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~ Wlieful to investigate tbe Reynolds Number 
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~ result to be used in the computer method 
which was more ~tatiwe of tbe types of flow 
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Fig 2: Arrangement oj lest HX, 

Three main clI1I.Ck forms are nomlaUy foood in a 
dwelliftg (see Fig. I). The first is a "stmipt tlll'OUlh" 
CII1I.Ck where air passes directly through an opening; 
(or eumpk tbe gap between iii door and tbe floor. 
The second is an "L-shaped" CII1I.Ct wbere tbe air has 
to pus round a riPt~anJk bend, an eumpk being II 
~t window sIlut apinst tbe (rame. The thint 
is a "multi~mered" ClI1I.CiI: wbere tbere are two 
ript~an~ bends, such as those in tbe groove of a 
suhwindow. 
Various CII1I.CiI: geometries were tested with CII1I.Ck 
tIlicbesses varying from 0-5 lUI to 70S lUI, these 
limits being tbe ones likely to be (Good in a dwclling. 
A ventilator test box. silown in Fig. 2, nol'J.'D.dy 1m'!Id 
for &Wing tbe opm area of proprietuy air vents, 
was utiJm:ci to draw air through tbe cncks. 
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.2 THEORY 

It was foood im laboratory testsl that tbe rate of air 
flow tIaroup such openings as ventUtors and. tbe 
CII1I.Cb around windows and doors is approximatdy 
proportiomd to tbe square root of tbe pressure 
cWfemwe acting IIIICl'OU tbe wmpommt. This simple 
law abo applies to tbe flow through a thin plate 
orib which for a ooefficient of disclwF of 0·65 is 
given by: 

.••• (I) 

So iftbe rate offtow Q through a compommt is bown 
for a given pressure .dp across it, tbe area A of the thin 
plate crib to which the wmpommt am be ~ 
as being equivalent may be ~ted. 
If this ~p is true in pmctjce there win be a 
~ line relaticmship betwea, Q and. v7ft': 
Hawver, this is not tbe case, as showm in Fig. 3. 
There am be iii number of reasons for thiS dtMilUoIl 
from theory: 
1. The open area A ~ as the pressure dil'ermce 

.dp intcraRs. due to distorIioo of tbe CII1I.Ck or 
CII1I.Cb being invdipted. 

2. In equatioll 1 tbe numerial c:oastant contains a 
~ ~ equal to 0-65 as mentioned 
earlier; if tbere is any variation in tbe ~ ooe'" then this c:oastant win wry •• " rise to 
a ~ from the theory. 

3. The square :iIlw approximation is not strictly true 
for all types of c:ack. CII1I.Ck ~ and 
pressure~. 

Wort WIIS c:urisd out in 19538 in which the low. 
pressure eun-a ~ &ted to q~~ .. Ia 
t~ a study of DbmIl ~ by the HVllA. 
prod~ _ equatioll of tbe form: 

[being tbe total ~ oftbe eadt _,._ apommt 
equal to 1-6 but which ept ~ on values an~ 
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between I a.ttd 3. C is _ air lrea.UF ~l. 
C~nl the above ramls. exp:rlmmts paform«i 
by ~ritish Gas in 1972 sOO~ that equatiM I with 
an ell.~t of 1·65 woU! live satisfactory results 
for oo-site ~iutioo of adwmtitiow; o~ ua.s. 
This was not. however, ~tly accurate for 
insertioo into a computer pudictiM techniqtie for 
vmtimmtioo rata within dwelMgs. 
To further duify the situtioo _ investip.tioo has 
been u~km into the Vlll.fiation of discharF 
coefficient with ~ Nl.Imber for the types of 
Cl'II!CiI: likely to be foood in a dwelling. 
The €quatioo of motion for the centre-line velocity in 
a ~War Cl'II!Ck is liven by: 

.... (2) 

from this eqution. the ~ure drop across the crack 
may be liven by: 

[(~o)" . . ... m 

Where (p. - P.) is the pressure drop across the crack. 
This equatiM has been integrated by Han' and the 
pressure drops have been remmted to a non-dimmsioul 
parameter 

,,:here Re .. is Reynolds Number buN on hydratilic 
diameter D. a.ttd Z is tbe centre-line distuce. 
for enlineering purposes equation :3 an be written as : 

