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ABSTRACT 

Measurements have been made of the air-leakage rates through EJtructural 

components of conventional metal-panel and concrete buildings which may serve 

as containment for nuclear reactors. The component measurements included 

structural penetrations such as doors and louvers as well as materials such as 

caulking compounds, gaskets, and paints. Specimens were sealed inf:'ide of test 

vessels. Pressure differentials were generated across the specime:q with each 

component installed in the manner of typical construction techniques.. From 

measy.rements of the pressure difference as a function of time, the volumetric 

leak rates were computed. After the major leak paths were determiped, addi­

tional tests were made with improved methods of construction. A detailed de­

scription and the results of every completed test are presented . 

Leak-rate analytic expressions using the empirical constants re.sulting 

frorn these tests arc presented; these predict the flow rates through puilding 

components as a function of s ize, method of construction, and pressure dif­

ference. The forms of the equations are such that the total leak rate of a build­

ing of any size can be computed for a ny excess pressure for which tQ.e com~ 

ponent data are valid. Metal-panel and concrete models were constructed and 

tested; the results verified the calculations. 

Detailed design configurations are presented for applications of the tested 

specimens in constructing and/ or estimating leakage of a real struc~ure. Limi­

tations in the applicability, design and construction of low-leakage conventional 

structures are delineated. Methods are described for estimating leak rates, 

locating leak paths, and measuring the leakage rate of completed structures . 

Buildings as no rmally cons t ructed can oe expect ed t o l eak o n th.e 6rd(f r of 

100 percent of their contained volume per hour. With improved construction 

methods, the leakage rate of large concrete buildings can be reduced to 1 per­

cent of the contained volume per day at 5 psi. They can be construc;ted to leak 

less than 0.1 percent per day at 0.5 psi. Large metal-panel buildin.gs can be 

designed and constructed to leak less than 5 percent pe r day but may require 

pressure control devices to prevent normal ambient air temperatu:r.e and pres­

sure changes from causing pressures which exceed design stress limits. The 

accuracy of using component test data to estimate leakage of a large structure 

is about 50 percent. 
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I. INTRODUCTION 

At the present time in the United States, it is considered prudent to provide 

a barrier around a nuclear reactor because of elements associated with nuclear 

hazards. Such a barrier, by reducing the quantity of hazardous materials re­

leased to the environment, would protect the public against the ultimate effects 

of an accident which might otherwise result in the dissemination of h~rmful 

radioactivity. The degree of containment required is dependent on;the power 

and type of reactor, the maximum accident hypothesized, the resultant tempera­

ture and pressure in the building after the hypothetical accident, and the leak 

tightness or leak rate of the enclosure. 

Current standard safety practices for power reactor construction have, for 

the most part, utilized a steel shell as the structure needed to contain the reac -

to'r system. A steel shell is nonporous and relatively easy to seal; but construc­

tion of this type of shell is not standard for power-plant buildings and is e,,cpen­

sive. However, structures fabricated in this manner have extremely low leak 

rates for the pressure differentials postulated after a maximum hypothetical 

accident. These accidents may be accommodated by conventional power-plant 

structures if the volume is made large enough to result in lower pressures, al­

though the economics of very large sizes has not been evaluated. 

If particular reactor systems can demonstrate that only a low pressure rise 

will occur at the time of the maximum accident, then conventional buildings 

made with curtain wall, metal-panel wall, tilt-up concrete, or cast-in-place 

concrete (modified to reduce leak rate, if necessary) may provide adequate con­

tainment at a reduced cost per power plant. Due to greater structural strength, 

prestressed concrete buildings may also be designed to contain reactors associ­

ated with higher pressures without large increases in volume. It is feasible to 

suppose that the economic savings from the use of more conventional materials 

and methods of construction in the fabrication of low-leakage buildings can be 

used in conjunction with measures which can be taken to reduce post-accident 

pressure so as to compete with the cost of a steel shell containment vessel. 

The general objectives of this document are to provide useful and reliable 

technical data on the air-1eakage rates of conventional buildings. It is believed 
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that the document will serve as a guide to architects, designers, field inspec­

tors, contractors, and regulatory authorities in the design, construction, and 

inspection of low-leakage conventional structures which have leakage character­

istics that. are predictable a~d controllable. 

The basic leakage mechanisms which govern leakage from buildings and the 

analytical expressions which describe the flowrate are presented in Section 11, 

Leakage Analysis. The techniques for obtaining, interpreting, and applying experi­

mental data are described for laboratory measurement of building components 

and for testing completed structures. 

Section III, Leakage Data, contains the experimental leakage data which 

were obtained on the leakage characteristics of various conventional building 

components, materials, and completed structures. Experimentally measured 

values of component leak rates are shown as a function of the differential pres­

sure across each specimen. Limitations of the test data and tested component 

are indicated. Additionally, methods for improving leakage characteristics, 

and results of i;educed leakage measurements of the components are presented. 

Since the tested specimen is but a representative fraction of the leak paths in 

a total structure, a prediction of the total leakage of a building involves the 

knowledge of all leak paths and their dimensions. The experimental program 

included summing and extrapolation techniques used to determine total building 

leakage. The validity .of these techniques was established by experimental data 

obtained from r~presentative building models which were constructed and tested. 

Section IV, Application Data, includes typical applications of low-leakage 

conventional building components for reactor containment planning, design, and 

constrl,lction. Predicted leakage. characteristics and recommended installation 

procedures are shown. When possible, the construction and installation pro­

cedures are patterned after methods common to the construction industry. 

Limitations to be observed in applying the data are also indicated. 

A comparative economic analysis of various types of reactor containment 

structures is given in Section V, Economics. 

The Appendix contains some special topics, nomenclature used, references, 

and standards and specifications . 
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II. LEAKAGE ANALYSIS 
~ 

A, LEAKAGE MECHANISMS 

'- 1. Basic Formulae 

I... 

i ... 
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Leakage from or into buildings is generated by: (a) pressure differential 

from wind as it flows over the building, (b) changes in external or internal air 

temperatures, (c) changes in barometric pressure, and (d) reactor incidents 

causing temperature and/or pressure changes in the building. The mechanisms 

by which fission products are released from buildings are either from mass 

transport along with the air volume release or from gaseous or solid diffusipn . 

This latter mechanism has not been considered in this report as a means for 

releasing fission products. 

There have hP-en numerous definitions of leak rate from a reactor instal­

lation. These many definiliuns are primarily due to the different methods used 

for measuring the leak rate and to the different test pressures. Some of these 

* leak-rate methods and test pressures have been summarized by Brittan. In 

most discussions, the leak rate is defined as the volumetric loss computed from 

the rate of change of the pres sure in the building, as follows: 

where 

dV 
s 

dt 

V .T dP. 
l 8 l 

::; TiPs dt 

T , P ::; standard temperature and pressure 
s s 

T., P. = te1nperature and pressure of building air 
l l 

V . == volume of building 
l 

V = volume of building air at standard conditions. 
s 

••• ( 1) 

Tf rlP/dt is an appreciable fraction of P., then the expression becomes 
l 1 

approximate only, since implicit in the formulation is the assumption that flow-

rate is linear with pressure differential across the building. This may or may 

not be true, as will be shown in the following discussion. 

•:<See References, Reactor Housing, 5 
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Since air leak rates in a building may occur through cracks, orifices, 

pipes, capillaries, paints, or through porous material such as concrete, there 

are nume1:'pus possible relationships between leak rate and pressure differential. 

There are even further complications because of the possibility of parallel and 

series leakage from the building. Some simplified e'~pressions of the relation­

ships of leak rate to other parameters are as follows:* 

·for orifices 

q = yea .jCP i - P 
0

)2gc/ p 

for capillaries 

2 d a(P. - P ) 
1 0 

q = va = 32µx 

for porous materials 

p (P. - p ) 
l 0 

q =am~ x 
l 

for paints and Him 

(P. - p ) 
q =am l o 

x 

for cracks 

3 
g b L(P. - P ) 

c l 0 
q = 12µx 

b << L 

>:<See References, Flow and Pressure, l through 23 
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where 

a = area of specimen 

b = crack width 

c = coefficient of discharge 

d = diameter of capillary 

g = gravitational conversion factor 
c 

m = permeability 

q = volumetric leak rate 

v = linear velocity 

x = thickness of specimen or length of capillary 

y = expansion factor 

L =.crack length 

P = average pressure 

P. ;;;: internal or upstream pressure 
1 

P = outward or downstream pressure 
0 

µ = viscosity of air 

p = density of gas 

From the equations above, it can be seen that flow or leak rates are 

proportional to pressure differentials of either the 1/2 or first power. The flow 

also depends on the type of gas, the dimensions of the opening, and the average 

pressure which exists across the opening. In this report the only interest is in 

flowrates of air; therefore, nwst of the para1neters other than pressure differ­

ential and size of open ing a r e constant. Henceforth, more simplified expres ­

sions relating flow and pressure differential can be utilized. 

The leakage characteristics of a component or building consieting of 

combinations of the leak path!'! c.~n hP. estimated in a manner which is analogue 

to electrical impedances. Consider the two simplified expressions: 
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where 

Since 

and 

.. 

q = c p 
c. c c 1 . . 1 1 

qo. = c p 1/2 

1 oi oi 

q = volumetric leak rate through a crack 
c. 

1 

C = empirical constant for flowrate through t~e crack c. 
1 

q = volumetric leak rate through an orifice 
o. 

1 

C = empirical constant for flowrate through the orifice o. 
1 

P = pressure difference 

The total leak rate through cracks in parallel is: 

q =L:C P c c. c. 
1 1 

q + q + 
Cl C2 

p = p = 
cl c2 

+ = q . • . qc c 
n 

= p = p 
c c 

n 
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then 

q = p Le = c p c c c. c c 
1 

Similarly, the total leak rate through orifices ~n p~rallel is 

q = c p 1/2 
0 0 0 

The tOtal leak rate through cracks and orifices in parallel is 

Since 

For cracks in series, 

and 

p 
cl 

The total leak rate is then 

q = c 

qT = qc .+ qo . 

p = P =P 
~ 0 

q = c p + c pl/2 
T c o 

q =q = ••• =q c
1 

c
2 

c 

+P + . . . + p 
c2 

!_ + _l + c c 
Cl C2 

l 

c n 

NAA-SR-10100 
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Similarly, the total leak rate of orifices in series is 

q = 
0 1 

cz + 
CZ 

1 
1 

+ cz 
c n 

1/2 

p 1/2 
0 

. : • (8) 

When cracks and orifices are in series combinations, the total leak rate 

(using only the empirical constants of each of the individual leak paths and the 

overall pressure differential) is a very complicated function. A testing program, 

however, has experimentally demonstrated that an equation of the form 

qT = ClP + C2Pl/2 ••• ( 9) 

very closely approximates leakage from complex components of a building struc­

ture. This means that the total leak path of a complex component can be con­

sidered as though composed of parallel leak paths. 

The leak rate per unit leak path of a specific component or structural 

configuration is 

where 

qT C C 
q=-=-1 P 2 1/2 D D +0 P 

= AP+ BPl/2 

D = total dimension or number of leak path units 

c1 
A = D 

CZ 
B = o 
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The total leak rate of a component is 

qT = Dq . .. (12.) 

and the total leak rate of a building or structure is the sum of all component 

leak rates, 

o =LqT .•• ( 13) 

2.. Calculation of Leakage Characteristics From Leakage Coefficients 

a . Pressure Decay and Volume Loss 

If the leakage coefficients of a component or a building are known, 

the leakage characteristics can be calculated using Equation 1, the basic leak­

* age equation 

dV V.T dP . 
s 1 s 1 

dt= T .P dt 
1 s 

But this volume loss rate is precisely equal to the leak rate 

From Equation 9, 

qT 

dV 
s 

-~ = qT 

= c p + c pl/2 
1 2 

V.T dP. 
1 s 1 

T.P dt 
1 s 

.•• ( 14) 

"<Definitions of symbols are summarized in the Appendix under Nomenclature . 
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whence 

where 

dPi T. P 
~ = - V :T: (~lp + C2Pl/2) 

In a building, the pressure difference is 

p = P . - p 
i a 

P =atmospheric, pr~SS'l,lre. a . 

• . . ( 15) 

• • • ( 16) 

If a building is subjected to an initial pressure input, the pressure difference as 

a function of time, if atmospheric pressure is constant, is 

P(t) = 

C
1

t ~
C T.P 2 - __ l _ S 

C l + j P (O))e ZViTs 

where 

P(O) =the initial pressure difference. 

When Ci = 0, 

When c
2 

= 0, 

[ 
T.P ]

2 

P(t) = .jP(O) - 2 ~i;s C2t 

T.P 
- l s .~--- c 

P(t)=P( V. T 
1
t O)e i s 
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In component testing, the pressure difference across a specimen is 

where 

p = P. - p 

P. = pressure on upstream side 
1 

1 0 

P = pressure on downstream side. 
0 

..• (20) 

When the downstream side of a test cell is open to the atmosphere (open cell), 

P = P and the pressure difference across the test specimen as a function of 
o a 

time is given by Equations 17, 18, and 19. 

For components tested in an isothermal, constant temperature closed 

system (closed cell), 

where 

Then 

v. 
-

1 P t-P =K v i 0 
0 

V. = volume of upstream side of test cell 
1 

V = volume of downstream side of test cell. 
0 

p = 
V. 1 Vo _ K 

i P. v 1 
0 

... <2n 

• .. (22) 

and the pressure difference across the test specimen as a function of time is 

P(t) ~+ = ·(c2 
cl 

\ - TiP s C 
/P[O)t ViTs lt 
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When c
1 

= 0, 

T.P r 
P(t) =[ j P (O) - v:< Czt • •. (24) 

When c
2 

= 0, 

2T.P 
1 s 

- V.T Clt 
P(t) = P( O)e 1 s .•• (25) 

Table II-1 shows the basic equations which describe building or test 

cell pressure decay and volume loss from leakage coefficients. 

b. Pressure Rise and Volume Loss 

Consider an internally generated linear increase of pressure in a 

building due to either a temperature increase or pressure increase. Then, 

analogous to Equation 15, the net rate of change of pressure with time is 

dPi T.P 
dt = a - V ~Ts (c 1 P + c P 1I2) 

1 s 2 
••• (26) 

where 

O'. = rate of increase of pressure. 

When c
2 

= 0, the pressure difference as a function of time is 

( 

T.P ~ 
CX.V T -~ 

P( t) = i s l V. T Cl t 
T.P C - e 1 s 

l s 1 
... (27) 

when the atmospheric pressure is constant. The fractional volume lost from the 

building is 
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T.P ) 
G'.ViTs -v~TSClt 

T.P C p 1 - e i s 
l s i a 

••• (28) 

TABLE II-1 

PRESSURE DECAY AND VOLUME LOSS FROM 
LEAKAGE COEFFICIENTS 

Parameter Building or Closed Test Cell 
Open Test Cell (upstream si&e) 

Pressure difference P(t) P(t) 

Pressure P(t) + P lP(t) + K] V.:o V a 
l 0 

Pressure diffeTfmce loss P( O) - P(t) P( O) - P(t) 

v 
Pressure loss P( 0) - P(t) (P(O) - P(t>)-vi +ov o 

Volume loss 
V .T ] 
T~P s [P(O) - P(t) 

l s 

l s . 0 V. T [ ] V 
T.P P(O) - P(t) V. + V 

l s l 0 

Fractional loss P(O) - P(t) --
P(O) + P 

a 
-

Definitions of symbols are summarized in the Appendix under Nomenclature 

3. Determination of Lea kag e Coefficients from Pressure Decay 
Characteristics 

The procedure used in determining component or building leakage coef­

ficients is essentially the opposite of predicting the leak rate or pressure decay 

when the coefficients are known. In the determination of leakage co¢fficients, 
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the decay of pressure with time is observed and, therefore, the differential 

pressure across the component or building at any time is known. Using the 

experimental data, the leakage coefficients are determined by fitting Equation 15 

by least s,quares -'or graphical techniques. In a building or open cell, from 

Equation 1"6, 

dPi dP 
-= dt dt 

.•• (29) 

when the atmospheric pressure is constant. In a closed cell, from Equation 22, 

dP. 
1 

dt 
Vo dP 

= v. + v dt 
l 0 

••• ( 3 0) 

To facilitate measurement and minimize effects of ambient temperature 

fluctuations, a pressure-reference system can be installed in a building or 

upstream side of a test cell. Measurements are made of the pressure difference 

between the reference system and the building or upstream side of the test cell. 

T}:ius, if a reference system is used, 

where 

dP. d(P. - P ) 
_. _1 = i r 
dt dt 

P = pressure in reference system. 
r 

.. • (31) 

When using a reference system, the pressure difference across a building or 

specimen in an open cell is measured or calculated from 

P = (P. - P ) - (P - P ) 
i r a r 

• .. (32) 

In a closed cell with a reference system, the pressure difference across a 

specimen is measured or cakulated from 
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..... 

P = (P . - P ) - (P - P ) 
1 r o r ••• ( 33) 

L.. 

. where P and P. are related as shown in Equation 21. 
: 0 1 .... 

B. MEASUREMENTS OF COMPONENTS 

-... 1. Measurement System Description 

... 

.. 
-
~ 

-
-
-
-
.. 
-
... 

-
-
-
-

The majority of components tested were measured in either of two leak 

test cells, The air l (jakage rates of building materials and components were 

measured at val,"ious pressure differentials up to 10 psi in both a large 512-£t3 

3 
test cell and small 3.2-ft test cell . 

The l~rge test ~ell 1des~gn, shown in Figure II-1, consists of two 10-ft­

diam hemispheres constructed of 3/ 16-in. steel. The total internal volume of 

0 R.ING7 ! _DIAPHRAGM PLATE 
.REF~N~ SYS~t-1 

SPECIMEN FRAME 

Figure II-1. Exploded' View of Reactor Housing Test Cell 
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Figure II-2. Large Test Cell Figure II-3. Small Test Cell 

the test cell is 512 £t3 ; the t~tal weight is four tons. Figure II-2 shows the 

assemblf-d test cell, which has been designed so that the air leak rate through 

test specimens can be measured as a function of pressure differential. A 

photograph of the small test cell is shown in Figure 11-3. 

In order to better simulate building leakage, wherever possible, full­

size or large components were tested. Test specimens are mounted on one of 

three 10-ft-diarn by 1/2-in. -thick steel diaphragm plates~ Each plate has a 

6-ft-square mounting frame made respectively of 4-, 8-, and 12 -in. channel 

iron welded symmetrically in the plates (Figure Il-1 ). 

Each hemisphere in the large cell has five 10-in. -diam handholes, one 

18-in. -diam access hole, three 6-in. windows, and sufficient 3/4-in. nominal 

pipe thread half-couplings located for measuring pressure and flowrates 

(Figure II-1). E.ach of the hemispherical heads is supported by a saddle on three 

legs with 8-in. -diam grooved wheels. These heads roll on three tracks, each 

30 ft long, which permit approximately 10 ft of travel for each head. Hemis­

phere separation in the open position is approximately 10 ft. This space is 

used to insert the test spedmen, which is mounted on a diaphragm plate, into 
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the sphere. The tracks are anchored to the concrete floor by tiedown clips , 

and are shimmed to ±1/8-in. tolerance. Ladders with handrails and nonskid 
I 

rung ,s are provided for access to the bolts at the top of the sphere. A 2-ton 

bridge with trolley hoist is located above the test cell for mounting the test 

specimen into the sphere, as shown in Figure II-1. 

Surrounding the opening of each hemisphere head is a 2-in. -thick, 

welded ring flange of 114-3/8-in. ID and 119-1/2-in. OD. A 115-1/2-in. -diam 
' J 

neoprene 0-ring is inserted in each flange, and the 1 /2 -in. diaphra~m plate is 

bolted between the two hemispheres through 50 equally spaced holes. Each port 

is also provided with a ring insert welded to the face of the sphere. The small 

test cell has a maximun-1 specimen size capability of l -£t
2 

and is formed by two 

metallic cylinders into which one of several 1/2- to 2-in. -thick plates may be 

0-ring mounted. 

2. Preparing Specimens for Test 

A number of preliminary tests were made to eliminate structural leaks 

in the test unit. All welds and joints in the cell .surface were soap-bubble 

tested at 2 psi pressure. The welds between the diaphragm plates and mount­

ing channels were tested by closing the opening in the plate and adding Freon 

under pressure to one hemisphere. Freon leaking through the welds was 

detected by means of a halogen leak detector. All detected leaks we·re corrected 

either by rewelding or painting with Glyptal paint before tests were made. 

Each plate used to close the 6- by 6-ft openings in the three 6iaphragm 

plates of the large cell was also used to mount a test specimen, These support 

plates consisted of 3/4-in. -thick steel, 6-1/2 by 6-1/2 ft . Sixteen nuts were 

welded to each plate at positions which would fit within the 6- by 6-ft opening in 

the diaphragm plates . Threaded studs were supplied in lengths to fit the 4-, 8-, 

or 12-in. chn.nnels which were part of the diaphragm plates. A flat rubber gas­

ket was cemented to the support plate to form a seal between this plate and the 

diaphragm plate. A layer of vacuum grease was applied to the rubber gasket, 

and a suppbrt plate was bolted to each of the diaphragm plates by means of the 

correct studs and clips . Figure II-4 shows a typical specimen mounted on a sup­

port plate. 

For specimens such as doors and hatches, a fitted angle frame was 

welded to the support plate , and a hole was cut inside this frame to allow air 
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Figure ll-4. Typical Specimen 
Mounted on Support Plate 

and Installed in 
Diaphragm Plate 

Figure II-5. Roof Hatch Installed 
on Support Plate Showing 
Clamping Arrangement 

movement. All welds were filled and covered with caulking compounds. The 

specimen was clamped to the angle frame with C-clamps on a rubber gasket 

(see Figure ll-5). The support plate previously mounted on the diaphragm 

plate was then installed in the cell. Freon gas was ~dded und~r pressure to one 

hemisphere, and the joints between the specimen and the mounting frame were 

tested with a halogen detector to ensure the absence bf all undesired leaks or. to 

determine the .location of the leak through the specimeµ. The leakage charac­

teristics of the specimen were measured only if there were no other leaks 

present other than· through the component being tested. 

Materials such as metal wall panels were cut to fit a 2- by 4-ft channel 

frame. The panel was mounted in the frame with ~poxy potting compound 

poured in thin layers until all four edges were completely covered (Figure II-6). 

The frame was then attached to a blanking plate, using clamps and rubber gasket 

.or Apiezon sealant in a manner as shown in Figure .11-5. Similar tests to those 

described above were made to determine the presence of unwanted leaks before . 

these specimens were evaluated. 
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Figure 11-6. "Robertson" Metal Wall 
Panel and Mounting Frame 

position under the hoist. This arrange -

ment all0ws continual testing of differ -

ent specimens with a minimum down­

time for the cell. 

3. Instrumentation 

A rotary compressor was used to 

develop pressure or vacuum in either 

hemisphere, depending on the direction 

of leakage to be studied. For some 

tests, it was desired to measure the 

pumping rates required to develop a 

given pressure differential. Brooks 

Full-view rotameters of various capaci­

ties were used for this purpose. 

Since many readings of pressure 

vs time were necessary, data were 

taken on a strip chart recorder. Strain 

Concrete slabs and similar 

wall sections were made in 6- by 6-ft 

sections, and were installed in the 

openings of the diaphragm p,,lates, as 

shown in Figure II- 7. Smaller l -ft2 

specimens were tested on di~phram 

plates in the small test cell, as' shown 

in Figure ll-8. The specimens were 

sealed in place by means of Epoxy 

and Thiokol sealing compounds. 

To facilitate the mounting of 

test specimens, dollies wer• built to 

hold a diaphragm plate and •~pport 

plaLe assembly in the vertic~.l position. 

One specimen may be under•test while 

Lwo more are being prepared for teliilt 

in another area. When a new specimen 

is ready, the dolly is wheeled into 

Figure U-7. Concrete Specimen 
Installed in Diaphragm Plate 

and Dolly Used to Support 
Plates 
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Figure ll-8. Concrete l-ft2 Section on 
Diaphragm Plate 

gage differential transducers were used to measure the pressure difference 

between the low-pressure hemisphere and the reference system. The pressure 

difference between the two hemispheres (the driving pressure across the test 

specimen) and the pressure difference between one hemisphere and the atmos­

phere were also· measured. The tran.sducer outputs were fed to a control unit 

designed to record them, in order, for 15 sec. The recording cycle was 

adjustaQle within a range of from 1 to 120 min with one timer and 15 min tQ 

7 days with another. lt was, therefore, possible to record pressure differen­

tials from 10 to 0 psi over long time periods. 

The test cell was originally installed in an area not thermally stable. 

Ambient temperature fluctuations were reflected as pressure changes in the cell 

and between the two hemispheres. A number of temperature measurements 

taken inside the cell showed a vertical thermal gradient which followed external 

temperature changes. To compensate for thermal effects, reference systems 

consisting of 50 ft of 3/8-in. copper tubing were suspended in each hemisphere. 

The position of these coils, shown in Figure II-9, was determined by measuring 

the pressure difference between the coil and cell under varying ambient tempera­

tures. The coil was moved until no measurable pressure difference occurred 

between the reference and cell or the ambient temperature ranged from 60 to 
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Figure II-9. Reference Coil 
Mounted in Position 

90° F. Although "no measurable" pres -

sure difference between a hemisphere 

and its reference was observed, the 

nature of the measuring syst'm implies 

that no unknown temperature :difference 

exists between the two hemispheres . 

Such difference in temperature would 

lead to a pressure response at the 

transducers. Temperatures were re­

corded when extremely low leak rates 

were meai,;ured. 

During the latter pha•e of this 

program, the entire test askmbly pre­

viously d~scribed was moved out&ide. 

To minimize the effect of temperature 

diffe r ent:t::S between each hemisphere, 

a 3 -in. layer of insulation was applied 
! 

to the test cell. Also, a portable insulating dome, which rode along the 1same track 

as the leak test cell, was used as a cover whiletestsweremade(seeFigurell-10). 

Figure II~ 10. Portable Insulating Dome and Test Cell 
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4. Determining Leakage Coefficients 

The majority of components are tested by first evacuating or pressuriz­

ing the upstream side of the test cell until the desired pressure differential is 

obtained across a specimen. After allowing a suitable time for the system to 

reach equilibrium, the recording system is staPted and the pressure differential 

is recorded as a function of time. 

When fast-leaking specimens are measured, the downstream side of the 

test cell is allowed t6 remain at atmospheric pressure. One of the following 

procedures is then followed: 

a) A desired pressure differential is developed across the specimen. 

The decay of pressure vs time is then recorded and the leak rate 
I 

<is directly proportional to the change of pressure differentia'.l 

(Equation 15). 

b) A constant flow-rate of air is removed or introduced into the 
' closed hemisphere until an equilibrium pressure differential 

results. These data are taken at various flow rates and equilibri­

um pressures to obtain a flow rate vs pressure curve. 

If a reference system is used, the change of pressure differential be­

tween the cell and the constant reference pressure is proportional to the leak 

rate (Equation 31 ). 

When a component is measured in the closed test system, the leak rate 

is proportional to the change of pressure differential across the specimen 

(Equation 30)~ Since the two halves of the test cell are equal in volume, 

then, from Equation 22, 

v. = v 
l 0 

P = 2P. - K 
l 
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dP. 1 dP 
1 - -Cit"- 2 dt 

In p. closed cell with a reference system, the leak rate is proportional to 

the change of pressure differential between the cell and the reference pressure 

(Equation 31). The pressure difference across a specimen is determined by 

measurement or from Equation 33. 

The leakage coefficients are determined by fitting the experimental data 
* . to Equation 15 using least squares or graphical techniques. If either

1

coefficient 

is zero, the data are fitted to reduced forms of Equation 15. 

C. TESTING COMPLETED STRUCTURES 

L A completed structure which is to be leak tested is first inspected for 

..... 

! ... 
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~ 

.., 

.. 
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~ 

~ 
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obvious sources of lea.ks. Following correction of any such sources the build ­

ing is te s ted to determine the leakage. In the event that leakage exceeds design 

specifications, various methods of leak detection can be employed. The test 

equipment and procedures outlined below have been used successfully in deter­

mining building leakage. 

1. Methods of Leak Detection 

The term "leak detection" applies to the location of the leak in the build­

ing with suffi,cient accuracy so that repairs can be mad~. A number of leak 

detection methods have been applied in various laboratories; however, most of 

these methods are suitable primarily for a rather limited range of pressures . 

The systems discussed are those suitable for low-pressure leak detection. 

a . Rate-of-Rise 

This method is not satisfactory for routine leak hunting as it is very 

slow in application. However, it may be used for determining whether or not 

su1ue portion of the building is contributing morf" to the leak than others. The 

*An example of the calculation is given in the Appendix. 
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method is essentially ae follows: The building is partially evacuated and then 

isolated from the· pump by means of appropriate valves. The rate of pressure 

rise is then observed by means of a.n appropriate measuring device, preferably 

a continuous recqi-ding instrurnent. 
'' ' 

Repeated measurements of the rate-of-rise of the pressure as various 

potential leak paths a.re sealed off can give an indication of a potential leak. An-
, ' 

other advantage of this method is that knowledge of the overall leak rate of the 

system is available as each leak path is sealed. This allows one to determine 

the contribution that the leak path had been making to the entire building system, 

provided no other paths have been created by cycling. 

b. Pressurized System 

In this method of leak detection, the pressure inside the building is 

raised above atmospheric so that gas will leak to the outside. A soap sol~tion 
may then be painted over the surface of the system being studied, and whe11 a 

leak is covered, ·a bubble will form. This method may also be used as a 111eans 
I 

of observing the rate of pressure loss in a manner similar to that descri~d 

above. This method of detection is particularly adaptable to roof inspecti?n. 

The entire roof may be immersed in about 0.5 in. of water, after which air 

pressure leaking q:ut of the building causes observable bubbles in the water 

solution itself. Leaks can often be located with this method by the use of listen­

ing devices. In some cases, increased sensitiviti~s can be obtained by use of 

specialized frequencies. Another application of the pressure method is to intro­

duce a halide gas into the building (Freon is the best), and to probe the surfac;e 

of the system With a suitable leak detector. 

c. Partial Vacuum 

This .method involves the application of a soap solution inside the . 

building with the system partially evacuated. It has restricted possibilities 

because of pressure limitations imposed by the necessity of personnel occupancy 

in the low-pressure regions (3/ 4 atm inside a building requires the use of 

oxygen masks for personnel occupancy). Soap solution is applied to the inside 

surface of the system, and the formation of soap bubbles is observed. This 

method can also be used in conjunction with the rate-of-rise method previously 
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discussed. However, the leakage paths, which are characterized during a pa~­

tial vacuum, may change in leakage value and location when the building is 

pressurized. 

d. Sealing Material 

The procedure here is to paint, brush, spray, or caulk the suspected 

portion of the system until a rate of change of pressure inside the build:i.ng indicates 

that a l~ak has been covered. The indicating device may be any pres:sure sensi­

tive type. The sealing systems may temporarily or permanently sea~ the leaks. 

e. Vacuum Box 

This method is similar to that of evacuating the building a~d pladng a 

soap solution over the particular section of building being tested. T4e advantage 

of this method is that personnel do not have to be enclosed inside of an evacuated 

system. The frequent difficulty encountered is that of adequately sealing the 

._, vaG-U-U-m.-box- ax-ound-the-s..ect.ion._heing_teitled Th e Y-a.c.uum_box_ma.y_he_u_s_e._<Li._. _____ _ 

conjunction with all of the typical vacuum detection techniques. 
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2 . Test Equipment 
I 
I 

The equipment and procedure outlined below for pressure testing a 

complete building structure and for determining leakage is intended to be 

illustrative only. 

a. Pressure Reference System 

The pressure reference system consists of an arrangement of 1/2-

in . ..,diam copper tubing, located at various positions in the building,' which most 

nearly ~xhibit the same effective temperature readings as the building atmos­

phere. The reference system must be checked for leak tightness since no 

leakage of the system can be tolerated. The reference tubing is only installed 

if the reference method is used in calculating the building leakage . 

b. Pressure Sensing Instrumentation 

Pressure information must be available between ( 1) the reactor 

building and the pressure reference system, and (Z) the reactor building and 

outside atmosphere. The pressure sensing device should be accur~te at least 
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::1:0,03 in. of water or equivalent, The accuracy required is dependent on the 

leakage rate of the building, test period, number of pressure reading!:!, method 

of calculatihg the leakage, etc. 

c. Temperature System 

Temperature sensing devices are placed at various positions i11 the 

reactor building (as with the pressure reference sy1:1tem) which will most Hkely 

show the best relative temperature of the building environment. The accuracy 

of the temperature devices should be nearly the same value as the requir~d 

accuracy of the pressure sensing device. Assuming the pressure refere1tce 

system is a true gas thermometer, the need for temperature systems is re­

duced when the reference method is used in calculating the building leakage.* 

d. Humidity Sensing Device 

If steam leaks occur in the building during the test or if water ~on­

denses out of the air, the change in water vapor pressure will indicate a~ error 

in the building leakage rate. Accurate wet and dry bulb temperatures must be 

made at all times. 

e. Circulation Blowers 

Circulation blowers should be used if the type of building tested re­

quires a circulation of air and if the heat from the ·fan motors does not contri­

bute substantially to local area hot spots. 

3. Test Procedure 

a. Pressurizing the Reactor Building 

Dry air is slowly added to the building until the required pressµre has 

been reachec}. The building is held at this pressure until an equilibrium condi­

tion has been, obtained. For a very low leakage building, the equilibrium period 

may take s.everal hours. The reference system must be open to the reactor 

building atmosphere during this period. Blowers may be used during this period. 

b. Recording Data During Pressure Decay Run 

1) At the start of the run, the reference system must be closed to 

the reactor building atmosphere. 

*Errors in the reference system method due to temperature variations are 
discussed under References, Reactor Housing, 5 and 24. 
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2) The following data must be obtained at 1/2- or 1-hr intervals 

for low leakage buildings and more frequently for buildings of 

faster leak rates: 

a) All temperatures from sensing devices in temperature 

system 

b) Humidity inside of reactor building 
I 

c) Pressures between inside of building and refereince sys-
1 

tern and between the inside of the building and outside 

atmosphere. I 

c. Leak Rate Calculations 

The vapor pressure is determined by standard humidity va~or pres­

sure curves (or equation) and all pressures below are corrected for vlrater vapor 

pressure. 

If the measurements of the pressure decay extend over an .ippreciable 

range of pressure, the leakage coefficients of the building can be det~rmined 
I 

by curve fitting methods. S ince the l eak rat e is directly proportionp.l to the 

internal pressure differential (Equation 15), the fractional loss of contained 

air is 

where 

P.( t ) = p ressu re i n building 
l 

P.(O) - P .(t) 
1 1 

--PTo) 
1 

P .(O) = initial pressure in the building 
1 

P(t) = pressure difference from Equation 17 . 

If the building pressure is measured, the fractional loss is 

T.(O) P .(t) 
1 1 

l - Pi(O) Ti(t) 
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where 

P.(t) = pressure in the building 
l 

T .( O) : =. ,initial temperature in the building 
1 ' " " . 

T.(t) =·temperature in the building. 
l 

Using the reference system method in low-leakage containment buildings, I the 

fractional loss of contained air is 

where 

T.(O) (P.(O) - P 
_1_ i r 
P .(O) T.{O) 

1 l 

P.(t) - P ) i r 
T ;(t) 

l 

P =. reference pressure (negligible temperature lag). 
r 

.. 
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Ill. LEAKAGE DATA 

A. PURPOSE OF LEAKAGE DATA 

A reactor containment structure must meet the pressure and leakage re­

quirements established by the safety analysis of the reactor. The structurt:; 

must also be capable of being constructed at low cost and with long-term reli­

ability while still meeting engineering standards. Curtain wall. metal-panel, 

and concrete structures can provide such containment provided that the pree­

sure and leak-tightness capabilities of these more conventional materials and 

construction methods are known. This section contains the experimental leak­

age data which we re obtained to permit the planning and de sign of conventional 

structures for low-leakage reactor containment purposes. 

B. METHODS OF OBTAINING LEAKAGE DATA 

._ Measurements were made of the air-leaka~e rates through structural com-

i-

~ 

... 
I 
I.. 

I.. 

~ 

~ 

...:. 

... 

~ 

.... 

ponents of metal-panel and concrete buildings which may serve as housing for 

nuclear reactors. Components were tested to determine leak paths in metal 

and concrete structures. These paths occur at joints and through porous 

materials such as concrete. General components were tested such as doors, 

louvers; valves, caulking materials, paints, etc. In addition, miscellaneous 

components were tested such as gaskets, seals, screws, etc. After the major 

leak paths were determined, additional tests were made with improved methods 

of construction. 

Specimens were sealed inside of test vessels and pressure differentials 

generated across them. Tests were made with each component installed in the 

manner of typical construction techniques. From measurements of the pressure 

* differential as a function of time, the empirical leakage coefficients were 

determined which can be used to predict the flow rates through building com­

ponents as a function of size, method of construction, and pressure differential. 

Metal-panel and concrete models were constructed and tested to check the 

methods which were developed for estimating leak rates, locating leak paths, 

and measuring the leakage rate of completed structures. A detailed de scrip -

tion and the results of every completed test are included in this section . 

*Methods of determining lea:ka,.ge coefficients from test data are given in the 
Appendix, . 
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The techniques for obtaining, interpreting, and using these data are pre­

sented in Section Il. The application of these data is provided in Section J.V to 

enable t~e calcu~ation of anticipated leakage and to permit the design and con­

struction' of a st'ructure to meet some specified leakage. 

C. LEAKAGE DATA SHEET DESCRIPTION 

The leakage data are presented in a format to facilitate accessibility. All 

components are grouped within four basic categories: A. General, B. Concrete, 

C. Metal Panel, and D. Miscellaneous. A complete table of contents of all 

components within a basic category has been placed at the beginning of each 

category group. Each component has been given a title which either describes 

the component function or is the actual name of the specimen tested. The 

experimental method used and all the data available for each component are 

placed on an individual Leakage Data Sheet. 

Each data sheet is assigned a code number to permit easy reference and 

identification. Leakage Data Sheets are designated LDS, followed by a letter 

which represents the category group of the tested specimen. The category 

letter is followed by a number which indicates the component tested as it is 

sequentially listed within the category. When more than one variety of a com­

ponent was tested, it is identified by a parenthetical number following the com­

ponent number. For example: LOS C-3(2.) is a Leakage Data Sheet, Category 

C (Metal Panel), Data Sheet 3 (Edge Laps), Test 2. (Multiple Caulking with· 

Crimping). 

Incorporated into each Leakage Data Sheet, when applicable and available, 

is the following information~ 

1) Component (name or description) 

2.) Purpose (of test) 

3) Test specimen description 

a. Test and mounting design 

b. Leak path description 

c. Manufacturer and type 

NAA-SR-101000 
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4) Leak test data 

a. Empirical leakage coefficient. 

b. Leak rate v• pressure curves 

• 
c. Applicable pressure range 

d . . _Extrapolation 

5) Limitations 

6) Recommendations. 

The empirical leakage coefficients are defined in Section II. The leak rate per 

unit leak path of each component or structural configuration is 

q =AP+ BPl/2 ••• (11) 

On the Leakage Data Sheets, the empirical leakage coefficients, A and B, have 

the following units: 

A = cfm per unit leak path per in. of water pressure 

B = cfm per unit leak path per in.112 of water pressure. 
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Code 
No. 

A-1 Bulkhead Fitting 

A-2 Butterfly Valve 

A;..3 Conduit ... 

( l) :Packing 

(2) Seals .. 

A-4 Doors •... 

CONTENTS 
LEAKAGE DA TA SHEETS 

A. GENERAL 

( l) Hollow Metal . . . 

(2) Metal With Sound Insulation . 

(3) Individual Dogging, Marine Type 

(4) Quick Acting, Marine Type • • • • • • • • • • • f 

A-5 

A-6 

A-7 

A-8 

A-9 

Electrical Fittings, Wall Mounting and Bulkhead Type 

Hatch, Roof .............. . 

Louvers, Gasketed ......... . 

Roofing (5-Ply Asphalt and Gravel) ... 

