-CL - 790 L * Very Good 5119 -0
RI-9x2.1-OP - 798 ~ Very Good SL7
CH-750-0P " 8.2 . Excellent 540" - b
CH-900-CL ‘' 81.3 7" Excellent - 56.3 ‘i
RI-750-0p ‘' - 83.1 i Excellent - 57.8" =L
RI-900-CL.. 832 .+ Excellent. '~ 6017 P e
CH-900-OP 89 . .. Excellent 63.0
CH-1050-CL 848 . Excellent 65.3 e
RI-900-OP T 866~ - Excellent— . . 66.8- -~
RI-1050-CL 86.5 W1 Excellent 69.1  hn s
CH-1050-OP 87.3 77 Bxkcellent 720 - Do
RI-1050-OP 88.0 ! Excellent 75.8 S

Rroposed Ranges for s e

Grades ——— S T Eevels-of Satisfaction-— -~ . ... " e
Excellent 80 to 100
Very Good 75 to 79.9
Good 70 to 74.9
Fair 65 to 69.9
Not Recommended less than 65
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Table 3. Broiler chicken calibration for Level qf Satisfaction,

Calculated o
Description., ;. Juevel of Satjsfagtion - Experts Qpinjons. _ Total Area m’
CH-600-OP ; »: 64.5 ~ - Not Recommendeq . 1726 -
RI-600-OP ¢ 68.8 . pNot Recommended ; 1889
CH-750-OP . 72.6 bot D Fair et 2060 - _
RI-750-OP ;- 752 v o 4 Fair or 2223 5y, ol
CH-900-OP ; : . 780 : - - Good 2394 | .
RI-900-OP - -, 799 .0 Good 255.7 -
CH-1050-OP 81.4 i .. , Very Good 272.8;, il
RI-1050-OP ;. . 83.6 .,y YEIy Good 280.1
CH-1200-OP - 83.6 Very Good 306.2
RI-1200-OP . - 86.2 , - Excellent i 322.5. :
CH-1350-OP;, 86.6 Excellent ¢ 339.6 R
RI-1350-OP : 879 . ., | Excellent ;. 3558 3
CH-1500-OP: -= 88.3 .5  Excellent | 373.0
RI-1500-OP 899 . ., Excellent 3892
o " Proposed Ranges for” a0
Grades bt . Levels of Satisfaction R
Excellent i~ o 84 to 100 "
Very Good #1.27 5 580 to 83.9 a2
Good At At t0 799 (1.8
Fair e i | m— ——— ___u__m..to_ﬁ.g_ N —— b =t S s
Not Recommended d L 32 ofeds thiah 70
Tt 1, 101 — T

LU e T Buk

AN Ao 8T

Uy o 'y

Quo .
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Table 6.

Turkey calibration for Level-of Satistaction. - i . -

Calculated

Description-  Level of Sati$faction . Experts’ Opinions _ Total Area m?
CH-600-OP o617 ‘Not Recorhittended 172.6 =z i
RI-600-OP 64.6 Not Recommended 194.6 il
CH-750-OP 69.7 Fair 206.0 SGE
RI-750-OP 73.6 Fair 228.0 sl
CH-QOO-OP_“ M_7_5.i1___~ Good 2394 v . o
RI-900-OP ., T, o Gogd” 2614 T
CH-1050-OP 791 ’ Good 272.8
RI-1050-OP 81.9 Very Good 294.8
CH-1200-OP - - - -82.2. s - Very-Good 3062 .-
RI-1200-OP 84.0:4.: Very Good 328.2
CH-1350-OP 84.5 Excellent 339.6 . ..
CH-’ISOO-CL" B 84.5 g ':';‘:"E'X’Ct':‘llent T 3383
RI-350-0R. . ._ " 0 863" . _ % Ecellent 361.5. '
RI-1500-CL 17 86.9 * - Excellent 368.2.+ 4
CH-1500-OP TR 8676 Excelfent™— -~ 393 g-— -
RI-1500-OP 87.9 Excellent 394.9
Proposed Ranges for
Grades Levels of Satisfaction
Excellent 84.5 to 100
Very Good 80 to 84.4
Good 75 to 79.9
Fair 65 to 74.9

Not Recommended

less than 65
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Table 7. Level of Satisfaction rapges.for various production types,

Produc;i-on | S -ﬁm"\/er;” " a - N‘(‘)‘t
Type ‘¢ . jen i . Exeellent ~Good . Gopd, - | Fair Recommgnded
Dairy free stall: .88 8240  780- 750 <75.0
Heifers Ly reatril av
Calves .00 ¥
Beef Cattle 27: A, , 5
Sheep or Goats Lo, :
Dairy tie stall - o3 900 850 . 800 <800
Horses o S N | i
Single arch greenhouse " ,
Grower-finisheér hogs 180.00 5 75.0 70.0 ¢ 65.0 <65.0
Gestating sows ' -
Turkeys .. 845 | 800 750 | 650 -~ <65.0
Broiler ChiCke‘i‘l’:S 8449071 80.0 76.0 '~ 70.0 Z70:ﬁ
M)
' [ |
b HE&
L G Pl 3
T T [
TR
& el yule §
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Figure 3. _.:Schematic: of the:frequency of single hour events and the frequency of.three
consecutive hour events below the recommended summer ventilation rate and
the duration of maximum event.
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Figure 7.
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Figure 8.1/
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Figure 9.

tae

90+

EX

a0
VG

60

! I Lk 1 T I ! 1 L I ¥ I L 1
140 160 180 200 220 240 260 280 300 320 340 360 380 400
TOTAL OPENING AREA (m?2)

Turkeys: Levels of Satistaction versus the Total Opening Area,