Where C A is an apparent coemcimt which varies with 
aspect ratio aoo Reynolds Number. 
The losses for a rectan~r crack with abrupt entrance 
11.00 exit may be ell.pressed in terms of kinetic energy 
as: 

where K, is 1m empirical constant. 
The total ~ure drop across the rectangtilar crack is 
therefore livm by: 

Ap CJI, Z 
lpi" = lie. I). + K, 

where 

where C. is the discharge coefficient of the crack. 
So 

", ..•. (41 

Equation 4 ~tes the discharge coefficient to the 
dimensions of tbe crack for a liven Reynolds Number. 
if this ~tionship bolds in practice it can be usefully 
employed in a mathematical model to cakummte the 
com:ct valtie of the constant in equation I. 
II has not been possible to test this equation in field 
studies dtie to the complexity of cracks fouoo in a 
typical room. It was therefore considered necessary 
to stooy the validity of the equation for liven crack 
types under simulated utural conditions. 

Fig 5: From "iew of box. 

3 EXPERIMENTAL GNVESTIGATION 

Twelve forms of crack were used, four of these being 
of tbe simple "straight through" type. six being 
.. t-shapec1" aoo two "muiti-comered". In order to 
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•• tltam dm:1I:' rl."..l.-....:ntali~e ~anatlmh in ':fad. 
tlnd.I1\. ... " I-...r eat:h 0( c~ ··l-.Jiarat·· ':Tat:k!l. it wa .. 
n.:.: ......... r~ 10 run e a ··fl."fi'I3k·· portion and dm.'C "m.&k·· 
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I 
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i 

for a«umq' am! =- 0( ahe pan __ 'MWC 

~ from 6 mm ~ a in fip. 4_ 6. 
llte 'MWC ~ to the front of the .... or 
test as mown in 5. 
for flow rates below m:l/~ C~3 . atr was 
drawn into the box _ ~~ a roQmeter. for 10", 
rates in exc:ess of.1 m3 '1'1 the low rate was hlUumd by 
a Roots meter. ~ across lite 
cqcit was ~ III ~ter masor-
l .. n,lo 100 _a 
to SOO I\!lm= nsi .. a ~er 
internal frame of tlte test box 
shidded e~ of lite box. 
T@ obtain a pd of ill the 
~ts, a md~ 

MC}[rted. TIte ~titWns "$ ~ OOtail1ed 
the cnrd _ tlte ~uimd 

preSSUWC diil'ew'CKes bet~ the oo~ of 
tlte low. llten tlte low 

the cl"lllCk wes by air from 
the at a kl'lOYffl rate a ___ btraeting it the 
adventitiotls hw a! ~ ,rasowe di&n::nc:e. 
This method wa used for twelve cqck pmccries 
witll a new adventitious volume hw test being medc 
for each new set of from the reswits of these 

the ~t. C 4> and the 

R.:~nold .. 'umkr. lk •. \\er.: "tltam .. -d '" d .. "'t:rih..-d 
in I~A~i,. 

" RESULTS AND DISCUSSION 

Tile theur.:til:al .:oosidcraliml!l. of Ihi .. \\or&" ha',' 
pflldtl\.~. in lI.'qwtion 4. a r.:lalionship Ilet\\I.'C1l 11'1,· 
dimensions of l~ I.Tdd. and tile discha~ 1."OC'Iiil:ieili 
in terms of the Re:ynolds ~lIInkr. Thi .. i!o for all 
ordinary fI.'Ctan,ular orilke and d~ not takc inh) 
consideration such peclJliarilK:s as ri,hHln,icd kmh. 
This relationship thc:nefor.: was not l.'OnsidcfI.'<i 10 k 
an Ci'UKt ~aation of the practical casco llsin~ 
thi!> as a base for OOtaininl!! it I!!lI"dphu:al refifl."SCl'Ilalioll 
of I~ empiril:al data . .:urvl."S .ir.: shown \\hicil ;If.' 