Multistrand Conductors .....•............. . ....•. • . 
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ATOMICS INTE~TIONAL 
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LEAKAGE DATA SHEET 

lfmllilllM-1\U ;::=:;:=.: 
Bulkhead Fitting 

---

No. A-1 Page 
1 of 2 

Reduction of air leakage through conduit pipe penetrations in metal wall 
buildings 

Test and Mounting Design: See Figure A-1. 

Description of Specimen: A 1-in. pipe bulkhead fitting has a 1-1 I 2-in. -
diam neoprene 0-ring mounted on each · side of sheet metal. Both 0-rings 
are screwed into compression against sheet metal. 

Installation Procedure: Standard; see Figure A-1 for detail. 

Leak Path Description: The leak paths are around the neoprene 0-ring 
and around the threads between the pipe insert and the bulkhead fitti.ng. 

Manufacturer and Type: M. M. Myers Elec~ric Products, Inc.; Scru:-Tite. 

- -,·;1 =;:;:;1 
Empirical Constants: Value for each 1-in. pipe fitting 

A = '2. 0 x 1 0- 8 B "' 0. 0 

Applicable Pres sure Range: Test data were up tq 10 in; of water, as 
described. Further experiments were performed at 5 psi, using a differ­
ent type of mounting design. The leakage rate remained the same. · 

Extrapolations: Assuming that a proper seal is obtained around the pipe 
threads, the leak rate for pipe fittings greater than 1-in. should be pro­
portional tc the diameter of the 0-ring. The type of tape used was "Thred 
Tape Pipe Joint Sealer, 11 a Teflon tape by Crone Packing Co., Morton 
Grove, Del. (see Figure A-1). 

111~111 
10pening through bulkhead must be corrected size. 
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LEAKAGE DATA SHEET Figure A-1 Pag,e 
2 of 2 

PLUG 

TEST SPECIMEN: 20-GAGE 
SHEET METAL. WITH THREE 
1-IN. PIPE BULKHEAD FITTINGS 18-IN DIAMETER 

STEEL BLIND 
FLANGE 

I I 

Io o o I 
I I 

I I I ~, ''0" RING SEAC, 
CONTINUOUS 2 BOTH SIDES OF 
SHEET METAL 

DETAIL OF 
PIPE FITTING 

18-IN. BLIND FL.ANGE 

TOP PLAN 

20-GAGE SHEET Ml!TAL 

SHEET METAL. SCREWS AT 

• I I I I. ~I I I 3-IN. oc ALL AROUNU 

I 4 l t M'A= CONTINUOUS SOL.DER 

TEST SPECIMEN 
FRAME 

18-IN. ID PRESSURE VESSEL 

SECTION 
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ATOMICS INTE~TIONAL 
A l>i1·i.•i1111 of f\'ortlo .41nrrim11 Al'i111im1 "''" 

LEAKAGE DATA SHEET 

lllaw;t 
Butterfly Valve 

t••a11 

No. A-2 
Page 
1 of 2 

Determination of air leakage through a quality-type butterfly valve at 
various pressures 

Test and Mounting Design: See Figure A- 2 • 

Description of Specimen: The 12-in. valve is bolted between 2 flanges by 
means of 12 bolts. The steel valve is seated against a continuous neoprene 
gasket~ An air actuator operates the valve so that the valve is normally 
completely closed or completely open. 

Installation Procedure: The flanges are attached to the mounting plate by 
means of a continuous gas-tight weld. 

Leak Path Description: The leak paths are ( 1) around the valve and gasket, 
and (2) around the valve shaft. 

Manufacturer: Keystone . 

--~~·1• ·u.~ wJ.:;i·S;J;~Yi~I 

Leak Rate: < 0.018 £t3 /day at 13 .8 psig (no detectable leak) 

Applicable Pressure Range: Data we r e obtained at 13.8 psig. The leak 
r ates at higher pressures are unknown, but probably do not exceed 
0.02 ft3 /day up to 20 psi. 

Extrapolations: Leak is proportional to length of circumference. 

l~~l'illATiftW : ~;,,::.:. :wi= 

Limitations are as expressed by the manufacturer, otherwise unknown. 
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LEAKAGE DATA SHEET Figure A-2 

t=J Ill 1 .. _ 1/9-IN, PIPE 
OPI TUBING 

PRESSU .. E 

- AIPI VAL.VE 

UNI~!" 

.-- VAL.VE ARM 

~TTERFL. Y VAL.VE 

r-SCHEMATIC CONTROL 
FRONT ELEVATION 

DIAGRAM 

AIR ACTUATOR 

VAL.VE: 12-IN. KEYSTONli 
BOL. TED BETWEEN 
FL.ANG ES 

AIR ACTUATOR: 
KEYSTONE NO, 
81003-100 

12-IN VAL.VE SOL. TED - · -
BETWEEN FL.ANGES 

A 

GAS TIGHT WEL.D ) O 
(TYPICAL.) """' 

TWO 12-IN. WEL.D 
.._ ,. - NECK FL.ANGES 

MOUNTING 
PL.ATE 

1/ C 

SIDE ELEVATION 
MOUNTING PL.ATE 

CD DETAIL.: SEAT VAL.VE 

SECTION A-A 
(SIMILAR BOTH SIDES 
OF MOUNTING PLATE) 
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ATOMICS INTE10'ATIONAL 
A l>iri•itm of' .l\'t1r1/1 Arncrirw1 Al'inlim1 /111'. 

LEAKAGE DATA SHEET 

---~ 
Conduit Packing 

&lif,11"&1 

No. A-3(1) Page 
1 of 2 

Determination of the effectiveness of epoxy resin in sealing conduit pene­
trations to reactor containment shells 

ltllt---~-~-~--1 
Test and Mountinh Desi<fn: .See Figure A-3( 1). 

· 85 b . Na ler.) 
(Reference: NAA-SR-

Description of Specimen: A seal is made in a 2-in. -diameter black iron 
nipple, 5 ~n. long. The conduits are stripped and sealed bare or stripped 
and re-covered with various materials. 

Leak Path Description: The leaks are through the potting compound and 
around the conduits . 

rmll'-'l'lilMIJ 
The epoxy conduit seals give leak-tight performance of .-.0.5 cm 3 /day at 
20-psig helium pressure. 
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A Dil'i•iu11 of ,'V11r1/1 Ameriam Aviati1H1 /1u:. 

LEAKAGE DATA SHEET 

TEST 
PRESSURE 

• 

CAP 

2-IN. DIAM X 5-IN. LONG PIPE 

Figure A-3(1) 

CAP 

Page 
2 of 2 

ELEVATION 

RUB9ER STOPPER 

SECTION 
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FILL WITH POTTING COMPOUND 
AFTER INSTALLING WIRE 
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ATOMICS INTE~TIONAL 
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LEAKAGE DATA SHEET 

lllW11•1 
Conduit Seals 

lll!lifil1 

No. A-3(2) Page 
1 of 4 

Evaluate and measure the air-leakage characteristics of sealants for con­
duit seal-offs. 

1811MfCWli1-91'111h9 
Test and Mounting Design: See Figure A-3(2). 

Installation Procedure: 

Case 1: The completed specimen is mounted to a conduit pipe and 
flange. The flange is sealed to the diaphragm plate with polybutene. 

Case 2; For ·a penetration requiring the sealing of many wires, a 
trough design can be used as shown. This method is discussed in 
HW-64972, "Sealing Materials for PRTR Structural Openings, 11 by 
H. L. Floyd. 

Description of Specimen: 

Case l: Tests are performed using 2 and 3-in. conduits, sealing 
1 to 8 cablee. After a portion of the sheath (outer jacket of the cable) 
is stripped and after the appropriate amount of damming is applied, the 
sealants are poured around the insulated wires while the conduit is 
either in the horizontal or vertical position. 

Case 2: The cables are laid in the trough and the sheath (outer jacket 
of the cable) is st1·ipped in that portion which makes contact with the 
sealant. Sand or Chico A is poured into the trough to about 2 in. from 
the top, as shown. A minimum of 1 in. of sealant is than poured 
around the stripped sheath. 

Name and Manufacturer: 

1) Chico Type A Sea.ling Compound (cement), Chico Company 
2) Silas tic RTV 601 (silicone rubber), Dow-Corning 
3) Micro-Preg (epoxy), Westrup Corporation 
:4) SIKA Eposy Crack Sealer, SIKA Chemical Corp. 
5) Resweld No . 2 (epoxy), H. B. Fuller . 

: •°'" • a f f o IJ ••O 
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ATOMICS INfE~TIONAL 
A /Jir'i.•i1111 of' .\'ort/1 .·llnrrim11 .4rit1lit111 for. 

LEAKAGE DATA SHEET No. A-3(2) 

iM.d·• .JtWMI ~ .,, ' . ,. .. ~ - - -~ . . - ~> ~'I, -~ ' .. '.. ... 

Empirical Constants: Value for each seal. 

Case 1: 
Chico A 

A = 1 to 2 x 1 0 - 5 B = 10-9 

'Silastic RTV 601 
A = 10-9 B = I o-9 

Micro-Preg 
B = 10-9 A ::. 10-9 

SIKA Epoxy Crack Sealer 
. A = 10-9 B = 10-9 

Case 2: 
Resweld No. 2 

No leakage detected (as reported in HW-64972). 

Page 
Z of 4 

Applicable Pressure Range: The air-leakage data are applicable t.o pres­
sures of at least 4 psig. The Chico A can probably be used up to the 
design pressure as stated by the manufacturer. (See Limitations - SIKA 
Crack Sealer.) 

Extrapolations: The above leak rates are directly proportional to the 
pressure. Since the leakage data are given in cfm/in. water pres'sure, 
a pres sure of 100 in. of water would leak 100 times the above rate. A 
larger diameter conduit would have a greater surface area of sealant but 
should also have a greater depth of sealant. Therefore, any change in 
leak rate relative to conduit size is small. 

litW1~~DI 
Case 1: 

Chico A - The conductors need the maximum of separation before the 
s ealan t is pou r ed in plac e . The Chico conducts electrical current, so 
jackets of the conductors must not be damaged. There is also .no bond 
between the ins ulating jacket and Chico cement. This is the only mate­
rial tested with a detectable leak. 

Silastic RTV 601 - (a) The Silastic does not bond to a polyvinyl conduc­
tor jacket. (b) The sealant is a two-part compound requiring accurate 
measurements. 
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ATOMICS INTE~TIONAL 
A /Ji1•i,i1111 of N11rtl1 ArnPricr111 Avi111io11 lru·. 

LEAKAGE DATA SHEET No. A-3(2) Page 
3 of 4 

Micro-Preg - The sealant is a two-part compound requiring accurate 
measurements and must be poured in separate layers to prevent foam­
ing. It is the most toxic of the sealants tested. The penetration is 
extremely good and therefore requires careful damming . 

SIKA Crack Sealer - The sealant is a two-part mixture requiring ac­
curate measurements. The sealant is soft when fully cured (Durometer 
hardness of 20-25). Therefore, the seal can be easily ruptured by 
movement of the cable or by continued application of high pressure. 

--11$818!§1 
Case 1: For minimum leakage, a dual-pour method may be considered. 
The Chico can be used to anchor the cables, and SIKA or Micro-Preg can 
be added for the gas seal. This dual-pour method combines the advantages 
of each sealer . 

Case 2: Use Chico A or sand as the fille1· and either Resweld No. 2 or 
Micro-Preg as the sealant. The cables can be located so that others can 
be added later by coring the sealant and fill~r, inserting the new cables, 
and resealing. · 
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ATOMICS INTEJ0ATIONAL 
.-4 Divi1io11 of N<ll'l/1 Ameriam Avialim1 '"'" 

LEAKAGE DATA SHEET 

,. CASE 1 CONDUIT SEAL-OFFS 

ENDS OF CONDUCTOR 

DIPPED IN SEALA NT--- - - - ---. 

SINGLE CABLE SHOWN 

No. A-3(2) Page 
4 of 4 

SEALANT 

(MAY ALSO INCLUDE SEVERAL CABLESl-------t~ 

SHEATH TO BE STRIPPED AND 
INSULATED WIRES SE PARA TE O 

TESTED SEALANT !!....tfJj-;l~ 

SEE RECOMMENDATIONS CHICO "A" 

JNTING ASSEMBL Y:4 ji 

I \ !\\ \\ \\ \: \\ \\ 

EXPl,.ODEO VIEW OF WIRE 

FILLER OR DAMMING MATERIAL 

CASE 2 TROUGH-TYPE SEAL 

PAN-l'YPE 
L.Ai,iLI=. I HA V 

SEALA NT 

• ~ ~ y ­·". . .,l 
;;.·; .· .. :· .. 

CABLES TO BE SPACED 
BY SPREADERS AND RAISED / 
OFF BOTTOM OF P A N:.:..:.:.:.=/ 

. : . . . . . 
-~ .. ~ .: ·: ~: 

• .. . ...... ... . 
~- .. 

" 

.· ·oi ·,. ~. 
• ' 0 I : . - ~ •, .. ~ 

\ ; : ·-": 79· 
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ATOMICS INTE~ATIONAL 
A IJi1 ·i•it111 of' .\'11rtli Aml'rirw1 Adnrin" /111'. 

LEAKAGE DATA SHEET No. A-4( 1) 

IR:JllDI• 
Hollow Metal Door 

llf•,llli 
Determination of air leakage through standard personnel doors 

lll~!Zlfl8W~.Jiliiltill& 

Test and Mounting Design: See Figures A-4( l)a and A-4( l)b. 

Page 
1 of 6 

Description of Specimen: The 16-gage surface sheets are completely 
welded to framing channel around the entire perimeter of door, with no 
seams visible on edges or surfaces of door. 

Installation Procedure: Standard, as stated by the manufacturer. 

Leak Path Description: The leak paths are through the door seal (weather 
str ipping and floor seal) and through the lock ja mb section. 

Manufacturer and Type: Dusing and Hunt, Inc.; "Pyro-Dor" Model SA. 

-~-0·\Yt·g~~ ~:,· • ·: . . ;.• "' ' ,' :~~~lf 
0 

'"=; L .:·~~~,~~-· \~:- :~~' 

Empirical Constants: Value for one door. 

1) With metal interlocking weather strip [Figure A-4( l )c] 
Pressure tending to close unit 

A = 12 B = 34 

2) With gasketed interlocking weather strip [Figure A-4( 1 )d] 
Pres sure tending to open unit 

A=4.9 B=27 

Pressure tending to close unit 
A= 4.3 B = 22 

Applicable Pressure Range: The data are applicable to pressures up to 
7 in. of water. {See comments under Limitations.) 

Extrapolations: The test data were obtained from a 30- by 60-in. door. 
The greater por t ion of the leak occurred at ( 1) the corner joints of the 
weather s tr ipping, ( 2 ) the joints between the floor seal and weather 

--~~------~~--~~------~~~~--~~--~~~--~~~~~~----~~~~--------~~--~---------' 
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A /Ji1 ·i•im1 uf' ·'"'''' ~1nrri1~111 .fri<1rim1 /111" 

LEAKAGE PATA SHEET No. A-4(1) Page 
2 of 6 

stripping, and (3) the lock jamb section. Therefore, the same data can be 
applied to any size door of this type without scaleup or extrapolatio~s. 

l:m' (ltttt>4':tij~~I· ... :Jn .. &»· . ~. ·- -~ -' £ .. . 

The repeatability of the test data after several months of normal usage of 
the door is unknown. Since the bending and shear properties of the latch 
mechanism are unknown. the extrapolation of air-leakage data at pre~sures 
greater than 7 in. of water is questionable. 

tl'ii:::li•~~;~. !F't••~il :p .. ;µ = ...... ., ,, .......... ,.,,., ;' 
In mounting the weather stripping, a mastic should be placed between the 
female section and door frame and between the male section and door. 
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ATOMICS INTE~TIONAL 
~ lli1·i•ill11 of' .'lior1/1 .41nrrin111 .41'i11tio11 ''"" 

LEAKAGE DATA SHEET Figure A- 4( l )a 

2-1/Z-FT OPENING 

, .. @ ·1 

0 

KEY 

I 
5-FT 
DOO;{ 
OPENING 

1 z z z ·n 

+ ~ )l LEAK 
PATHS 

INTERLOCKING 

DETAIL: INTERSECTION 
OF INTERLOCKING ANGLE 
MOUNTED ON DOOR 

.-.-~ 

... LEAK PATHS 

\ • 
HEAD SECTION 0 

t LEAK PATHS 

RUBBER FLOOR SEAL~ ~ 
.... ~4 , -

SILL SECTION 

TEST FIXTURE MOUNTING PLATE 

3 )( 2 )( 1/4 IN. TYPICAL j 

MOUNTING ANGLE -

© 

1/4· )( 1-1/2-IN. NEOPRE NE 
GASKET (CONT ! NUOum 

HINGE JAMB SECTION 0 LOCK JAMB SECTION (9 

DOOR: "PYRO DOR" 
DUSING AND HUNT 
INC. 
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LEAKAGE DATA SHEET 

2f 2-FT 

3
0PE~rG 

I ill 'I 
0 

Kf::Y 

5-FT DOOR 
OPENING 

ti:. .\-----
\ 

.. 
.. 

"'a LEAK 
P/\THS 

INTERLOCKING 
ANGLES SET 
IN MASTIC 

DETA I L: I NTERSECTION 
OF INTERLOCKING ANGLE 
MOUNTED ON DOOR 

Figure A-4( 1 )b 

HEAD SECTION @ 

Page 
4 of 6 

r,j~'1::::5i::::::7Z::";;;;::;lL.ll::::::71fi_~ 

SILL SECTION © 
TEST FIXTURE MOUNTING PLATE 

STIFFENEF< 

\/4 x 1-1/2 IN. NEOPRC:NE 
'~ Gl>.SKET (CONTINUOUS) 

M.:: r·\L ..;.-\SKET SEAL 
I NT t:,{LOCKI NG, WEATHERSTRIPPING 
(TYPICAL JAM3 AND HEAD) 

16-GAGE STEEL FACt:: 
30TH SIDES 

HINGE JAMB SECTION 0 LOCK JAMB SECTION 

NAA-SR-10100 
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DOOR: "PYRO DOR" 
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ATOMICS INTE~TIONAL 
.f /J1,.i.•i1m t>/' \orth ftnPTif'flll ~l'iotion f,.,., 

LEAKAGE DATA SHEET Figure A-4(l)c Page 
5 of 6 

103 ~~-rn~-----.--r--r-r-

10 2 

."-..._ HOLLOW DOOR WITH METAL INTERLOCKING 
-.........__WEATHERSTRIPPING OVER PRESSURE 

TO CLOSE 

10 1 

I '--~~-'-~-'-~,__..._.........,_._.._._~~~-'-~-'-_.___,,_.__.._...._._....._~~--"~--'~......._--._._..._. ........ 

0.01 0.10 

P (inches of water) 
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ATOMICS INTE~TIONAL 
.f l>iri.•i'm of' \ort/1 lfn1•ri1Y111 ·lt ·i11lfo1t ltu·. 

LEAKAGE DATA SHEET 

-~ra ::\'::::;~:: 
Metal Door With Sound Insulation 

tii:•iBi$liJ 

No. A-4(2) 

Determination of ai+ leakage through standard personnel doors 

~rJ:•1: ·:~~it~¢$~~l+; <~A,l1 ,"°1ifij .fill ,.' f,.,::,liii~ """" . - liiJ 2 -~' ,~~ . .... -•• •.----· •• ...,..._ ~.» . 

Test and Mounting Design: See Figure A-4(2)a . 

Installation Procedure: Standard, as described by manufacturer. 

Page 
l of 4 

Description of Specimen: Door is 1- 3 / 4 in. thick, flush design; face 
panels are formed of 16-gage cold-rolled, stretcher-leveled sheet steel. 
A c-rack,..closer provides sponge neoprene compression sealing at thresh­
old when door is closed. 

Manufacturer and Type: Sonicbar; Type DM2F-48. 

Leak P~th Description: The leak paths are through the door seal (weather 
stripping and floor seal) and through the lock joint section. 

ltl:!' i~f'.Jter ~~ K I ; • ~·" . . j 0:~&2·lh; ··~·t ~; 
Empirical Constants: Value .for one door. [Figure A-4(2)b] 

Pre.s sure tending to open unit 
A=23 B=41 

Pres sure tending to close unit 
A = 0 B = 35 

Applicable Pressure Range: The air-leakage rate is applicable to pres­
sures up to 7 in. of water. (See comments under Limitations.) 

Extrapolations: The tes t data were obtained from a 30- by 60-in. door. 
In extrapolating to a larger door, the constant B will remain approxi­
mately the same. This is the leakage through the co r ners, joints, and 
lock jamb section . The constant A will vary in direct relation to the 
length of seal (peripher y of the door) and may be scaled up or down . 
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ATOMICS INI'E~TIONAL 
A l>iri.•im1 nf' .'\°11rtl1 Amrri • .,111 .~1 ·i111io11 1111-. 

LEAKAGE DATA SHEET 

., . ·{: ''· . .. li•'IC:: -
No. A-4(2) Page 

ZQf 4 

The test data were obtained from a new specimen, and neither the w.ear­
ability nor repeatability of the data after months of service is known. The 
bending and shear strength of the latch mechanism are not stated by the 
manufacturer, so that leak rates at pressures greater than 7 in. are not 
predictable. Probably turbulent flow is present, and linear scaleup ·in 
pressure is _not applicable. 

[3~·--i1J:lljlll 

None (impractical for low-leakage containment). 
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ATOMICS INTE~TIONAL 
I IJi1 i.ttiou of' \or1f1 -4tnPrirwa -ll'i111io11 Im·. 

LEAKAGE DATA SHEET Figure A-4(2 )a Page 
3 of 4 

LEAK PATHS •--.11:1--

2-1/2-FT OPENING 

t- •I 

i=== ~~)~~ . 3) .... 

KO::Y 

0 

STEEL FR.O.ME 

S-FT DOOR 

OPENING ~ 7 
LEAK PATH 

.0.0JUSTA6LE DOOR 
STOP WITH GASKET-

@ TYPICAL DETAIL 
INTERSECTION OF 
JAMB AND HEAD 

LEAK PATHS +-

3 >< 2 >< 1/4 IN. TYPICAL 
MOUNTING ANGLE 

~ 1/4 >< 1-1/2-IN. NEOPRENE GASKET 
· • · (CONTINUOUS) 

ADJUSTABLE DOOR STOP . 
WITH NEOPRENE GASKET ----. 
(TYPICAL JAM13 ANO HEAD) 

,. •• :-+ 

HEAD SECTION @ 

COM91NATION 
ALUMINUM KICKPLATE 
AND THRESHOLD 
CLOSURE WITH NEO­
PRENE GASKET 

MOUNTING PLATfi-

MOUNTING ANGLE 
•Zllttt; 

SILL SECTION © 

LEAK PATHS (TYPICAL jo STEEL DOOR F~ 
JAM6 ANO HEAD) .: (TYPICAL JAMB AND 

LEAK PATHS HEAD) HINGE JAMB SECTION 

CD LOCK JAMB SECTION 

® 
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ATOMICS INTE~TIONAL 
A l>il'i.•ifl11 of' .'liurl/1 .~111rrim11 .41•it11io11 l11t·. 

LEAKAGE DATA SHEET Figure A-4(2)b Page 
4 of 4 

103 ~----rTTTTT~~~~ 

SOUND INSULATED DOOR 
OVEl'f PRESSURE TO OPEN' / I 

J I I /- A~ 

~ 
-~ , 

(i) 
l 

~ SOUND INSULATED DOOR 
OVER PRESSURE TO Cl.DSE 

. 
I I 

10 1 

I I J I I I I I I I J I I I I I I I ' I I I I I I 1 ' - I I 

O.CI 0.10 

P (inches of water) 
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ATOMICS INTE~TIONAL 
.4 l>i1·i .. i1111 nf' .\ortli AmrriN111 A1·i111im1 '"'" 

LEAKAGE DATA SHEET No. A-4(3) .,.,. 
Individual Dogging Door, Marine Type 

ltq)~eiMJ 

Determination of air leakage through personnel door 

Test and Mounting Design: See Figure A-4(3)a. 

Page 
1 of 4 

Description of Spec1men: The door is fabrieated from sheet-metal steel 
with no seams. The door is held closed by means of individual dogs which 
clamp the door coaming firmly against the rubber gasket at the periphery 
of the door. 

Installation Procedure: The angle coaming is fastened to the door frame 
by use of a continuous air-tight weld. 

Le~k Path Description: The leak paths are through the door se<,il at the 
periphery of the door (angle coaming) and through the individual dogging 
shafts. 

kiidfTu,~"""'11°& f~ ""'-'- ~ \\C:J$$fw~~f~1FiJl~, t ,~ 

Empirical Constants: Value for one door. 

1) Hand tight: [Figure A-4(3)b ] 
Pressure tending to open unit 

A =0.019 B=0.17 

Pres sure tending to close unit 
A = 0.023 B = 0.24 

2) Dogs hammered tight: 
Pres sure tending to open unit 

A= 0.026 B = 0.19 

Pres sure tending to close unit 
A= 0.14 B = 0.22 

Applicable Pressure Range: The data should be applicable at pressures 
up to the design pressure as stated by the manufacturer . 
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ATOMICS INTE~TIONAL 
A /li1 ·i•i1111 t1(' ·'""'' ..f111Pri1Y111 .4ri111im1 /111·. 

LEAKAGE DATA SHEET No. A-4(3) 
P ge 
2 of 4 

Extrapolations: The greatest portion of the leak appeared to be through 
the eight individual dogging shafts. Therefore, during extrapolation fo a 
larger size door, only the number of individual dogs are important. A 
door with twice the number of dogs would leak approximately twice the 
rate. Hammering dogs increased leakage in both cases. 

ll~J§\Q*t~l\tdtl 

1. Replace the seal packing around the dogging shafts with an improved 
packing. 

2. Reseal rubber gasket to door channel. 

3. For one-way doors, dog bolt assemblies may be welded to one side of 
<loo r. This elhninate s leakage around shafts. 
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ATOMICS INTE~ATIONAL 
A /Jir i•io11 o/' .'\'11rr/1 ..l11wrin111 1friorio11 Int'. 

LEAKAGE DATA SHEET Figure A-4(3)a 

1 11;: ~ 
I I I 

I . 1- I 

"1"· I (' ~--A --· 

I 

I I I 
1r 

;!=rT' 
n DOOR 

~·- · DOG"'" 

DLE 

--··--
I I B 

TEST FIXTURE MOUNTING PLATE +TEST Al~ PRESSURE 

+ }'//&////~ 
MOUNTING ANGLE 

NEOPRENE GASKET 
£;~;;;: (CONTINUOUS) 

tVELD (CONTINUOUS 
ALL AROUND) 

MOUNTING 
CLAMPS 

SECTION 8-8 
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ATOMICS INTE~ATIONAL 
,4 l>i1 ·i•io11 of' Norr/1 Arnrrirm1 A1•folin11 '""· 

LEAKAGE DATA SHEET 

ti-II 
Quick Acting Door, Marine Type 

E!Bil&1£9.D i£C~;j,:i: 

No. A-4(4) 

Determination of air leakage through personnel door 

Installation and Test Design: See Figure A-4(4)a . 

Page 
1 of 6 

Description of Specimen: The door is fabricated from sheet-metal steel 
with no seams. The door is held closed by means of eight individually 
adjusted dogs which are connected to one handwheel. The dogs clamp the 
door coaming evenly aga inst the rubber gas~et at the periphery of the d oo r . 

Installation P rocedur e: The angle coaming is fastened to the door frame 
by use of a continuous air-tight weld • 

Leak Path Description: The leak paths are through the door seal at the 
periphery of the door (angle coaming) and through the handwheel shaft 
packing. 

Manufacturer and TyPe: Julius Mock and Sons, Inc.; Quick Acting, Marine 
Type . 

-li!-* -1J1t1~1-a&·-. ;::;~,¥; :T~:::r~Sf 
, , .. 

Empirical Constants: Value for one door 

1) As received* [Figure A-4b] 
Pres sure tending to open unit 

A = 0.25 B = 0.18 

Pres sure tending to close unit 

A= 0.071 B = 0.42 

2) Cleaned door seal and adjusted dog swivel guides [Figure A-4(4)c] 

Pressure tending to open unit 
A= 0.001 7 B -= 0.040 

Pres sure tending to close unit 
A = 0 . 00011 B = 0.026 \ 

*As received, the door coaming bearing edge was irregular • 
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ATOMICS INTE~TIONAL 
A f)fri•i1111 of .~1ir1/1 .41nf'rin111 A1·i111im1 1111'. 

LEAKAGE DATA SHEET No. A-4(4) 

3) Repai~ed edge of angle coaming [Figure A-4(4)d] 
Pres sure tending to open unit 

A=0.0023 . B=0.011 

Pres sure tending to close unit 
A = 0.00086 B = 0.00106 

Page 
l of 6 

Applicable P res sure Range: The data should be applicable at pressures 
up to the design pressure as stated by the manufacturer. 

Extraraolations: The test data from the ZS- by 60-in. door can be extra-
! ~ to a large size since the maximum leakage area is at the periphery. 

Mtt~I 

1. The integrity of the wheel shaft packing and rubber gasket after months 
of wear is unknown. 

2. Rubber. gasket may require resealing to door channel. 

NP_A-SR-10100 

III-128 

66< 



r 

z 
~ 

...... ~ 
1-1 I 
...... CJ) 

:.. !:t1 
N' 
-CJ ...... 

0 
...... 
0 
0 

(jJ 
'1 
f\ 

r r r, r r r r· r r--- c r---- r- r--·- r .; r [.., 

DOOR: REAR ELEVATION 

DOOR: FRONT ELEVATION TEST AIR PRESSURE 

TEST FIXTURE MOUNTING PLATE t' 
"~"'~"'W,"'v,"'W-"',?;"':;r...:"'!l;"'~"'W-"'Q ... ,...,,..,.,v,,.,~"'w;"'v,7V/.O"'v,"'~"'~/,"'%"7'W-"';..;;""~"'W,"'%"'%";..;;7v,"'W,"'~"'w;"%"'m"v,"'!l;"'w;"%"w;";..;;"',?;"'w;"'~"'m"v-"'v,"'~.-_ j. WM0'H&W%w///#//////Uff$ff..@/U~ WELD (CONTINUOUS 

4115! DOG ITVPl ADJUSTED FOR • MOUNTING ANGLE ~jALL AROUND) 

OU51~ 

DOORCOAMI~ 
RUBBER GASKET 

ODOR COAMING BEARING 
EOGE GROUND SMOOT!i 

~ CIIJ -......,____FOR TEST C 

I 

'ZJ .... 
OQ 
s:: 
'1 
(I) 

> 
I 
~ -~ -Ill 

w 'tJ 
-0 Ill 
,...OQ 
O'(I) 

I 

~ ~ 
~ 0 ;;- !: 
s· ... 

~~ 
? 

~ ~ 
~i 
~- :a 
g· 0 

~~ 
~ 



5· 
n 
:::r 
• "' 0 

-~ 9. 
• ... 

>89 
Of 1-III 

00101-as-vvN 

LEAK RATE (cfm) 

p 0 
p---~-------~--~.....----.----.----.---....... --------.----.....-~-r---.--r--....-r-~ 

!33HS Y!YO 3~Y)IY31 

'IVNOI..L~aLNI S.:llKO.LV 



>69 

0 
Q 

0 

"ti 

:;· 
g. 
lJ 
a 
A 
it ~ 

8 

1 £T -III 
00101-B'S-VVN 

LEAK RATE (cfm) 
9 ... 

.... )> 0 
ozc (")O('i __ 

,.... )> ,.; 

Oo~ en<-
l"'I C· 

en-
-.z 
"'Ci) 

00 

08 j!ij :0 
::0 
"V () 
::0 f;; 
"' )> (/) z 
(/)"' 
~o 

"' 

a~8 
o

0
R 

~ ~)> 
2'; 29 Viz 

;;l Cl 

0§ 
~:o ,,, ::0 () 

I 
~~ rn z 
{/I "' cO 

~ 

.133HS YlYO 3~V}IY31 

..., 

.., 
-· 

,_ 

.., 

..,. 

.., 

., 

.., i 

... l 

.., 

.., 

., 

-
• 



-E 
'+-
0 -
w 
ta 
a:: 
~ 
<{ 
w 

ATOMICS INTE~TIONAL 
A Didsiu11 of',.,,.,,,, Amcria111 Avil11in11 /,.,_., 

LEAKAGE DATA SHEET Figure A-4(4)d 

0.1------
QUICK ACTING DOOR ANGLE 
COAM I NG REPAIRED 
OVERPRESSURE TO OPEN 

b~~e6 

_J 0.01 -H-+--------

QUICK ACTING DOOR ANGLE 
COAMING REPAIRED 
OVERPRESSURE TO CLOSE 

0.001 L----L--L-J.......l--J....J....L..1-1--___J"---'---J...._._lo....I....~~--'---'._. ........ _._~ 

QI 10 

P (inches of water) 
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ATOMICS INTE~TIONAL 
.4 /Ji1 ·i•i1111 11(' ·'"'''' .41nPrim11 .-4ri111im1 "''" 

LEAKAGE DATA SHEET No. A-5 

dlitlltll ~ . . ;:~ ~ t~t. J..~;~ ~~ . ~ 

Electrical Fittings, Wall Mounting and Bulkhead Type 

tlllllll1 ~~ ·- ····· · · ··-· . . ' .. 

Determination of air leclkage through various types of fittings 

Test and Mounting Design: See Figure A-5 . 

Description of Specimen: 

Page 
l of 3 

Test 1. Wall mounting receptacle: has a nonbonded resilient insert 
with shore hardness of ,......zo surrounding 5 pins. 

Test 2. Bulkhead receptacle: may have a resilient insert bonded to 
shell or vitreous insulators fused to pins and shell. 

Installation Procedure: Both receptacles must have a neoprene resilient 
gasket between wall and fitting. Caulking must be placed on the gasket of 
the wall receptacle so as to reduce the leak along the sc;:rew path. 

Leak Path Description: W~ll mounting receptacle : the leak paths are 
through the gaske t, along the screw, between the insert and shell, and 
between the insert and pins. Bulkhead receptacle: the leak paths are 
through the gasket and possibly around the insert (depending on the type). 

mfl;~t~~ll~~f~~I ::.::;=.:: ;;:; 
Empirical Constants: Value for each 1-in. pipe fitting 

Tes t l. Wall Mounting Receptacle 
A = 5.16 x lo-4 B = o.65 x lo-4 

T es t 2 . Bulkhead Receptacle 
No d etectable leak. < 10- 9 cfm 

Applicable Pressure Range: The data should be applicable at pressures 
as stated by th e manu facturer. 
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ATOMICS INTE~TIONAL 
A /liri•io11 n{ .\"11r1/1 .4rn~rio111 .·fri111im1 1111'. 

LEAKAGE DATA SHEET No. A-5 Page 
Z of 3 

Extrapblatiohs: Since the bulkhead ty:pe does not leak, no extrapolations 
a r e nec,es sary. The majority of the leak of a wall mounting receptaCl~ is 
around the insert (see Figure A-5). An approximation of the leak rate can 
be detel'.mined by alil signing half the leak rate to the area between the in­
sert and pins and the other half to the area between the insert and shell. 
Therefore, as the number of pins is increased from 5 to 10, the leak 
rate would be 1.5 times larger (assuming the same size shell). 
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ATOMICS INTE~TIONAL 
A Vil'i1i.fllt of' N<1r1/1 Ainrrin111 Avi11rirn1 Inc. 

LEAKAGE DATA SHEET Figure A-5 

20-GAGE SHEET METAL 

@·9 ••••• T_ In.· 1 

PLAN AND ELEVATION: ELECTRICAL FITTINGS TEST ASSEMBLY 

HOLDING PLATE ~ i Ji ZR Ii 

18-IN. I 0 PRESSURE VESSEL -------....... 

SECTION 
(SHOWING HOLD1NG PLATE, MOUNTING ASSEMBLY, AND PRESSURE VESSEL) 
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ATOMICS INTE~TIONAL 
A l>il'i.•im1 of N11rtl1 .4rnPrin111 A1•i111im1 Int:. 

LEAKAGE DATA SHEET No. A-6 

tHWattlJI 
Hatch, Roof 

liiaRlll 
Determination of air leakage through conventional roof access hatch 

Test and Mounting Design: See Figure A-6a. 

Page 
l of 3 

Description of Specimen: A neoprene gasket is used in the 30- by 36-in. 
roof hatch. The top is a one-piece metal cover with welded corners; it 
uses a spring latch and a compensating spring hinge. 

. 
Leak P,ath Description: The leak path is between the hatch cover and the 
hatch frame at the continuous rubber gasket which is provided for sealing . 

1~~9,,~ar.fe}J~@.rl,Y.Ai. T1?;A11 ~~W.;;,,:j;:JW := .. ·-<''"T'i· .~;'.~ 

Empirical Constants: Value for one roof access hatch 

Pressure tending to open 
A= 9.3 B = 13 

Pres sure tending to close 
A= 0 B = 19 

AWlicable Pressure Range: The data were obtained from pressures up to 
a ifferential of 20 in. of water. The deformation of the specimen and 
le-akage characteristics at higher pressures is not known. 

~xtr::ipolations: Since larger specimens have different leakage character­
il?tics due to heavier metal, heavier compensating spring hinges, and 
other factors, extrapolations from these data are not recommended. 

lri**~•,t:~;+,;~'. ·~~J~~ij 

Quick acting holddown clamps should be placed at each side of the hatch 
so that an even pressure of the hatch cover against the seal can be 
attained. (See untested design, Figure A-6b.) 
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ATOMICS INTE~'fiO:NAL 

... ~ 

A l>iri1io11 •!/' 1"ifor1/1 Amerinm A1•fo1i1111 1111". 

LEAKAGE DATA SHEET 

I· A....., 30-IN. HATCH OPENING ·I 
1+-------, 
I I 

I j I 
I A I 
I I 
I I 
I I 

I I I i-- I - - I 
I I 
I I 
I I L ________ _, 

HATCH (TOP) 

-

36-11 
HAT 
OPE 

~ 
B 

,_ 

H 
NG 

Figure A-6a 

SECTION A-A 

TEST FIXTURE MOUNTING PLATE 

3 x 2 x 1-1/ 4 IN. TYPICAL 
MOUNTING ANGLE . 

~ ~ 1/4 x 1-1/2 IN. NEOPRENE 
?-( GASKET (CONTINUOUS) 

LEAK PATH·­
(ALL AROUND) 

HATCH FRAME 

SECTION 8-8 
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ATOMICS INTE~TIONAL 
A l.li11iaioo o.f /Vorrlt A-imn A11ia1inn Inc. 

LEAKAGE DATA SHEET Figure A-6b 

DE-STA•CO 1Ql.JAMP SERIES 225 

DETROIT STAMRING CO. 

USE 4 CLAMPS AS SHOWN 

------
2•1/4 X 2•1/4 X 1/2 IN. 

CRS FILLER 

,--
i 

DETAIL A•A 

~ 
T --, , 

I 

NAA-SR-10100 
III-139 76< 

'/8 IN. 

Page 
3 of 3 

tr 



~ 

L 
,., 
L· 

... 

.... 

.... 

~ 

... 
~ 

~ 

.... 

-
.... 

... 

--
--
~ 

.. 
~ 

ATOMICS INTE~TIONAL 
A /Jfri.•i1111 11/' .\orr/1 .·1111..ri""" Al'iurip11 lur·. 

LEAKAGE DATA SHEET No. A-7 ,._.t 
Louvers, Gasketed 

liijl1iiill 
Determination of air leakage through standard gasketed louvers 

Test and Mounting Design: S.ee Figure A- 7. 

Page 
1 of 3 

Installation Procedure: The louver is sealed to a test frame by a con­
tinuous neoprene gasket, and the test frame is welded to the mounting 
plate . 

Descri,Ption of Specimen: The louver is fabricated from 16-gage cold­
galvamzed .steel. Sponge neoprene is used for the stripping and end 
seals on all five blades. 

Leak Path Description: The leak paths are around the total periphery of 
each blade (betw.een sponge rubber and metal contact) . 

Manufacturer and Type: Airolite Company; Type 925, air-tite head • 

-~~l&1::ft{M11ftstJl~nl :,:~;;; ;~:; ;;;.:;?;; 
Empirical Constants: Value for one lo.Liver 

1) Using a 10-lb closure force 
A=7.8 B=33 

2) Using a 20-lb closure force 
A= 6.8 B = 25 

3) Using a 30-lb closure force 
A= 6.7 B = 27 

Applicable Pressure Range: The air leakage is applicable to pressures 
up to at least 7 in. of water. (See comments under Limitations.) 

Extrapolations: The test data were obtained from a 20- by 21-in. louver 
with five blades. The leak x-ate data can be scaled up or down according 
to the number of blades since the majority· of the leak is at the end seals. 
This is the reason increased closure force did not improve the leak rate. 
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ATOMICS INTE~TIONAL 
A I>iriJiou ·~f ,\.orth Atnerinm At·iofinn Int-. 

LEAKAGE DATA SHEET 

lr¢1~it~• ~... . ..;: 

No. A-7 
Page 
Z,of 3 

Since the data were obtained from a new specimen, the repeatability of 
the test data after months of service is unknown. The test data should 
be applicable up to the bending strength of the blades, which should be 
considerably greater than 7 in. of water. Turbulent flow probably e?Cists. 

[fi,c:~~-'.·,;i).i;t\:J$ij~fi1J 

None (not practical for low-leakage structures). 
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ATOMICS INTE~Al'IONAL 
-t /li1 i•imr of' .\°ort/1 .-lrnrrinm .41·it1tio11 hw. 

LEAKAGE DATA SHEET 

SPONGE NEOPRENE 
GASKET ITYPICAL) 

A 

A 

CLOSURE WEIGHT 

- GASKETED LOUVER (CLOSED) 

3 

Figure A-7 

4 REQ'D 
MOUNTING CLAMPS (TYPICAL} ~T 

SECTION A-A 

--.. r- .. , ~!~~. 
' -- --
I 

L--
__ .. 

- t"~----· - - .... 
c:_:--1 I 

·~ 

SECTION 8-B 
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ATOMICS INTE'l~ATIONAL 
A l>i1·isim1 t>/' .'\'or1/i 4m1•ri1Y111 A1·imi011 /11r. 

LEAKAGE DATA SHEET 

li>iiiill~~a 
Roofing (5-Ply Asphalt and Gravel) 

lili1til ~. ~ .. ,-?rf~ M.~ ..... ~ 

No. A-8 
Page 
l of 3 

Leak-rate evaluation of 5-ply asphalt and improvement 

Test and Mounting Design: See Figure A-8. 

Description of Specimen: The specimen consists of a 2- by 4-ft fluted 
metal panel with <1n P.dge lap assembled with sheet metal screws. Over 

.this panel a sheet of 1-1/2-in. Celotex insulation is installed. The 
ro9fing is installed by applying hot asphalt to the surface of the Celotex 

. insulation and then applying a sheet of tar paper. Another layer of hot 
asphalt is applied to the surface of the papar and a tar paper sheet is 
applied to this hot asphalt. This process is continued until five layers 
of asphalt and tar paper have been formed. Then hot asphalt is applied 
to the top paper surface on which gravel would be laid. The specimen 
uses techniques meeting ASTM Std. Nos. 250 and 312. 

Leak Path Description: The 5-ply built-up roofing will act as a continuous 
membrane since all laps of the tar paper are sealed by continuous layeri; 
of hot asphalt. In this type of containment member, the leakage occurs 
through the membrane itself. No resistance to flow is assumed for the 
edge lap. 

Manufacturer and Type: H. H. Robertson; M Type, 0-panel, Section 
No. 3 (fluted outer panel). Celotex Corp. ; Celotex roof insulation. 

t-•IWift'fJ 
Empirical Constants: 

A ::: 6.0 x 10-5 

Value for 1 ft2 of roofing 

B = 0 

Applicable Pressure Range: The data should be applicable to 5 in. of 
water pressure. 
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ATOMICS INTE~TIONAL 
A l>irisimi a( ·''11r1/1 AtnPri.~111 .41'it1litm t.w. 

LEAKAGE . DATA SHEET 

118911M 

No. A-8 Page · 
Z of 3 

Asphalt will tend to soften with incr easing temperature, and the leakage 
rate may increase as the roofing is exposed to the sun. It is important 
that the edges of the built-up roofing be sealed securely; otherwise, 
leakage will occur through the porous insulation slabs and out the un­
sealed edges. Pressures greater than 5-in. water may tend to lift the 
5-ply roof off decking. 

l~s;-:~Wlt!llil :q f \ .i~ ·: . ..: . ' ~~~ ' .. ... ;.;-_;"~.:~Tu1-.:: .. ~ ;. i . ~ ' 

An application of a reflective material should decrease the softening 
problem of 5-ply roofing. Thick layers of asphalt between each ply will 
decrease the leakage rate. Another type of improvement would be to use 
other coal tar polymer emulsions, such as Koppers Company, Inc. 
Bituplastic 33, as recommended in GNEC 168 "Containment Membrane 
Development for the Bonus Reactor Building." These materials, as well 
as the 5-ply tar, may be used on wells, as membranes under walls and 
foundations, and as base slab membranes. Bituplastic 33 or Koppers 
waterproofing pitch, either applied in three layers of 0.065 in. or 3/ 16 in., 
respectively, leaked l / 104 of the test specimen which was tested at 1 in. 
of water pressure. 
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ATOMICS INTE~TIONAL 
.4 1Ji1·iu1N1 of Nori/a Am~riam Auiatioo ln.c. 

LEAKAGE DATA SHEET 

TEST SPECIMEN 
FRAME 

24 i< 48 IN. TEST SPECIMEN "•II 

Figure A-8 

TEST FIXTU"'E 
MOUNTING P"LATE 

"C" CLAMPS 

H. H. ROBERTSON CO. 
5-P"LY B UILT-UP" "'00~ . 11 - ~ ! 1· ! • "M" TYPE "Q" P'ANEL 

SCREW FASTENED AT 
CENTER OF VERTICAL '' IA I • I 
JOINT 

1-1/2 -IN; CELOTEX ROOF i:! :IP=-
INSULATION 
(24 x 48 IN.) 

SECTION 
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ATOMICS INTE~TIONAL 
A Divi1io11 of Nort/1 Ameria111 Aviatin11 l1u:. 

LEAKAGE DATA SHEET ___ , 
Multistrand Conductors 

••till r!~ . • ~ ·: . : ... : ..:. ~ .. .. · ~ = 

No. A-9 
Page 
1 of 2 

To measure the air leakage through wire conductors (between the con­
ductor and insulating jacket) 

Teet and Mounting Design: See Figure A-3(2), Case 1 

Installation Procedure: A section of the sheath from a multiconductor 
cable is removed and the exposed portion of the cable sealed in a conduit 
seal-eff. The seal - off is a ttached to a short conduit pipe which is welded 
to a fia'nge. The flange i s then s ealed to a t e st diaphragm plate by use of 
polybutene. 

Des~ription of Specimen: 

1) Cable - 10 conductor, 7 strand, 14 gage each conductor 

2) Cable - TV-39 conductor 
code EP-937X-156 mil-R-y855-ll-60-60E34 4060 

The cables were tested for a i r l e akage, using as many as 8 cables in 
parallel and u s ing cable l engths from 1 to 33 ft. In all cases, leakage 
was·m~asured before and .a ft er sealing each conductor with epoxy. 

·-l-:ti·if'' ;t,~ :1~.: . »-~ .. · f§ . ~);: . ~ :-: ~ ··£ .: ·.~: ~,:q§ 

Empirkal Constants: Value for 1 ft of cable 

Cable (10 conductor) 

A=3.7xl0-S 

Cable - TV (39 conductor) 
-4 A=l.7xl0 
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ATOMICS INTE~TIONAL 
A Divi.W.1 of N11r1l1 Ameria111 Aviatio11 Inc. 

L E A K AGE DAT A S H E ET I No. A-9 Page 
2 of 2 

Applica ble Pressur e Range: The data should be applicable to pressures 
of a t lea st lo psig . 

Extra olations: The leak rate is directly proportional to the nwnbe17 of 
cables or c onductor s) and inversely proportiOnal to the length of cal;>le. 

Mimlilt.«I 
Many types of cables are being used and each will have a leak rate 
characteristic of that cable. However, the above data should give a 
11ball park11 leak rate for most conductors. 

f.W41ii1111Wil ""'·· .. . .~ . . ,. .... '"''· ... ,,. . . •'•• ' •' 

The above· leak rates will be somewhat rP.duced (by approximately a 
factor of 5) when the ends of the conductors are attached to lugs and, 
soldered. The leakage can be further reduced by dipping the conductor 
ends in conduCtive epoxy (such as HYSOL-KZ) prior to attaching a solder­
less connector. 

NAA-SR-10100 
III-150 

84< 

. 
I .; 

~ 

• 
• 

• 

• 

• 

• 
II 

• 
k 

•• 

• 

~ 



CONTENT~ I .. I 

LEAKAGE DA TA SHEETS 

" . - B. CONCRETE 

.. 
~ Code 

No. Page --... 
B-1 Composition 

L ( 1) Suggested Mixture ........ ... Ill-203 

( 2) Aggregate and Admixtures . . ... Ill-205 

L ( 3) Water -Cement Ratio ..... . . . .... . . Ill-209 

B-2 Fabrication 

L 
( 1) Prestressed ...... . .... .... Ill-211 

( 2) Vacuum-Tre~ted ......... . . . . . . . . . . Ill-215 

B-3 Curb to Curb Angle .... . . ..... ill-217 

L B-4 Area and End Effects ... . .. . . . ill-219 

B-5 Cold Joints ..... . . . ... .. . ...... ill-223 

L B-6 Contraction Joints .. . . . . . . . Ill-225 

B-7 Cracks 

' ( 1) Unstressed . . . . . . . ......... . . .. .. ... Ill-227 
L ( 2) Stressed ... . . ·. ill-229 . . . •• # • 

B-8 E·xpansion Joints . . . .. . .... ~ . . . ..... III-233 

B-9 Frame Inserts . . . . . ..... III-235 

B-10 Grout ...... . . . . . . . . .. . .. ..... ill-239 
! 
L, B-11 Paints 

( 1) Vinyl Base Membrane .... . . ........... III-241 

( 2) Vinyl Base Membrane ..... .... . .... . Ill-245 

( 3) Vinyl Base Membrane .... . .... . ... .ill-247 

( 4) Vinyl Base Membrane .. . . . ..... ill-249 
..... 

( 5) Vinyl Base Membrane . .. Ill-251 .. . .. . . . . .. 
~ 
I 

( 6) Epoxy Base Membrane .. . . . . . . . ........ ill-253 

~ "( 7) Epoxy Base Membrane. ... . . . . . ....... III-255 

~- L ( 8) Epoxy Base Membrane ....... . ... . ..... . . . ill-257 

( 9) Rubber Base Membrane ... . . . . . . . .. . . III-259 

. 
I 

NAA-SR-10100 
ES< 

Ill-201 

' ""' 



Code 
No. 

B-12 

B-13 

B-14 

B-15 

B-16 

CONTENTS 
LEAKAGE DATA SHEETS 

B. CONCRETE 

( 10) Asphalt-Gilsonite Mastic . . . 
( 11) Phenolic Base Membrane . . . 
( 12) Oil-Mica Base Mastic ... . . 
Pipe Penetrations . . . . . 
Reinforcing Bars . . ... 
Tie Rods ......... .. . 
Thickness Variationa .. 
Water Stops, Rubber ...... . 

NAA-SR-10100 
III-202 

. 
. . 

Page 

. . . ... lil-261 

. . .... tu-263 

. . . . . . . . . . . lli-265 

. . . . . iu-267 

. . tu-271 

. · · . · W-273 

. . . . . . . . . m-211 

iu-279 

•I 

86< 



,, 

• 

, -
• 

-
.... 

... 
L 

L 

I 
' 
"""' 

~ 

~ 

~ 

'-

-... 

~ 

. , 
I 

~ 

... 
i... 

ATOMICS INTE~TIONAL 
A llil'i.•i1111 11/' ·''11r1/1 .4mt'ri<'<lll .4vir11im1 /111'. 

LEAKAGE DATA SHEET 

m1ma1 
"·concrete, Suggested Mixtu.re 

ln~,,~fa~if.f""~ 
~··~E~il~i~l 

Uniform mix for component testing 

hllait:U,11ff.dlll«Rlil4fll1 
Test and Mounting Design: See Figure B-4a . 

No. B-1 (1) Page 
I of 2 

Description of Specimen: The following data represent the mix specifica­
tions for concrete test materials unless otherwise noted. 
Compression strength in 28 days = 5000 psi, 

3 Cement (sacks/yd ) 
Cement (lb) 
Sand (lb) 
No. 3 gravel (lb) 
Water (lb) 
Total weight (lb) 
Water (gal) 

Specified Design Mix 

Water (gal/ sack) 
Slump, ·calculated (in.) 

7.75 
729 
1196 
1832 
264 
4021 
31. 7 
4.23 

Plastiment admixtur e per sack, Sika Chem. Co. (oz) . 
Maximum allowable '!'later (gal) 

Z to 4 
2 
33 

The supplier of the transit-mixed concrete was the Consolidated Rock 
Produc.ts Co. and Colton Cement (Mojave Type II cement). 

In order to verify compliance to specifications, the AI field engineer was 
present at Consolidated. The following loading was witnessed for a 2-yd3 
batch of concrete: 

Cement 
Sand 2536 (lb) 

No. 3 gravel 3664 
Water .added at plant (gal) 
Water in aggregate (moisture) 
Plastiment (oz) 
Water added at job (gal) 

NAA-SR-10100 
III-203 

as ordered 
144 in excess ap-

proved by AI 
as ordered 
42 
17 .z 
30 
12 

87< 



ATOMICS INTE~TIONAL 
A Di1•iai1111 of N11rt/1 A1nericw1 Aviu1io11 Int·. 

LEAKAGE DATA SHEET No. B-1 (1) Page 
2 of 2 

Mixing and placing was performed a<;cording to Specifications for Ready­
Mixed Concrete, ASTM C94. Complete mixing of the concrete was begun 
within 30 min after the cement was intermingled with the aggregates. 

~,,., .. ~Blr'~'1~'1-::Stt:.0de(,)<·0ii ~·· ...... . . . ¥. - ~~,., · ..,; .f} .l 

Empirical Constants: Value for 1 ft 2 of concrete, 1-in. thick 

Coefficient A varies from 

-5 -6 1. 2 x 1 0 to 1. 6 x 10 

for diffP.rent samples and occasionally varied a,.s a function of curing time 
(A increased to the higher leak rate only). · 

Extrapolations: Use of the highest leak coefficient for the design mix 
til!Je c ific ..l will caus ~ little over · cstim~ticn of the lc~k :::-ate for mcst build­
ings. Since high-leaking cracks are most likely to occur for large pours 
and large surfaces, these values are verified for laboratory purposes only. 
The data can be extrapolated up to at least 40 psi for any size (realizing 
that the flow rate is directly proportional to the area and inversely pro­
portional to the thickness). 

Prestressed concrete has leak rates similar to those above. 

111i~t11a• 

The variability in the observed leakage coefficients can be d~e to: 

1) cracks 
2) specimen mounting leaks 
3) curing methods 
4) water-cement ratio variations 
5) aggregate sizes 
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ATOMICS INTE~TIONAL 
A Dit>i•io11 of N11r1/1 A1ncria111 Auia1in11 lrrr . 

LEAKAGE DATA SHEET No. B-1 (2) Page 
1 of 3 

1111111• 
Concrete Aggregates and Admixtures 

---
Evaluate the effect of water-cement ratio, admixtures, and other 
par(!,meters on concrete leakage 

-~1-1••-·tJ ;;;J¥;:: .. =::==+::>cc%~: ~ " •.. ~· •'·"' ,... i' ,.. . • ' .• ~ ·~·.,. :: • • .' .. •!• ;..;" • .,;' •-" • :;:: "s 

Test and Mounting Design: See Figures B-1 (2) and B-4a 

Description of Specimen: Series 1 and 2 consist of concrete blocks 11-i /2 
by 11-1 /2 by 4 in., and Series 3 is comprised of 2-ft by 4-ft by 6-in. blocks 
All specimens were prepared by Raymond G. Osborne Laboratories, Inc. 
The effect of all anomalies such as placement, curing, etc., except as 
shown in the listing below, is considered insignificant fo.r these tests. 

CONCRETE MIX PROPORTIONS AND TEST RESULTS 

Mix Code No. 

Aggre gat.e 
Maximum size (iri.) 
No. 3 gravel (lb) 
No. Z gravel (lb) 
No. 1 gravel (lb) 

W, C. Sand (lb) 
Cement (lb) 
Water 

Weight (lb) 
Maxim um volume (gal.) 

W/C ratio 

Slump 

Admixture 

l 
182.l 

1319 
595 

308 
37 

II I Ill I IV 

I I l I l 
1895 1768 182.3 

12.63 1390 l3ZO 
595 595 564 

315 315 317 
37.8 37.8 38 

v 

l 
18Z5 

13ZO 
538 

32.5 
39 

VI 

l. 5 
1155 

842. 

12.19 
564 

2.92 
35 

VII 

z 
1117 
785 
196 

1112. 
581 

Z85 
34,Z 

VIII 

l 
182.0 

132.0 
595 

308 
37 

IXIXIXl 

l I I I l 
1854 1735 182.0 

134Z lZ56 13ZO 
595 595 595 

Z87 Z88 308 
34.5 34. 6 37 

XII 

I 
1840 

1333 
595 

2.96 
35.5 

o.518 I o.53 I o.53 I o.562. I o.603 I 0.518 I o.49 I o.518 I o.482. I 0.484 I o.518 I o.498 

4 3 5 5 3,25 3 3 z 3.5 2.,75 I I.ZS 

none I none I none I none I none I none I none I none ( l) (Z) (3) (4) 

ZS-day compreuive otrength (psi) 1 5358 1 4846 15340 I 5669 I 4920 j 5395 I 4956 I 6Zi8 I 6657 I 4ZZ5 I 5614 I 4590 

Leakage (10 7~ cfrn/ in. -!tz I in. HzOl 

Series l 
Series Z 
Series 3 

(1) Retarding a ge nt 
(Z) Air e ntra inme nt reein eolution 
(3) Waterproofing agent 
(4) Acceleration a_gent 

3.8 
4,Z 
3.8 

l.60 I 0.87 I 7.6 
0.87 0.95 10.l 
l.Z 3.4 9.3 

Z8 
34 
17 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
, .4 Di1•i:Uo11 of N11r1/1 A1ncric1111 Avifltirm Ill<'. 

LEAKAGE DATA SHEET No. B-1 (2) Page 
2 of 3 

Extrapolations: The data can be extrapolated up to at least 40 psi for any 
size (assuming that the flowrate is directly proportional to the area and 
inversely proportional to the thickness). 

Dlilist«S1 
A small hole (probably the result of water capillary) was found in 
Series 2, Code XII. Sealing the hole with epoxy reduced the 
leakage by a factor of 3 to the value as shown. Series 1 and 2, Code IX 
had many water capillaries, none of which were sealed. No capillaries 
were observed in Series 3 of Code IX. 

A statistical analysis of the test result data (excluding Code IX) shows 
the following: 

1) Mean Empirical Constant: Value for 1 £t2 of concrete, 1-in. thick 

A = 12 x 10-6 

2) Fractional Standard Deviation = 0. 75. The small deviation of the 
t~st specimens shows that many types of mixes are acceptable for 
predicting leakages through concrete. A mix requiring a retarding 
agent is the exception of those tested. The value of the same mix 
with a vacuum-treated cure is given in B-2 (2). 

'----~~~~~~~~~~~--~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~--~~~ .... 
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ATOMICS l~TIONAL 
A Diuilion o.f Nnrtlt Anwican A11ia1inn Inc. 

LEAKAGE DATA SHEET Figure B-1 (Z) 

CONC .. ETE BLOCK 

12 FT BY 4 FT BY 6 IN.) 

EDGES SEALED 

POLYBUTENE CAUL.K 

~ :~: · .. : :·: ... . ·· ,· ; · ·, ." . :• . ' .. - ' ... 
' • • ' • I • .... · .•.. - . . . , .. · .... . · , ' . . . . .. " . . . .. 

' · 
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ATOMICS INTER,tilATIONAL 
A Ui11i1io11 o.f N11r1/1 Anwricrm A11iu1im1. liic. 

LEAKAGE DATA SHEET 

Water-Cement Ratio 

•t:iitlll 

No. B-1 (3) 
Page 
l of l 

Determination of the variations of air leakages in concrete due to the 
water content during mixing 

1!1,tlitJi•INl&id.lll--
Test and Mounting Design: See Figure B-4a. 

Description of Specimen: Two specimens 11-1/2 by 11-1/2 by 4-in. are 
poured. The -mixes are identical except that water is added to the second 
specimen. 

Installation Procedure: The sides of the specimen are coated With an epoxy 
resin. Epoxy is used to seal the specimen to the diaphragm plate. 

Leak Path Description: Since this is a single leak path component, the leak 
path is through the concrete only. 

IWiltt@alll 
Empirical Constant: Value for 1 ft2 of concrete, 1-in. thick 

Water-to-cement ratio: 31 gal/yd 
A = 2.8 x 10-6 B = 0 

Water-to-cement ratio: 36.4 gal/yd 
A=2xlo-5 B=O 

Applicable Pressure Range: The data are applicable from 0 to 40 psig. 

Extrapolations: The data can be extrapolated to any size (realizing that 
the flowrate is directly proportional to the area and inversely proportional 
to the thi<:kne s s) . 
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ATOMICS INTE~TIONAL 
.4 Diri1iu11 of N1irtl1 Ainllriam Aviutimr /ru·. 

LEAKAGE DATA SHEET No. B-2 ( 1) . ,., •. ··~ - .-. . } . .. :- : ;, ·-:-: "' . 

Prestressed Concrete (including cold joint) 

m••~• 

Page 
1 of 3 

To determine the air leakage through prestressed concrete at various 
pressures 

Test and Mounting Design: See Figure B-2 ( 1). 

Installation Procedure: The specimen was painted on the four 5-1/2-in. 
sides with several coats of epoxy paint and then sealed in a 6 by 6-ft test 
frame. Leakage rates across 36 ft2 of concrete were measured. 

Description of Specimen: ( 1) The concrete panels 6 ft by 6 ft by 5-1 /2 in. 
are prestressed with 5/8-in. diameter high-tensile steel rods at 12 in. 
o/c each way with the nut anchors flush with the outside surface. 300-psi 
stress is evenly distributed in the finished product. Four pickup inserts 
are installed to fa.cilitate erection. (2) The cold joint panel is fabricated 
the same as above but is formed in two pours, 6 by 3 ft each, thereby 
producing a cold joint at the centerline. The casting times of the cold 
joj.nt were separated by 24 hr. 

Both .Panels were cured a minimum.of 7 days before stressing . 

Specifications: (Compre s sive strength of test cylinders varied from 
5,500 to 8,400 psi - 28 day) 

1. Materials 

a) Cement 
b) Sand 
c) Aggregate 
d) Water 
e) Admixture 

Victor Type 3, rapid hardening 
100 

.No. 3 
Van Nuys tap water 
Plastiment 
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ATOMICS INTE~TIONAL 
.4 Divi!iu11 of lV11r1/1 Americ1111 Avi111im1 l11c. 

LEAKAGE DATA SHEET 

2. Mix proportions per sack of cement 

a) Cement (lb} 
b} Sand (lb} 
c) Aggregate (lb} 
d) Water (lb) 
e) Plastiment (oz) 

94 ( l sack} 
141 
235 

47 
3 

3. Type of Mixer: Smith Turbine Mixer 

4. Jacking force: 
Final force: 
Average prestress 

~I. :iB11!BllM+l1 . ~.:-.: . '.>l'\" ...... ~ '? .... - - •' ~;~ 

20,600 lb/rod 
19,500 lb/rod 

300,000 lb /in. 2 

No.B-2(1) 

Empirical Constants: Value for l £t
2

, 1-in. thick 

1. Single pour 
-5 

A= 6 x 10 

2. Double pour (cold joint) 
-5 A= 6 x 10 

B=O 

B=O 

Page 
2 of 3 

Applicable Pressure Range: The specimensaretestedatpressuresUp to 
100 in. water. (See comments under Limitations). 

Extrapolations: The test data are obtained from a concrete specimen 6 ft 
by 6 ft by 5 - 1 /2 in. The data are given in cfm/ft2 by 1-in. thick at 1-in. water 
pressure and are directly proportional to both the surface area and pressure, 
and inversely proportional to the concrete thickness. 

tr:111iiWf,M11 
The best concrete practices must be followed, such as placing, 
compacting, a nd curing. Unless the anchorages are sealed, the air travels 
along the stee l and thus reduc es by half the leak path across the concrete. 
The estimate of the joint leakage was obtained by measuring the leakage 
across the entire 36-ft2 surface and then rexueasuring the specimen after 
sealing the surface of the joint. The difference was deemed due to leakage 
through the joint. 
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ATOMICS l~ONAL 
A Divilion ~( Ntw1h Arneria111 A11ia1;,,,, l1u:. 

LEAKAGE DATA SHEET Figure B-2 ( 1) 

J_ ---0 

6FT-OIN. 

0 -r-1-+ 
I 10 

g 

5@ 12 IN. CIC ... 6 IN.4--

.._ ~~ &FT - 0 1N.--------~ 
EDGES CLEANED AND COATED WITH EPOXY 

. PRIOR TO MOUNTING 

5/8 IN. cp HIGH-TENSILE STEEL RODS@ 12 IN. C/C 

4 BY 4 BY 5/8 IN. STEEL. ANCHOR PLATES 

Page 
3 of 3 

~Jll\\ ·" ···;.· ,•, : . • . -·:.<J;:;~ • 
• • • • · ' • · ••A • ·~"'.'•... --r 

5-1/2 IN. 

[ .< £' • - Z PRESSURE VESSEL MOUNTING FLANGE • ' ' U...J 
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ATOMICS INTE~TIONAL 
A Diviaio11 of Nt1rlh Am<!ricrm Avia1io11 /11c. 

LEAKAGE DATA SHEET No. B-2 .(2) 

Vacuum-Treated Concrete 

To evaluate the effect of vacuum-treating concrete 

lBCi-lli ll ji-Bm• 

Test and Mounting Design: See Figure B-4a. 

Page 
1 of 1 

Description of Specimen: Sixt-e-en-c-ene-re-t-e-t-e"a-tin-g-s-pe-e-im&n-s-we-r-e---p-~ 
paredfrom four different mixtures by Raymond G. Osborne Laboratories, 
Inc.; two regular -cured and two vacuum-treated concrete specimens 
{11-1/2 by 11-1/2 by 4 in.) were made from each mixture . 

CONCRETE MIX PROPORTIONS AND TEST RESULTS 

Code 

Constituent 
I II lII IV 

Cement (lb) 595 564 538 595 
Sand. (lb) 1310 1310 1298 1333 
No. 3 gravel (lb) 1809 1800 1790 1840 
Water (lb) 317 3 .2 9 346 298 
W/c ratio 0.532 0.583 0.643 0.502 
Slun1p {in.) 3-3/1 5 6 3-1/2 
Admixture none none none Plastiment 
Water (gal) 38.0 39.5 41.5 
Comp. Strength, 28 d (psi) 5182 4121 4422 
Leakage, Regular cure (*) 2.4 3.0 o. 79 

1.5 l.84 0.74 

Leakage, Vacuum- 2.4 1.6 l.85 
treated {*) 2.15 2.5 1.57 

Regular cure: mean = 1.86 x 10-v, standard deviation = 0.81 x 10 
Vacuum tr~ated : mean = 2.09 x io-6, standard deviation = 0.37 x io-6 
i o - 6 cfm/in. - ft2/in. H2o 

35.8 
5412 
2. l 
2.5 

2.38 
2.3 

Extra~lations: Thedatacanbeextrapolateduptoatleast40 psi for any size. 

.. 
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ATOMICS INTE~TIONAL 
.4 Di1•i1io11 o.f Nor//1 Ameriam Avia1in11 l11c. 

LEAKAGE DATA SHEET 

11~1.-1 t. :~. -· ~ .~~ ~ ~ ~~~ . 

Concrete Curb to Curb Angle 

1 1&et~~~%~~1 r . "Yl~11~::P{~~~ 

Leak rate evaluation and improvement 

lfiB\"E~-l:il11ilfRll-fli11m111~~1tt ;;=:; .. ;;:;;=ff~1'; ;:;;:;~,,., . .::: 
Test and Mounting Design: See Figure B-3 . 

No. B-3 Page 
1 of Z 

Description of Specimen: A 4-ft by 6-in. by 4-in. wide concrete curb was 
bolted to a curb angle with two anchor bolts at 3.0 ft O.C. The following 
seals were used between the angle and concrete curb: 

Test No. 1: 3M, Weatherbon Ribbon Sealer and Primer 
Test No. 2: mastic, preformed nonresilient tapes 
Test No. 3: neoprene gasket and mastic (the mastic is applied to both 

the curb and curb angle before the neoprene is installed). 
Test No. 4: neoprene gasket 

Installa tion P r ocedure: An 18-gage wall section is sealed to the curb angle 
with mastic and sheet metal screws. The perimeter of the concrete curb 
and wall section is sealed to the test frame with an epoxy ·resin as shown 
in Figure C-12a. 

tt81ittfifllll~l 

E mpirical Constants: Value for 1 ft of seal 

Test No. 1: A >5 
Test No. 2: A<l0-8 
Test No. 3: A <10-8 
Test No. 4: A >5 
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ATOMICS INTE~110NAL 
A l>fri•io11 of N"r1/1 Americrm Avia1io11 /11<'. 

LEAKAGE DATA SHEET Figure B-3 Page 
2 of 2 

24 IN. 

TEST SPECIMEN 
ANGLE FRAME 

EPOXY RESIN fi!• l. 1+ N...fi 
SEALER ALL 
AROUND 

+ &..- I 1 II ROBERTSON 

e + 
z 

~ + 

+ 

+ 

~ I ~1' 

~>---iil. I - ---
A 

TEST NO. 1: 
FRONT 

3M RIBBON SEALERS AND PRIMER BETWEEN 
ANGLE AND CONCRETE CURB 

B 

.. M,. TYPE "Q" 
l"ANEL SECTION 
NO. 8 

u 
0 
1-
IL 

"' I-
< 
Ill 
1-
J 
0 
m 
IC 
0 
:c 
u 
z 
< 

lo.I 111 I STEEL CURB 
ANGLll: 

I.. 111 I CONCRETE 
CURB 

VERTICAL SECTION A-A 

TEST NO. 2: CAULK BEAD BETWEEN PANEL AND CURB 
MASTIC BETWEEN ANGLE AND CONCRETE 
CURB 

ANGLE AND SHEET METAL SCREW WITH NEOPRENE 
WASHERS AT 6-IN. OC (TYl"ICAL ALL TESTS) 

TEST NO. 3: 
NEOPRENE GASKET AND MASTIC BETWEEN 
ANGLE AND CONCRETE CURB. 

TEST NO. 'I: WALL PANEL SECTION NO. 8 

NEOPRENE GASKET BETWEEN ANGLE AND 
CONCRETE CURB 

LEAK PATHS 

........ I ~- . ....... ANCHOR BOLTS AT 3-FT o.c. 
CURB ANGLE 

,,. ... ... . ~ • • ~ . Q 

' J ~ - CONCRETE CURB 

i-."'"-'---- MOUNTING CLAMPS ----..i 

HORIZONTAL SECTION 8-8 
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ATOMICS INTE~TIONAL 
A m1·i•fo11 ,,,. ;v,,r1/i .41111"rim11 .41·i111in11 #11<" 

LEAKAGE DATA SHEET 

~~­c:;;;::c 
Concrete Leakage, Area and End Effects 

i!Ail• 

No. B-4 
Page 
I of 4 

To determine the amount of air leakage due to various size ruptures of 
impervious coatings on concrete 

Test and Mounting Design: See Figures B-4a and B-4b. 

Description of Specimen: A 11-1/2- by 11-1/2- by ·4-in. block of concrete 
is sealed on each of the 4- by 11-1/2-in. sides. Tests are made with the 
top qf the block (1) bare,·(2) covered with Thiokol and Al sheets except for 
a .6 .:.1n. diam surface area opening, and (3) covered with Thiokol and Al 
sheets except for a l /4-in. diam surface area opening. 

Installation Procedure: The block is sealed in the mounting plate using 
Thiokol. 

Leak Path Description: The leak path is through the concrete only. 

-~-,-~~fill~ cc=~= · CJ;tL 
Empirical Constant: Value for each specimen 

Test 1: Bare concrete 11-1/2 by 11-1/2 by 4-in. (132 in. 2 bare surface 

Test 2: 

Test 3: 

area) _ 
7 A= 7 x 10 

Covered e xcept 6 -in. 
B = 0 2 diam opening ( 28 in. bare surface area) 

A=2.5xlo-7 
Covered except 
A=0.73xlo- 7 

B=O 
1/4 -in. diam 

B=O 
opening (0.05 in.

2 
bare surface area) 

Applicable Pressure Range: The data are applicable up to the design pres­
sure of the building when th e seal coat covers the inside surface of the 
concrete structure. These data are applicable up to 100 in. of water pre~ -
su:r;e . 
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ATOMICS INTE~TIONAL 
A Dfri•io11 of' ,'\.ort/1 Arnericrm Avit1ti1111 lru:. 

LEAKAGE DATA SHEET No. B-4 Page 
2 of 4 

Extrapolations: The leak rate depends on the ratio of the size of the 
ope'ning to the concrete area covered, the concrete thickness, and possibly 
the undefined parameters, such as the effective tortuosity. However, a 
pin hole in a l-ft2 surface can be "guessed" as contributing 10% of the 
leakage through a l -ft2 uncoated area. The method of extrapolation is un­
certain at the present time and should not be attempted for voids in 
sealants covering concrete. 
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ATOMICS INTERDl.ATIONAL 
A l>i1•i1im1 r1f' Norilt .4tnPri1Y111 A1•i111irn1 ln1·. 

APPLICATION DATA SHEET Figure B-4a Page 
3 of 4 

0 

0 

,.--------.-, 
I 

121N,_j 

12 IN, ___ _ 

I 
I 
I 
I 
I 

CONCRETE • \ I' I .... l ' 
TEST . I 
SPECIMEN f"'I I J 

L--------

0 

PLAN VIEW 

CONCRETE~· ll 
SPECIMEN ti 

. . : ·~ ' 
, 

4 .. I 
· · O 0 

1B·IN. DIAM STEEL. SL.IND FLANGE 

' " . 

18-IN. DIAM BLIND 
FLANGE 

COAT ALL. A.ROUND WITH 
THIOKOL. CAUL.KING 

... 18-IN. ID PRESSURE VESSEL. (REPEATED ABOVE) ~ 
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ATOMICS INTE~TJONAL 
A lliri1i1m o/' ,\'t1r1/1 .4mPrfrmr .·faoi11lirm l11c 

LEAKAGE DATA SHEET Figure B-4b 

(SEE FIGURE B-4a FOR PLAN VIEW) 

AREA AND END EFFECT 

OPENING (VARIAl!ILE) 
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ATOMICS INI'E~TIONAL 
. I l>i1·i.<im1 1>/' .\orr/1 .4111rrirw1 Atirllir111 '""· 

LEAKAGE DATA SHEET 

"···-· ll!iL?5~1.;:; 
Cold Joints in Concrete 

; .. ··~ ;: <:. ~ ·sr·. :· -~~ l~D'~~I ;:~=:c 

Determination of air leakage through cold joints 

'---~-·-··:?)llt :-:: :-, · ..... :-.. ·- · :::. ~... ,.. _. ., n1 · · . o')1 ... ~ , ··· • __ :~~):. :- ~~-

Test and Mounting Design: See Figure B-5. 

No. B-5 
Page 
1 of 2 

Description of Specimen: A cold joint is made in concrete from two 
separate pours, five days apart, in the l-ft2 test frame. No special effort 
is made to form a perfect joint since reinforcement bars are not used nor 
is the first pour saturated with water just prior to the second pour. This 
is considered a "worst case" specimen ( 1-ft-long by 4-in. -thick concrete). 

Installation Procedures: The sides of the specimen are sealed with an 
epoxy resin and attached to the diaphragm with epoxy. 

Leak Path Description: The data show the leak path is through the cold 
joint. In a "best case" specimen, the significant leak path is through the 
concrete and not just the cold joint. [For leakage through prestressed 
cold joints, see LDS B-2( 1 )J. 

., .... 1 

Empirical Constants: Value for 1 ft of joint 

"Worst case" A = 2.4 x lo-4 B = O 

Applicable Pressure Range: The equation is applicable to the design pres­
sure of the building, assuming the crack does not fail from application 
of high pressures. 

Extrapolations: The equation can be extrapolated to any length of cold 
joint, but the thickness effect is unknown. The coeffic ient A is reduced to 
A= 4.0 x io-5 when a 1/2-in.-wid e layer of ypoxy resin is placed over the 
top of the crack on concrete which typically leaks 3 x 10-6 cfm/ft2 through 
4 in. 
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ATOMICS INTE~TIONAL 
A 1Jiri•im1 of ,l\/11rt/1 Ameriam A~iu1in11 Im·. 

LEAKAGE DATA SHEET Figure B-5 

(SEE FIGURE B-4a FOR PLAN VIEW) 

) -I-NEW POUR 
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ATOMICS INl'E~TIONAL 
A l>i1·i•im1 11( !V1ir1/i AinPrimra Avi11tim1 lrac-. 

LEAKAGE DATA SHEET __ , 
·. ·:-: . . ... . 

Contraction Joints 

Rallll 

No. B-6 
Page 
l of 2 

Determination of air leakage through various types of contraction joints 

•tAl~IWWBl"'illilfllJ );.v , ·- :~ • '":}f;;:~~-.: ..;~· ··., ~~- ,...-*li4 " ,. ··~- ~ ~-- M:~::.··:· ~& , .. :i: : '-: . ~:~: • ·J> , 

Test of Mounting Design: See Figure B-6 (same as for expansion joints) • 

Description of Specimen: Can be any type of contraction joint. 

Installation Procedu re: The dummy joints which introduce cracking must 
be l / 4 to I/ 3 the thickness of the concrete and constructed according to 
the .best ·practices of joint construction . 

Leak Path Description: Assuming the concrete cracks at the joint, the 
l e ak path will be the same as described under Expansion Joints. 

lB-iRl:lllf~U c:::;;;=JJ:\R~i 

See LDS B-8 
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ATOMICS INTE~TIONAL 
A /lfri.•im1, of' Sort/1 .41n~rim11 :fri111i1111 1111'. 

LEAKAGE DATA SHEET Figure B-6 

(SEE FIGURE B-4a FOR PLAN VIEW) 

EXPANSION JOINTS 

,. .... · -a'P•·~ ·1 '.· ••• ,. • • :r-1:1[ ........ . 
~:?··"""' . . 4 
_...,.,, .. - ' > .. . - ~ . ,., "" . ... ,_ 

PRIMED 

POL. YSUL.l"HIOE 

• • . · ·.....:.. t ~ . ~'lll "!'' '. :..r.~~-111 .. ·-=· ... 
~- ........... ·' 

FIL.L.l!:R 
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ATOMICS INTE~TIONAL 
A /Ji1·i•im1 of .'\'orr/1 Arn1•rim11 .·fri111i1111 /rm 

LEAKAGE DATA SHEET 

1-llmlBll ::;:;.;;; 
Unstressed Cracks in Concrete 

filllli~B 

No. B-7(1) 

Determination of air leakage in concrete due to various sized cracks 

tl\EliA1j11•1R:iSW•t• 
Test and Mounting Design: See Figure B-7 ( 1). 

Page 
1 of 2 

Description of Specimen: A crack is formed in a concrete specimen 
11-1/2 by l 1-1/2 by 4 in. by means of a failure in a nonreinforced cold 
joint. The sides of the specimen are sealed with an epoxy resin. 

Installation Procedu r e: The specimen is sealed to the diaphragm plate 
by u·se of an epoxy resin. Measurements of the mean crack distance are 
made. 