I~ pical of the tll~ types of crad cmrloycd. 
fi,:. 7 It. ~vc:s resl.ilts for a °stmi!!!llI-throu!!!Il' crack !oudl 
'I~ that found bmeath a door. Thh is l."Sseoaiall~ :1 

lon!l( rectao!!!ular oriik-e t~ results for which arc in filir 
a!!!reement with those: of pwcvious workers. 
fig. 70 ,ivc:s a typical result for an ,ol-shapcd" or 
right-anl!!led bend crack stICh as that found around a 
door. T~ .:urve is not smooth as sugeslcd h~ 
C\luation 4: this deviation from a smooth curve can k 
explail1ed in t~ followinl!! way. At low Reynold
Numbers the: ~. is laminar alonl!! the: whole: lenllth 
of the: crack. i.e. in the eOlram-e ieng:lil kfore Ihe he:nd 
and in t~ exit len!!!lil after thc bend \\ilh laminar 
sepanuion OI.'Currio!!! ai the: sharI' cd!!!c 01" thc corner. 
t~ Row emc:r!!!CS a!. a jet Cin cross-section) from lile 
inside: of the crack. As the Reynolds Number j, 

incre"dlied. laminar separation remains as abme. but 
laminar reattachment at a wcll-defil1ed roil'll occur!\ 
Iprovided the cxia Ic:n(!th is sutlkiently long) and 
subsc:quc:nl dc:vc!o,me:m or a laminar !'tow protile 
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along the rest: of the a'IIId:. fw:tmr ~ ill 
~ Number ClIl\.IaCS the low afta- the bI:OO to 
~ ustabie -lives me to It wavui.q~. 
This wavui.q causes ill me in the ~_~ 
of the cn.ck_1t ~ of the ~cocI'Icimt 
rau1ti@$ in a me ilk I/e.,- so forming It hump ill the 
CW"VC. f~ ~ ill ~ Number oo@p 
about the ~ of the low pattICm afta- the 
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.... A ~ low is set m the ~tioo .... Hd. ~ low tW'buk:nt. trus 
~ ~ m ~met\t beiltl distriooted 
owr at .. rather tUn bciltl ~U'lIlt«l at lit 

daIdJ ~,om1. The tram;i~imlI misathehydnu6: 
~rIIi:'Je ~ more. ~1tI in ~her iwmp 
COUll:"'" to a I"drewmt I.~ Number. 'This 
cqa_~ was urived at by the obsavation of low 
~ m a ~ of the crack. IWItI low 
\il 1I_~iH by mr::us of smoke. fit. 7c lives a 
typieaI am'Ie f_ a 'mWtM.:ol"'M:m:i' crack and 
sMws the S1Il1M ~ as the 'l-shaped' 
cmdt ~ f_ the extra hump. The explanaticm 
for two of ~ bI.lmps is the .are as above. the 
tm~ tatm, place in the exit ~h beyond the 
~ bI:OO. The trum hump is caused by some 
ekt wrudl oa.:w'$ m the middle ~h of the crack. 
Theabove"ysis ispwdy 00 a qualitative buis, for a 
~ve ~ it was ~ to obtain values 
of CA. _ K, of equa~ 4 for aclt family of cracks. 
These values WIIlft obtaiMd for aclt crack from 
~ofEfC.sqaiastloIXI"'IOoD .. _c:hslopepvea 
value of C A _ aclt mteroept a value of 1(1' fig. 8 
sMws (W'W$ of CA. qaiast aspcc:t mtio for IIlIaCh type 
of a'IIId: from wrudl the I"drewmt value of C A. may be 
ollUiMd. fiB- , sMws the and trend of the 
VliWIle$ of K •• obtaiMd for IIlIaCh type of crack. 
TUiq at avcnp value of upec:t ratio for gc:h 
fUiWy of cracks and _I the values of C A. and 1(1 
obtaiMd froo! fi •. S and 9, for given values of 
X/Be.D,. the ~ values of IIC,,' can be 
obtaiMd. figs. lOA. lOB _ Uk sOOw semi-cmpiricai 
curves obtaiMd m this way compand with the cxperi~ 
.m:al ,omm f_ "stratpt-through", "L-shaped" 
_ 'multi-comcnd' c:n.c:ks ~vcly. 

The wma of CA. _ Kl obtained in this way live 
doGe mough qreammt to enable the equation to be 
UI.ieId ilk o~ at ~mt value of the dis
dwp ~ f_ aclt type of crack for a given 
~ Number _ may be i~tcd mto the 
~ ~ f_ predicting the effect of com
biution:s of roooJ componmts 00 the ventilation of a 
OOiIdmg. 
It is ~ to use an iterative method to arrive at 
the~ value of disc:lwge coefficient using equation 
I in the new flOI'm: 

K - p 
- 2Cl 

15 CONCLUSIONS 

I. A Square Law flow ~p is not vatm for 
small opmings, oot a 1-65 power law gives satis
factory ~ts for the ~ of ~ 
advmtitio_ opan areas. 