Leq.l<; Path Description: The air leakage through any crack is much greater 
than through the concrete itself; therefore, the crack is considered the 
principal leak path . 

aa•1nii• 
Empirical Constants: Value for 1 ft of crack 

Equation for determining crack leakage for air: 

A= 0.069 B = 0.1 

A crack in concrete may contain both crack and orifice coefficients. The 
specimen has a mean crack width of 12 mils ( LDS D;.3). 

Applicable Pressure Range: The equation is applicable to the design pres­
sure of t!1e building assuming the crack width r emains constant during 
various pressures. 

Extrapolations: See LDS D-3 for dimension extrapolation . 
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ATOMICS INTE~TIONAL 
A Dil'i•io11 of .\'ort/1 .~merinm .4t•ifllima Int'. 

LEAKAGE DATA SHEET Figure B-7(1) 

(SEE FIGURE B-4a FOR PLAN VlEW) 

CRACKS 

CRACK 

~'"-
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ATOMICS INTE~TIONAL 
.4 Oil'i1io11 of N(lrt/1 Arncriam Aviation 1111·. 

LEAKAGE DATA SHEET 

~~ ::::: 
Stress Cracks in Concrete 

fil61ltlflll 

No. B-7(2) Page 
l of 3 

Determine leakage characteristics of concrete when cracked at various 
depths . 

iiSlB:WimtltlttlU'.'~~---1tim ; ,,;:= .;. :: :;,:.::::;,.:-': 
Description of Specimen: Block A1 [see Figure B-7(2)] is a nonreinforced 
specimen (3-1/Z·by 11-1/2 by 11-1/2 in.) that is cracked completely 
through. The concrete was separated, cleaned with a brush, joined, and 
painted 'onthe 3-1/2 by 11-1/2-in. side with epoxy. Block A2 (same size) 
was cracked by means of a failure in a nonreinforced cold joint, Speci­
men wai:; not separated and cleaned of loose debris. 

Block .B [see Figure B-7(2)] is a reinforced specimen (2 ft by 4 ft by 6in.) 
that was cracked by subjecting the block to stresses above the design 
stress and beyond the elastic limit of the steel. 

Block C [see Figure B-2(1)] is a prestressed specimen(6ftby6ftby6in.) 
which was poured so as to form a cold joint. The specimen was stressed 
in flexure until a 6-ft crack formed in the cold joint across the outside 
surface. 

-~'[·,~-~-' L. :;; ,~= ;:;;;· 
Empirical Constants: Value for 1 ft of crack 

Block A 1 

A= 2. 8 x 10- 3 B=O 

B lock Az 

A = O. 069 B = 0. l 
(calculated crack width: 2. 5 mil) 
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ATOMICS INTE~TIONAL 
.4 l>friai1N1 of Nort/1 .41nrriC1111 Al'i111im1 '"'" 

LEAKAGE DATA SHEET No. B-7(2) 

Block B 

-5 A=7.9xl0 B=O 
(crack in shape of a wedge; width varied from 0 to 22 mil) 

Block C 

No detectable leakage (estimated crack penetrated to depth of 
prestressed steel) 

Extrapolations: 

Page 
2 of 3 

1) When cracks appear completely through the concrete, the crack 
equation as discussed on LDS D-3 may be used. 

2) When a single crack appears on one surface, the additional leakage 
due to that crack may be insignificant . 

3) When many cracks appear, such as during an overpressure of a 
building, the leakage through the concrete may be calculated by 
assuming the cracks propa.gate approximately to the neutral axis. 
The concrete thickness which is under compression is assumed to 
be uncracked. Therefore, the leakage is through that thickness of 
the concrete which is uncracked [see LDS B-1 (1)]. 
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Expansion Joints 

lilii .. ~1 

Determination of air leakage through various types of expansion joints 

&t7;~,:t:~,>~~~lkt;;ai!iillf$IRI 

Test and Mounting Design: See Figure B-6. 

Description of Specimen: The concrete block is 11-1I2 by 4-in. thick with 
l/ 2 -in. joint. The Thiokol compound (structure-seal, Martin-Marietta Co.) iE 
placed in the joint at various depths of the crack width. 

InstallatiOn Procedure: Normal procedures are to: ( 1) coat the joint with 
a primer, (2) place- the bed at the desired depth before the sealant is 
applied, and (3) fill the remaining portion of the joint with the joint sealer 
(follow recommendations as stated by the manufacturer). 

Leak Path Description: The leak paths across the joint are: ( 1) between 
the sea ling compound and primer, and (2) in the concrete at the immediate 
area of primer and sealing compound. 

Manufacturer: 

Presstite Division of America, Marietta Co . 

iiliK::•!'.iB!~11i 

Empirical Constants: Value for l ft of joint 

1) Joint -fill ed ir2=-ill. --depth ____ - - - --- -
A= 3.6 x l0 -5 B = 0 

2) Joint filled 2-in. depth 
A= 4.0 x lo-6 B = 0 

3) Joint filled 3-in. depth 
A= 2.5 x l0-6 B = 0 

4) Joint filled 4-in. depth 
A= 2.1 x lo-6 
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J\pplicable Pressure Range: The applicable pressure is determined by the 
condition of th~ concrete and the performance index of the compound as 
stated by the manufacturer. The above test results were obtained at pres­
sures of 10 and 20 in. of water. 

Extrapolations: The data can be extrapol~ted to any length and are in­
dependent of concrete thickness. 

If the leak value of concrete with the 4-in . thickness, l/ 2 in. of poly­
sulphide is assumed to be due to concrete leakage only, then the leak per 
foot of the other joints can be obtained by subtracting the leak value of the 
4-in. specimen from that of the other test joints. Since the value of the 
4-in. joint seal is small, it can be p.eglected when the depth of the seal 
is small . Extrapolation of the leakage can be made as a function of the 
depth of the caulking in the crack, i.e. , a 1-in. depth of caulking should 
leak 8 x io-6/ft. · 

~~-ll>-~-~,-~fll :~:;;:;;;::.;:;;!;~ 
I) A proper relationship must exist between the elasticity of the seal, 
depth of the seal, width of the joint, and joint movement. In some cases 
the depth of the seal and joint width ratio can be obtained from the caulk 
sealant manufacturer. 

2) In general, a wider joint and shallower seal will withstand the maximum 
movement before seal failure. However, a shallower seal also has the 
maximum leakage rate. 

3) The. caulk sealant should be applied so that only the two opposite sur­
faces are bonded. The seal should not bond to the filler or to the bottom 
of the formed groove. 

4) For maximum bond between the caulk and concrete, use primer on both 
side wall.a . . 

5) Avoid using oil or wax-coated premolded strips which may contaminate 
the joint area. · 
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Frame Inserts 
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- Determination of air leakage around metal frames cast in concrete 
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Test and Mounting Design: See Figure B-9 and B-4a . 

Test 1: Five metal inserts 11-1/2 by 4 in. are cast in concrete block 
11-1/2 by 11-1/2 by 4 in. The total surface area between concrete and 
metal is 115 by 4 in. 

Test 2: Two end plates of 11-1/2 by 4 in. are cast in concrete with anchor 
bolts. 

Leak Path Description: The leak path is between the metal frame and the 
concrete. 

Wi~!C~' .Jtri .k'.f iijft);j ' '~ ~~~· ~-- t- tt ~- .•. ( ,_ :. • --1~· y ~ '!•. 

Empirical Constants: Value for each lineal ft 

Test 1: frame 12 by 4 in. 
A = 9 x 10 -4 B = 0 

Test 2: frame 12 by 4 in. 
A= 1.3 x 10-4 B::: 0 

App licable Pressure Range: The test data ar_e_ oofained af rO-O-in. -w-<lter·­
and should b e applicable up to the design pressure of the building-. 

E xt rapolat ions: Data can be extrapolated directly to 10 psig when anchors 
are use d. Thes e dat a are obtained by subtracting the leakages of the 
sealed joints from the frame or insert and concrete : 

Reco mmended M e thod: Empirical constant A = 4 x 1 o-6, B ::: 0 
( see LDS B-8) 

NAA-SR-10100 
Ill-235 

1.1.4< 



~ 

., 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

ATOMICS INTE~TIONAL 
.4 IJi1·i•ifl11 of' /llort/1 A1nerirm1 Avfo1io11 Inc. 

LEAKAGE DATA SHEET 

1:1'1B8rlili1 

No. B-9 
Page 
2 of 3 

In Test 1, anchors are not attached to the framing, thus enhancing the 
possibility of metal-to-concrete bond failure. This is considered nearly 
the "worst case" when standard techniques are used. 

~~~,,~11::xit~M1 

Always use anchors when casting metal frames in concrete, and leave a 
1 /2- to 1-in. joint between the concrete and frame for filling with thiokol. 
This is most important when inserts for mounting doors, etc, are welded to 
the cast-in-place frame. The temper a ture-indui:ed expansion from the 
welding procedure seems to effect the bond. An air leakage rate of 
1.4 x Io-2 cfm/ft of frame has been observed in the concrete model test 
described in LDS D-4. 
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ATOMICS INTE~TIONAL 
A l>il'i1io11 of N11r1/1 Americw1 Avintit>n Inc. 

LEAKAGE DATA SHEET Figure B-9 

(SEE FIGURE B-4a FOR MOUNTING METHOD) 

FRAMES 

E·-.: . 
· . ~ .. . 

... . . . 
• • , , · ~-0 '. STEKL 

, . · . • FRAME 

· . . • .. ·~· IJ ANCHOR 

.• 

# 

Tl!ST 2 

c METAL INSERTS (S) 

lr---...... 11:.-·. · .~"· II-· · .. -~·1-1 ·-.-_:.--rt:-.=. ·-': IF~ ... -. :· 1 ' .. . . . . . .. 
" 

. . .... . 
' 4 .·. 

· .. "·. ·:. 0 • • ,, 

~ #o 

TEST 1 

. .. 
· . .-· ..... 

. ~ 

: f/J J . .. · . . . .. . .. .... ' .. 

I ..... • •: ,. \ - ' ., ii. 

a . . : ~ -~ .' . .. ,:;. ''-"', '· ·.·.• .' .'!-; :.-_.:-.·II·~ · . 
THIOKOL. 
SEAL. 

., • • ~ I• '• '.• • • • ·<::: ~ :...:: .. ' · . . . · .. •, ·:.: : -: . · .. •is.J 
1, . •"-/, · ·. .,· .. . : d . , . : . , : . f' . . • . ~ · ANCHOR I ·o.... . ., . ... .. . :. - . ,. 

RECOMMENDED METHOD 
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Grout 

t,:~~o:it~~, a.~~·!J 

Determine the leakage characteristics of a standard nonshrink grout. This 
test does not determine the bonding characteristics of the grout to concrete. 

mHilf: i it~i1,~t~,~~··· w~~i~·~itflil 1;:;;;:1rc,:§Jt~:i::c;;,;-:;:;y:; 

Test and Mounting Des.ign: See FigureB-10. 

Description of Specimen: The specimens are 6 in. in diameter and of 
varying thickness. The aggregate and mix design (by weight) is as follows: 

1 part Embeco aggregate 
2 parts Portland cement 
3 parts sand 
water-stiff consistency 

Manufacturer and Type: Master Builders Company; type of admix, Embeco 

t•fi~Jit*l:t!lriti"!'•1 

Empirical Cons tan ts: Value for 1 £t2 of grout, 1-in. thick 

A= 8 x 10-7 B = 0 

Applicable Pressure Range: Assuming data to be reasonably accurate, the 
data are applicable to the design pressure of the building. 

Extrapolations: The data can be extrapolated directly to 10 psig. The value 
is directly proportional to the area and inversely proportional to the thick.nee s. 

l~~l~t?Jt j.,f\ti·~ 

The above data are only the leakage rate of a good nonshrink grout. It 
should be recognized that standard practices for mixing the grout, pre­
paring the surface for grouting, and placing the grout must be enforced. 
The major portion of the leak may appear at the bonding surface • 

117< 
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~18-IN. DIAM BLIND FLANGE 

CONCRETE TEST_~---
SPECIMEN 

~ 1 
CAULKING 

TOP PLAN 

APPLIED PRESSURE 

t ~ i r- 6-IN. DIAM ---I 
.. . 

f. 

t -. 
CONCRETE ""' .... 
SPECIMEN .. .. 

' _, • COAT ALL AROUND 
WITH THIOKOL a 1::1 
CAULKING 4 

f . { 

-o•o" -RING -SEAL-- - -- • 
(CONTINUOUS 

18-IN. DIAM STE:EL !3LIND FLANGE 

I 
d : SPECIMEN THIC!<NESS 

__l STEEL SPAOEA RING 

I• 18-IN. ID PRESSURE VESSEL (REPEATED ABOVE) • ~ 

SECTION 

NAA-Sil-10100 
III-240 

118< 



.. ATOMICS INTE~TIONAL 
.-I Vit'i1im1 tlf' :11,.r1/1 Amrrietm Al'inrimr 1111·. 

~ LEAKAGE DATA . SHEET No. B-11(1) 
Page 
i of 4 

L 1-.a1 

L 

i.. 

i 
i.. 

L 

L 

L 

'"-

~ 

~ 

L 

' ~ 

~ ... 

~ 
~· 

... 

i.. 

.... 

Concrete Paint, Vinyl Base Membrane .,,. 
Leak rate reduction of concrete 

~~-~r~fia-,.~~~~r• ;:;T.kii?:C::F.:-J:Jj. : : jij: 
Test Design: See Figure B-11( l ). 

Leak Path Description: The leakage can occur through either the mem­
brane itself or mechanical defects produced during painting, such as 
pinholes. · 

Man\lfacturer and Type: Surface Engineering Co.; Secoton Hi-build Vinyl 
Membrane Coating No. 2860. 

Description and Properties: A medium-high viscosity, high-solids vinyl 
resin base coating contains a high percentage of inert film-forming 
components, stabilizers, and pigments. 
Bridging ability: none. 
Bonding str e ngth: integral on concrete. 
Elongation: slight (not an elastic coating). 
Tensile strength: excellent film continuity (not a membrane coating). 
High - temperature limit: 300 ° F dry heat, 212 ° F wet heat. 

Manufacturer's Suggested Application Method: Concrete surfaces shall be 
rubbed or grout-finished to provide uni formly smooth surface. Seal coat 
shall be. No. 2825-M primer, thinned with No. 4581 slow vinyl solvent at a 
ratio of 1 part solvent to 3 parts primer, and sprayed at 150 ft2/gal. The 
membrane coating should be sprayed on to a thickness of 20 mils at a rate 
of 20 ft2 gal. 

Test Specimen: 29 mils thick 

NAA-SR-10100 
III-241 

:t1.9< 



ATOMICS INTE~TIONAL 
A Uio ;,;.,,, of' ."ti11rll1 . 4m~rimu .41•in1in11 "'"· 

LEAKAGE DATA SHEET 
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Empirical Constant: Value for 1 ft
2 

A= 1.9 x l0-6 

Test Pressure Range: 0 to 28 in. water 

Extrapolation: Value for 1 ft
2

, 1 mil thick 

A= 5.5 x 10-5 

No, B-11(1) 
Page 
2 of 4 

The leakage data may be applied to any area which can be uniformaly 
coated. The pressure and vacuum leakage values were determined to 
be the same within ±5% accuracy. The coefficient is believed valid up 
to 10 psi and from 5 to 60 mils thick. 

tl?itlltJ. if~~Wtiil 

1) Due to the interconnections of capillaries in concrete, it is necessary 
that no pinholes be present in the membrane; otherwise the le'akage rate 
cannot be predicted from the applied coating. 

2) When applied as recommended, this material has no bridging ability 
and, therefore, the concrete surface must be grout-finished a~d 
troweled smooth. 

3) This material when dry is only slightly flexible and will probably crack 
when the concrete cracks so that the leakage rate will not be ~educed 
by the applied coating. All nonelastic coatings will fall in this same 
category. 

4) ·If :any penetrations- a-re -made- i-n -t-he- eoner-ete--afte-r- pai-nt-i-ng-,-- coating---­
material should be applied in the recommended manner, being sure to 
overlap both the existing coating and the edge of the penetration. 

5) The manufacturer recommends the use of licensed applicator 
contractors. 
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Increase thickness with multiple coats, being careful to fill in pinholes 
in previous coat. 

. 
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TO P"UMP 

THERMOCOUPLE ~~ 

STEEL PLATE ___ , = ~ \ VL u , , a ,. u-. 1 

PLASTIC SEAL ~ 
ALL AROUND, TOP 
TOP AND BOTTOM 

CONCRETE 
CYLINDER 

STEEL PLATE 

A 

I 
I 
I 
I 
I 

--1 
I 

ELEVATION 

I 
I 
I 
I 
I 
I 
1 

I 
I - ,-
1 A 

t 
~p 

__i_ 

MANOMETErt 

TEST COATING ON 
" 1 EXTERIOR s ·URFACE 

- · OF CONCRETE 

- L E A KAGE 
ENTIRE SURFACE 

SECTION A-A 
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Paint, Vinyl Base Membrane 

Leak rate reduction of concrete 

llilftlfB•it liBili-··•· .. '· ,,,~l~"-Y·: .. ,,, -.-. "_, .~ . _ ~ .. ,. . - ... dfil .,. "· ... ..... 

Test Design: See Figure B-11(1). 

Leak Path Description: See LDS B-11( 1 ). 

No. B-11(2) 
Page 
l of 2 

Manufacturer and TyPe: Surface Engineering Co.; Perma-Skin Multicoat 
Vinyl Coating No. 2980. 

Description and Properties: A low-viscosity, medium-solids vinyl resin 
solution of low plasticizer content, fully stabilized, and pigmented for 
exterior exposure. 
Bridging ability: none 
Bonding strength: up to 40 psi when applied over recommended primers 
E l ongati on: up to 400% 
T e nsile strength: excellent film continuity (not a membrane-type coating) 
High- temperature limit: 180° F maximum 

----------w-- -- - ~-c:.c:i - -w-- ur-:;/ication Method: Bare concrete surfaces 
o solution of phosphoric or muriatic acid, 

rinsed, and permitted to dry. Use No. 2706 or No. 2825-M primers, 
diluted with No. 4258 vinyl solvent, at a rate of 200 ft2/ gal. Spray only -
No. 2910 Perma-Skin red lead as intermediate coating at 100 ft2/gal for a 
2-mil coating. Topcoats shall consist of No. 2980 Perma-Skin coating 
sprayed at the rate of 100 ft2/ gal for a 2-mil coating. At least two top­
coats should be applied . 

Test Specimen: 24 mils thick 
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LEAKAGE DATA SHEET No. B-11(2) 

---~l-t\111 
Empirical Constant: "Talue for 1 ft

2 

A = 1.5 x lo-7 

Test Pressure Range: 0 to 28 in. water 

Extrapolations: Value for l £t2 , l mil thick 

A= 3.6 x l0-6 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within :t:5% accuracy. The coefficient is believed 
valid up to 10 psi and from 5 to 60 mils thick. 

Page 
2 of 2 

1) This material, when dry, is elastic and can be elongated up to 400% 
without cracking so that concrete cracks within this limit should not 
cause openings in the coating which would destroy the integrity of the 
film. 

2) See notes 1, 2, 4 and 5 under Limitations of LDS B-11(1). 

1~~at~•Jf;'Bff4~~:~1:1m~,~~1 ;~ ~ . ;. ;,;ltw~~•cw:~~< 

1) When applying topcoats, use alternating colors to insure uniform 
_cov.erage .of each -coat. Apply -mor.e- than -twG -topGoats.------------ - --

Z) Coat concrete on both sides. 
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uMRlmt 
Concrete Paint, Vinyl Base Membrane 

K11~; ·~ !if(jy,i~I ; ;;:eh. .. <~C 

Leak rate reduction of concrete 

Test Design: See Figure B-11( 1) . 

Leak Path Description: See LDS B-11( 1) • 

No. B-11(3) 
Page 
1 of 2 

Manufacturer and Type: Soc -Co. Plastic Coating Co.; Soc-Co. Plastic 
No. V-500. 

Description and Properties: A vinyl plastic dissolved in thinner to 
produce a solution. 
Bridging ability: none 
High temperature limit: 140°F wet heat, 160°F dry heat 

Manufacturer's Su ested A lication Method: Concrete surfaces will be 
grout-finished and the n leached with 10 o muriatic acid. The concrete 
should be sealed with one spray coat of Socco No. 5~i Vis. Ten coats 
of Soc co No. V -500 should be sprayed on at the rate of 15 ft2/ gal to 
obtain a 10 -mil coating. 

Test Specimen: 14 mils thick 

tMf.1_(t''lli;filQi1ti~il 

Empirical Constant: Value for 1 ft
2 

A = 2.1 x io-8 

Test Pressure Range: 0 to 26 in. water 
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LEAKAGE DATA SHEET No. B-11(3) 

Extrapolations: Value for 1 n2 , 1 mil thick 

A= 2.9 x l0-7 

The leakage data can be applied to any area which can be uniformly 
coated. T he pressure and vacuum leakage values were determined 
to be the same within ±5% accuracy. The coefficient is believed 
valid up to 10 psi and from 5 to 60 mils thick. 

It'~ ••.@_\Bil c:.li~t'7!,:~~,1t=·0 

Page 
2 of 2 

1) This paint will not bridge voids or holes in the concrete and thel'efore 
requires a smooth troweled concrete surface. 

2) See notes 1, 3, and4under Limitations for LDSB-11(1). 

~, ~,;t'.~tii~i~':q17j ii(-s1 

Increase thickness with multiple coats, being careful to fill in pinholes 
in previous coat. 
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LEAKAGE DATA SHEET No. B-11(4), 

Drt•• 
Concrete Paint, Vinyl Base Membrane 

ll&Vil(lll 
Leak rate reduction of concrete 

Test Design: See Figure B-11( 1 ). 

Leak Path Description: See LOS B-11( 1). 

Page 
1 of 2 

Manufacturer and Type: Keratin, Inc.; Coverseal vinyl coating system 

Descr'fption and Properties: A three-coat vinyl membrane system 
Bridging ability: g ood 
Elongation: good 

Manufac turer's Sugg ested Application Method: The concrete surface to 
be san d blasted; major cracks to be caulke d with Cover~eal vinyl filler. 
As a ~rimer coat, spray Coverseal adhesive No. 2710B at the rate of 
200 f t I gal. Spray Cover seal No. 3856 at the rate of 25 ft2/ gal as the 
intermediate coat. Top coat with color-selected Coverseal No. 2450H at 
the rate of 60 ft2/gal. 

Test Specimen: 85 mils thick 

••»••1• 
Empirical Constant: 

A= 3.3 x l0-8 

2 
Value for 1 ft 

Test Pressure Range: 0 to 160 in. water 

NAA-SR-10100 
lll-249 

1.27< 
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LEAKAGE DATA SHEET No. B-11(4) 

E~t'rapolations: Value for l £t
2

. l mil thick 

A= 2.3 x l0-6 

The leakagP. nri.ta can be applied ti:> any area wJ;iich can be uniformly 
coated. The pres sure leakage value was determined to within ::1::5% 
accuracy. The coefficient is believed valid up to 10 psi and from 
40 to 200 mils. 

ttlitiliWlll 

Page 
2 of 2 

l) When applied as recommended, this material will bridge all but major 
voids, which will have to be filled with caulking material before 
painting. 

2) This material, when dry, is elastic and will probably not crack when 
the concrete cracks so that membrane integrity will be maintained. 

3) See notes 1, 4, and 5 under Limitations for LDS B-11(1). 

fiiit4i~•:fifl#14i 

Increase thickness with multiple coats, being careful to fill in pinholes 
in previous coat. 
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Concrete Paint, Vinyl Base Membrane 

Sile~~-] 

Leak rate reduction of concrete 

Test Design: See Figure B-11( 1) . 

Leak Path Description: The leakage can occur either. through the mem­
brane itseif or mechanical defects produced during painting, such as 
pinholes. 

Manufacturer and Type: Surface Engineering Company; Secoton Elastic 
Vinyl Membrane Coating .No. 281 O • 

Description and Properties: 

A medium-high viscosity, medium - high solid vinyl resin solution of high 
plasticize r content, fully stabilized and pigmented for exterior exposure. 

Bridging ability: up to 1I2 in. 
Bonding strength: up to 40 psi applied over No. 2825-M high bond primer 
Elongation: up to 300% at 70 ° F 
Tensile strength: 1600 to 1650 psi at 70 ° F 
High-temperature limit: 180° F maximum 

Manufacturer's Suggested Application Method: Concrete surfaces shall be 
rubbed or grout-finis·hed to provide uniformly smooth surface. Surfaces 
shall I?e wet with Tite-Crete, polyvinyl acetate solution, mixed 3 parts 
Tite-Crete to 1 part water. A seal coat should be sprayed at a coverage 
rate of 150 ft2/ gal of No. 2825-M high-bond primer. The seal coat should 
be diluted with No. 4581 slow vinyl solvent at a ratio of 1 part solvent to 
3 parts primer. Two coats of Vinyl Membrane Coating No. 2810-1 shall 
be sprayed over the primer at the rate of 100 ft2/4 gal. Joints shall be 
spray-,c oated prior to applying the overall membrane coating to produce 
a coating of 20 mils at the joint. An equal thickness shall again be applied 
when the overall membrane coating is done . 

Test Specimen: 22 mils thick 
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ATOMICS INTE~TIONAL 
A Divilioo of North Ameriam Avia1i1111 ltU'. 

LEAKAGE DATA SHEET 

, ___ l 

Empirical. Constant: 

A=6.7x10-6 

z 
Value for 1 ft 

Test Pressure Range: 0 to 26 in. water 

Extrapolations: Value for l ft
2

, l mil thick 

A = 1.4 x 10-4 

No. B-11(5) Page 
Z of Z 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within :t:5% accuracy. The coefficient is believed to 
be valid up lo 10 psi and from 5 to 60 mils thick. 

lltr•&tAWi 

1) When applied as recommended, this material will bridge voids or holes 
up to l / 2 in. and therefore does not require a grout surface. 

2) This material, when dry, is elastic and can be elongated up to 300% 
without cracking so that any concrete cracks of this dimension may 
remain sealed aimost as well as the balance of the concrete. 

3) See notes 1, 4, and 5 under Limitations for LDS B-11(1). 

Increase thickness with multiple coats, being careful to fill in pinholes in 
previous coat. 
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ATOMICS INTE~TIONAL 
A Hil'i•it111 of' .'Vorr/1 .41n~rir1111 A1·i111in11 l11t·. 

LEAKAGE DATA SHEET 

lUllt .. 
Concrete Paint, Epoxy Base Membrane 

llllilot~tll 

Leak rate reduction of concrete 

Test Design: See Figure B-11( 1) • 

Leak Path Description: See LOS B-11(1). 

No. B-11(6) 
Page 
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Manufacturer and Type: Carl :H:. Biggs Co., Inc.; Protective coating 
PC-621. 

Description and Properties: An unmodified epoxy resin coating with 6% 
hardener required for proper polymerization. 
,Bridging ability: none 
Flexibility: good 
High-temperature limit: 210 ° F 

Manufacturer's Suggested Application Method: Concrete surface should be 
grout-finished and troweled smooth .. No primer is necessary. Spray 
four I -mil coats of PC-621 at the rate of 250 ft2 /gal, allowing one hour 
between coats. 

Test Specimen: 14 mils thick 

fRRr:filiitWfi;'\!Aj 

Empirical Constants: Value for 1 £t
2 

. -8 
A = 1.8 x 10 

Test Pressure Range: 0 to 28 in. water 
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ATOMICS INTE~TIONAL 
A l>i1·i•i1>11 of' .\'11r1/1 Amerim11 Avimirm l11t'. 

LEAKAGE DATA SHEET No. B-11(6) 

Extrapolations: Value ~or 1 ft
2

, 1 mil thick 

A = 2.5 x· I0-7 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within ±5% accuracy. The coefficient is believed 
valid up to 10 psi and from 4 to 60 mils thick. 

Riiit~~---

Page 
2 of 2 

1) This material requires a catalyst to polymerize the resin and therefore 
must be made up as needed since the pot life is one hour. 

2) See notes 1, 2, 3, and 4 under Limitations for LDS B-11( 1 ). 

tt\.§tGbf?j~it~f!~§.1 

Increase thickness with multiple coats, being careful to fill in pinholes 
in previous coats. 
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ATOMICS INTE~ATIONAL 
A /Jir·isi<m <f ,\'orth . .fmrrit1m .4r iflliou Im'. 

LEAKAGE DATA SHEET 

~<-1-1• :j;::::;;:; 
Concrete Paint, Epoxy Base Membrane 

llllk~tl 

Leak rate reduction of concrete 

Test Design: See Figure B-11(1). 

Leak Path Description: See LDS B-11(1). 

No. B-11(7) 
Page 
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Manufacturer and Type: Carboline Company; Carboline epoxy 150 finish . 

Descr,iption and Properties: An epoxy-amine resin (catalyst added prior 
to application) which is allowed to harden after application. Solids content 
is 64% by wt. 
Bridging ability: poor 
Elongation: poor 
Flexibility: good 
High-temperature resistance: 180 ° F continuous, 220 ° F noncontinuous 

Manufacturer's Suggested Application Method: Concrete surfaces shall 
be grout-fini shed and troweled smooth. The concrete should be painted 
with Carboline epoxy 150 primer by either brush or spray. The primer 
may be diluted with Polyclad thinner and applied at the rate of 320 ft2/ gal. 
The primer should dry for 6 hr before top coat is applied. Two coats of 
Carbolirie epoxy 150 finish may be applied by brush or spray at the rate 
of 160 ft2 I gal. 

Test Specimen: 16 mils thick 

~~~· "0'.ti--'~ . . . . , ·~·'';' :;r.;."'·:Wb '"-=:::> ,~ ''"'4-? , . • ~: .• ' ~ ~.,, 

Empirical Constant: 

A= 3.4x io-7 

Value for 1 ft 
2. 
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ATOMICS INTEJ0ATIONAL 
A /Jit•i1iCH1 11( N11r1/i .4mPrimn Avir11irn1 "''" 

LEAKAGE DATA SHEET No. B-11(7) 

Test Pressure Range: 0 to 26 in. water 

Extrapolations: Value for 1 ft
2

, l mil thick 

A = 6.2 x 1 o-6 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within :t5% accuracy. The coefficient is believed 
valid up to 10 psi and from 5 to 60 mils thick. 

1•1•11111 

Page 
2 of 2 

1) This material requires a catalyst to harden the paint and therefore 
must be made up as needed since the pot life is 6 hr. 

2) See notes 1 through 4 in Limitations of LDS B-11(1). 

m4&Jul\ire~fliai , . -" --~~ _ _ _ , _ Ff'":~'-ll p•,. 

Increase thickness with multiple coats, being careful to fill in pinholes 
in prtivious coat. 
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ATOMICS INfE~TIONAL 
A /);,.;,,;..,, nf Nort/1 A1nrrin111 A1•ia1in11 Im-. 

LEAKAGE DATA SHEET 

111tW,W• 
Co.nc~ete Paint, Epoxy Base Membrane 

·--~~J ~;;:;:;~ ... l; 

Leak rate reduction of concrete 

Test Design: See Figure B-11(1) . 

Leak Path Desc riptiqn: See LDS B-11( 1 ). 

No. B-11(8) 
Page 
l of 2 

Manufacturer and Type: Soc-co Plastic Coating Company; Soc- co Plastic 
No. 7-AT. 

Description and Properties: An unmodified epoxy resin coating requiring 
a catalyst to cause polymerization. 
Bridging ability: none 

I I 

Manufacturer's Suggested Application Method: Concrete surface should be 
grout-Hni shed and trowele d smooth. Afte r curing, wire-brush surface 
thoroughly. Reduce 3 parts Soc-co Plastic No. 7-AT with 1 part solvent 
No. 7 and apply to concrete as a primer coat. After drying, apply one 
coat of full strength plastic at the rate of 150 ft2/gal. 

Test Specimen: 28 mils thick 

. ' .,;~;;,, ,. "· ~~- . 't!-~-Aii,, , (BjJtl ·•! ,, .,, -':·· t1 
... -> •. -:OOz-ii .... --.· .,?.. . -~-; .~:-f.1-o 

E~pirical Constant: Value for 1 ft
2 

A= 1.1 x 10-6 

Test Pressure Range: 0 to 28 in. water 
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ATOMICS INTE~TIONAL 
A /lii'isi1111 of .\ortlo 4111rrim11 .·fri111io11 lllr. 

LEAKAGE DATA SHEET No. B-11(8) 

Extrapolations: Value for 1 ft
2

, 1 mil thick 

A= 3.0 x 10-5 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within ±5% accuracy. The coefficient is believed 
valid up to 10 psi and from 5 to 60 mils thick. 

D:i:~!l~ttRil 

Page 
2 of 2 

1) This material requires a catalyst to polymerize the resin and therefore 
must be made up as needed since the pot life is l hr. 

2) See notes 1, 2, 3, and 4 under Limitations for LDS B-11(1). 

~~j14iit4.WDlti~t§1 

Increase thickness with multiple coats, being careful to fill in pinholes 
in previous coats. 
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ATOMICS INTEJ0'A110NAL 
A l>iri.<io11 11/' !\ '11r1/1 Amrrirvm A• i<1lim1 1111'. 

LEAKAGE DATA SHEET 

~llflllllllaJ{t .;.:;;.;:,;;; 
Concr~te Paint, Rubber Base Membrane 

.,t~• 

Leak reduction of concrete 

Test Design: See Figure B-11( 1 ) . 

Leak Path Description: See LDS B-11( 1 ). 

No. B-11(9) Page 
l of 2 

Manufacturer and Type: Products Research Company; PRC 402 rubber 
co~ting. 

Descr ip ti on and Properties: A two-part liquid rubber compound which 
cures to a flexible rubber coating. 

Bridging ability: good 
Adhesion in peel: 25 lb/ in. of width 
Tensile strength: 250 psi 
Elongation: 30 0% 
High-temperature limit: 225 ° F 

Manufacturer's Sugge sted Application Method: No large pits or voids 
should be present i n th e surface of the concrete. The surface should be 
sand-blasted or wire-brushed for final cleaning. PRC Primer No. 1 
should be applied by brush at the rate of 350 ft2/ gal and should be worked 
into the surface. After mixing with accelerator, PRC 402 should be 
sprayed at the rate of 60 ft2/ gal. 

Test Specimen: 49 mils thick 

tii.Ui,._~ttli;iJ~I 

Empirical Constant: 

A = 1.8 x l0-7 

2 
Value for 1 ft 
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ATOMICS INTE~TIONAL 
A o;,.;,;,,,, "' .\'t1r1li .4111erio111 .41•it1tin11 '"'" 

LEAKAGE DATA SHEET No. B-11(9) 

Test Pressure Range: 0 to 26 in. water 

Extrapolations: Value for 1 n2
, 1 mil thick 

A= 8.7 x lo-6 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuurn leakage values were determined 
to be the same within %5% accuracy. The coefficient is believed 
valid up to 10 psi and from 20 to 100 mils thick. 

lll~tflt;tli~~IJ 

Page 
2 of 2 

l) When applied as recommended, this material will bridge many pits 
and voids but large pits should be first filled with putty before applying 
primer. 

2) This material, when cured, is elastic and will probably maintain iU 
continuity when the concrete cracks, thereby keeping the concrete 
sealed. 

3) This material requires an accelerator to cure the rubber; this limits 
the pot life to one hour so that the material must be made up aa needed. 

4) This coating is black in color but may be covered with decorative pa.int 
to obtain other colors. 

5) See notes 1 and 4 under Limitations of LDS B-11(1). 

Jiij¢,~-,~~~~;:~Wf;t~!t.#i 

Double thickness of coating by applying second coat after first coat 
has cured, being sure to seal all pinholes. 
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Concrete Paint, Asphalt-Gilsonite Mastic 

Bl~i-

Leak reduction of concrete 

Test Design: See Figure B-11(1) • 

Leak Path Description: See LDS B-11( 1 ). 

Manufacturer and Type: Pittsburgh Coke and Chemical Co. ; Pitt. Chem • 
lnsul-mastic No. 4010 Vapor seal. 

Description and Prope rties: A mastic composed of a mixture of asphalt, 
gilsonite, solvent, and flaked mica and asbestos. 

Bridging ability: excellent 
Elongation: good 
High-temperature limit: 250 ° F 

'• Manufacturer's Suggested Application Method: The cured concrete surface 
should be sand-blasted to remove dirt and grease. The surface should be 
primed with Insulmastic No. 4132. Structural cracks and expansion joints 
should be filled with No. 507 caulking compound. Such joints should be 

' covered with a glass-cloth membrane embedded in wet mastic. Apply 
No. 4010 mastic, by spray, at the rate of 22 ft2/gal. A more uniform coat 
will be obtained by making many sweeps over the surface. 

Test Specimen: 72 mils thick 

Wmftilfttl!tuil 
Empirical Constant: 

A= 1.0 x l0-7 

2 
Value for 1 ft 
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ATOMICS INTE~ONAL 
A 1'i1·i1io11 nf N11r1/i .4meriNlll At•i<ltin11 /ru·. 

LEAKAGE DATA SHE!T Np. B-11(10) 
Page 
2 0£ 2 

i--~~~~~._.......___.._~..._~ ..... ~~~~~~~~~~~~~~~~~~~~ ..... ~~~~~~~~~~~~~~~~--.... ~~~~~--t 

Test Pressure Range: 0 to 28 in. water 

Extrapolations: Value for 1 ft
2

, I mil thick 

A= 7.2 .x l0-6 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined to 
be the same within ::t:5% accuracy. The coefficient is believed valid up 
to 10 psi and from 65 to 200 mils thick. 

llBILWR 
l) When applied as recommended, this mate rial will bridge all but the 

very large pits and voids which should be filled with caulking compound 
before painting. 

2) This material will remain elastic and will not crack when the concrete 
cracks so that a continuous membrane is maintained. 

3) This mastic is black in color but may be colored by painting, after 
cure, with Pitt. Chern. Insul-mastic No. 261 Color Coat. 

4) See notes 1, 2, 3, and4under Limitations for LDSB-11(1). 

il•ltllrlifM 
Increase thickness of coating by applying multiple coats, being sure to 
fill in pinholes in previous coat. 
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ATOMICS INTE~ATIONAL 
,.f /Jil'i~io11 '~f' .\.or1l1 Aml'rit'tlll Al'intiou Im-. 

LEAKAGE DATA SHEET No. B-11(11) 

ili.9t4mt1 
Concrete Paint, Phenolic Base Membrane 

llili~411 

Leak rate reduction of concrete 

Test Design: See Figure B-11(1). 

Lea,k Path Description: See LDS ·B-11( 1 ). 

Manufacturer and Type: Carboline Co.; Phenoline 305 finish. 

Page 
1 of 2 

Description and Properties: A modified phenolic with high solids requir­
i n g a cur ing age nt before application . 

Bridging ability: poor · 
Flexibility: fair to good 
High-temperature limit: 200 ° F continuous, 250 ° F noncontinuous 

Manufactur·er's Sugge sted A p plication Method: No concrete hardeners or 
cur i ng compounds should be used in t he concrete. The concrete should be 
grout-finished and troweled smooth while still "green." The concrete 
should either be sand-blasted or etched with 15% muriatic acid to roughen 
the surfac e. The primer coat shall be Phenolin e 305 primer diluted with 
Phenoline 305 thinner at 1-1 /2 pt/ gal and spraye d at the rate of 200 ft2/ gal. 
Two coats of Phenoline 305 finish, diluted 1 pt/ gal with thinner, should 
then be sprayed at the rate of 280 ft2/ gal, allowing each coat to dry before 
spraying next coat. 

Test Specimen: 34 mils thick 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
·I /Ji1 isim1 of' ,\11rt/i .4morim11 .4l'i11tim1 J,.,., 

LEAKAGE DATA SHEET 
•· 

n'~*i11m1t~~, 1.~~-....,·· ~,i l~m:t::Z~(M;wfi·,·)~ 

Empirical\ Constant: 

A= 3.5 x 10-9 

2 
Value for 1 ft 

Test Pressure Range: 0 to 28 in. water 

Extrapolations: Value for 1 n2
, 1 mil thick 

A = 1.2 x 10-7 

No. B-11(11) 

The leakage data can be applied to any area which can be uniformly 
coate d. The pressure and vacuum leakage values were determined 
to be the same within ±5% accuracy. The 'coefficient is believed 
valid up t0 10 psi and from 6 to 60 mils thick. 

11.LJwi'r ~'b · ~ft ;..)1l'.:J¥;;~~c;~ 

Page 
2 of 2 

l) This material requires a catalyst as a curing agent and therefore must 
be made up as needed since the pot life is 90 min. 

Z) See notes 1, 2, 3 and 4 under Limitations of LDS B-11( 1 ). 

~~., ! ~'kf~t'f -~7: i ~o~'=i ;i$:1.~*~jj,it£::;.:;~At\:,~~: i 
In order to obtain the very low leakage through this paint, it is 
necessary_to eliminate . alLpi.nhoie~ j,:q the paint film. 
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ATOMICS INTE~TIONAL 
A /Jfrisiou rJf' Nurtli : lm.riNlll At•i<11iu11 "''" 

LEAKAGE DATA SHEET 

1&•1as1m;11 :)Zif;(C,: 
Concrete Paint, Oil-Mica Base Mastic 

LllMii'il.· :~. :·:. _ _..··~:.}' • . 1-:,.;;"',,. ' • .. ~( -

Leak reduction of concrete 

Test Design: See Figure B-11(1). 

Leak Path Description; See LDS B-11(1). 

No. B-11(12) 
Page 
1 of 2 

Manufacturer and Type: Pittsburgh Coke and Chemical Co., Pitt Chem. 
Insul-mastic No. 3911 M ica-mastic 

Descri tion and Pro erties (Product Data Sheet MS-5): An oil-mica mastic 
containing 50 o processed oils and 15 to 25 o ground flake mica. 

Bridging ability: excellent 
Elongation: good 
High-temperature limit: 180 ° F 

Manuf acturer's Suggested Application Method: The cured concrete sur­
face should be sand-blaste d to remove dirt and grease. Seal all surfaces 
with Insul-rriastic No. 4906 primer. Use mica-mastic caulking compound 
No, 5135 to fill cracks and expansion joint s . Reinforce cracks and joints 
with nylon or glass-fiber membrane, embedded in wet mica mastic, and 
apply mica mastic No. 3911 at the rate of 25 ft2/ gal. 

Test Specimen: 61 mils thick 

fmg¥jt{~i5!12'flr~fjl 

Empirical Constant: 

A= 2.1 x lo-8 

2 
Value for 1 ft 
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ATOMICS INTE~TIONAL 
A Vil'isi1111 of Nortll Am~rirw1 Avio1inr1 /11t·. 

LEAKAGE DATA SHEET No. B-11(12) 

Test Pressure Range: 0 to 26 in. water 

Extrapolations: Value for 1 ft
2

, 1 mil thick 

A= 1.3 x l0-6 

The leakage data can be applied to any area which can be uniformly 
coated. The pressure and vacuum leakage values were determined 
to be the same within ::1::5"/o accuracy. The coefficient is believed 
valid up to 10 psi and from 50 to 200 mils thick. 

tJ.Jl•~Y<'lt~ CL::Si!'.~C<C · : 

Page 
2 of 2 

l) When applied as recommended, this material will bridge all but the 
very large pits and voids which should be filled with caulking compound 
before painting. 

2) This material will remain elastic and will not crack when the concrete 
cracks, thereby maintaining the continuous membrane. 

3) See notes 1, 4, and 5 under Limitations for LOS B-11(1). 

li;,;liXtri;rK~~-*;:r~tt~il 

Increase thickness of coating by applying multiple coats, being sure to 
fill in pinholes in previous coat. 
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ATOMICS INTE~TIONAL 
A 1Ji1·i.•i1i11 11{' .\11rt/1 Amrrinm .-fri11ti1111 /,.,., 

LEAKAGE DATA SHEET 

1111~11~-B.fd C-7:1iijiYJ 
Pipe Penetrations Through Concrete 

IDVBU 

No. B-12 
Page 
l of 3 

Determination of air leakage through various types of pipe penetrations in 
concrete 

~••w:~~r•,att~IC~d-'RJ.FJ :::·~;::.;; <;·=:•;;:6~~,::c::i,;;:;;; 

Test and Mounting Design: See Figure B-12 . 

Description of Specimen: 

Specimen 1: A 4.5-in.-diam steel pipe was cast in a concrete block 11-1/2 
by 11- l / 2 by 4 in. thick. 

Specimen 2: Identical to specimen 1 except that space was left between the . 
concrete and pipe which was filled with epoxy resin. 

~ecimen 3: Identical to specimen 1 exc e pt that a 6-1/2-in. -diam pipe was 
attached to a 9-in. -diam flange ( 1 in. thick) which was cast in the center of 
the 4-in. -thick concrete block. A void 1I2 in. wide was left between the 
concrete and pipe for caulking. All specimens were coated on the edges 
with epoxy resin and mounted. as shown in Figure B-12. · 

Installation Procedure: The placing of the concrete and surface prepara­
tion of the pipe shall conform to the standard ASTM specifications. The 
concrete blocks were attached to the mounting plate with epoxy resin. 

Leak Path Description: · The leak paths are through the concrete and at the 
region whe re the concrete and pipe join. 

~{;l~~--~f~:l>i ~:. J®>r=:;:;g 
Empirical Constants: Value for each specimen 

Specimen l: Pipe cast in concrete 
-6 -A=5.7xl0 B=O 

Specimen 2: Pipe sealed in concrete with epoxy resin 

No detectable leak 
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ATOMICS INTE~TIONAL 
A l>iri.<im1 of' ."forr/1 A111Pric1111 AL'iu1io11 1111·. 

LEAKAGE DATA SHEET 

Specimen 3: Pipe and flange 
-3 -2 

A = 3 x 10 B = 2 x 10 

No. B-12 Page 
2 of 3 

Applicable Pressure Range: Pressures have been taken to 5 psi without 
change of lea kage characteristics. Leakage characteristics at grea~er 
pressures have not been determined. 

Extrapolations: See Limitations below. 

t~a-tllfti'ty1 :Jii}J4h '<~:-, .... =;:-,.t ,·'(, " . if.'~=~ 

At this time the leakage characteristics of pipe penetrations of large pipes 
are unpredictable since the water ratio, curing time, and method of curing, 
will h a ve an effect on the shrinkage of the conc1·ete and the type of possible 
failure between the pipe and concrete. The pipe flange was constru~ted of 
stainless steel and considered a "worst case." 

*~i~H~~Btttir.~ 11111tJ+G::C ==:c.; 
Construct an expansion joint between the pipe and concrete and fill with 
polysulphide or a flexible epoxy resin according to the manufacturer's 
specifications. 
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ATOMICS JNTE~TIONAL 
A Dfoi.W.. ~( l'fo,.,h Ameriarn A11in1i"" Int. 

LEAKAGE DATA SHEET Figure B-12 Page 
3 of 3 

EPOXY RESllll 
ALL "ROUND 

TOP PLAN 

18-IN. DIAM STEEL 
BLIND FLANGE 

TEST SPl!.CIMEN 
FRAME 

TEST NO. 1: 
CONCRETE PLACED AGAINST 
PIPE. NO SEALER OR CAULKING 

TEST NO. 2: 
HOLE FORMED IN CONCRETE 
SLAB. PIPE INSTALLED WITH 
EPOXY RESIN ALL AROUND. 

TEST NO. 3: 
2-IN. FLANGE AROUND PIPE 
ANO ORY PACK WITH NON· 
SHRINK Gl'tOUT. 

~----,.... 

U~IN. 10 PRESSURE VESSEL ..., 

SECTION 
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ATOMICS INTE~TIONAL 
A 1Ji1·isi1111 of /\',.r1/1 Amorim11 Ad111im1 111<·. 

LEAKAGE DATA SHEET No. B-13 

lml'ltlil 
Reinforcing Bars in Concrete 

IF~'~'?.fiFR'·.;: :~r , ~t~ra:i 
.;· ~t" :;~::;,; J;~:+ u~flM.r 

To determine the contribution of reinforcing bars to air leaka~e in 
concrete 

111f!;:·if.ftili:li8l(Biil81!11'JJ 
Test and Mounting Design: See Figure B-13 and B-4a. 

Page \ 
1 of 2 

Description of Specimen: Nine reinforcement bars, 10 in. lo~g, were cast 
in a cone rete specimen 11-1/2 by 11-1/2 by 4 in. so that the bars were 
parallel and perpendicular to the block along the two 11,.5 by 11.5-in. 
surfaces . 

Leak Path Description: The leak path of interest is along the surface 
between the reinforcement bars and concrete to the edge of the concrete . 

l~~ %.· '~ltl"' . I" •; ~j ' ~ )J ?;Vlt(.·f"'1ID;;:: :::Y;ltJ~1-:'~ ·At. • . ~.-_.}$._;.:,,. - -<· ···Co ··· 1.j \ - ) 

Empirical Constants: Value for 1-ft rod length. No detectable leak 
above that due to concrete at 100 in. water. 

Applicable Pres sure Range: The data are applicable up to the design pres -
sures of th e building (0 to 200 in. water pressure difference). 

Extrapolations: Since no detectable leak was found, no extrapolations are 
necessary (dete ctable leak above that of concrete). 

l~~i(:t".fl.\jr tPiHt~I 

Concrete of a different mix may leak more; however, the lea~ path is not 
normally along the length of the reinforcement bar and, therefore, the leak 
rate perpendicular to the direction of pressure difference can be con­
sidered to be insignificant. F.xception: a crack in the concrete may run 
parallel to and around the bars. No data are available for the latter case. 
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ATOMICS INTE~TIONAL 
A 1Ji1·i1io11 of N11rtl1 .-4merio111 At•it11in11 Inc. 

LEAKAGE DATA SHEET Figure B-13 

(SEE FIGURE B-4a FOR MOUNTING METHOD) 

REINFORCEMENTS 

; . 
:. · .~· .·. . . . . "· . 

. . . . .· - -~ . ·,, " i : 
. :·1 ' . ~- ' ._ JI, - • • • • • • r ( • . - -, ~ <S . ~ . • #I : / •" I ; , • • 

~ 101N. • I 
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ATOMICS INTE~ATIONAI. 
,·I l>i..; ... ;m, of Sortl1 . .fmt•ri,·1111 .41'intim1 Im·. 

LEAKAGE DATA SHEET No. B-14 . 
KUl(f:b'ti~A~I ' ·· · ','. A~J&) ~~~"' ,~. ,{.7 

Tie Rods in Concrete 

L-F1ifR•~s9·1>.;:fE4 

Determination of air leakage when tie rods are used in concrete . 

Test and Mounting Design: See Figure B-14 and B-4a . 

Page 
1 of ,3 

Description of Test Specimen: Nine l I 4-iri.- diam tie rods were cast 
perpendicular to the large area in reinforced concrete to simulate actual 
conditions; the specimen size was 11-1/2 by 11-1/2 by 4 in. The data are 
compared to a bare block of concrete without penetrations. 

Installation Procedure: The placement of the concrete around the rebars 
and tie rods conforms to standard practices. 

Leak Path Description: The leak path is through the bonding at the surface 
between the tie rods and concrete. 

r&awtri~elf~r?A,J 

Empirical Constants: Value for one 4-in. rod, 1/4-in. diameter 

A = 1.5 x l o-5 B=O 

Applicable Pressure Range: The data are applicable up to the design pres­
sures of the building. 

Extrapolations: The data give a fair implication of the amount a tie rod 
would leak, and the data can be extrapolated unless the tie rod is in the 
path of a crack. (See Component: Crack in Concrete.) The data can 
be extrapolated proportionally to the circumference of the tie rbd and 
inversely P[oportional to the leng~h. The. nur:1ber of .ti~ ro~s normally 
us e d per ft of concrete make their contribution negligible if they FJ.re left 
in place and the leak rate is estimated for one entire building. Removal of 
the tie rod with subsequent grouting of the hole is not recommended. 
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A l>iri.<im1 of'.-'°"'''' .41n~rim11 Ari<1lim1 1111·. 

LEAKAGE DATA SHEET 

1·R11r~·m11ill ;;,::: J ;;;u 0,ec 
No. B-14 

Page 
2 of 3 

The cone rete specifications required a minimum ultimate compression 
strength of 5000 psi at 28 days. Concrete which has other specifications 
(such as 2500-psi strength) may give a different leak rate since the water 
content would be greater. Therefore, the above leak rate gives only a 
relative figure for the specimen tested. 
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ATOMICS INTE~TIONAL 
A l>il'i1fo11 o.f N11r1/1 .4meriam A11inli1N1 Inc. 

LEAKAGE DATA SHEET Figure B-14 

--

(SEE FIGURE B-4a FOR MOUNTING METHOD) 

. -.. . , 
·- .. 
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ATOMICS INTE~110NAL 
.4 I>ivilioo ~{ !Vt1r1h .4-icun .4via1inn Inc. 

LEAKAGE DATA SHEET 

, :lo • ~ .. 

. :• -=· : ... ~~ • ·, • ~ ' 

Thickness Variations, Concrete 

--: ..... ~~, "!~ ............ · ~' .. 
; ~.::t .. J «i '\ i .. :, A <' 

No. B-15 
Page 
1 of l 

Determination of air leakage through various thicknesses of concrete 

~~".'$.'~~ ""!~~~~~ 
iliA.:~A&.. ~L:R..~%~%.M,«U 

Test and Mounting Design: See Figure B-10. 

Description of Specimen: A 6-in. -diam core of concrete 8 in. long was 
used as Specimen 1. After test data were obtained from Specimen 1, the 
core was cut into two parts which produced Specimens 2 and 3. 

Installation Procedure: Each concrete specimen was coated and sealed 
to 'the diaphragm plate with Thiokol • 

Leak Path Description: All leak paths have been sealed off except through 
the. concrete. 

~r·'.~n,~:::*W~~~ 
~-.~M:..~ ....... ~:, ... M$..-$) .. .. ~ .. ~--~~ 

Empirical Constants: Value for tt2 
x 1-in. thick 

-6 
Specimen 1: A = 9 .. 7 x 10 B = 0 

-6 Specimen 2: A= 9.7 x 10 B = 0 

Specimen3: A=9.7xlo':' 6 B=O 
-6 Specimens 2 and 3: A= 10 x 10 B = 0 

Applicable Pressure Range: Applicable up to 200 in. water (gage) • 

Extrapolations: Tests were performed at pressures up to 11 psig, and 
preliminary data show that extrapolations can be carried to much higher 
pressures. See LDS B-1(1), Page 2 of Z. 
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ATOMICS INTE~TIONAL 
A l>frisi011 'f .\'orth ..fml'rinm .4.1·in1io11 Inf' . 

LEAKAGE DATA SHEET No. B-16 

rDSl:l~i1 
Water Stops, Rubber 

t~·~= ·P,'·~;1 

Determination of air leakage through water stops 

Te'St and Mounting Design: See Figure B-16 and description below. 

Page 
1 of 3 

Description of Specimen: The 9-in. water stop was cast in concrete usi:qg 
a 1/ 2-in. spacer. The concrete !>pecimen was 4 in. thick and 11-1/2-in . 
square._ 

Installation Procedure : The concrete block was coated on the sides with 
epoxy resin and then attached to the diaphragm plate using additional epoxy 
resin. 

Leak Path Description: The leak paths are through the concrete and 
between the concrete and water stop. 

Empirical Constants: Value for 1 ft 

For pressures less than 25 in. water pressure 
-3 

A=l.6xl0 B=O 

For pressures greater than 25 in. water pressure 
-3 -3 

A =· 1 • 2 x 10 B = 11 x 1 0 

Applicable Pressure Range : The test data should be applicable up to the 
design pressure o f the building. 

Extrapolations: The data can be extrapolated to any length and for the 
pressure ranges noted above . 
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ATOMICS INTE~TIONAL 
.4 IJ;,.;,,;..,, of' ·'""''' .4111rrim11 A~iorin11 '"'" 

LEAKAGE DATA SHEET No. B-16 

----·-The concrete did not form a perfect bond to the water stop; a visual 
spacing was left, and thus, a leak path. 

ft~~~j<tl·, ~@r:~~r ,~ ~ Cfiim±M~'<jQ;JtEQ;J.1 

Page 
2 of 3 

Metal water stops may have less leakage than neoprene water stops. 
Concrete slaqs with greater than 4 in. thickness may not crack around 
water stops or between outside surface and water stop. 
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ATOMICS INTE~TIONAL 
A Dfri1io11 of N11r1la Aineriam Avit1tin11 Inc. 

LEAKAGE DATA SHEET Figure B-16 

(SEE FIGURE B-4a FOR MOUNTING METHOD) 

WATER STOPS 

': .. . . .... .. . 
. . 

I . . - _, •. . . .. , 
, b,. J .. ~ 

. • • ·. .'· • -·I 
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ATOMICS INTE~ATIONAL 
·I /Jirisio11 'f Sort/a .4mrrfrt111 Al'i111io11 Im .. 

LEAKAGE DATA SHEET 

lfili11;,~ilftB 
Corner Flashing, Insulated Metal Panel 

p~;:~,1•1R·'!'P!Oi'd&fl ~}.FJP.> · ,' ~~·1 

Leak rate evaluation and improvement 

Test and Mounting Design: See Figure C- 1 

No. C-1 Page 
1 of 3 

Description of Specimen: The specimen consists of two sections of fluted 
m etal p a n e l. The joint between these sections is closed with a 20-gage 
sheet metal flashing strip. The flashing is attached to the pf!-nels with 
sheet metal screws and neoprene washers on 6-in. centers with 1 /8 by 1-in . . 
composition rubber seal and 3M Car Seam Sealer caulking compound 
between the flashing and metal panels. There are 7 ft 8 in. df joint in this 
specimen with 18 sheet metal screws. 

Leak Path Description: The leakage occurs between the two faces of the 
r ubber sea l strip a n d the metal components as well as around the sheet 
metal screws. 

Manufacturer and T ype: 

H. H. Robertson Company; M-type Q-panel, Section No. 3. 

Hamilton Rubber Mfg. Company; Composition rubber seal strip, 
durometer hardness 55 to 65, average tensile strength 1300. 

Minnesota Mining and Mfg. Company; Car Seam Sealer caulking 
compound. 

r;; .i'o/8~ "-"'~Jft,}I',\ ~,,t J D:~%f.0:·I~~r;:"'ii 

Empirical Constants: Value for 1 ft 

For 1 ft of joint and 2 sheet metal screws per ft 

A= 2.3 x 10- 3 B = 0 

Applicable Pres sure Range: The test data should be applicable to 5 in. 
water pressure. A t higher pressures, the sheet metal will deform and 
increase the leakage rate. 
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ATOMICS INTE~TIONAL 
A lli1•i1ii111 of Nort/1 Arn .. rim11 At•it11ia11 Im·. 

LEAKAGE DATA SHEET 

t•IBAllll 

No. C-1 Page 
2 of 3 

The use of 'sheet metal screws on 6-in. centers sealed against a hard 
rubber seal strip creates ripples in the span between screws which are 
difficult to seal and which cause the high leakage rate. This is particu­
larly true when thin-gage metal is used on both sides of the rubber strip. 

tt•••WitiAll!I 
The flashing could be attached to the metal panels by use of 3M Weather­
ban Ribbon Sealer with stiffening bars to prevent ripples in the flashing. 
A second improvement would be to use a preformed nonresilient sealer 
such as Presstite, (Division of Martin-Marietta Company) Plastic Sealer 
Tape No. 579 series, which would not require stiffening bars. (See 
LDS C-6.) 
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ATOMICS INTE~ONAL 
A Div,.wn OJ N1w1/1 Amilriam Avialinn Inc 

LEAKAGE DATA SHEET Figure C-1 

24 IN TEST SPECIMEN ANGLE FRAME . 
l - ~~-T--

~ 

3 

1 
I I I I 

I I ' I +1 rt I 
I I I I 
f I I I 

+1 :-+ I 
I 1 I 
I I I 

+' I If I 

I I I 
I I 

I 
+1 ,+ 

I I 
I i -

li_L _ _L_ 

+I '-+ I 
I ~ I 
I I I 

+1 1-+ I 

I I ' I I I I 

+: ' :+ I 
I I 

I I I 
I: -- -l..-'- -1±!.... ~t!. - L - ~ ---

A-

FRONT 

EPOXY RESIN SEALER 
ALL AROUND 

"' :c 
f­
<( 

·~-++Q. 
)C 
<( 
Ill 
.J 

VERTICAL SECTION A-A 

Page 
3 of 3 

SHEET METAL SCREWS WITH 
NEOPRENE WASHER AT 6-IN . 
CENTERS EiOTH SIDES OF 
FLASHING 

20-GAGE SHEET METAL 
FLASHING STRIP 

1 '8 x 1 IN. COMPOSITION ,r RU33ER SEAL AND CAULKING 
CONTINUOUS 30TH SIDES 

LC:.\K P'\f.-IS 

H. H. ROBERTSON CO. 
- "M .. T-YPE .. .i . ..1 0"- PANEL- - ­

SECT ION NO. 3 

!->-----MOUNTING CLAMPs - ----""'! 

HORIZONTAL SECTION B-B 
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ATOMICS INTE~TIONAL 
A /lfrisirm of' iliorrlr Amerimn Al'it1lin11 /11,., 

LEAKAGE DATA SHEET No. C-2 

·--· :: :'.' ~ ~/-~ · .. > .. J ~. ~· . .''M-;-' 

Eave Joint to Fluted Wall Panel 

111111'19 
Leak rate evaluation and improvement 

Test and Mounting ~esi~n: See Figures C-2a and C-2b. 

Page 
l of 4 

D~scription of Specimen: The specimen consists of a section of flat inner 
panel to represent the wall and a section of fluted outer panel to represent 
the roof. The two sections are connected by 20-gage metal flashing 
attached to the flat panel by sheet metal screws on 6-in. centers and to 
the fluted section with screws at the centerline of each low flute. The 
joint between the flaship.g and flat panel is sealed with 1/ 8- ~y 1-in. com­
position rubber strip and RP-545 caulking compound. The open flutes 
between the flashing and roof section are filled with a premolded compo­
sition rubber closure supplied by the manufacturer of the metal panels. 
A series of tests is run to determine the leakage through the flute­
flashing joint with virgin closures, caulked closures, and caulked closures 
bolted in place. 

Leak :Path Description: In Test 1 (Figure C-2a), the leakage occurred 
between the rubber and the fluted panel, as large openings could be seen. 
When the closure was caulked (Figure C-2b) before installation, the leak­
age was still around the rubber insert, since the openings were too large 
to be completely sealed by the type of caulking used. When the closures 
were bolted in place after being covered with caulking (Test 3) the leakage 
occurred between the closure and metal flute, as the metal was too stiff 
to })e forced against the rubber closure. 

Manufacturer and Type: 

H; H. Robertson Company; M-type 0-panel Section No. 8; Section No. 31 
premolded flute closures; and RP-545 caulking material. 

Hamilton Rubber Mfg. Company; Composition rubber seal strip, 
durometer hardness 55 to 65, tensile strength 1300 . 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A l>i1·i•io11 of Nt1r1/1 Arn~ricr111 Auialio11 Inc. 

LEAKAGE DATA SHEET No. C-2 

fllllji--1: · . ;-:::· --~~ .. :»: ·'"' · .. ·· 0: , "•,6, . 

Empirical Constants: Value for 1 ft 

The leakage per ft of flute-flashing joint only is presented below: 

No. Test A B -- -- - -
1 Premolded flute closure, no caulk: 6.5 0 

2 Premolded flute closures, caulked: 9.0 x 10 
-2 

0 

3 Premolded flute closures, caulked -2 
and bolted in place: 8.1 x 10 0 

Page 
2 of 4 

Applicable Pres sure Range: These data should be applicable to 5 in. water 
pres sure. At higher pressures, the rubber closures which are not bolted 
in place will cause an increased leakage. 

M:i:;K1$td!ltiil 
If a metal panel building is designed where the roof will consist of only a 
flute panel member, the leakage will be of orders of magnitude larger 
than any other panel component. The use of premolded rubber closures 
to seal the flutes does not reduce the leakage rate to acceptable levels. 

fi:li(iifiii~t~t0~1¥.ft~1 

Roofs on metal panel buildings should be designed to consist of a flat inner 
panel and the standard fluted outer panel. The transition between wall and 
roof would then be between two flat panel units which could be flashed as 
at the corners. 

Premolded closures used in conjunction with a polysulphide sealant should 
make a tight seal as the sealant will adhere to both the rubber and the 
metal. 
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ATOMICS INTE~TIONAL 
A l>frisir111 o/' S11r1/1 .4111Prin111 Avi11tim1 fur . 

LEAKAGE DATA SHEET Figure C-2a Page 
3 of 4 

I II I II I 

w II \I II \1 - - -

: 

FRONT VIEW 

PREMOULOEO CLOSURE STRIPS 
TEST NO. 1: NO CAULKING EPOXY RESIN 

SEALER 

. 

TEST NO. 2: WITH CAULf<ING ' 
TEST NO. 3: WITH CAULKING ANO 

/ 
;1 -

'\ 

BOLTED IN PLACE 

H. H. ROBERTSON 
"M" TYPE "Q" PANEL 
SECTION NO. 3 

EAVE CLOSURE STRIP 

LEAK PATH ' 

H. H. ROBERTSON 
"M" TYPE "Q" PANEL " ., I 
SECTION NO. 3 

H. H. ROBERTSON 
"M" TYPE "Q" PANEL I ' " • I I 
SECTION NO. 3 

TOP VIEW 

EPOXY _,...~~~"~,1j 
RESIN SEALER --liir~@ 

VERTICAL SECTION 

"M" TYPE "Q" PANEL 
SECTIOfll NO. 3 
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ATOMICS INTE~TIONAL 
A DfriJiun of' l\'11rt/1 AmeriC1111 Avintion foe. 

LEAKAGE DATA SHEET Figure C-2b 

TEST SPECIMEN ANGLE FRAME 

z 

~ 

I 
Lr:: 

a 1 l'­
I 

24 IN. 

H. H. ROBERTSON co. ] 
uM'' TYPE 0 0 .. PANEL 
SECTION NO. 3 

I 

I 
I 
I 
I 
I 
I 
I 
I 

- - _-t:_ ____ + _____ + ____ ,{, 
FLASHING~ I 

-_ - f' ± : - - 1 + -~ -- l ± -:- =-

' ___ ,_ -·--
A 

EPOXY RESIN SEALER 
ALL AROUND 

1/8 x 1 IN. COMPOSITION 
RUBBER SEAL STRIP 
ANO CAULKING CONT IN· 
UOUS (TYPICAL) 

B 

SHEET METAL SCREWS 
WITH NEOPRENE 
WASHER AT 6 IN. O.C. 
(TYPICAL) 

H. H. ROBERTSON CO. 
"M" TYPE "Q" PANEL 
SECTION NO. B 

~ 
I­
< 
Q. 

)<'. 

< 
"' J 

FRONT VERTICAL SECTION A-A 

SHEET METAL SCREWS WITH 
NEOPRENE WASHER AT t OF 
EACH LOW FLUTE. FIVE 
REQUIRCO PCR 24-IN. PANEL 
WIOTH (TYPICAL TWO LOCA­
TIONS) 

1/B x 1-IN. COMPOSITION RUBBER 
SEAL STRIP AND CAULKING 
CONTINUOUS 

,...,_ ___ MOUNTING CLAMPS ------< ... 

HORIZONTAL SECTION 8-8 

NAA-SR-10 I 00 
III-310 

20-GAGE SHEET METAL 
FLASHING STRIP 

1.6~1< 
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ATOMICS INTE~TIONAL 
A /)i1 ·i•it111 of' .\'11r1/i Amrri<Ym A1·i111im1 "''" 

LEAKAGE DATA SHEET 

-~~-:;. · ~· f ~" · X!"6'10· • 

Edge Laps 

ll\11811 
Leak rate evaluation and improvement 

l~~f¥.llf!iLJ-riMl:i\lilWA•1 
. 

Test and Mounting Design: See Figure C- 3( 1) 

No. C-3(1) Page 
l of 3 

Description of Specimen:' The specimen consists of two metal panels, a 
flat inner panel and a fl uted outer panel, assembled so that series leakage 
occurs through both panel laps. There is a 3-ft 10-in. length of edge lap 
in each panel. The female section of the lap contains caulking material 
installed by the manufacturer. Three edge lap configurations were tested; 
as received, dimpled on 6-in. centers, and sheet metal screws on 6-in. 
centers. 

Leak Path Description: In Test 1, assembled as received, the leakage 
occurs between the caulking material and the metal in each panel. In 
Test z, the leakage occurs at the dimples, where the caulking material 
is squeezed out so tha~ the two metal sections make contact, as well as 
between the caulking and the metal. In Test 3, the leakage occurs around 
the sheet metal screws and between the caulking and the metal. 

Manufacturer and Type: H. H. Robertson; M-type Q-panel, Section No. 3 
(outer panel) and Section No . 8 (inner panel). 

mttii-IE~J-4lflj.J 

Empirical Constants: Value for 1 ft 

Dual Panel Tests: 

No. Test A -- - -3 
1 As received: 1.5 x 10 

2 

3 

Dimpled on 6-in. centers: 3 .4 x 10 

Sheet metal screws on 
6-in. centers: 1.7 x 10 

NAA-SR-10100 
111-311 

-3 

-3 

1L 
5.0 x 10 -3 

4.0 x 10 -3 

0 

1.65< 



ATOMICS INTE~TIONAL 
.4 l>i1·i•io11 of' ,"i11rtl1 Amerim11 Ad111im1 l11t'. 

LEAKAGE DATA SHEET No. C-3{1) Page 
2 of 3 

Since both panels are sealed in the mounting frame, the total leakage is 
dependent on the leakage through two joints in series. The leakage coeffi­
cients for a single panel edge lap are calculated and presented below. 

Single Panel Tests 

No. Test 

1 As received: 

z Dimpled on 6-in. centers: 

3 Sheet metal screws on 
6-in. centers: 

A 

3,l;-10- 3 

6.8 x 10- 3 

3.6x 10- 3 

B 
- -3 

7 .3 x 10 
-3 5.1 x 10 

0 

~pplicable Pres sure Range: The test data should be usable to 5-in. water 
pressure. At higher pressures, the sheet metal may tend to deform and 
open up the lap joints, or the caulking material may flow. 

The assembly of insulated metal panels is a manual operation and there­
fore the tightness of the edge lap may vary throughout the building. This 
variation will effect the leakage coefficients but the values presented in 
this data sheet should be considered the lower limits of the leakage 
coefficients since the joints were assembled under laboratory conditions. 
The reproducibility of the leak rate is not expected to be repeatable to 
within a factor of two unless improved methods of caulking are used. 

P,impling Effects: Dimpling is a method 0~ securing the end lap joint -and 
thereby reducing the tendency of the two adjacent panels to separate. 
Leakage data are shown in Figure C-3, Test 2. During the dimpling 
process, the two panels must have the proper alignment before securing 
or the male segment may be only partially secured and will not seal 
properly into the caulk. As the dimpling tool compresses the joint during 
the dimpling process, the caulk is squeezed away from the surrounding 
area, leaving a thin layer of caulk. This caulk is unable to fill the void 
as the tool is removed and portions of the joint spring back to their 
original position. The difference between the single panel coefficients of 
Tests 1 and 2 is "'3,6 x lo-3 P cfm/ft and can be interpreted as due to 7 
dimples, or 5 x 10-4 P cfm/dimple. 

NAA-SR-10100 
III-312 
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ATOMICS INTE~TIONAL 
A /Jil'i1i1H1 of Nor1/1 Amcrinm Avi111im1 Im'. 

LEAKAGE DATA SHEET Figure C-3(1) 

TEST SPECIMEN 
H. H. ROBERTSON CO. 
.,M•• TYPE "Q" PANl!L 

SECTION NO. 3 

HORIZONTAL SECTION 

TEST SPECIMEN 
ANGLE l'RAME 

EPOXY RESIN SEALE 
CTYPICALI 

3 l'T 10 IN 
El'l'ECTIVE 
LAP LENGTH 

V~RTICAL SECTION 

EDGE LAP - GENERAL TEST ARRANGEMENT - SMALL SPECIMEN 

TEST NO. 1 
SECTION NO. 3 

" A 17 SECTION 

I LJL/ ~a 
LAP DETAIL 

SINGLE CAULK BEAD 
BOTH SECTIONS 

NO DIMPLE OR SCREW 

TEST NO. 2 
SECTION NO. 3 

~ A r SECTION 

~ 
LAP DETAIL 

SINGLE CAULK BEAD 
BOTH SECTIONS 

DIMPLE AT 6-IN. CENTERS 
BOTH SECTIONS 

NAA-SR-10100 
Ill-313 

TEST NO. 3 
SECTION NO. 3 

t--'\. A 7 SECTION 

, l:..m..:.1-•-NO. 8 
I ( 

LAP DETAIL 

SINGLE CAULK BEAD 
BOTH SECTIONS 

SHEET METAL. SCREW 
CNO WASHERS) AT 6-IN. 
CENTERS, BOTH SECTIONS 

1.67< 

Page 
3 of 3 
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ATOMICS INTEl~ATIONAL 
. .f l>i1·i."lio11 'f ,\'ortlr 4mrrinm A1•iution Inf. 

LEAKAGE DATA SHEET No. C- 3(2) 

m1111111 
Edge Laps 

IBtt~tliiJ 

Leak rate evaluation and improvement 

fa!!i§'f4~: :Ji%,~ti1tlNt•~.,., ~~~~Bi~~Ht!ltlJ 

Test and Mounting Design: See Figure C-3(2). 

Page 
1 of 3 

Descrip tion of Specimen: The specimen consists of four 6-ft length flat 
panel s w ith tongue and gr oove edge laps. There are three edge lap joints 
for a total.of 16-1/2 ft. For the first test, the manufacturer's caulking 
material was removed from the female component of the joint and was 
repl;:ic.P.c:l hy 1M l.rir SP.rim SerilP.r c.rinlking mritP.ri;:il. AftP.r thPi prinels WP.re 
assembled, a continuous bead of Car Seam Sealer caulking material was 
laid in the groove on the back side of the edge lap. This specimen was 
tested with no dimpling or crimping. For the next test, four panels were 
again assembled, with the manufacturer's installed caulking material 
replaced with two layers of Car Seam Sealer caulking material. The edge 
la.ps were first tested with dimples on 12-in. centers. The same speci­
men was then tested with dimples on 6-in. centers. The fourth test con­
sisted of four panels assembled as a unit with a double layer of Car Seam 
Sealer caulking material. The edge laps were continuously crimped for 
this test. 

Leak Path Descri"&t ion: In Test 1, the leakage occurs between the caulk­
i ng material and t e m e tal of each panel. In Tests 2 and 3, the leakage 
occurs at the dimples, where the caulking material is squeezed out so 
that the two metal sections make contact, as well as between the caulking 
and the metal. In Test 4, the leakage occurs at the continuous crimp, 
similar to Tests 2 and 3, as well as between the caulking and the metal. 

Manufacturer and Type: 

Metal Panels: H. H. Robertson; M-Type Q-panel, Sectio:q. No. 8 

Caulking Material: Minnesota Mining and Manufacturing Company; 
Car Seam Sealer Caulking Compound. 

NAA-SR-10100 
lll-315 

Preceding page blank 
1 ,:;~~..,-



... . 

ATOMIC~ .INTE~TIONAL 

A l>iri•im1 of' Nonlo Arn<!rictm Aviu1imi /m '. 

LEAKAGE DATA SHEET No. C-3(2) 

~IH-llJJ~t;.'tJ ~z:;c;:::c.:~¥i~6 I 

Empirical Constants: value 1or 1 ft 

Test 

1. 

2. 

3. 

Edge Lap Treatment 

Back-caulked, no crimp: 

Double layer of caulk, 
dimpled on 12-in. centers: 

Double layer of c .aulk, 
dimpled on 6-in. centers: 

A 

6.8;-10- 3 

1.5 x 10-4 

6.9 x 10-4 ! 

B 

6 
- -3 

2. x 10 

1.lxl0-4 

0 

4, Double laY.e; of caulk, · -6 -6 
crimped continuously: 2 .3 x 10 7 .4 x 10 

Page 
i of 3 

Applicable Pressur.e Range: The test data should be usable to 5-in. water 
pressure. At higher pressures, the sheet metal panels will tend to deform 
and open the lap joints, increasing the leakage rate. Athigher pressures this 
sealant flows out of the joint. Experiments have shown that panels (5 by 12 ft) 
which are supported only at the perimeter Will "pop out" as much as 3.3 in. 
at 6 in . . · Wc:l.te r pre·s sure. 

ll~ilftai"Bj1 . . 

The assembly of·i.nsulated metal panels is a manual procedure and there­
fore the tightnes~s is dependent on a high degree of workmanship. The 
continuous crimping of edge laps with a double layer of caulking in the 
female seam approaches the tight seam which is independent of workman­
ship . The values of leakage coefficients presented in this data sheet 
should be consi9-ered the lower limits since the joints were assembled 
under laboratory controlled conditions. High temperatures cause separa­
tion of oil-based materials, resl,llting in an improper seal. 

For perfect mating of the joi nt., care must be taken to use straight panels 
and fully extend the male lip into the female section before dimpling. 
Care must also be employed in the continuous crimp process since pres -
sures often build up in the caulk area, forcing the joint apart. For 
further comments see LDS·C_;3(3), Limitations, page 2 of 3. 

•': 
··:· 
,, 
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ATOMICS INTE~TIONAL 
A Divi1io11 o.f N11r1/1 Ameriain A11it11ioo Inc. 

LEAKAGE DATA SHEET Figure C-3(Z) 

TEST SPHERE DIAPHRAGM 

MOUNTING CLAMP 

'~:::ll*C:::*ICl~~ba~l~~!ill~'~25 (TYP - 20 REQUIRED) 
p ;u WELDED TEST SPECIMEN 

NEOPRENE 
GASKl!T 
(TYP ALL 
AROUND) 

MOUNTING FRAME 

TEST SPECIMEN MOUNTED TO FRAME IN CONTINUOUS 
BED OF CAULKING AND FASTENED WITH SHEET 
METAL SCREWS AND NEOPRENE WA~HER~ AT 4-IN • 
OC ALL AROUND 

TEST SPECIMEN, H. H~ ROBERTSON "M" TYPE 
"Q" PANEL, SECTION NO. 8 

THREE S-1/2 FT LENGTHS OF 

VERTICAL SECTION HORIZONTAL SECTION 

EDGE LAP - GENERAL TEST ARRANGEMENT - LARGE S?ECIM&:N 

TEST NO. 1 TESTS NO. 2 AND 3 TEST NO. 4 

Page 
3 of 3 

~ ' { 

I= DIMPLE 

J ( r 
I:: CRIMP ( 

LAP DETAIL 

SINGLE CAULK BEAD 
IN FEMALE SECTION 
PRIOR TO ASSEMBLY 

LAP DETAIL 

DOUBLE CAULK BEAD 
IN FEMALE SECTION 
PRIOR TO ASSEMBLY 

LAP- DETAIL 

DOUBLE CAULK BEAD 
IN FEMALE SECTION 
PRIOR TO ASSEMBLY 

BACK CAULK (CONTINUOUS) 
AFTER ASSEMBLY 

TEST NO. 2: DIMPLE AT 12-IN. 
CENTERS AFTER ASSEMBLY 

CONTINUOl,.IS CRIMP FULL 
LENGTH AFTER ASSEMBLY 

NO DIMPLE OR CRIMP TEST NO. 3: DIMPLE AT 6-IN. 
CENTERS AFTER ASSEMBLY 

NAA-SR-10100 
III-317 
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ATOMICS INTE~ATIONAI, 
A IJidsiu11 of' .'\'ortlt :lulf'rinm A1:it1tio11 l1u·. 

LEAKAGE DATA SHEET 

lfll--~ ;rc;.;Q;> 
Edge Laps 

•&t!iill • . • • .., . • •' >' • . 

Leak rate evaluation and improvement 

Test and Mounting Design: See Figure C- 3(3 ). 