2. A wriation ilk ~ ~t was obtai_ 
whida~ not confmm. to _, awlmble ~ 
dud oot wbic:h couW be aplaiMd from 

low pattICm that was o~. 
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Fig RIb: C'Nn, __ W ktwem ,he aemi-empricm curve mid 
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exf!£l'imental remll'. ('DoMbie-bemf is referrt'd to in If'XI 01$ 
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Afl~ SeWoo 

Chairman: Mr iii: W Oak 

I 
.. 'iIJ"!hr I III tfabm,t tV 00 !>a~ mal ylttl arc aim
il1l Ctl loot at J _ 1iI:}. In ~(lW n ~_tM1e you 
~m thl: ~a AQ + BOl. ~ two term~ 
arc rcally each dcscribin~ thl: propon~ of thl: 
laminar aRd turhw parb of thl: flow. for a paulil:-

ty,c of ,,"Ad;:. ~ )'00 .. e:d. _ two aerms can 
com~ mto a powa" hw 1:.0- _ 'n' 

wilm vary for djfm:oot arl.:is. ~r, you bve 
e~ to .w 'n' ~ for PI cncts. Tk 'n' 
really i. .. what tells yoo about .hI: ~jt. W~y have YOLI 
e&.."Ctm to do it m thi .. roWld-abtu way. al> it ~"ems 
to me'! 
.. U1r¥&:W- fir!>t~. we wutm to bve a !>imp!.: 
o:qualiol'l fllr lhl: l}~ of ,,-rack that we are dealing 
with. T~ "Tacit!. are quite smrI _ for the field· 
work we bve obutim..-d some good ~t between 
the .:qual ions aRd re!>LIits by keeping K cow;.tant and 
nominating the value t'lf i .65 10 n. for oor computer 
Jlfmicta teeimique. however, we wantm to look at 
various flow rates iI.rough dilerat cncts. This 
J)r()lbkm beetlmel> rather compkx m its wmulalion in 

Jlftllrut altd ~ tltougiu that this ap-
Jlfoach was t~ bes4 way to go about it 
.. ~ .. (North ThaIW'lt lias): bl about 1%5 
Watson HIOOlie did $Ome work 00 _ same lines on 
advCfjtitiOWi. ~aMm ad ptllhlisbm two li,ccial 
btdckts wliidl ~m:; for ~tmg the 
dfect of vaillata when ~! re-
quirements for room:;. WIllS any ~ made to this 
former work when this WIllS ~en. and. if 
so. wbt is _ haM: dilerem:e between wbt you arc 
ooing now and the rewlts ach~ then·! 
Dr mm.dw BaRt We au awau of _ earlier work at 
Waasoo HIOOlie. However. we ~ed that the 
~l W(wl!: did not redy ddve irtto _tow med'!
ilrtics of the ~ and M! eru;ica~ to tale a 
dil'erent s1aGt by looking at _ Reynolds Numher 
de,cndence of ahe ~w. I am not sayiltg that the 
earlier work is FlOW w;e~. Wbt M! are trying to 
00 is to get a better ~t into whm is happening 
and therefore to update the data already available to 

lite yoorsetf in N«th Thames GtiS. 
~ W_ (B,~EI: The authors are to be con-

gratulated 00 Jlfoducil1l a large of data and 
experiments. D;;r ~ ~ to results'? 
'This document oo[y coomimo ~ for three 
particular cracks. h would be very interesting if 
they wou[d do so. I believe that Han's equations 
referrm to laminar low. in which cue when you 
were plotting C ~ for the straight through 
opening one would perbps expect it. as Z goes to 
infiinity. to aPJlf~ of value of %. which would be 
the vaine ex,cctm for the very iong plane crack with 
laminar flow. Yoor values seem to be wen above this. 