No. C-3(3) 
Page 
1 of 3 

Description of Specimen: The specimen consists of two 1-ft lengths of 
metal panel cut to include male and female components of an edge lap . 
In one series of tests the caulking material in the female section is sup­
plied by the panel manufacturer. In other tests, this caulking is replaced 
by other caulking compounds. · 

Leak Path Description: The lea.kage occurs through the interface between 
metal and caulking compound, if dimpling is used • 

Manufacturer and Type: 

H. H;. Robertson Company; M-:-type Q panel, Section No. 8 and RP-545 
caulking ma teriat . 

Martin-Marietta Company, · Presstit'e Division; Permagum sealing 
compound No. 576 . 1 (1-1/Z·~in. tape )' . 

Martin-Marietta Company, Presstite . Division) Structureseal, poly-
sulfide caulking compou~d, No. 117 6'. 5. · 

l~DiI~r . '~ " ~; .. ' ... I jY0)1t~'~it%/O;A I A 
, ._.,• .... ,•.. < ,. ;.:.;,,.~""~ u' o' .• ,.~ . f > f 

Empirical Constantsi Value for 1 ft 

Test 

Single layer RP-545, no dimple 
[See LDS C-4(l)J 

Single layer RP-545, dimpled 6-in • 
centers. [See LDS C -4( ~ )J 

NAA-SR-10100 

III-319 

A 

-3 3.lxlO 

-3 
6.8 x 10 

J2. 

7.3 x 10- 3 

5.7 x 10- 3 

1 71< 

Preceding page blank 



ATOMICS INTE~TIONAL 
A Dil'ilion of' .\orlh 4mPrinm A.1•i111inn Int'. 

LEAKAGE DATA SHEET 

Test 

Single layer RP-545, dimpled 3-in. 
centers: 

Double layer RP-545, no dimple: 

No. C-3(3) 

A .a 
-3 -4 

l.5xl0 2.7xl0 
-6 -6 0.4xl0 2.8xl0 

Page 
2 of,3 

Single layer polysulphide, no 
dimple (full female section): 

-9 I 10 cfm ft at 20-in. water 

1- by 1/4-in. layer Permagum, 
no dimple: 

1- by 1/4-in. layer Permagum, 
dimpled 10-in. centers: 

pressure 

·10- 9 cfm/ft at 20-in. water 
pressure 

-7 
5.4x 10 0 

Applicable Pressure Range: The test .data should be usable to 20-in. 
water pressure. However, at higher pressures, the metal panels in a 
full-scale structure will deform and cause increased leakage through the 
joint. 

tfiJ~~fr t2~;f 1)1$~'il ...... 0 .. &,·...... ... . ....... • fa• 

As shown in the various tests of edge lap joints, the single bead of 
caulking, installed in the fernale part of an edge lap by the nianufacturer, 
is not sufficient to seal thi!;! joint. An increased amount. of caulking, to 
fill the female part, will reduce the leakage rate by at least a factor of 
1000. The use of sheet metal screws or closely spaced dimples in the 
assembled joint will reduce the leakage but, in some cases, can actually 
increase the leakage rate. Continuous cr"iinping of the assembled joint 
will produce a tight configuration. The use of nonresilient-type caulking 
materials such as Permagum or two-part polysulfide polymers wiH 
reduce the leakage to nonmeasurable rates at 20-in. water pressure 
differential if joints have rigid backing. 

New male panels should be designed which have a longer protrusion into 
the female lip, thus enhancing the likelihood of a seal with the caulking 
layers previously placed there. 

For further comments, see LDS C-3 (2). Limitations, page 2 of~. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A /)il'i•irm o/' Nortli A"1rrimra Adn1in11 foe. 

LEAKAGE DATA SHEET Figure C-3(3) Page 
3 of 3 

SEAL EDGE WITH 
EPOXY RESIN 
ALL AROUND 

WELDED ANGLE 
FRAME 

: 

0 

-----, 
I 
I 
I 

18-IN. DIAM STEEL 
BLIND FLANGE 

I,, ' ' d: DIMPLE SPACING , .. 

I 
I 
I 
I 
l 

' ______ ,J 

0 

TOP PLAN 
' . 

EPOXY RESIN ALL AROUND 
TEST SPECIM

0

EN 

1B IN. ID PRESSURE VESSEL 

SECTION 

NAA-SR...: 10100 

W-321 

0 

1- TEST SPECIMEN FRAME 

t.7:-i< 

TEST SPECIMEN: 
11-1/2 IN. EDGE LAP OF 
H. H. ROBERTSON CO. "M" 
TYPE "Q" PANEL SECT. 
NO. B 
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ATOMICS INTE'l~ATIONAL 
.-4 /Jfri~im1 tf .\ortli ·tmf'rirtm Al'itllimr /11r. 

LEAKAGE DATA SHEET 

(t:.§iii*~·:9i~"iT1 
End Laps 

fff M:7K~1$lij 

Leak rate evaluation and improvement 

1 BriI r .... :$: e~'~if•r:;~:•:i§EqJ8J f~r11oij1 

Test and Mounting Design: See Figure C-4( l ). 

No. C-4(1) Page 
1 of 3 

Description of Specimen: The specimen consists of 11-1/2 in. of the flat 
inner panel of a 2- panel assembly . 

Test 1: Th_e end lap is caulked with 11 Presstite11 caulking tape, rolled into 
a 3/8-diameter rope to simulate a caulking gun, and the two members are · 
attached to a girt with sheet metal screws through the lap on 10-in. cen­
te rs . The caulking compound spread s over a width of 1-1/2 in. when the 
two metals are compressed. 

Test 2: The end lap contains Robertson RP-545. 

Leak Path Description: The leakage occurs between the caulking mate­
rial and the metal surfaces as well as around the sheet metal screws. 

Manufacturers and Type: 

H. H. Robertson Company; M-type 0-panel, Section No. 8 (inner panel). 

Martin-Marietta Company, Presstite Division; Permagum sealing com­
pound No. 576.1 (1-1/2-in. tape). 

lih .. ftA1< ::/(s' ~ -r~D A 1 ~ I 

Empi r ic al Cons t a nts: 

Test 1: This specimen leaks less than 10- 9 cfm/ft of lap at 20 in. of 
water pressure with two sheet metal screws at 10-in. centers centrally 

, located in the lap. . 

NAA-SR-10100 

III-323 

Preceding page bf ank 
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ATOMICS INTE~TIONAL 
A /Ji1 ·i•i1m r>/' .\"orrli Arnrri .. ,111 .41'iriliorr lru·. 

LEAKAGE DATA SHEET No. C-4(1) Page 
2 of 3 

Test 2: This specimen leaks less than 10- 9 c;fm/ft of lap at 20 in. of 
water pressure; however, the caulking is forced out of the end lap, 
resulting in large leakage rates during extended testing periods, 

Applicable Pressure Range: Permagum has been tested to 20-in. water 
pressure and has maintained its integrity over a 24-hr period. 

r "~ 1111~~~'lf4··'1r~ ;1" ,~10i;t\~, r')'; \ ~ '• ~ ~ • '..-m•~, .• -.. ~ •.• < 

The Presstite product was tested to determine the minimum distance 
needed for sheet metal screws for a satisfactory leak rate. The RP-545 
product flowed at higher pressures with 10-in. sheet metal scl'ew spacing. 

NAA-SR-10100 
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ATOMICS INm~TIONAL 
.4 Oit•i.W.1 of Ntwlh A*<!rimn Avintit111 Inc 

LEAKAGE DATA SHEET Figure C-4(1) Page 
3 of 3 

SEAL EDGE WITH 
THIOKOL CAULKING 1 a• 
ALL AROUND 

WELDED ANGLE 
FRAME 

0 

TOP PLAN 

THIOKOL CAULKING, ALL 
AROUND TEST SPECIMEN 

SHEET METAL 
SCREWS 

18-IN. DIAM STt:;EL 
BLIND FLANGE 

0 

... r TEST SPECIMEN 
FRAME 

TEST SPECIMEN: 
11-1/2-IN. END LAP OF 
H. H. lllOBERTSON CO. 
"M" TYPE "Q'' PANEL 
SECT. NO.B 

GIRT 

... ...._ ________ 18-IN. 10 PRESSURE VESSEL ----------.i 

SECTION 

NAA-SR-10100 

III-325 
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ATOMICS INTE~TIONAL 
A /lir'i•im1 11( /llor1/1 AinPrim11 .~1·it11io11 "''" 

LEAKAGE DATA SHEET 

lllllllllilJ ;~: ~~ :~. : {· -~- ~ 

End Laps 

IDlllM1 
Leak rate evaluation and improvement 

Test and Mounting Design: See Figure C-4(2). 

No. C-4(2) Pag~ 
l 0£ 13 

Description of Spe.cimen: The specimen consists of two metal panels, a 
flat inner panel , and a fluted outer panel, assembled so that series leak­
age occurs through both panel end laps. There is a 22-in. end lap in each 
panel. Caulking material is placed in the joint between the two metal sec­
tions at the end lap and then the metal pieces are assembled with sheet 
metal screws on 6-in. centers to form the test panels. Two types of 
caulking material, both supplied by the manufacturer, were tested. 

Leak Path Description: In both tests, the leakage occurred between the 
caulking and the metal surfaces as well as around the sheet metal screws. 

Manufacturer and Type: H. H. Robertson; M-type Q-panel, Section No. 3 
(outer panel) and Section No. 8 (inner panel); black oil base caulking rope; 
and RP 545 caulking compound . 

['--~-) ;;:;::::JL:JC< 

Empirical Constants: Value for 1 ft 

Dual Panel Tests: 

End Lap Type 

Oil base caulking rope: 

RP-545: 

A -
1.4 x l 0 

8.2 x 10 

NAA-SR-10100 
lII-327 

-3 

-5 

B 

1.1 x 10 -3 

0 

1. 77-· 
Preceding page blank 



ATOMICS INTE~TIONAL 
A Vil'i•im1 of f\for1/1 Ain~rin111 Avia1im1 Int'. 

LEAKAGE DATA SHEET No. C-4(2) 
Page 
l. of 3 

Since both panels are sealed in the mounting frame, the total leakage is 
dependent on the leakage through two joints in series. The leakage coeffi­
cients for a single pa~el end lap are calculated and presented below. 

Single Panel Tests: cfm/ft with two sheet metal screws 

End Lap Type 

Oil base caulking rope: 

RP-545: 

A 

2.8 x 10- 3 

1.6 x 10-4 

B 

1.7xl0- 3 

0 

AppFcable P res sure Range The test data should be usable to 5-in. water 
pressure. At higher pressures, the sheet metal may tend to deform and 
open the end laps, causing increased leakage. 

IMl1il«flU 
The leakage coefficients were determined with the sheet metal screws 
passing through the caulking in the joint. If the caulking is not applied so 
that the screw holes are filled, the leak.age around the base screws will be 
larger than tested and these coefficients will be incorrect. It is important 
that the manual application of caulking in the end lap results in a properly 
positioned caulk. 

l!~t1:~iffji1iifC11w~4 . . . . -~~- . :Jt~ ........ ,. s:;, .YfL,_ , 

As in other tests of metal panel joints, the use of nonresilient caulking 
materials or adhesive polysulfide polymers will reduce the leakage by 
orders of magnitude. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Oit·i1io11 o.f N11rt/1 Arllf!ricr111 A~in1in11 Inc. 

LEAKAGE DATA SHEET 
.. 

Figure c .. 4(Z) Page 
3 of 3 

TEST SPECIMEN ANGLE FRAME 

, ._:~---- A I 241N. ......... ~1 

- ~--~-r-~----~tT--~ 
I I I 
I I I 
I 

I I 
I 
I I 
I I 
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I 
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' I 
I 
I 
I 
I 
I 
I 
I 

- k::' ___ l __ ,_ - _!.._...!_ - -· -

A 

FRONT 

SHEET METAL SCREWS AT CENTER· 
LINE OF EACH LOW FLUTE. FIVE 
REQUIRED PER 24 IN. PANEL WIDTH 
IAT ENO LAP) 

TEST FIXTURE 
MOUNTING PLATE 

" I '!. I ~ 
I 
I 
I 

I I 
I 

I I 
I 
I 

.!.--~ 

EPOXY RESIN 
SEALER ALL 
AROUND 

ONE ENO LAP 24 IN • 
LONG IN EACH SEC· 
TION. CAULK 
BETWEEN METAL 
SURFACES AT ENO 
LAP PRIOR TO 
FASTENING. 

HORIZONTAL SECTION B-B 

NAA-SR-10100 

Ill-3Z9 

VERTICAL SECTION A-A 

TEST SPECIMEN: 
H. H. ROBERTSON 
"M" TYPE "Q" PANEL 
SECTION NO. 3 
SECT ION NO. 8 
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ATOMICS INTE~TIONAL 
A /lil'isim1 o/' .\'11r1/1 A1nrrim11 .41·i111ior1 1111'. 

LEAKAGE DATA SHEET 

End- Edge Lap Intersection 

lt11tWJ 
Leak rate evaluation and improvement 

r1a1ia1&1_-- -_.,,,1111111n1m fil: ~ . ·.,,·;.' - -~?~ ,_ ; .... ; - _· ;. j~ ' ':':" . . ;. . ·~ ' \ __ .: .· { } ' . . 

Test and Mounting Design: See Figure C- 5(1 ). 

No. C-5(1) 
Page 
1 of 3 

Des:cdption of Specimen: The specimen consists of a 2- by 4.-ft dual panel 
sec t ion consisting of flat inner panels and fluted outer panels arranged so 
that there are two end...:lap - edge-lap configurations in series. In the first 
test, RP-545 caulking material is used in the end laps, and the edge laps 
are filled with caulking material supplied by the manufacturer. In the 
second test, the intersection is dimpled to form a tight joint. 

Leak P ath Desc r iption: The leakage occurs between caulking material and 
m etal inHtbe fou r e dge- lap folds which form the intersection. 

Manufacturer and Type: H. H. Robertson Company; M-type ,Q-panel, 
Section No. 8 (flat inner panel), Section No. 3 (fluted outer p,anel), and 
RP-545 caulking material. 

Since the test panel contains edge and end-lap leakage paths as well as 
intersection leak paths, the leakage through the intersection is the dif­

- -J er enc e -b-e tw e e if tln~- c om pl et e- sp-e-ctrrren--1 e aka-ge- and-the--sum -of- the-end­
edg e lap leakage . 

Empirical Constants: Value for one intersection 

Dual Panel Tests: 

~ 
Manufacturer's caulking, no dimple: 

Manufacturer's caulking, dimpled 
at intersection: 

A 
- -3 

8.2 x 10 

-3 8.2 x 10 

Ji. 
1.9 x lo:- 3 

-3 1.5 x 10 

NAA-SR-10100 
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LEAKAGE DATA SHEET No. C-5(1) Page 
2 of 3 

Since there are two intersections in series, the leakage through a single 
panel intersection joint was calculated and is given below. 

Single Panel Test: 

~ 
Manufacturer's caulking, no dimple: 

Manufacturer's caulking, dimpled at 
intersection: 

A 

16 x 10- 3 

16 x lo- 3 

B 
- -3 

2.7 x 10 

2.1 x 10- 3 

Applicable Pressure Ran~e: The specimen was tested to 3-in. water pres­
b t the data should e usable to 5-in. water pressure in a large · 

building. __ ,, __ 
Since there are many layers of metal at the intersection, it is. difficult to 
make a tight joint even though caulking is used. If special care is not 
taken in the field, this joint will be less tight and will leak more. Above 
5-in. pressure, the structure will deform and change the degree of tight­
ness in the joints which are tested. 

NAA-SR-10100 
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ATOMICS INTE~ONAL 
A Dil•ilion of Nu,.,li A..,.iam Aviorioo Inc. 

LEAKAGE DATA SHEET Figure C-5(1) Page 
3 of 3 

A-, 
l'l\ • """ !ii I T - n - 1 ;..y' 
I ~ ~ :i: I I 
I th I I 
1

1 
1
1

11 
I ~ I 

~ I 
I :11 I 
I 111 I 
I I I 

48 IN. I I 1,1 I 

I '•L I ~ I .... -- ---, ,__--------th 
m.-- + + 111 + + - -

.$. 1h 1 
- .. "I ·1 

e I '1' I e 
I 

1
1 I 

I . I rl1 l 
1. I 111 I 
' I ,1 I 
I· ' I 1111 I 
I I I 
I 1 111 I 

111 I 
1 

1 
111 I r 

I : 111 
1 , 111 , r 
I ,_ iii I 

--'--IY---L~ ~~LL-L-~~~---\lJ 
A--1 -' - 24 IN • 

EPOXY RESIN 
SEALER, ALL 
AROUND 

ONE END LAP· 
24 IN. LONG. IN 
EACH SECTION 
CAULK BETWEEN 
METAL SURFACES 
AT END LAP 
PRIOR TO 
FASTENING . 

TEST 
SPECIMEN 
ANGLE 
FRAME 

'• <II 
II: :r 
<1-
111< 
.J A. 

FRONT VERTICAL SECTION A-A 

SHEET METAL. SCREWS AT 
CENTERLINE 01" EACH 
LOW FLUTE (AT ENO LAP!. 
FIVE REQ'D PER 24-IN. 
PANEL WIDTH 

TEST FIXTURE 
MOUNTING PLATE 

ONE &:OGE LAP, 40 IN. LONG IN EACH 
SECTION. CAULK FEMALE PORTION 
PRIOR TO ASSEMBLY. PANELS 
DIMPLED TOGETHER AT END 
LAP- EDGE LAP INTERSECTION. 

' LEAK PATHS .. 

1- MOUNTING CLAMPS - 1 

TEST SPECIMEN: 
H. H. ROBERTSON CO, 
"M" TYPE "Q" PANEL 
SECT ION NO. 3 
SECTION NO. 8 

HORIZONTAL SECTIONS B-B (ROTATED 180°) 

NAA-SR-10100 
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LEAKAGE DATA SHEET No. C-5(2) 
Page 
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End-Edge Lap Intersection 

ram• 
Leak rate evaluation and improvement 

?W.:.l!ttw£11'~-··=11y~11•1~-· lllf\i;2f :iT~ir:iBjC,l<YG:~AiC 

Test and Mounting Design: See Figure C-5(2). 

Description of Specimen: The specimen consists of four panels containing 
end-lap joints assemble d to form a 6- by 6-ft panel with three edge laps. 
The end laps and edge laps are caulked with Car Seam Sealer before as­
sembiy. The panels are assembled so that the end lap can be fastened to a 
girt with neoprene washers and sheet metal screws on 4-in. centers. The 
edge laps are back-caulked with Car Seam Sealer and then are crimped 
continuously. In order to determine the leakage through the intersection, 
the leakage is measured for the specimen and is measured again after 
the intersections are sealed tight by means of a polysulfide material. 

Leak Path Description: The leakage occurs between the caulking and 
metal; it is possible that, at the intersection where four panels overlap, 
the caulking material has been squeezed out and the leakage occurs be­
tween metal and metal surfaces. 

Manufacturer and Type: 

H. H . . Robertson Co. ; M-type Q-pane l, Section No. 8 (flat inner panel) 
Minnesota Mining and Manufacturing Co.; Car Seam Seale r caulking 

compound 

•• ,.,~~wr1~·1 ~. ~ ) :-: '.~ . .. -::;'i~~~.;~ •, '" ·~=~ (.·~~ri? ~ 

Empirical Constants: Value for one intersection 

Test A 

Edge lap back caulked and crimped 
continuously, end lap attach ed to 
girt: -3 

7 .4 x 10 

NAA-SR-10100 
III-335 
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ATOMICS INTE~TIONAL 
.4 l>frisim1 of .'\'nrth AinPriam Ari111i1111 "''" 

LEAKAGE DATA SHEET No. C-5(2) 
Page 
2 of 3 

Applic able Pressure Range : The test data should be usable to 5-in. water 
pressure. A t higher pressures, the sheet metal panels will deform and 
increase the rate of leakage through this joint. 

MilIBilllllB ... ..... t:,m ... _. __ =-:;t:. ... , o;,: .•• __ , ·~ -~ 

The assem~ly of four panels to construct a tight joint where they 
overlap is difficult and requires much care. If the joint is not made care­
fully, this can be a source of large leakage. 

--~--- :(' . >; ~ ' ~~ ',. • ~·· t' v..l :..:: . ... 

The joint where tour panels meet could be sealed more tightly by 
substituting a polysulfide or polybutene adhesive caulking material in 
the edge laps at the panel end. 

NAA-SR- 10100 
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ATOMICS INTE~TIONAL 
.4 l>i1·i1i<N1 of ,/11,,,.1/1 A111rrirr111 Avinti1N1 Inc . 

LEAKAGE DATA SHEET Figure C-S(Z) 

TEST SPHERE DIAPHRAGM 

MOUNTING CLAMP (TYP) 

~. WELDED TEST SPECIMEN 

VERTICAL SECTION 

MOUNTING FRAME 

TEST SPECIMEN MOUNTED TO FRAME IN CONTINUOUS 
BED OF CAULKING AND FASTENED WITH .SHEET 
METAL SCREWS ANO NEOPRENE WASHERS AT 4-IN. OC 
ALL AROUND 

TEST SPECIMEN: H. H. ROBERTSON "M,. TYPE "Q" 
PANELS, SECTION NO. 8 

&-FT END LAP AT GIRT. CAULK BETWEEN PANELS AND 
FASTEN TO GIRT WITH 5 SHEET METAL SCREWS PER 
24-IN PANEL WIDTH • 

HORIZONTAL SECTION 

END LAP - EDGE LAP INTERSECTION - GENERAL TEST ARRANGEMENT 

Page 
3 0£ 3 

CAULK FEMALE PORTION OF EDGE LAP ANO 
FULL FACE BETWEEN PANELS AT END LAP 
PRIOR TO ASSEMBLY 

LEAK PATH_ 

GIRT;) ,_ 

V. Q N I 

" ~ 

ENLARGED VIEW - END LAP - EDGE LAP INTERSECTION 
(THREE INTERSECTIONS PER TEST SPECIMEN) 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A /Ji1·i•im1 of' .'l/ortli Arnrrirrm .41•irc1im1 ''"" 

LEAKAGE DATA SHEET 

1911\tfill:!fl 
Flashing, Sheet Metal 

hPi~t·;~g 

Leak rate evaluation and improvement 

Test and Mounting Design: See Figure C-6. 

No. C-6 
Page 
l of 3 

Descriptio n of Specimen: The specimen consists of two 1-ft lengths of 
18-gage metal flashing with 90° bonds. The unit is held together with 
sheet metal screws on either 10- or 5-in. centers. The void between 
t.hc flashing is filled with various caulking material!il. The assembly is 
mounted on the test plate with thiokol caulking compound which does not 
leak. 

Leak Path Descr iption: The leakage occurs between the two metal faces 
an d the caulking compound as well as around the sheet metal screws. 

Manufacturer and Type: H. H. Robertson Company; Caulking compound 
RP-545, Permagum . 

lltjl}itif~i-ffj't~~1 

Empirical Constants: Value for 1 ft 

The leakage coefficients per foot of flashing joint are presented below: 

Test A ~ 

RP-545, two sheet metal screws on 
10- in. centers: 

Permagum 576, on 10-in centers : 

Three sheet metal screws on 5-in. 
centers with RP-545: 

l x 10-5 

1 x 10-9 

-5 1.3 x 10 

0 

0 

0 

Applicable Pressure Range : The test data are applicable to 25-in. water 
pressure fo r tl1 e small area tested. At higher pressures (and with larger 
areas between rigid frames) the sheet metal will deform and increase the 
leakage rate . 

NAA-SR-10100 
Ill-339 

Preceding pap blank 
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A l>irimH1 of .''ltirth AntNinm Al'i111im1 for. 

LEAKAGE DATA SHEET 
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No. C-6 Page 
2 of 3 

A thick layer of caulking materials is required to compensate for irregu­
larities in the flashing created by the use of sheet metal screws. Thinner 
layers could be used if stiffening bars are used to prevent these ripples. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Oil'isio11 of' Nortli Americma Avi111io11 Inc. 

LEAKAGE DATA SHEET Figure C-6 Page 
3 of 3 

END SEALED WITH 
TAPE AND CAULK ITVP) 

TEST NO. 1: 
1/4-IN. DIAM CAULK 3EAD 

3ETWEEN FLASHING 
2 SHEET METAL SCREWS WITH 

WASHERS AT 10-IN. OC 

TEST NO , 2: 
1/4-IN . DIAM CAULK 3EAD 

3ETWEEN FLASHING. 
3 SHEET METAL SCREWS WITH 

WASHERS AT 5-IN. OC 

TEST NO. 3: 
1/ 4 • 1-IN. RU33ER SEAL STRIP 

BETWEEN FLASHING. 
2 SHEC:T METAL SCREWS WITH 

WASHERS AT 10-IN. OC 

LEAK PATH 

i:----· ---1--1 
'T I 
I I 

I , 1-IN. I 
( VARIES FLASHIN·-' f 

I l JOINT I 

I l I : I 

l_____ -- __ J 

TOP PLAN 

l!J-IN. DIAM• 1/4-IN. 
DIAPHRAGM PL"-T~ 

\ - SEAL FILLER 3ETWEEN FLASHING VARIES 

TE SHEET MFTAL SC:REWS 

1B-GAGE SHEET METAL FLASHING 
4 IN. 

I 11 >< 11-.IN. OPENING IN ----­
DIA.E'HR__e.QM_PL,ATE: _ 

1B-IN. ID PRESSURE VESSEL 

SECTION 

NAA-SR- 10100 
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ATOMICS INTE~'OONAL 
A /liri.<io11 nf' l\'11rtl1 Amerim11 Aviatin11 Irie. 

LEAKAGE DATA SHEET 

-~,-~, :;:;; c:;;~{ 
Frame Angle Inserts 

1Wtf:l1i1~~1 ;c. :;;:; 

No. C-7 
Page 
1 of 3 

Determina~ion of ~ sealing method of r e ducing the leakage rate between an 
angle and sheet metal such as at the curb or frame inserts • 

Test and Mounting Design: See Figure C-7. 

Description of Specimen: The joint is represented by an angle 3 by 3 by 
1/4 in. by 12 in. long and one foot of 18-gage sheet metal in which various 
compounds are placed between the angle and sheet metal. 

Installation Procedure: The specimen is mounted on the testing plate by 
use of a thiokol. 