I 
Drlllwik B 11 : The albwet' ttl your first qlrestitltl IS: "0. M! will be ~11I tk M>ults ('If 'hi!> and abu 
fldlft' work that we hop: to carry out in (hi!. par
~ iclrd. One of abe condil~ that we have not 
yet iolm at is the low through a crack which ha~ 
fCllll.~m watber !>trippmg in it. 'This preM:nb a 
rather more advueed low paltern. 
With reprd to tbe value of (' \. this was a point that 
worried me. quite hoooaiy. I agree tbat our results are 
~. I think there ~ a possibility tbt Han's rCl>uh!> 
are libenl for ~r low. We wookI hope that at 
cbi:; particular point M! are dealing with pure laminar 
low. Perhaps we .e not. J would be interested In 
hear afterWard!> yoor comrru.'I1Its 00 that facet of ahe 
~h. I 00 not think we have tailed abtlut it yea. 
Dr I' it W_ HIRE): I believe you said in your 
_rod.:ta tbt you were intendin~ to usc the 
derived equatiow;. for a pr.amme. One of the 
JlfoWems in uliing suclt an eqUaMm is thaa the 
ReynOO.ts Number involves the volume Row ratc. D.' 
you I!Rvisage any difticulti\.'S with a large number Itf 
dilm:oot cracks'! 
Mi' L Hopes_ This work is still at _ ex,criml!Rtal 
stage and thim is a ~lem that M! are still thinkin~ 
about However. we Ito,c that an interalive technique. 
within the JIf~ram. will overcome any foreseeable 
diliculties . 
Mw WCIlIIIId: Is N a variable. 'lI' is this the figure 1.6. 
aoo. if so. on wbt basis have you surmised that that 
shoWd be me figure'! 
Secondly. can you amplify in your appendix the 
formula 0 == OJ -0 .... with O. as the ~w metiSured 
directly and OAf. IllS tbe adventitious ~w'! Is that thc 
total flow or the adventitious ftow. to whieb some 
other caleuJal~ amount has to be added'! 
Mw L ~: As was said before. the n can vary 
anywhere between J and 2. but we performed some 
lCl>ts in the field on adventitious open area!>. extracting 
air from rooms ad measuring the pressure differences 
across ail dle compoomts in the room. B,y plottmg a 
graph we obtained an exponent of 1.65 which we 
intended to use for the sizes of craclcs that we wcre 
investipting. 
With regard to the formula 0 = 0, -0 .... this was 
a method we used for finding tk volume flow rates 
through the cracks in the actual laboratory experi. 
ments. 
The crack was tightly dosed and then air was drawn 
from the box and tk adventitious volume flow 
measured. The box obviously contained some small 
perforations and cracks which could not be sealed up 
with paint and tape. Having talen many flow and 
Jlfessure drop measurements we drew a graph relating 
the adventitious ~w to the pressure drop. We opened 
the crack and did our test. then in order (0 get the 
correct flow through the crack at a particular pressure 
drop we substractm the adventitious flow. obtained 
from the graph. from me metiSured ~w. This I!Rsl.lred 
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a put elf the Itvw ~ 
dIle end !b ~ dIle ~~ 
lVc:a .. m dIle bolil ~ ~ weft ~ ... 

• A f' M" ..... Nod ~'*' &..d): i am 
uym! to f\.-!;ttc .. to dIle prC'liiIM. ~. m ~ I 
am ~. m !OI$,.1Ii!>.i~ ..... memM iMt am ~ 
!IIetttitio~ lVQ t~ ~y 10 m: at a waf ~ 01 10 
m~ woWd noc k 10m: Milt wind~ 015 •. 
If t~1 ~ c«r~"t. ca ). wty w_ ~ the I~ of 
diI"~'! 

Hr. L HWliII'd-.: If y. W _ op:r!I_ett Q~Mi!d 
in dIle form (~ a c~ ~ • dIle wd ~ I woWd 
ap\."C t~t dIle _ wOtiW lI!iIJt ~. no mat~ w~t 
.. ~ I~ wind New 00 it. Iut y. ~ ~"Ciak 
lhai the crKb tnt we arc ~ with arc not CM

c\. .... lrah:u inc., tl&: pIa'l!. ~ are d~ribu!A:d 0\1\.'1" 

ak whok wd. Up w _. IOOHY ~ ~vc ~ 
Itl Ft (lva' «tile ~ 01.., v ... 1tlmr pr __ c 
~i4w.. What we have ~ to" is w ~ ow tlWO 