Leak Path Description: Since all exposed surfaces (except the test area) 
are covered with thiokol, the leak path is considered to be between the 
angle and sheet metal. 

~~~~~t3 \.,,_: =- A::ii.C±>~; 
Leakage Rates: Air leakage is n ot detectable for the following three tests 

(as sume coe fficient A = l0-9): . 

Test 1: 1/4-in. diam caulk bead (H. H. Robertson, RP-545) is placed 
between the sheet metal and angle. Two sheet metal screws 
( 10 in. apart) with neoprene rubber washers are used to fasten 
the sheet metal to the angle. · 

Te s t 2: Same as Test 1, except screws are placed 5 in. apart. 

Test 3: 1/4-by 1-in. rubber seal strip is c aulked on both sides with 
caulking (Permagum) and fastened between the sheet metal and 
angle with sheet metal screws 10 in. apart. 

Air· leakage was detectable for Test 4. Test 3 was repeated witho.ut 
caulking; it showed a leak rate of greater than 1 cfm/ ft of joint. 

NAA-SR-10100 
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ATOMICS INTE~ONAL 
,f Di1·i•iu11 of ,'\i11r1h .4111erim11 .4ui111i1111 [iu ,, 

LEAKAGE DATA SHEET 

lf•wu~p.~9 " _yJ----~:' !> "'* r.•~W. -, ~:. : 

No. C-7 
Page 
2 of 3 

Rubber by itself is not satisfactory to reduce the leakage when U:sed as 
a sealer between two thin pieces of metal or between thin metal and a.n 
angle. As the screws are tightened, the metal ripples and voids appear 
between the rubber and metal midway between the screws. 

lltma"IEIJll 
Caulking should be polyvinyl sulphide or polybutene. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Dil'i•io11 ~{ NnTt/1 Ameriam A~in1im1 l11c. 

LEAKAGE DATA SHEET Figure C-7 
Page 
3 of 3 

18·1N. DIAM x 1/4-IN, 
DIAPHRAGM PLATE 

~NO SEALED WITH TAPE 
AND CAULK ITYP) 

TEST NO. 1: 
1/4-IN. DIAM CAULK BEAD 

BETWEEN SHEET METAL 
AND ANGLE 

2 SHEET METAL SCREWS WITH 
, WASHERS AT 10-IN. OC 

TEST NO. 2: 
1/4-IN, DIAM CAULK BEAD 

BETWEEN SHEET METAL 
AND ANGLE 

3 SHEET METAL SCREWS WITH 
WASHERS AT 5-IN. OC 

TEST NO . 3: 
1/4 x 1·1N. RUBBER SEAL STRIP 

BETWEEN SHEET METAL ANO 
ANGLE 

2 SHEET METAL SCREWS WITH 
WASHERS AT 10·1N. OC 

LEAK PATH ' 

ANGLE 3 x 3 x 1/4 x 12·1N. LONG 

"O" RING SEAL 
(CONTINUOUS) 

Ill K4l'? 

r-
1 
I 
I 
I 
I 
I 
I 
I 
L--

----1-1 

T11-tN. I 
JOINT 
LENGTH 

I"' I !· 
______ J 

TOP PLAN 

SEAL FILLER BETWEEN SHEET 
METAL VARIES 

18·GAGE SHEET METAL 

THIOKOL CAULKING EDGE 
SEAL ALL AROUND . 

18·1N, ID PRESSURE VESSEL 

SECTION 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Oirisim1 of .\'11r1/1 Amrrh~111 .41'i111im1 lrit'. 

LEAKAGE DATA SHEET 

--
Sill Angle to Wall Pan~l 

llitieilt1 
Leak rate evaluation and improvement 

llill1Wllltllt1Dlilll'iltlll :~ -" a~!> ; : .. ~· ... ...... -~ ·. ·. ~. _/:: . ... ,~ . ·- --. ···. - . .. , -~:g _. .. ~: . ~~ . ~;: 

Test and Mounting Design: See Figure C-8a. 

No. C-8 
Page 
l of 5 

D e scription of Specimen: The tested specimen consists of t_he inner 
Robertson panel and a curb angle. The curb angle is adjacent to another 
angle which simulated a concrete curb (assumed treated to a smoothness 
approximating that of the lower angle). The first test consisted of stand­
ard practices where no caulking was used. The others can be seen'in the 
design shown in Figure C-8a. 

Leak Path Description: The leakage can occur between the curb angle and 
the metal siding or between the curb angle and the angle which simulates 
thP. c.nnc.retP., ThP. ac.c.ompanying ciata re.present the leakage at the curb, 
and therefore leakage through concrete or leakage between concrete and 
the rubber or mastic on the curb angle must be estimated by other tests. 
Leak data for the latter are described in LDS B-3 • 

Leakage also occurs at the following places for each individual test: 

Test 1: a) at weld imperfections 

b) through the bolt holes 

Test 2: a) through the sheet metal screws at curb angle to metal sid­
-- - --- - ---------- - --ing-conne-ction-----

Test 3: a) around or through the mastic and neoprene strip 

b) through bolt holes and sheet metal screws which go through 
the metal 

Manufacturer and Type: 

H. H. Robertson, Pittsburgh, Pa.; Siding, M-type Q-panel, Section 8. 
Manufacturer unknown; proprietory mastic, RP- 545. 
Hamilton Rubber Mfg. Co. ; rubber seal. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
.4 /Jfri .. im1 of' .\"11r1/1 Ainrrimra Avir11in11 lru'. 

LEAKAGE DATA SHEET No. C-8 

Description: 

a) Metal panel: flat interior, 18-gage, zinc-coated steel. 

Page 
2 of 5 

b) Mastic: RP- 545, no information available, proprietory mastic. 

c) Gasket: rubber strips, durometer hardness 55-65, average tensile 
strength 1300, composition not known. 

Application Method: A caulk ing gun is normally used to apply the mastic 
to the fixed surface. The cur b angle i s placed on top of m a s tic o r rubber 
gasket and bolted in place . Sinc e a n ch o r bolts are u sually placed in the 
footing, the mastic or the rubbe r gasket would be placed a lon g the plane 
connecting the bolts. The diameter of the caulking roll s hould be at least 
3 / 8 in. to insure a compre s sed area coverage of,_. ! in. 2 with a 0.1-in. 
thickness of caulking material betwe en the two surfaces. In actual prac­
tice the concrete surface at the curb angl e should b e p resealed with a 
membrane coating. 

--\~i:SI ==·j;=.:,:; 
Range: 0 to 10 in. of water, 2-ft length tested. 

Coefficient: Value for 1 ft of curb 

Leakage Coefficients: (See Figure C-8b for graph.) 

Test A. B 

1 0.62 1.2 

2 0.41 0.1 

3 

See LDS C-7 

2.5 x 10-4 
10-9 

0 

0 

Extrafuolations: B eca u se o f the rigidness of the curb angle, it i s s uggested 
t hat t e se data be ex t r apolated to only 20 in. of water, a t which pressur e 
(de pending on joint s i ze) t h e mastic will flow across the s u rfac e s that it 
bridges and i·upture . The deduced leakage from a curb detail compo sed of 
the curb angle to floor joinery o f Test 1 and the curb angl e t o wall joine ry 
of Test 2 is the sum of the coefficients of Tests l and 2. T hus, cfm/ft = 
l.03P + l.37Pl/2. This assumes little or no leakage between t he remain­
ing leak paths of Test s l and 2 except those used i n t he c alculation of the 
leak equation. This equation would be quite applicabl e as a lower lim it 
even if concrete were us ed in Test l. 

NAA-SR-10100 
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ATOMICS INTE~t\TIONAL 
A /lil'i .. i<m of Nor1/1 . .frnrrim11 A1•i111io11 Im-. 

LEAKAGE DATA SHEET 

tlililltit11 

No. C-8 
Page 
3 of 5 

1) The tested components did not include the intersection between two 
metal panels, at an edge lap, with the curb angle. To eliminate leakage 
at this joint, the space between these panels must be back-filled with 
mastic in the interior of the building to as sure a continuous seal between\ 
the curb angle and the joint. 

2) The mastic must also be applied in the same manner in the corners of 
buildings where the curtain wall flashing and the curb angle join . 

3) Sealing materials composed of oil-based compounds should be avoided 
since these compounds have a tendency to flow even at reduced pres­
sures and have a tendency to change characteristics under certain 
atmospheric conditions. The nonskinning, nonresilient caulking com­
pounds remain indefinitely uncured, permanently tacky, and are 
recommended . 

4) Test 3 can be improved by replacing the rubber-type gasket with a non­
resilient, nonskinning compound or a two-part rubber resilient com­
pound such as polysulfide. The rubber gasket generally relies on pres­
sure for sealing and does not adjust properly to the irregularities in 
concrete. The caulking material between the metal siding and curb 
angle or concrete and curb angle can be either resilient or nonresilient 
in preformed shapes or a bulk mastic. 

5) All leak paths through sheet metal screws and bolts can be reduced by 
using neoprene gaskets under metal washers. See LDS D-1. 

6) Aging, weathering, and other characteristics that the seal~ng materials 
must meet for long-life reliability are found in the Append~ • 

--
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1/16 CONT. 

TEST NO. I 
(LONGITUDINAL SECTION AT CURB) 

BOLT OR SHEET 
METAL SCREW 
AT CENTERLINE 
OF LOW FLUTES 7.'"t :tH WV 
(5REQ'Dl ~ 

TEST NO. 3 

EPOXY 
RESIN 
(TYPICAL 
SIDES AND 
TOPI 

BDL T OR SHEET 
METAL SCREW 
AT CENTERLll'IE 
OF LOW FLUTES 
(5 REQ'D APPROX 
15-IN. OF CENTER) 

(LONGITUDINAL SECTION AT CURB) 

2 IN , 

TEST NO. 2 
(LONGITUDINAL SECTION) 

+----+DENOTES LEAK PATHS 

SEE LONGITUDINAL SECTIONS FOR METHODS OF 
FASTENING WALL PANEL TO CURB ANGLE 

3 IN. 
lTyp) 

I 4 EQUAL SPACES --1-----l 

TYPICAL HORIZONTAL SECTION~ 
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Gaskets, Rubber 
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No. D-1 ( 1) Pag~ 
1 of 3 

Determine the leakage characteristics of neoprene rubber gaskets as a 
function of gasket deformation 

Test and Mounting Design: See Figure D-1 ( 1) 

Description of Specimen: The test jig for testing the leakage of air through 
this gasket consists of a channel 1-1/2 in. wide to hold the gasket stock 
arra~ged in a rectangle 2 by 4 ft in size. The sealing edge consists of a 
l / 2-iri. bar shaped to fit within the channel. The sealing edge is forced 
into the rubber gasket by tightening a number of bolts which are arranged 
around the test jig. The zero deformation setting is determined by 
tightening these bolts until the sealing edge is just making contact along 
the total length of gasket. The gasket is held in the channel and the 
corners are sealed with rubber cement. 

Manufacturer and Tyte: Crown Products Co.; 1/4 by 1/2-in. neoprene 
gasket of durometer 6. 

(fml~lilifii~~-~:·~~, ;=: <:: = ~=~4,..:f.l~ 

Empirical Constants: Value for 12 ft of gasket 

Deformation 
(fo:) . 

0.035 
0.075 
0.112 
0.150 
0.189 

Closure 
- Pressure 

(psi) 

75 
200 
335 
510 
720 

NAA-SR-10100 
Ill-403 

Leak Rate Coefficients 

A B 

0.13 0.034 
0.043 0.0~7 
0.010 o.ozs 
0.0042 0.011 
0.0009 J 0.0036 

PrA~Adina Hga hl3nll 
• • VVVMlllb f"~ V UI Ill\ 
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A softer rubber and a knife-edge bearing surface should be used where 
minimum leak rates are required and sufficient closul'e pressures are not 
available. 
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.,___ 21 IN. 

0 0 0 

0 0 

0 4!1 IN. 
47 IN. 

0 

0 0 

0 0 0 

PLAN 

STIFFENER~ 

Jill·~ TYP 
1 

SECTION 

BEARING EDGE FRAME 

MOUNTING ASSEMBLY 

NAA-SR-10100 
TTT An"' ......... -~u;., 

Figure D-1 ( 1) 
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1-1/2 >< 2-IN. RUBBER GASKET 
ALL AROUND 

Ber<TYP k'" 

SECTION 

GASKET FRAME 

200< 
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High-Temperature Gasket Materials 

-·--
Determination of air leakage through high-temperature gasket materials 

Test and Mounting Design: See Figure D-1(2) 

Installation Procedure: The gasket materials are clamped in a device 
which simulates.a closure: a gasket channel and knife edge. The knife 
edge compresses the gasket in the channel by means of calibrated springs . 
The springs and gasket are kept at a constant pres sure for each test run. 
The specimens are tested with differential pressures up to 3 psig and 
compression forces of 10, 20, and 25 lb/linear in. All leak paths (except 
through gasket) are sealed with Thiokol. 

Description of Specimen: ( 1) The Johns-Manville packing is composed of 
a core of loosely woven Inconel. This is covered with asbestos fibers 
which are coated with an Inconel foil. The outer layer is composed of fine 
nomel wires tightly braided to produce a finished packing. A 6-in. speci­
men was tested. (2) The Fiberfax ceramic fiber is made into a flexible 
1I2-in~ rope. A 5-in. specimen was tested. 

Manufacturer: Inconel - asbestos gasket by Johns-Manville. Ceramic 
rope by the Carborundum Company. 

----Md 
Empirical Constants: Value for 1-in. length 

Inconel - asbestos packing: 

1) Using a 10 lb/linear in. closing force 
A= 0.013 B = 0.076 

2) Using a 20 lb/linear in. closing force 
A= 0.013 B = 0.076 

3) Using a 25 lb/linear in. closing force 
A= 0.13 B - 0,076 

NAA-SR-10100 
Preceding page blank 
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Ceramic fiber rope: 

1) Using a 10 lb/linea r in. closing force 
A = 2. 76 x 10- 3 B = 0 

2) Using a 20 lb/linear in. closing force 
A=2.2xl0-3 B=O 

3) Using a 25 lb/linear in. closing force 
A= 1.95 x l0-3 B = 0 

No. D-1(2) Page 
2 of 3 

Applica ble P ressur e Range: The air leakage data are applicable to pres­
sures of at least 150 in. of water (6 psig). 

Extrapolations: The data were obtained using air pressure up to 3 psig 
across the 5- and 6-in. specimens. Since the leak rate per linear inch 
is given, the data can be scaled up directly for the same diameter 
specimens. 

rt~:t~iitcrttiit ;i§'is:I 

All data were obtained v:ith a constant compression force which is diffi­
cult to obtain in actual practice since the gasket meterials (especially the 
ceramic rope) have very little resilience even at normal room tempera­
tures. The leakage characteristics at elevated temperatures are unknown. 

~tj~-~~,,~;~~.-~N~ :. ~-"~-= ;:;:,.; 
The leakage of the ceramic rope may decrease by a large factor by using 
a compression greater than 3 lb/linear in, and exchanging the knife edge 
for a convex-shaped edge of a radius equal to the gasket diameter. This 
will increase the likelihood of rupturing the ma'.terial at the greater com­
pression forces. 
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.... ''"" 

cQ) 

CO> 

8L.ANKING Pl.ATE GASKET SL.ICING OAR 

GASKET HOL.OING DEVICE 

1---- 1- -

1--- -
1 

·' 'O " RING (CONTINUOUS) 

.... >------PRESSURE VESSEL. 

SECTION SHOWING HOLDING PLATE, MOUNTING ASSEMBLY, ANO VESSEL 
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Models , ... 
Model tests are conducted for the following purposes: 

1) To establish means of predicting the leakage of a full-scale structure 
by designing it from results generated from component tests. 

2) To determine methods for inspecting completed structures and evalu­
ating the sources of leakage • 

3) To find means of sealing leak paths built in by faulty construction and 
designs. 

: 
4) To use the leakage of a total structure as a means of evaluating indi-

vidual component tests. ' 

5) To establish guides for designing, inspecting, and testing full-size 
buildings from model experience; 

6) To provide reasonable deductions about the potential economics of 
building a full-scale, low-leakage building using conventional materials • 

flftl1fri~lftiili~~-~j--llJI 

Metal Model: See Figure D-Za, 

5-ply overhang roof, metal Robertson M-Type Q panel No. 8 on 
walls and a roof of Robertson M-Type Q fluted panel No. 3. The 
wall panels are cut to 5-1/2-ft lengths and left at the standard 
width of 2 ft. The roofing panel is cut to 7-ft lengths, and a 5-ply 
roofing of tar, felt, and gravel is applied. Panels are assembled 
in normal fashion with end laps meeting at steel girts for the 

----s~by 1~ft p anels-. -· The -no-orand -curb--are-painted-on-the-inside 
with 5-ply of a commercial epoxy concrete paint. A waster slab 
is also used which has a layer of pliofilm between the floor and 
waster slab. Dimensions of the model are such that the walls are 
11 by 12 ft and the roof 14 by 14 ft. Thus, six 2-ft panels are on 
each wall below the girt, and six panels are above the girt. The 
roOf has two sets of seveh panels each on each side of the girt. All 
intersections are dimpled in order to obtain maximun contact • 
The volume of the mod el building is 1618 ft3 with a wall surface of 
528 ft2, floor 122 ftZ, and roof 196 ft2. 

NAA-SR-10100 
111-411 
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Two versions of the above model were made; these were parapet roof 
models on the same frame as the above model. The first roof was made 
of typical fluted panel and the eave-to-wall was designed as described in 
LDS C-2. No 5-ply roofing material of any type was used. The predomi­
nant leak was at the eave and at the flashings between the fluted panels' and 
walls. In the sP.cond test, the flutedroofwasremoveda.ndflatpant5ls were 
placed on the roof. The resulting leakage rate was less than that of the 
first model because the rubber closures in the fluted panels were absent. 

The final model was constructed first by removing the top section of the 
building and reinstalling the panels and roofing. The latter model is the 
one under discussion. 

Test 1: Initial leak rate measurement 

Test 2: After sealing observed leaks 

Test 3: After 6-month exposure 

Test 4: After 12-month exposure 

Test 5: Exposed to overpressure of 6 in. H
2

0 

l~ill!li-111 ~-... ' . .. .. . .. .., . . ' ,. . ~ . . 

Estimation of Leak Rate: The leakage through each of the major leak 
paths of each metal model was estimated from previous experiments by 
assuming that all specifications were carried out correctly. These leak 
paths and the method of leakage estimation are shown in Table D-Z. The 
estimate of the total leak rate of each structure was calculated· as the sum 
of the individual component leakages. 

Leak Rate Coefficients: Value for metal model (overhang roof) 

Estimated Measured 

Test A* 

1 
2 
3 
4 
5 

1.61 
1.4 

*103 n3/day 

B* A* 

_ Q.:3_4 __ 1..4 . 
0.34 1.4 

1.14 

B* 
_ o_.3_4 __ ____ _ 

o.36 
0.32 
No significant change 
Leakage increased 15% 

NAA-SR-10100 
III-413 

2C6< 

I 



'II 

ATOMICS INTE~TIONAL 
A Dil'i•W.1 of N1,,t/1 Amcricm1 A•in1im1 Inc. 

LEAKAGE DATA SHEET Table D-2 Page 
4 of lZ 

. 

METAL PANEL MODEL SAMPLE CALCULATION 
ESTIMATION OF LEAKAGE AT 1-in. H20 (P = l in.) 

Leak Path Unit 

End lap ft 

Edge lap 

Cont. crimp ft 

Single caulk ft 

Double c::aulk ft 

End-edge intersection 

Type l each 

Type 2 each 

Sill angle to panel ft 

Sill angle to concrete ft 

Sheet metal screw each 

Floor -painted ft2 

Corner flashing ft 

Roof flashing ft 

Roofing ft2 

Curb ft 

Leakage Coe!ficients 

No. of LDS No. 
Per Unit 'Per Component 

Units 

48 

55 

83 

83 

15 

5 

48 

48 

156 

128 

48 

48 

196 

48 

(cfm) (cfm) 

A 

C-4(2) 1.6 x 10- 4 

C-3(2) 2.3 x 10 
-6 

C-3(2) 6,8xl0- 3 

C-3(2) 6.9 x 10- 4 

C-5(1) 1.6 x 10- 2 

C-5(2) 7.4 x 10 
-3 

C-8 1.2 x 10 
-4 

C-8 1.2 x 10- 4 

D-5 9.8 x 10 -6 

B-11(6) 1.8 x 10- 8 

C-1 2.3 x 10 -3 

C-1 1.2 x l 0 
-3 

A-8 6 x l o- 5 

B-3 10- 8 

Total 

NAA-SR-10 l 00 
lll-414 

I B I Cl I C2 

0 0.008 0 

-6 
7 .4 x I 0 - -
2.6 x 10- 3 

0.565 0.215 

0 0.057 0 

2.1 x 10 
-3 

0.240 0.032 

0 0.037 0 

0 0.006 0 

0 0.006 0 
-6 0.002 1.2 x 10 -

0 - 0 

0 0.110 0 

0 0.058 0 

0 0.012 0 

0 - 0 

cfm 11.10 
l03ft3/day I.61 

I 0.25 
0,34 
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Concfete Model (Figure D-2b) 

No. D-2 
Page 
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The cone rete model is constructed of precast panels and overhang roof 
which. have aminimum 28-day strength of 3750 psi and an internal pres­
sure capability of 5 psig. The foundation and floor slab are separated 
by a. continuous; membrane of tar paper and hot tar (total I 00 lh /100 ft2) . 
The· minimum 28-day strength of the foundation and floor slab is 
2500 psi. Neoprene rubber water stops ( 9 in. wide by 3/ 8 in. thick) are 
cast in the wall panels and in portions of the column area so that all 
seals in the joints are continuous. A combination thiokol plus ribbon 
sealer is used at the eave joint, and thiokol plus butyl rod at the curb 
joint . 

A 5-ft 10 -in. by 3 -ft door frame is cast in one of the panels. Several 
5/ 8-in. anchors are welded to the frame and cast in the concrete for 
added strength. A quick acting marine -type door, as described and tested 
in previous reports, is welded to the frame . 

. The c.oncrete specifications for the model, with the exception of the door 
panel, is described below: 

Cement (sacks/yd3) 
Cement {lb) 
Sand (lb) 
No. 3 gravel {lb) 
Water (lb) 
Water (gal/ i:iack) 
Slump (in., calculated) 
Plastiment admixture per sack (oz) 
Max water allowable (gal) 

Quantities per yd3 (aggregate surface dry) 

6.25 
588 
1.259 
1888 
264 
5.7.8 
2 to 4 
2 
33.9 

The door panel is made from a nonshrink concrete to increase the tight­
ness of the bond between the panel and door frame. 

-----1 
Prediction of Leak Rate: By the use of information from previous ex­
periments and, assuming that all specifications were carried out cor­
rectly, the major leak paths were used to estimate the total leakage of the 
structure. These leak paths are listed below: 

NAA-SR-iOiOO 
III-415 208< 
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No. of 
Units Units 

Leak Rate 
per unit 

(cfm) 

Total Leak Rate 
Component 

- 2-
Roof and 7 panels ft 609 

2 Door panel ft 47 

Floor ft 

Door frame joint 

Water stop joint 
a) in column 
b) in wall* 

ft 

ft 

2 162 

17. 75 

80 

3.3 x 10-6 

8 x 10-7 

3.3 x 10-6 

1.3 x 10-4 

-3 3.0 x 10 

(cf~) 

2 x 10- 3 

-5 3.7 x 10 

5 
-4 

.3 x 10 
-3 2.3 x 10 

0.24 

(ft3 /d.a,y) 

Z.88 

0.05 

o. 77 

3.30 

3:ti6 .o 

Total 353.0 

*See heading "W~ter Stop Seals in Concrete." 

Testing of the Concrete Model: During construction of the concrete model, 
it became apparent that the model had to be tested in various phases in 
order to ascertain the leakage of each compunent and the :r:cliability of the 
test cell data. This was due to known irregularities in construetion which 
were different from those of test cell studies. 

Testing the model shows the following data: 

Phase 

1 
2 
3 
4 
5 
6 
7 

8 

Description 

After door of model fitted and adjusted 
After eave resealed above panels (3 walls) 
After eave resealed above panels (last wall) 
After door frame sealed (polysulphide) 
After door l:it:aled at dogging area 
After door seal removed., cleaned, and resealed 
After painting inside walls with epoxy ( 1-yr expo· 

sui·e prior to painting) 
After painting (6-mo. exposure after painting} 

Unforeseen Events During Concrete Model, Construction 

I. Casting Water Stop Seal in Concrete 
' 

Leak Rate 
(ft3/day) 

at l in. HzO 

2190 
790 
790 
364 
360 
368 

6.33 

6.-33 

When the forms were removed from the walls, voids were found be-
tween the concrete and cast-in-place water stop. The voids existed in 
variou s degree s and, in s om e c ases, for the total length of the panel. 
During the placement of the concrete (slump 3-1/2 in.}, the water stop was. 
not raised to allow the concrete to flow or to be pushed underneath the · 
water stop, thus assuring satisfactory contactJor a good seal. (See 
Figure D-2c.) 

NAA-SR-10100 
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'The door panel water stop seal was the exception. This panel was 
poured with a special aggregate to make nonshrink concrete, thus giving 
the concrete more flow (slump 5 in.) even though the water-to-cement ratio 
was the same as the above panels. The special aggregate is a ,pozzolith 
plastiment. No voids were found around the water stop area for the non• 
shrink concrete panel. 

2. Installing Wall Panels 

Just prior to lifting the panel in place, the curb surface· was coated 
with polysulphide. After the panels were put in place and secured;' the 
two-part polysulphide compound cured, resulting in a positive seal. After 
2 to 3 days it was found that the wall anchor bolts (roof tiedown studs) 
would not match the roof pockets; consequently, most of the panels were 
shifted to a different position, which possibly resulted in a rupture of the 
curb seal. Nonshrink grout was packed between the wall panel and the curb 
after the panels were thought to be level. 

The design of the building required the reinforcement bars to protrude 
beyond the panels into the column area. This design necessitated the 
placement of the reinforcement bars next to the water stop. As the panels 
were tilted in place, the reinforcement bars from one panel jammed 
against the reinforcement bars of the adjacent panel. The bars were bent 
in order to make room, and large cracks formed between the bars and 
water stop. (See Figure D-2d.) Thus, there was a void on. one side of the 
water stop due to improper forming and a crack on the opposite side of the 
water stop due to the re -bar movement. The defect was remedied by 
filling the void on the inside of the building with polysulph'ide, making a 
seal between .the water stop and the uncracked pcirtion of the concrete. 

3. Installing and Repairing the Columns 

The column forms were held ~ogether with slightly tapered tie rods 
which were removed after the concrete had set, thus leaving many holes 
in the columns. These holes were filled with a nonshrink grout. Although 
careful preparation and placement of the grout was emphasized, it was 
observed that the preparation of the grouting area between the panel and 
curb area did not include saturation with water as recommended by the 
manufacturer of the nonshrink grout. The manufacturer also stated that 
an amount of grout should be mixed which could be placed in a;bout 20 min 
and that the-g-rout should-not be- I"etempeI"ed-by- the--addition-of-.more-water.­
Our contractor did not follow these recommendations and we are observing 
leaks in some of the 60-odd tie-rod holes. 

When the forms were removed from the columns, several honeycomb 
areas were found which required chipping and refilling with a nonshrink 
grout. The area between the door panel and adjacent panel requir·ed 
nearly the full length of the column to be repoured with cement. For this 
section the repour was required for the inside of the column only. Since 
the slump of the column mix was 6 in., there should have been no honey­
comb or void areas. It can only be concluded that the aggreg~te was too 

NAA-SR-10100 
III-419 

21.~< 



r 1 

r 
r 

2t JO 0 t 
a8l!d 

02t-III 
oo I 01 -crs-vvN 

l.33HS Yl.YO 3~Y>IY31 

·.1111 '"'!I"!·'~ m••!'•""t' I/I'"\' .Jo'"'!'!·'!({ f 

'1VNOLL~3.LNI S::::>IKOJ..V 



~ 

~ 

~ 

.. 
-
-
.. 
.... 

.. 
-
-
i.. 

... 

-
.. 
... 

-
... 

-

ATOMICS INTE~TIONAL 
A IJii-i.•iou af' Nt1rll1 Arnerimn Auio1in11 Inc. 

LEAKAGE DATA SHEET No. D-Z 
Page 

11 of 12 

large to flow around the many reinforcement bars or the pour was not 
adequately vibrated, or both. 

4. Installing the Roof Section 

Prior to lifting the roof in place, a seal coat of 1/8 to 1/4 in. of 
polysulphide and polybutene ribbon seal strips was placed on top of the wall 
panels. (See Figure D-2e.) After the roof was lifted in place,. it was 
apparent that there would be difficulty in tying down the roof so that there 
would be no gaps between the panels and roof. In one area an initial gap 
measured 1I2 in. which resulted in a need for additional sealant. As the 
anchor bolts were tightened, the gap was considerably reduced, but not 
enough (see data under "Testing of the Concrete Model11 ). An examination 
showed that the form surface was not level during the pour and. thus the 
roof could not make a proper contact on all walls . 

llBil6Witl 
· i. The lack of reproducibility of model building tests compared to the 

.c;omponent laboratory tests can be attributed to: (a) poor WOl'king 
habits of the modern workmen, and (b) the nonuniform physical 
nature of products, such as thin-gage metal panels, or aggregate 
size , moisture content, and mixing characteri~tics of concrete. 
The cor r ect fitting of the edge lap in a metal building is especially 
difficult. Only uniform and undamaged panels can be used. Refer 
to individual Leakage Data Sheets for further discussions on limita­
tions of individual components. 

2. The term "air leak tightness" has a different meaning to each workman. 
Errors are compounded, m~stakes are hidden instead of reported, and 
needless tim e is consumed on many nonessential tasks assumed by the 
workman in order to "improve the situation." 

3. M a ny workmen are unfamiliar with the new sealants or new products 
used in concrete which results in improper interpretation of the manu­
facturer's instructions and improper application of these products • 
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Orifice and Crack Test, Calibration 

11:m••• 
Determine the validity of summing experimental data for parallel leakage, 
and to examine the significance of the coefficients A and B 

,.~f}lfllilti~~jiMUli!ltl 

Test and Mounting Design: See Figure D-3. 

Description of Specimen: 

Test 1: Crack specimen constructed from four flat plates welded together 
to form a crack 0.005 by 2. 75 in., 3.0 in. in depth • 

Test 2: A 0.004-in. diam orifice specimen constructed from a 1-mil steel 
foil and sealed to a 1/4-in. diam opening. The diameter of the 
orifice is determined by use of a high-powered m~croscope. 

Test 3: The same orifice (0~004-in. diam) is placed in parallel with a 
crack 0.005 by 0.5 in., 8 in. in depth. 

Installation Procedure: The specimens are mounted on a 15-in. diam test 
plate, using a gas -tight continuous weld for the crack specimen and a 
thread seal and epoxy fo1· the orifice specimen, either singly or in 
parallel. 

--'RJ-(~11~ ==~=;;: 
Test 1: Crack Specimen 

Experimental data 
Theoretical 

Test 2: Orifice Specimen 

Experimental data 
Theoretical 

Constants - Value for each specimen 

A= 4. 3 x lo-3 
A= 4. 5 x l0-3 

A=O 
A= 0 

B=O 
B=O 

B=2.lxlo-4 
B = 2.0 x lQ-4 

Test 3: Combination Crack and Orifice 

Experimental data A = 2. 3 x 10 - 3 B = 0. 24 x 1 0 - 3 

NAA-SR-10100 
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Test 3: (Continued) 

Theoretical 
-3 -3 

A= 3.1 x 10 B = 0.2 x 10 

Orifice Equation (Theoretical) 

-5 2 1 /2 . 
q(cfm) = 1.26 x 10 d P for laminar flow 

where 

d is diameter of orifice in mils , P is pressure/differential in inches of 
water, 1.26 is the constant ft3/[min-mils2 P 1 2] combining the orifice co­
efficient, gravitational constant, and density of the air. 

·Crack Equation (Theoretical) 

q(cfm) = 3.9 x 10
4 

(b
3 

L/x) P for laminar flow. 

where 

b is crack width in in., Lis crack length in in., x is wall thickness in in., 
P is pressure differential in in. of water, 3.9 is the constant ft3 /min-P 
combining the gravitational constant and viscosity of the air. 

Applicable Pressure Range: 0 to 160-in. pressure differential. 

tiiiitAl!~MJI 

The combination crack and orifice experiment of Test 3 has not been 
completely validated since the era.ck was never measured separately. It 
is believed that some variation of the width existed over the 8-in. length. 

The coefficients A and B can be used to estimate the total size of the 
opening eKisting in a test specimen. It is obvious that most of the speci­
mens tes ted which are conventional have openings per foot of tested joint 
like those above . 

• 
~ 
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0 

@ 
0 

)~ORIFICE DIAMETER 

====== y ORACK WIDTH 

0 
p,751~ 

CRACK LENGTH 

TOP PLAN - ORIFICE ANO CRACK TEST PLATE 
(MOUNTING ASSEMBLY AND PRESSURE VESSELS NOT SHOWN) 

I I-= t 
CRACK DEPTH 

• • !RI ..34! ..... "" - .l 

18-IN. ID PRESSURE VESSEL • ~' 

SECTION 

(SHOWING TEST PLATE, MOUNTING ASSEMBLY, ANO PRESSURE VESSEL) 
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Seals, Inflatable 

litili• 

No. D-4( 1) 
f>age 
i of 3 

Determine the air ~eakage characteristics of various types of inflatable 
seals · 

Test and Mo.unting Design: See Figure D-4( 1 ). 

Description of Specimen: Three seal bead configurations are tested 
(square bead, round bead, tee bead). 

Ins-tallation Procedures: The seals are installed between two steel plates 
with metal spacers and manifolds. The pressure regions are shown in 
Tigure D-4{1 ). 

Leak Path Description: The leak path is between the bead head and cover 
plate only. 

Type: Seals are standard products made for the aircraft industry • 

[l{-f~J,-~mJ :::.=:.,,cx;sc,: 

Type of Seal 

"0' 1 ring bead 
110:.1 ring bead 
110" ring bead 
"O" ring bead 
"O" ring bead 
"0" ring bead 
1/4-in. sq bead 

serrated edge 
1I4-in. sq bead 

serrated edge 

RESULTS* 

Nz Seal Infla- Change in Leak Rate 
tion Pressure Vacuum (AP) ft3 I 24 hr I in. of 

(psig) ( µ) 

51 200 
51 650 
60 448 
60 450 
60 372 
60 398 

40 1046 

40 

N AA-SR- 1 0 I 0 0 
III-427 

407 

seal (x· io-5) 

71 
61 
31 
45 
27 
20 

89 

30 

Preceding page blank 
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N2 Seal Infla- Change in 

No. D-4{1) 
Page 
2 of 3 

Leak Rate 
Type of Seal tion Pressure Vacuum (AP) ft3/24 hr/in. of 

seal ( x 10 -5) ( psig) (µ) 

1/4-in. sq bead 
serrated edge 50 282 

1I4-in. sq bead 
serrated edge 50 453 

1I4-in. sq bead 
serrated edge 58 351 

1/4-in. sq bead 
serrated edge 58 42~ 

1/4-in. sq bead 
serrated edge 60 253 

l / 4.,.in. sq bead 
serrated edge 60 275 

Tee bead head 40 550 
Tee bead head 45 128 
Tee bead head 45 168 
Tee bead head 50 124 
Tee bead head 50 124 
Tee bead head 55 116 
Tee bead head 55 110 
Tee bead head 60 142 
Tee bead head 60 1 ., '.2 

.L ... _, 

*For further information, see NAA-SR-2544 
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32 

7 

21 

15 

16 
2640 

6 
6 
6 
6 
6 
5 
7 
6 
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CONTINUOUS INFL.ATABL.E Sl!AL.S: 
OUTER Sl!AL. - !53 IN, LONG---­
INNER SEAL. - 38 IN. L.ONG 

PUMP-OUT LINES 

SECTION THROUGH SMALL STAND 
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··•1•1 '•, -..; ."' ~.:. ~~ •, . ... :.::... , 'V 

Polyurethane Foam Seal - Impregnated with Asphaltic Bitumen 

IKliill.IJ 

Page 
l of 3 

To determine its air leakage properties at various air pres sur.es as a 
percentage of the original volume under compression 

1111~1,;:~•Bii@t-.riJHBiilR 

Test and Mounting Design: See Figure D-4(2) 

Installation Procedure: The 13-in. specimen is mounted between two bars 
a n d s e a led to the b a r s at the extreme ends with polybutene caulk.' The 
ba rs a r e s lotte d a nd attached to the blanking plate with studs, allowing the 
sea l to be cu mpresse d t o any percent of its original volume. The bar is 
sealed to the blanking plate with polybutene caulk. 

De sc ription of Specimen: The joint sealer is polyurethane foam impreg­
nated with a sphalt bitumen. The test specimen is 13 by 1 by 3/4 in. with 
the 13 by 1-in. surface positioned against the angle iron. 

Manufacturer: Asbiton (Canada) Limited 

1111&•9'¥£1 
Empirical Constants: Value for l ft of seal 

Compressed to Percent 
of Original Volume 

(deformation) 

25 
23 
21 
18. 7 
16. 7 
14. 7 
12. 5 

NAA-SR-10100 
III-431 

Coefficients 

A B 

4.6 x io-2 
3.lxio-2 
2.9x io-2 
6.o x l0-3 
1.4 x 10-3 
I.Ox l0-4 
0 

2.4 x 10-2 
3.7 x 10-2 
3.0 x 10-2 
9.2 x 10-3 
2.2 x 10-4 
4.9 x 10-6 
0 

222, 
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Applicabl~ Pressure Range: The applicable pressure range depends on 
the compression forces required to reduce the volume of the seal (see 
Limitations). When the polurethane foam is compressed for a no-leak 
seal, the applicable pressure range is probably greater than 50 psi • 

Extrapolations: The test data can be extrapolated directly. 

tltiMfNllfl!I 
The compression forces required to reduce the "Compriband11 to a percent· 
age of its original volume are as follows: 

30% 
20% 
15% 
10% 

9. 7 psi 
l 7 .5 psi 
52.5 psi 

200.0 psi 

In order for the seal to obtain a minimum air leak characteristic, _the 
compression forces must be between 52 and 200 psi. This probably limits 
the usage of the material to special applications. 

NAA-SR-10100 
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I 

I 
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I 
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It-+ + ++ 
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_J 1. . 
Ill 

BLANKING PLATE Sl..IOING BAR 

POlVURF T HANESEAL 
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"' ' O" RING (CONTINUOUS) 
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Sheet Metal Screws .,,,,, 
No. D-5 

Page 
1 of 3 

Study of air leakage through standard types of sheet metal screws and 
through· imp roved installations 

11•t111Mi---61161l4 
Test and Mounting Design: See Figure D-5. 

Description of Specimen: A series of eight galvanized sheet :metal screws 
are used in each test. The washers are composed of a partially concave 
met'al and neoprene combination and are not combined with the screws as 
one:unit. 

Installation Procedure: The screws fasten two layers of 18-gage gal­
vanized sheet metal to a steel backing 1I4-in. thick. The screws are 
tightened until the concave washers become straight, thereby obtaining 
an even pressure along the total neoprene-to-metal surface. The proper 
torque is under investigation. 

Leak Path Description: Since all edges of the sheet metal were sealed, 
the leak paths were ( 1) along the threads of the screw and between the 
washer and screw, and (2) along the threads of the screw and between 
the neoprene and sheet metal. 

Manufacturer and Type: Fabricated P .roducts, Inc.; Type A, 3/4-in. long 
galvanized steel neoprene top seal fasteners. 

•tllt11Mti11'11 ~. ~ ~[ .. ;~ ';;' *lli "~, .~~ ., ~--- -~· '. \ .: ~ 

Empirical Constants: Value for one screw 

Test 

1 
2 
3 

Design 

Rubber-backed steel washers 
Vulcatex and brass washers 
Vulcatex and rubber -backed 

washers · 

NAA-SR-10100 
Ill-435 

Leak Rak.G.Q.e.!fi.ciente 
-5 -S A= 5 x 10 _

6 
B = 0.68 x 10 

A = 28 x 10 B = 10 x lo-6 

A = 3 x 10 
-8 

225<:: 
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Test Design Leak Rate Coefficients 

·4 

5 

Rubber-backed washer 
and rubber seal strip 
between panel and girt 

Vulcatex, rubber-backed 
washers and rubber ocal 
strip between panel and 
girt 

-6 -6 A = 9.8 x 10 B = 1.2 x 10 

-8 
A = 3 x 10 

Applicable Pressure Range: The data are applicable up to the design pres -
sure of the building. 

Extrapolations: The data can be extrapolated directly. 

L~)~if:;:~~~~?!t:I 

In actual practice, when the holes are drilled through the sheet metal 
and girt, many sharp burrs a re tormed which damage the neoprene seal 
as the sheet metal screw is tightened. 

Usually a power tool is used to fasten the screw to the girt, in which 
case some screws are tightened beyond the rupture point of the neoprene 
or are n ot tightened sufficiently to have adequate contact between the i* 1 

neoprene and sheet metal. The reason for this is that occasionally the 
hole s are dl,'illed at an angle or through that portion of the girt that is of 
different thicknes s, and occasionally s ome of the screws have an exce s·s 
amount of galvanizing which makes the tightening of the screw difficult. 
If the powe r tool is adjus ted for the "worst case," the majority of the 
i:;c1·ew s will b e s o ti?:htened as to cause a cmmplete failure of the neoprene 
seal. 

The screws have to be fastened by use of the 11 sight method" whereby 
the neoprene rubber is depres::;ed the exact amount. However, this is 
normally time-consuming since any tool used hides the screw and washer; 
this requ ires frequent removal of the tool. 

[~ ~i~1ift@g){~~).~~t.;ft*.~,s;I 

1. Use a deburring tool with the drill. 

z. Use a sheet metal screw in which the metal washer is cup-shaped and 
an integral part of the screw. The neoprene gasket is sealed to the in­
side of the cup and is only compressed a definite amount even when 
excess force is used on the screw. This also removes the rpajor leak 
source in which the placing of a ca.ulking cornpound around the screw 
is not required. 
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SOLCER SEAL ALL 
AROUND (TYPl 

LEAK PATHS SHEET METAL SCREWS, 
4 EACH SIDE 

_),;- 18-IN, ID PRESSURE VESSEL 

TEST NO. 1 

SHEET METAL SCREW 
RUBBER WASHER 
NO VULCATEX 

TEST NO. 4 

SECTION THROUGH GENERAL TEST ARRANGEMENT 

SHEET METAL SCREW DETAILS: 

TEST NO. 2 

SHEET METAL SCREW 
THREADS DIPPED IN 
VULCATEX, 

BRASS WASHER 

TEST NO. 6 

TEST NO. 3 

SHEET METAL SCREW 
THREADS DIPPED IN 
VULCATEX 

RUBBER WASHER 

SHEET METAL SCREW p;·;;;,iaJ!lf"~i SHEET METAL SCREW 
THREADS DIPPED IN 
VULCATEX 

RUBB.ER WASHER 

RUBBER SEAL STRIP 
BETWEEN SHEET METAL 
AND STEEL BAR 

NO VULCATEX 

RUBBER WASHER 

RUBBER SEAL STRIP 
BETWEEN SHEET METAL 
AND STEEL' BAR 
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Tapes, Pres sure Sensitive 

llt8~11MJ 

No. D-6 
Page 
1 of 3 

Determination of air leakage through tapes which may be used to reduce 
air leakage along cracks, joints, etc. 

I [t~Jt~~i-~~11~~ii-~·-j#~M:~JJ4?1fiitlf$fil 

1 Test and Mounting Design: See Figure D-6. 

Leak Path Description: The leak paths are through the tape backing and 
between the adhesive and sealing surface. During test, stainless steel 
was used as the surface. 

Manufacturer and Type: 

Permacel; No. 11GT217, Metal Foil Tape, 2-in. width. 
Dutch Brand; No. 357 silver, waterproof cloth tape, 1-in. width . 
Arno Pipe Wrap Tape; polyethylene backing, 2-in. width. 

Ei!iiJtikfi~~t···ti'?~I 

F:mpirical Constants: Value for crack, 15-1/2 in. long by 1/4 in. wide 

1. Permacel 

a. Aluminum backing: A = 2.0 x 1 o- 8 B=O 
b. Between adhesive and steel sealing surface: 

-4 -6 A= 1.7 x 10 to 5.2 x 10 B = 0 

c. -4 -6 Total: A = l .·7- x -1-0 - ··to -5~2 -x -10·- - ·--B -= 0-----·-- ---- - -- .. 

2. Dutch Brand 
-8 

a. Cloth paper backing: A = 8.0 x 10 B=O 
b. Between adhesive and steel sealing surface: 

A= 1.2 x 10-6 B = 0 

c. -6 Total: A = 1.2 x 10 B = O 

NAA-SR-10100 
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3. Arno Pipe Wrap Tape 

a. Through polyethylene backing: 

A=< l0- 9 (no detectable leakage) 

b. Between adhesive and steel sealing surface: 
-4 -4 

A= -0.?Sx 10 B = 6.0 x 10 
-4 -4 

c. Total: A= -0.74x 10 B = 6.0 x 10 

Page 
2 of 3 

Applicable Pressure Range: The test pressures are not above 10-in., and 
in each case the pressure tends to force the tape against the sealing sur­
face. (See Limitations.) 

Extrapolations: The tape covered an opening 1/4 by 15-1/4 in., using 
steel as the sealing surface. The data can be extrapolated to any length. 

ll tB?llltl!il 
The dete.rioration of the backing and adhesive due to moisture, sunlight, 
and weather is unknown. The resistance to crack, peel, dry out, becoming 
brittle, tear, etc. is unknown. Another unknown factor is the adhesive 
properties of the tapes to various surfaces. The difference between the 
two readings for Al-backed adhesive and steel sealing surfaces is due to 
the 11 irening out" of the wrinkles in the tape. 

The negative constant "A" for the Arno tape shows that as the pressure 
against the tape is reduced, the leak path between the adhesive and sealing 
surface becomes greater. 

ift~f ~~A:: ~~~'~$,i 0,;~s~wstei;c.74:;=· 

1. Since the greatest variable is the adhesive properties of the tape, a 
possible solution is to attach the tape to the sealing surface by use of a 
thermosett~ng resin (epoxy). 

2. Multiple la 1~ rs of tape placed over the ed g e of the original tape could 
effectively reduce leakage. Series leakage would occur through the 
ends and thus reduce leakage by one-half for each tape added. 

NAA-SR-10100 
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LEAKAGE DATA SHEET Figure D-6 
Page 
3 of 3 

THIOKOL C.l\ULKING SE!\L 
ALL AROUND 

TEST SPr::CIMAN 
2-IN. iilOE' 15-IN . . 
LONG TAP.:: 

"0" RING SEAL 
(CONTINUOUS) 

TOP PLAN 

lll-IN. DIAM x 1/4-IN. DIAPHRAGM 

T<=:.>T NO. 1: 
NO THIOKOL ON TAPE. LEAKAGC: 

THROUGH TAPE AND TAPC: ADHC:SIVE 
TO CONTACT SURF.l\CE. 

TEST NO. 2: 
THIOKOL SEAL OVER FULL EDGES OF 

TAPE. LEAKAGE THROUGH TAPE 
ONLY. 

SPECiMEN SUPPORT PLATE 
THIOKOL SEAL ALL AROUND 

OPENING 15-1/2 IN. LONG 
' \ '4 IN. WIDE 

"t-----------18-IN. ID PRE.:iSURE-VESSEL ------------

SECTION 

SEALING TAPES 

GENCl<AL TEST ARRANGEMENT 
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ATOMICS INTERJYATIONAL 
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LEAKAGE DATA SHEET No. D-7 

--J 
OrHice, Capillary, and Concrete - Relation to Critical Flow 

-ti 

Page 
1 of 2 

To establish the limits of the pressure range for which the empirical 
coefficients A and B are valid in the equations 

and 

where 

q =AP c 

qo = BPl/2 

. . . qc = volumetric leak rate of capillary, 

q =volumetric leak rate of orifice, and 
0 

P = pressure differential across specimen. 

-1tl~1~ll~~i~-alB ; ·==~;=~:;llffi,Wc:::.x; 

A number of experiments are performed using capillary, orifice, and 
porous types of leak paths. The upstream and downsti·eam pressure 
differences are inc reased so that the ra tio of downstream' °(:F~Q~ t_c;> up­
stream (Pi) pressure exceeds the critical pressure ratio. The experi­
ments are conducted in the small test cell by either leaving the upstream 
at a constant barometric pressure and evacuating the downstream portion 
of the cell or by increasing the upstream pressure and keeping the down­
stream pressure constant. Observations of the variation of pressure 
differential with time are then made and recorded. 

IJW'8111l1181 ::: .. " . . ~St~. . 6-... "· ·•7. . .. .... ~ 

The change of pressu1·e differential with time was computed as a function 
of pressure differential, and the empirical constants A and B were again 
computed. The results show that the equations are valid when P /P. ~ 0. 7 

0 1 
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LEAKA .GE DATA SHEET No. D-7 Page 
2 of 2 

for both the capillary and orifice. When P0 /Pi s; 0. 53 for the capillary 
and orifice, the flow is critical and the leak rates are directly propor­
tional to the upstream pressure. No relationship has been found for the 
turbulent region (0. 53 < P /P. < 0. 7 ). 

0 1 
; : 

Cracks in concrete have flow characteristics similar to the capillary and 
crack combinatiori leak paths and enters the turbulent region at neal"ly 
the same pressure ratios. Maximurn air pressure experiments with 
3-1I2-in. thick concrete show that the following equation is valid for 
internal pressures up to at least 4 atmospheres. 

where 

am(Pi - P
0

) p 
q= µ xpi 

q = volumetric leak rate, 

a = area of specimen under test, 

m = permeability coefficient, 

P. = inside pressure (upstream), 
1 

P
0 

= outside pressure (downstream), 

p = 1I2(P. + p ), 
1 0 

P/ P. = compressibility factor, and 
1 

µ. = viscosity of air. 
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Water Vapor and Concrete 

lt-lriE ;;;;;:: 

No. D-8 
Page 
1 of 3 

To determine the flow rate of water vapor through concrete at various 
temperatures 

1~·~nn,•1~1ai1t~1n11••• i:i:30ii~C>~;;k:;;;;::. 3 
Test and Mounting Design: See Figure D-8a. 

Description of Specimen: The specimen is 2 ft by 4 ft by 6 in. reinforced 
concrete of the mix de scribed in LDS B-1. 

mstallation Procedure: The concrete ,block is painted around the edge 
·with several coats of epoxy. Polybutene sealant is used to seal the con­
crete to the pressure vessel. Fill and drain lines are included in order 
to periodically weigh the io s s of water in the system. Heater lines are 
installed to vary the temperature of the vessel. Tempe rature meas­
urements are determined by four temperature sensors located in the 
vessel. 

lllllll&fmli:J 
See Figure D-Bb, vapor transmission curve • 

Conditions of Test 

Inside Vessel Outside Vessel 

Humidity I Temperature 
(%) (o F) 

Humidity I Temperature 
(%) ( o F) 

100 
100 
100 
40 

100 

77 
120 
160 

77 
77 

40 
40 
40 
40 
40 

77 
77 
77 
77 
77 

*Air leakage through concrete at beginning of test. 
t Air leakage through concrete at end of test . 
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(I -in. thick) 

2. 5 x io-5 
5.6x lo-5 
1.7 x lo-5 
1.6 x lo-5* 
6.6 x l0-6 t 
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EDGES SEALED 
WITH EPOXY 

CONCRETE BLOCK 
(2 FT BY 4 FT SY 6 IN.) 

. •.::ex: •.. ·.~·-·~. ·:·.: ·~·. ~: /\{' .\.: -~. i) ••· ~ >.~{ .-. 

OUTLET VALVE 
' 
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INLET 
VALVE 

PRESSURE 
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IV. APPLICATION DATA 

A. PURPOSE OF APPLICATION DAT A 

. !ti the planning stages of any facility, numerous considerations enter into 

the establishment of basic facility parameters. Factors such as site location, 

size of structure, soil conditions, availability of materials, etc., influence the 

choice of the type of structure and method of construction. When a reactor 

housing facility is under consideration, these same factors as well as radiologi-

cal safety considerations must be evaluated, This section contains building com­

ponent design details together with their applicable leak rates for use in overall 

reactor housing planning and design. It also includes comments concerning pre­

cautions to be observed in designing, constructing, inspecting, and testing build­

ings. The data presented are intended for use by facility planners and designers 

when considering a conventional structure for low-leakage reactor housing pur­

poses. Typical details for a variety of structural components are presented with 

appropriate coefficients to enable the designer to calculate a.il.ticipated leakage 

~ or to design a structure for some specified leakage. All coefficients are based 

.. 

.. 

... 

... 

.. 

... 

on experimental results and are directly extrapolated from information included 

on ·the Leakage Data Sheets (Section III) . 

Quite often, in the planning of a facility, evaluation of structural and eco­

nomic considerations establishes one or two types of structures as the most 

feasible ,for the project in question. Factors such as structure size, interior 

clear-span consideration, and soil characteristics dictate the use of a particular 

structural design. Information is provided in this section which will permit the 

planner to determine which basic structure type (of those feasible) satisfies the 

requirements relative to building leakage. An economic analysis of various 

types of reactor building structures is given in Section V • 

Once a low-leakage facility is authorized for construction, an architect­

engineer no:rmally has the responsibility for designing a structure which satisfies 

the pressure requirements and the leakage restrictions established during the 

planning stages. The basic information has been provided on Application Data 

-.. Sheets to enable the architect-engineer to design a structure and calculate esti­

mated leakage with a degree of accuracy that heretofore has not been possible. .. 
... 

... 

The Application Data Sheets are not intended as a "building code" or some other 
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rigid set of design requirements. The architect-engineer still has the responsi­

bility of developing and preparing a set of plans and specifications with sufficient 

detail fot' use by a conventional construction contractor. 

Since the construction contractor works to the plans and specificationE1 pr_e­

pared by the architect-engineer, it is not envisioned that this manual will be 

used by the contractor to any great extent. However, the manual can be used to 

indicate to the construction regulatory agency and the individual field insp~ctors 

the significance of leak-tight construction and thus create an awareness of leak 

paths and methods for leakage reduction. One fact remains uppermost: regard­

less of how thorough the planning and how complete the plans and specifications, 

the leak integrity of any structure is completely dependent upon the actual con­

struction. Adequate contractual requirements and clearly defined plans and 

specifications can make the construction contractor legally responsible for ful­

filling the leak requirements, but this legal responsibility is of little comfort 

after a structure is built and the overall schedule suffers while cG>rrections are 

b.eing made. Therefore, it is imperative that initial construction be as accurate 

as possible. It should be ihe responsibility of ~he inspecting agency to ensu1·e 

that such is the case by having qualified inspectors available who are familiar 

with leakage characteristics to communicate to the contractor and, more impor­

tantly, the workers the importance of this aspect of construction. 

In summary, it is believed that the Application Data Sheets will be primarily 

used during the following stages of any project: 

1) Planning: where the basic type of structure is selected and engineer­

ing-economic considerations are evaluated. 

2) Final Design: preparation of detailed plans and specifications by the 

architect-engineer. 

3) Const-ruction:--inspection. of. cons tr.uc_tion to ensure col'l!Pliance with 

the plans and specifications. 

B. DESIGNING AND CONSTRUCTING LOW-LEAKAGE STRUCTURES 

1, General Precautions and Limitations 

The design and construct~on of low-leakage structures presents some 

unusual problems. These problems are related to the unique characteristics 
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of the structures and to the leakage requirements. Some of the problems of 

most concern are: utilization of component leak test data; variation of building 

leakage with age; pressure variations due to the environment; and inspection and 

compliance with specifications. 

panels and pressure limitations 

crete and metal panel buildings. 

Other problems such as cracking of concrete 

of metal panel buildings are specific to the con-

a. Utilization of Component Leak Test Data 

The detailed data included on the Application Data Sheets present air­

leakage characteristics only and are not to be construed as structurally and ar­

chitecturally complete. The designer must determine design details such as 

member sizes, amount of reinforcement, etc., in accordance with design load­

ings and applicable codes and specifications. Furthermore, the details presented 

are not a complete record of all possible construction configurations; nor are 

they intended to limit the designer when an alternate method may be more suit­

able for the specific purpose. However, certain commonly used details are pr~­

sented, with leakage coefficients being developed from the test program pre­

viously described. Since it was not possible to physically test all possible situ­

ations which may be encountered in conventional construction, a majority of the 

leakage coefficients were extrapolated from small-scale tests or were estimated 

based on results obtained from tests of similar configurations. The leakage co­

efficients provided for each suggested detail must be applied only within the lim­

iting dimensional and environmental parameters indicated with each detail. 

It is recommended that a safety factor of at least two be used in the 

design of structures to meet a specific leakage requirement. This factor is 

based on statistical component-reproducibility tests and the final results of the 

comparison between the summation of component tests and the model buildings. 

It is :important to note that the component tests were made under laboratory con­

ditions; the model tests were specified, designed, and inspected by the same 

individuals who conducted the component testing program. Even under these 

controlled conditions, it was necessary to test the models in phases in order to 

evaluate the leakage of components of the model as actually constructed. In 

many, cases the construction was different from that specified, or different from 

construction used in the test cell studies. In those cases it was necessary to 

make appropriate corrections to the calculations or to modify or alter the com­

ponent as installed . 
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b. Variation of Building with Age 

Many of the Application Data Sheets for particular components utilize 

various caulking compounds for sealing certain leak paths. Some of these com-
,, 

pounds are particularly sensitive to deterioration by ozone. Furthermore, some 

of the buildings are subject to other variances with age such as warping, crack-

ing, etc. Many of the caulking compounds which are subject to deterioration 

with age have been identified, and, where possible, the less sensitive compounds 

and sealants should be used. 

To minimize the effect of increased leakage with age, it is desirable 

that weak points be located so as to be readily maintainable. Unfortunately, 

this is not possible with the metal panel buildings which utilize caulking com­

pounds in the joints. It is expensive to disassemble and recaulk these joints 

after the building has been in service. For that reason, metal panel buildings 

are not recommended for applications where leakage less than 10%/day at l in. 

water pressure is desirable. 

It will be noted in the Application Data Sheets that all joints in the 

concrP.tP. building are readily accessible for maintenance. Long-lasting caulking 

compounds are used and in the event these compounds deteriorate with age, they 

can be replaced. Furthermore, for very low leakage requirements {less than 

1%/day at 1 in. water pressure) long-lasting vinyl paints are recommended on 

inside surfaces. These paints are not subject to deterioration with age and 

should show good service throughout the building lifetime. 

c. Pressure Variations Due to the Environment 

If ,a low-leakage building is sealed by closing heating and ventilating 

ducts during a reactor accident, and if the heating and cooling system is inoper­

ative, it is possible that temperatures and pressure changes induced between 

the building and outside from atmosphere environmental forces will produce sig­

nificant pressure changes in the building. These would include .effects of weather 

fronts, large diurnal temperature swings, and wind forces. The resulting pres­

sure changes may be sufficient to exceed the design pressure of the building. 

Consider a building of one million cubic feet internal volume designed 

to a leakage specification of 1 % volume leakage per day at 1-in. internal water 

pressure. If an ambient air temperature change causes the internal building 

temperature to increase at the rate of 5°F/hr, this will result in an internally 
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generated pressure increase of 4-in. water pressure/hour. An equilibriwn 

pressure of 24 in. of water will be reached in the building when the building 

leakage ~ilL ~xactly compensate for the internally generated pressure increase. 

During' the fir .st 20-hr period, the building will reach an internal pressure of 

23 in. of water and will have relieved by leakage what otherwise would have re­

sulted in an internal pressure of 80 in. of water. In relieving this excess pres­

sure, the building will have leaked 138,000 ft 3 of air, or approximately 14%. 

If the building design pressure were 15 in. of water, the building would 

be equipped with a pressure-sensitive relief valve set to relieve at an internal 

building pressure of 15 in. of water. The pressure would increase in the build­

ing as before for approximately seven hours, at which time the relief valve would 

open and hold the pressure constant at 15 in. of water. During the 7-hr period, 

the building· will have leaked approximately 4% by volwne. In the first 20 hr, 

the building will have leaked approximately 16% by volume. When the internal 

pressure generation ceases, the relief valve would close and building leakage 

would be re.duced accordingly . 

These examples illustrate one of the peculiarities of low-leakage 

building design. As normally constructed, when subjected to a slight pressure 

difference, conventional buildings will leak many complete volwne changes of 

air per day. These buildings easily adjust weather-induced pressure differences 

by leakage in and out. This is obviously undesirable for reactor containment 

purposes. A large conventional building can be designed and constructed to leak 

1 % of its vohune or less in a 24-hr period with 1 in. of water pressure differen­

tial. With the building heating and ventilation system in operation, pressure 

differentials induced by weather extremes are equalized and no damage re~ults • 

However, if following a nuclear incident the building is sealed wah the heating 

and ventilation system inoperative, certain weather extremes could cause dam­

age to the structure if the building complex were not designed to accommodate 

these extremes. 

Aside from tornados, the most severe weather extreme from the point 

of view of low-leakage structures appears to be a condition called "Chinook." 

This condition ' exists in the United States east of the Rockies i.n the states of 

Montana,' North and South Dakota~ Nebraska, Colorado, New Mexico, and West 

Texas, and is characterized by rapid temperature variations. Under Chinook 

conditions a temperature increase of 50° F in four or five hours is not uncommon. 
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More extreme conditions than this occasionally occur. Two or three times per 

season, temperature increases on the order of 50°F in two hours are encountered. 

Under the latter extreme conditions, the maximum rate of int.ernal building pres­

sure rise could be as high as 20 in. of water pressure per hr. Fortunately, this 

rate of temperature change does not persist. However, the designer sh~uld be 

aware of the unusual design characteristics of low-leakage structures, and should 

provide means to accommodate possible internal pressure swings. 

Some of the precautions which can be taken to preclude over-stressing low­

leakage buildings in severe weather conditions are: 

l) Design the building to leak sufficiently during expected weather ex­

tremes so that allowable pressures are not exceeded. 

2) Design the building to include an auxiliary fan which discharges the air 

through a high-efficiency filtering system and out the stack. 

3) Include a reliable internal air conditioning system. 

Other methods can, of c.ourse, be utilized by the designer. In any event, the 

designer should consider the problems which are unique to low-leakage structures. 

d. Inspection and Compliance with Specifications 

·The subject of field inspection is primarily a practical rather than a 

theoretical one, with the result that inspectors, field engineers, and others are 

often unaware of the pitfalls that they may encounter. This is particularly true 

in the case of low-leakage building facilities. There is no general formula for 

avoidance of these pitfalls other than to follow good field practices and to pro­

vide construction supervision and inspection personnel adequately skilled in their 

trade. As an aid to the builder of low-leakage reactor facilities, a few notes of 

advice and caution are outlined below. These notes are general comments con­

cerning t.he proper philosophic approach to the construction and inspection of 

low-leakage facilities. In many cases, two references accepted by the building 

trade have been quoted directly: "Field Inspection of Building Construction," 

Thomas H. McKaig, F. W. Dodge Corp., N. Y. (1958); and "Field Inspector's 

Check List for Building Construction," NBS Bldg., Materials and Structure's 

Report BMS-81, Catalog Cl3:29:81. 

During the canst.ruction process, it is essential that a superior pro­

gram of construction supervision should be effected if conventional structures 
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are to be made leak tight and within the allotted budget. Typical of the practices 

which should be followed in the supervision of construction are the following: 

·. · l) Adherence to the standards of materials and craftsmanship 

approved by the material manufacturer, designer, or user of 

the final working drawings and specifications. 

2) Avoidance of extra construction costs beyond the approved con­

struction contracts. 

3) Checking of building processes and evaluation of materials to 

ensure conformity with the specifications. 

4) Elimination of unacceptable ·substitutions. 

5) Frequent conferences with the contractor to assist in the inter­

pretation of the contractual documents (both before and during 

consti:uction). 

6) Prevention of e.rror which might re'Sult in unnecessary and 

costly maintenanc·e and upkeep costs, 

7) Review of guaranteed materials or workmanship at the time ?f 

installation. 

8) Skillful coordination of the work of the various crafts. 

9) Discovery of error or elements overlooked in the final drawings 

of specifications, and their early correction • 

10) Periodic reporting on the progres·s of the project so that the 

owner and users are kept informed. 

11) Protection of the mutuality of interest of owner, architect, and 

contractor, and producing the desired integration of interests . 

12) Prevention of unfair practices and procedures or attempts at 

avoidance of contractual obligations. 

Obviously, both good specifications and alert field and building inspec­

tion are necessary for the execution of a satisfactory building project with a new 

purpose. A brief general requirement in the specifications for "workmanlike 

manner" is not stringent enough, but under this provision the inspector can, at 

least, try to extract from the contractor something more than bare compliance. 

H.::iwever, if the specifications permit the contractor free scope, or if, worse 
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yet, they actually call for improper procedures, the inspector is virtually help­

less. Many specifications embody the "General Conditions of the Contract for 

the Constructiort of Buildings" of the American Institute of Architects as part of 

the Specifications, or "Metal Curtain Wall Manual" by the National Association 

of Architectual Metal Manufacturers (1960), or "Manual of Concrete Inspection 

of the American Concrete Institute. " While these docunients contain many of the 

ingredients required for good specification preparation, they are not sufficient 

for specifying low-leakage structures. One of the purposes of this manual is to 

provide information which will permit the leakage. requirements of buildings to 

be appropriately specified. 

On a construction project, it is normal practice for the architect­

engineer to endeavor by general supervision to guard the owner against defects 

and deficiencies in the work of contactors, but he does not guarantee the p~r­

formance of their contracts. The general supervision of the architect-engineer 

is to be distinguished from the continuous on-site inspection by a clerk of the 

works. When authorized by the owner, a clerk of the works acceptable to both 

the owner and architect shall be engaged. Thus the architect-engineer still re­

tains general supervision of the work, and the field inspector has no au'thority 

to change the plans or specifications, to make his own interpretations, or to 

usurp in any way the authority of the architect-engin~er as defined by the 

architect-owner contract. 

Depending on the contract, the field inspector may be employed by the 

owner or the architect-engineer. If friction is to be avoided, he must be accept­

able to both the owner and the designer. The architect-engineer is usually the 

captain of a team of designers, but he may be assisted and represented in cer­

tain aspects of the work by his field engineer, the landscape architect, or some 

other building inspector. The field inspector should be permitted to deal directly 

with-any-of' the·s·e-·spe·ctalists-on -pertinent·matters-of- interpr-eta:tion-of-cfetai-1-;---AH 

problems dealt with in this manner, and the decisions reached, should be re­

corded so that the architect-engir ... eer and any other interested member of the 

team may be kept informed regarding the status of the work at all times. 

Unreasonably severe requirements established by the inspector occa­

sionally damage the reputation of the architect to the extent that contractors who 

have been harassed by inspectors may raise their estimates when bidding on sub­

sequent work. This is a particularly sensitive area in the case of nuclear and/or 
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low-leakage structures. Contractors are often frightened into increasing their 

bid price by the very word "Nuclear" on specifications or drawings. Therefore, 

the field inspector should exercise care not to place unreasonable demands upon 

the contractor, but at the sa,me time, should not permit essential requirements 

to be compromised. Obviously, occasional controversial or questionable areas 

will arise which should be brought to the attention of the architect-engineer or 

nuclear designer by the inspector for arbitration. 

In the case of low-leakage reactor housing structures, an additional 

requireme~t to the normal inspection during construction for compliance with 

specifications should be a final proof-test of the building leak tightness. The 

field inspector should be charged with the responsibility of determining that test 

procedures are adequate and that the specified leak tightness is achieved • 

In summary, the ingredients for success in the construction of low­

leakage reactor building enclosures are: 

1) Clearly defined and complete plans and specifications 

2) Good construction supervision 

3) Adequate inspection durfog construction 

4) A proof-test of the leak-tightness characteristics of the building. 

2. Concrete Structures 

Reinforced concrete building structures can be designed and constructed 

with low le~kage to house nuclear reactors. Le~age of a typical concrete struc­

ture occurs at joints and through pores and cracks in the concrete. The leakage 

coefficients in the Application Data Sheets permit the computation of leakage from 

each of these leak paths. Howe.ver, before the leakage through cracks can be de­

termined, it is necessary to calculate the spacing and size of the cracks as a 

function of the building loading stresses. 

The major reason for cracking in concrete is its relatively low tensile 

strength. Tensile stresses can be introduced into concrete in a number of ways, 

including: 

a) Loading stresses from externally applied forces 

• b) Loading stresses from the weight of the concrete 

c) Thermal expansion a1'd contraction of a fixed member 

NAA-SR-10100 

IV-9 
245< 



d) Differential shrinkage during the curing process. 

e) Differential expansion between the reinforcing steel and the con­

cl"ete • . 

f) Stresses from internally applied pressure loads. 

Cracking from all of these causes can be minimized by proper specification and 

by proper control during construction. 

The spacing and size of cracks produced by flexure in elastically stressed 

panels can be c0mputed by use of a technique developed by Chi and Kirs-tein. * 
The method results in a conservative prediction of cracking and leakage. 

When a concrete panel attempts to expand or contract due to tempe,ature 

changes but is restrained from doing so by fixed attachment to beams or columns, 

stresses occur which can cause cracking. Uneven heating or cooling in a given 

portion of the panel can also cause thermal stresses in the panel. These stresses 

can be minimi'zed by providing joints at points of attachments to columns which 

allow for movement of the panel. Specially designed joints are required in low­

leakage structures to minimize leakage, allow movement of the panel to accom­

modate thermal expansion, and to permit maintenance. 

The ultimate strength cf concrete is a function of many variables includ­

ing water I cement ratio; type, size, and amount of admixtures; placement; curing 

method and time. Du.ring the curing process, moisture evaporates from the con­

crete. I£ this occurs too rapidly, the concrete strength can be reduced by as 

much as 50%. Furthermore, uneven drying can result in differential shrinkage 

and local regions of weakness. Even well-cured concrete has built.,..in shrinkage 

stresses near the surface. I£ the concrete strength is low, considerable crack­

ing can result. Fortunately, these cracks do not normally penetrate deeply into 

the concrete. However, they should be minimized in low-leakage structures by 

proper mixture and curing control. The newer methods of vacuum treating con­

crete after pouring offer an excellent means of reducing shrinkage cracks and 

water capillaries. 

Improper placement of reinforcing steel too near the surface of the con­

crete frequently results in cracks which penetrate to the steel. These can be 

avoided by care in spec ·:fying and placing the steel. Precaution must be used 

~<See References, Conventional Housing and Components, 78 
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in such areas as joinery in precast concrete to prevent cracking. For example, 

when joining methods require welding of plates and inserts, heat causes expar'i.- · 

sion .of the n1etal plates and anchors. The expansion weakens the bond between . . 

the steel ~nd concrete and eventually may cause a major leak path if cracking 

occurs at the end of the anchor. It is important that the right type of steel plate 

an:d anchors be used and approved welding procedures be followed • 

Cracks in concrete will have a leakage rate according to their number, 

spacing, width, and penetration into the concrete. The computation methods of 

Chi and Kirstein are used to determine crack width and spacing based on loading 

stresses. The depth of the cracks is determined from the computed depth of the 

neutral axis. Complete penetration of the cracks results only where stress re­

versal of the panels occurs. When cracks penetrate completely thr ough the con-
. . I . • * 

crete, the leakage rate through the cracks can be c ompute d. . Leakage of con-

crete thr·ough cracks which do not completely penetrate the slab can be computed 

by assUrnirig that the leakage is only that which results from the thickness of the 

uncrack~d co~crete. Special care should be exercised if credit is taken for the 

uncracked thickness of concrete since the cracked thickness may extend to a 

joint where leakage can occur. If the joint is properly d~signed with caulking 

below the cracks' then leakage is correctly controlled. 

In low-leakage reinforced concrete building structures, constructed in 

accordance with techniques shown to be effective, the major source of leakage 

is through concrete cracks arid capillaries. Concrete crack and capillary leak­

age can be controlled so that leakage is predictable. These structures can be 

construc'ted to leak less than 3 volume % per day at 14 in. of water pressure 

( 1I2 psi). With properly prepared and painted surfaces, they can be constructed 

to leak less than 0.1% per day at 14 in. water pressure. As with any well-designed 

concrete structure, the loading stresses produced on the reinforced concrete 

should be in accordance with the ACI code and, thus, well below the yield point of 

the steel (in 'tension) or concrete (in compression). This is especially true in 

low-leak.age reactor structures where the minimization of cracking is important. 

3. Steel Structures 

Metal-panel building structures can be designed and constructed with low 

leakage to house nuclear reactors. Leakage of a typical metal-panel structure 

\*A method of estimating concrete cracking and leakage is given in the Appendix. 
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occurs primarily at the joints. The leakage coefficients in the Application Data 

Sheets permit the computation of leakage through the joints. 

For a siitgle-layer 18-gage steel panel with lapped joints at 2-ft inter­

vals, with girts at 5-ft centers perpendicular t9 the direction of the lapped joints, 

and with self-tapping screws at 6-in, centers on the girt lines, calculations show 

that the maximum pressure difference which can be resisted by the panel is ap­

proximately 2 in. of water. 

For a double-layer 18-gage steel w<=11l, r1 flr1t p;:i.nel, ;:i.nd the outer layer a 

fluted 18-gage panel fastened directly to this inner panel and thence to girts lo­

cated at 10-ft centers, it ii;; estimated that the maximum allowable internal pres­

sure is between 10 and 15 in. of water. The maximum allowable external pres­

sure (if the ribbed external panel is leak tight), is approximately 45 in. of water. 

If the ribbed external panel is adopted as the leakage barrier, the leakage 

rate will greatly increase since the eave and curb joints of a fluted panel are very 
I 

difficult to s eaL 

Consideration must be given to the roof construction for the type of build­

ing. Normally a 5-ply built-up roofing over a steel decking is employed. The 

internal pressure limit for this type of roof is 5 in. of water (or less), when the 

5-ply roofing is used as the leakage barrier. Except for low pressures, the 

steel decking must be considered the leakage barrier. For this case, the area 

between the deckbg and 5-ply roofing must be allowed to breathe to the atmosphere. 

Metal-panel buildings of the Robertson type (a representative type) can 

be designed for a maximum internal pressure of between 10 and 15 in. of water. 

At leakage rates of less than 10%/day at l in. water, normal ambieh.t air tem­

peratm:·e and pressure changes may cause the internal pressure to exce'ed this 

design limit. By air temperature and/or pressure control devices, the leakage 

rate can be reduced to 5%/ day without exceeding the allowable design stresses. 

-Th-ere ii:i- -utne- tn-centive· fcrr --de signing-a-bui-hiing-of-this- type-fo-r-1-eak-ra-tes-lower----- -- -

than 100%/day ..:tt the building design capability pressure (10 to 15 in. water). 

Section V of this report shows that concrete buildings (designed for 1/2 psig) are 

less expensive and easier to seal against leakage. 
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4. Leakage of Gases and Vapors 

The majority of te~ts conducted have been performed with components in 

which the leakage of air has been studied. This type of leakage is characterized 

by a flow .proportional to the pressure differential or the square root of the pres­

sure differential. This successfully represents the mass flow of gases through 

cracks, orifices, joints, etc. 

Gases other than air should behave in a somewhat similar manner for · 

mass flow in the turbulent or viscous flow regions with different coefficients ap­

plied to the basic flow equations. If, instead of crack and orifice flow, the flow 

is through a porous membrane such as an uncracked concrete wall or through an 

unviolated paint surface, then the mechanism of flow is more nearly represented 

by diffusion equations. In this case, the rate of flow through the membrane is 

dependent on the partial pressure of the gas or vapor being considered on the one 

side , of the membrane campared to the other side. In such a case, it is possible 

for the flow of two different gases through a membrane to be in opposite direc-
' 

tions if the partial pressure gradients are of opposite sign. Variou~ combina-

tions of diffusion and mass flow are possible . 

· Fortunately, in most building designs of the type required for reactor 

containment, the major contribution of leakage is from cracks and orifices with 

mass flow predominating. However, when considering a porous membrane, 

designers should remember that if the partial pressure of a particular gas con­

stituent is higher on one side of the membrane than the other and the total pres­

sure is in the opposite direction, it is possible that the gas in question may 

migrate by diffusion in the opposite direction to the mass flow leakage. This 

could occur, for example, through a concrete wall in which the inside of the 

building is maintained at a negative pressure and the majority of the leakage is 

taking place by mass flow through cracks and orifices from the outside of the 

building, yet the partial pressure of a particular constituent is higher on the 

inside and diffusion through uncracked portions of the concrete occurs to the 

outside of the building . 

Tests on the leakage of water vapor through concrete indicate that water 

vapor can be considered as another gas and obeys the same physical laws of 

transport including diffusion proportional to the partial pressure differential. 

These tests also indicate, howev~r, that water vapor tends to condense· in the 

pores .of the concrete as it penetrates the concrete and can form pools of moisture 

through which gases and vapors cannot readily penetrate because of the low liquid 

diffusion coefficient. 
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C. APPLICATION DAT A SHEET DESCRIPTION 

T,he format of the Application Data Sheets facilita~es accessibility and use 

of building d·esign details by the working designer. The data sheets are grouped 

in three basic construction categories: I. Concrete Structures, II. Ste~l Struc­

tures, and IIL Building Components. The latter are components common to 

any type structure, such as doors, louvers, roof hatches, paints, caul\dng, 

piping penet.t·atiumi, elc. A listing of all components within a basic construction 

category precedes each category group. Typical details, leakage coefficients, 

and controlling parameters are indicated on individual Application Data Sheets. 

The Leakage Data Sheet (Section III), which contains the experimental basis for 

the leakage coefficient, is referenced where applicable. 

Each Application Data Sheet is assigned a code number to permit r,eference 

and identification. Application Data Sheets are designated ADS, followed by a 

' 

Roman nuP-""eral which represents the basic construction category. The category 1 

numeral is followed by a letter which indicates the group of components within 

the category. Specific components are identified by sequential number!'i follow-

ing the component-group letter. Since more than one commonly used ~onfigura­

tiqn exists for many of ~he specific components, multiple suggested designs for 

the same component are treated as separate cases on the same Applic~tion Data 

Sheet. For example: ADS III-A-2 Case 2 is an Application Data Sheet, Category 

III (Building Components), Group A (Doors;, Data Sheet 2 (Personnel Access), 

Case 2 (Marine). 

Incorporated into each Application Data Sheet, when applicable and available, 

i a the following information: 

1) Title 

2) Description 

3) Case number 

a. Design details 

b. Leakage coefficients 

c. Notes 
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D. LEAKAGE CALCULATION PROCEDURES 

1. Leak Rate Formula 

•· 
T·he basic formulae for leakage are defined in Section IL The leak rate 

per unit leak path of a specific component or structural configuration is 

q =AP+ BPl/2 ••• ( 11) 

where P is the pressure difference across the component. A and B are the 

empirkally measured leakage coefficients pre;sented in Sect:i,on IIL 

On Application Data Sheets, the units of the coefficients are: 

A = cfm per unit leak path - in. water pressure 

. . 1/2 
B = cfm per unit leak path - in. water pressure 

The total leak rate through a co.mponent is 

qT = qD • •• ( lZ) 

where .D is the number of units or total dimension of the component. 'l'he total 

leak rate of a building or structure is the sum of all component leakages: 

Q = I;qT .~.(13) 

2. Method of Calculating Total Building Leakage 

The following steps are followed for calculating the total estimated le·ak­

age of an existing building or a proposed structure for which construction details 

have been specified: 

a) Identify the various component leak paths in the structure 

b) Itemize each leak path component 

1. Unit leak path 

2. Number of leak path units 

c) Review Application Data She'ets for an appropriate possible detail 

for each component 

d) Ite:nize the leakage coefficients for each component 
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e) Calculate the estiinated leakage per unit leak path for each compo­

nent at the specified pres sure difference 

f) Compute the total leakage through each component by use of the 

number of leak path units 

g) Sum the total component leakages to obtain the total building leakage. 

It is believed that the calculated leakage of a large-scale structure based 

on the data presented will be within ±50% of the actual leakage. 

An example for a typical structure (metal panel), with the leakage com­

ponents identified, is given in Figure IV-1. A sample leakage calculation is 

shown in Table IV-1. Each component which can contribute to the total leakage 

of the building (Figure IV-1) is itemized in the first two columns of the table. 

The unit leak path and the number of units of each component is entered into the 

next two col Limns. The leakage coefficients are determined from the Application 

Data Sheet corresponding to the component construction detail and both are item­

ized in the table. The leakage per unit path of each component at 3 inches of 

water is estiinated, using Equatio:c. 11, and then tabulated. The last column of 

the table, the .total leakage through each component, is computed by use of Equa­

tion 12. The total. leak rate of the building, obtained from the sum of all compo­

nent leakages (Equation 13), is 37,000 cim or about 5000% per day. 

3. Determination of Stn:ctural Components for Specified Leakage 

The following basic steps should be followed to determine the most eco­

nomical construction arrangement when the allowable leakage has been established 

(also see discu~sion in Se<;::tion V, Economics): 

a) Identify possible leak paths for the proposed structure configuration. 

b) Review the Application Data Sheets for leakage of the various con­

struction details for each possible leak path. (If the basic structure 

type such as cast-in-place concrete or insulated metal siding has 

not been determined, leak paths should be tabulated for each type 

of structure considered economically feasible for the proposed 

applicat~on. ) 

c) Determine which construction detail is fixed by engineering and 

econom.ic considerations other than leakage. 

d) Select the most ecoc1omical appropriate combination of details for 

the remaining leak paths. 
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1. Roof 6. Framed Door Opening 
2. Eave 7. Door 
3. Wall 8. Door 
4. Corner 9. Louver 
5. Curb 10. Stack Penetration 

Figure IV-1. Typical Metal Panel Building with 
Leakage Components Identified 
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e) Tabulate leak paths and estimated leakage coefficients for the 

various possible details. 

· £) Calculate the total building leakage. 

g) This process should be repeated for each feasible structure type; 

final selection to be based on local estimated cost of the final con­

figurations of each possible structure type which meets the leakage 

specifications. 

The first leakage calculation sheet should include only the most economi­

cal method of construction. H the leakage is greater than allowed, the sheet 

should be examined for components which contribute an excessive leakage. An 

alternative component or building detail is selected and the calculation repeated 

until the dE:sired leakage results. In a few cases, a component must be elimi­

nated if no adequate substitution is found. By using the fundamental data pre­

sented, a facility designer, well versed in leak-path characteristics, should be 

able to estimate ' leakage (including details not specifically described) so that a 

typical large building can be designed to leak within :1::50% of the design leak rate. 

The accuracy of tabulated component leakage data, the reliability of materials 

used, and the quality of methods of component subassembly by the manufacturer 

are probably sufficient to select components to achieve a specified leakage. It 

is recommended that a mir.i.n1um sc..fety factor of 2 be used in the design of low­

leakage buildings to accornmodate the various uncertainties. 

Suppose an insulated metal panel building is required to leak less than 

15% per day at 3 inches water pressure. Table IV-1 is an example of the first 

work sheet which might be calculated. It is apparent that the major leakage is 

through Item No. 2, the eaves, when constructe'd by standard construction. If 

the improv-ed construction of ADS II-A-5 Case 2 were employed, the total leak'" 

age of t!:e building would be reduced to 5800 cfm, or about 900% per day. 

Table IV-2 is an -example of the leakage_ cal_c_ulation_ ~4e_et for a structure which 

meets the leakage specifications with a safety factor of 3.6. Note that Item 

No. 9, the louver, must be eliminated to meet the leakage specification. Also 

note that the use of a hollow-metal gasketed door for Item No. 8 would not result 

in a sufficient factor of safety. 

Leakage of components which are designed with minor variations from 

the Application Data Sheet specifications can be predicted without significantly 
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affecting the desired leakage result. This is true provided that the structure is 

assembled by experienced workmen under knowledgeable supervision and that 

there is careful inspection of the work. The facility planner and designer must 

use these data as a complement of, rather than a substitute for, good engineering 

practices. He must depend on his ingenuity an~ experience to develop the final 

design best suited to the particular application being considered. Extrapolations 

to larger or more complex structures and any relationship between tests at am· 

bient conditions to leakage under accident conditions should be assessed and 

taken into consideration when establishing a safety factor for the application. 

There are a number of reasons why a larger safety factor may be necessary . 

For example, it may be ess.ential to meet the leakage specification, there may 

be major variations in design, quality of workmanship, or experience in inspec­

tion, or there inay be abnormally large, environmentally induced stresses in the 

structure. Thus, a safety factor as large as 4 or 5 may be required under some 

conditions . 
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Leak 
Item 
No. 

I 

2 

3 

4 

s 

6 

7 

8 

9 

10 

Facility: 
A. B. C. Power Co. 
Lewleberg, Ohio 

Component 

Roof 

Eave 

Wall 

Corner 

Curb 

Framed Door Openings 

Door, 15 ft x ZO ft 
Std Slidin11 :>r Roll up 

Door, Hcllow 
Metal Casketed 

Louver, Z x 2 ft 

I Z in, dio.mcter 
Stack Penetration 

TABLE IV-1 

LEAKAGE CALCULATION SHEET 

Grose Volume: 
1,000,000 cu ft Allowable Leakage: Pressure Difference 

3 in. water 

I 
Unit I Estimated I Possible 

No, of D t .1 
Leakage Coefficlent Leak11.ge 

I Estimated 

ft 2 

ft 

ft
2 

ft 

ft 

ft 

each 

each 

each 

in: 

Units e at A 

zs,ooo 

1,470 

37,SOO 

200 

810 

78 

I 

I 

I 

38 

Il-A-4 6 x 10-s 

II-A-S >7 Case I 

II-A-3 2,Z x 10· 3 
Case I 

II-A-I> 0,4 Case I 

II-A-Z 0,6Z Case I 

II-A- 7 <lo- 6 

:U-A-3 600 Case I 

lll-A-2 0 Case I 

IU-B-1 30 

Ill·D· l <10" 8 
Case I 
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I B 
Per Unit 

(cfm) 

0 1,8" 10"
4 

0 21 

s.o x 10- 4 7,S x ' 10" 3 

0,1 1.4 

1.Z7 4,06 

0 <Jo- 6 

0 1800 

35 61 

0 90 

- 10·11 . 
Estimated Total Leakage 

256< 

Existing Structure: 
Insulated Metal Siding 
Steel Frame 

I 'l'otAI Component 
Leakage 

(elm) 

4,S · 

30,800 

Z80 

Z80 

3300 

0 

1800 

61 

90 

u 

36,600 cfm 
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Leak 
Item - No. 

I 

z - 3 

~ 1 

5 - 6 

7 

- 8 

9 - 10 

.. 
-
-" 

-
I. -

-
-

Faeility: 
A. B. C. Power Co. 
Lewisberg, Ohio 

I Component 

Roof 

Eave 

Wall 

Corner 

Curb 

Framed Door Opening• 

Door, 15 ft x 20 ft 
W /Jnfl. Seah 

Door, 
Marine, Oulck Actln1 

TABLE IV-2 

LEAKAGE CALCULATION SHEET 

Gross Volume : 
1,000,000 cu ft 

I Ea tlmated I Unit No. of 
Units 

ft
2 

25,000 . 

(t 1,470 

ft 2 37 ,soo 

ft 200 

{t 800 

ft 78 

in. 1,200 

each I 

Allowable Leakage 
15%/24 hr . 
(100 cfm) 

•• "f· 
~ 

{ --Dee ign Pressure 
,~ ) i~~.: Water 

..... . 
Estimated 

Possible Lcakall" Coc;Cficient Leakage 
Detail 

A ' B 
Per tlnit 

(cfm) 

ll-A-4 6x I0- 5 0 1.8 x 10- 4 

ll-A-5 <6 x 10- 5 0 1.8 x 10- 4 

Case 2 

Il-A-3 2x I0- 4 5 x 10- 1 6 x 10- 4 

Calle 2 

U-A-6 <I0- 8 <I0- 8 10-8 

Case 2 

U-A-i <3 x 10-8 0 <9 x 10-8 

Case 3 

U-A-7 <lo- 6 0 <I0._6 

llI-A-3 
Caae Z Negligible 0 Negligible 

m-A-2 
Caoe Z 0.0012 0.0014 0,006 

Louver - Do not u1e louver for vent air-excenive leakage 

l Z ln. diameter I I Stack Penetration In. 38 I .. Ill-D-1 I -8 
Caoe I <10 
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Eetlmated Total Leaka1e 
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P .. opoaed 'Strudure : 
Insulated Metal Siding 
Steel Frame 

Total, Component 
Leakage 

(c:fm) 

4.5 

0.7 

22,5 
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-
-

-
-

-
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Code 
No. --

I-A-1 

I-A-2 

r:..A-3 

I-A-4 

I-A-5 

I-A-6 

I-A-7 

I-A-8 

I-A-9 
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Roof Slab ........................ . 

Eave .•.. 

Corners and Column-Wall Joints .... 

Framed Opening in Wall and Roof for Doors and Louvers .. 
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ATOMICS INTE~ATIONAI. 
·I /Jfrision ·~f' ,\'ort/1 Am••rinm .-l1 ·i1aim1 /ur . 

APPLICATION DATA SHEET 

Concrete Structure; Leak Path Key Drawing 

~ <~ ' ' \..- ·, ., ·' • ·~t&ili'.DI ,111·110::;; 

No. I-A-1 

Reinforced concrete structure, cast-in-place or precast 

Notes 

Page 
l of 3 

1. Caulking compound called out in subsequent data sheets is to be a poly­
sulfide base polymer, with bonding qualities to concrete. Caulking is 
to be applied per manufacturer's directions • 

2. Membran~ barrier under slabs, etc. is to be as follows: 
a) Hot tar: 50 lb/ 100 ft2 

'b) Dry ply: 15 lb tarred felt, lap 4 in. 

3. · Nonshrink grout is to be Portland cement grout with expanding aggre-

'. 

. gate aclm.ixture, mixed and placed in accordance with manufacturer 1 s 
instructions. 
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ATOMICS INTE~TIONAL 
A /)iri1i1H1 of Nor1/1 Amerinm A1•i111irn1 ''"" 

APPLICATION DATA SHEET No. I-A-l Page 
3 of 3 

.... LEAK PATH LEGEND 

- I 