Itlmr ~ ~_aiM It, ad out ~ .~ UFO Mea 
'IIarirl."!>. If WII! ha\lc a very ldIUli ,--rK~ t~ .... for a wt'iiillil 
IIJre!>M.llrt: acrillro!ro ic wc ~" Imly p."t ;a small @,,)'o\' 

UU"OIM!fi it ht !b ~ ~c ~ up the @,,)W 

will go up until fl'l>m the equatkm V4! Qfi !roCC that the 
Il~"" area will a~-ar to l~ up. AlUaltliJh Wl.': I:an
not ~c it. it ~ hot'll\! am ~ettd) ial'gC ...... 
IUQ when there i.. .. a large F~ dilf .. 'Tem:e aCI',llro!> 
it. With r~ard 80 the qUl."!>tkm. the aR!>W .. 'T will de
pend • ahe nature of the crKk. 
•• _ eM: I am ,miy dmg about the Ilfdcr of 

• mbp_: We would hotve to t,,"k into the 
qw:stitm. 

Dr I "Iud!! .@ dkit.i&" Gas CorporaaiM. M~ 
R~ StaaiMl; if V4! are lllli&lmw. that the aim is 

. . . better to ~\lC 
it k bet~ to 

havc one ~ au. crad _owd w~s and doors'! 
• I. Nap_ nat is a vC£y good pOOl!! With a 
serie& 01 Ioug •• ~ we are Mek to the dn .. pt 
pmbtcm. Wi. M l ... ped UlIId:. aJ~h ~e i:. 
00 a~l ~ictioo to ~~ Itlmr. there is a plSe 

of ak low ~ brokett .... ~i~ 00 the 
~ 01 ak cnd;;. We have ~ tnt the low 
~iiIIIIIIOro t~t • tbc cltit ~th 01 the crack aM 
it ca k q.tc ustaNc over a n. of Reynold~ 
~ On • whl1lk I thiM: it would be beu .. 'T 
f_ ak q~itm of ~w:w. tbc ~"",-.... aitiou!> v\-"il
t_Im It} have a serirl."!ro 01 l·wp.>d crac:ks. 
A .~ f! HooMag [)qmtn~n: I have never )el 
IlIi'lC!II a end with Mifonn ~ sides. Surely wit" 
amy im:I_itics yOW' experimCfttatitm tedanlquc 
wcoold k ~Iy irrekvanf! .1. Fllp_ No. Vtltli wm a~iate tbat thi~ i .. 
... 00 a ~iaal appt'OlKiI aM ao k llbtc to 
~t te.ts we imd to ~ a amsiuettt form of crack. 
We Iwp: .. • futtm: to tot im:piariy Sini~-d 
l.'Tkks 10 sec whal sort or emit' i.... indw:ed with 
rt~~etc. 
• A ~ B am lI!iIJt at all !Ollar<: WI • fully ulKler
~ w!'IM dIle ell.perimlmb have ~ about. Wc have 
00 the board M ell~ rclat.g ptCM>UII'C drop aM 
tbc V1~tooe. and Cll.pootmt 1'1. 

•• ~ • am using n equal '0 1.65 Illo men
tioned in tbc lelltt. 
'DIIIrI ~ i would suspec..1 t~t 00 • whole you 
~ have related ,COOl' results by v_ialion of n. 
Mr. ~ As I said. we would do that for our 
Iidd ~u. The agreement is quite close 
w~ .... a-.'1>Mn1!l tbc UFO area in a rOilm .ing n =: 

1.65. For lltlif computer program wc decided t~t we 
ftt.'l!ded more accuracy and so wc l'Cquired more detail 
about each individual crack . 
'DIIIrI ~ m thimt you arc aiming at pseudo. 
accuracy. A spca1er in tbc discWiliioo said that the 
crack may close up or increase in size. aM you are 
su~ to take t~t illto account. 
Mr J '~fluilding Services Research Unit. 
Univerlotly 01 G~ow): Do ycoo ha\le any ideas as to 
~ ycoo wOtiW meaiW'C the width 01 these cracks as 
they occur in pm:ticc'! 
• Hup_: Vcoo mip. be w~1!I how we ar· 
rived at tbcsc thicknesses. We Weft! roumi a number 
of oom;es with feeler gauges. measuring cracks to get 
ty~1 values. 
• ."1_ "<>I It;v,'" 