~~~ I De scription I ADS No. 

~ 
Concrete slabs or panels I-A-2. 

Juncture of floor slab, footing, and wall I-A-3 
,_ I 

Roof slab • I-A-4 

(D Eave I-A-5 

.,.. 
1 (D Corners and column and wall joints I-A-6 

© Framed door opening I-A-7 

- ' Q) Framed louver opening I-A-9 

© Framed roof opening I-A-10 

_ 1 (D Inserts through wall I-A-8 

._ I 

-
.. 
-
-
-
-
-
.. 

~ 
Doors III-A 

Louvers III-B 

Roof hatches lll-C 

@ Piping penetrations III-D . 
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ATOMICS INTE~TIONAL 
A /Jil'i.1im1 of .f\'11r1/1 .4merio111 Al'ia1in11 '"'" 

A P P L I C A T I 0 N D A. T A S H E E T No. I-A-2(1) 

lllil 
Concrete Structure; Cast-in-Place Concrete Slabs or Panels 

mmi•~~n 
Reinforced concrete floor slab 
Leakage through slab surface area 
Leakage through joints at intersection of slab and walls or footings 

(ADS I-A-3) 
Concrete specifications 

Cement (sacks/yd
3

) 
Cement (lb) 
Sand (lb) 
No. 3 gravel (lb) 
Wate:i:- (lb) 
Total Weight (lb) 
Water (gal) 
Watei- (gal/ sack) 
Slump, calculated (in. ) 
Plastiment admixture per sack, Sika Chem. Co. (oz) 
Maximum allowable water (gal) 

Water-cement ratio: 0.43 ± 0.03 

[tlifi~'::::il 

7. 75 
729 
1196 
1832 
264 
4021 
31. 7 
4.23 
2 to ·4 
2. 
33 

Page 
l of 3 

Plain slab on wall area; no visible or known cracks; size and location of 
reinforcement per design requirement (LDS B-13 and LDS B-15). 

. .. . ~ .d - --
~., • ¢ : . .6 

TYPICAL DETAIL 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A l>i1·isi1111 of' .\'t1rtl1 :fmt'rinm A1·iu1im1 /111·. 

APPLICATION DATA SHEET No. I-A-2 (1) 
Page 
2 of 3 

Leakage Coefficient 
2 

per ft of concrete surface 
Pressure range: 0 to 100 in. water 

x(in. ) A B Remarks 

4 
8 

12 

Notes 

llilfMil 

-6 
0 See Note 2 3x 10_ 6 

l.Sx 10_ 6 
0 

1 x 10 0 

1. Above coefficients do not give any consideration to leakage 
resistance of soil for slabs on grade. Therefore, calculated 
leakage values will be c onse r vative if s lab is constructed on 
compacted base. 

2, An increase in water- cement ratio of 18% can cause an in­
crease of leak rate by a factor of 10 [LDS B-1 (3)]. 

3, , A 12-mil crack in 4-in. -thick concrete leaks 0.17 cfm/ft 
length at i-in. water pressure (LDS B- 7). 

4 b 3L 
cfm = 3.9 x 10 -P (LDS D-3), x 

where 

b =crack width in in. 
x =wall thickness in in. 
L = crack length in in. 
p = pressure difference in in. of water 

Floor slab cast on waster slab; membrane barrier be i:ween waster slab 
and floor slab (LDS A-8). 

....... " .... 
.. .. 

--·- -·· •.: •:, . ,.· ~ _; : • ·-c:; MEMBRANE BARRI ER : 
~ , a t ... · · ~. ·· r · HoT TAR sou Pe:R 100 FT 2 

• • •' .... : . I . • ... : ·!\...._ ORV PL Y . IS/I TARRED FELT, 
'. /Ji ,:· ~ · ~ ·a ·. LAP 4 IN. 

. . HOT TAR SOit PER 100 FT 2 

WASTER SLAB 

'TYPICAL DETAIL 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
.., "" ,,,1011 11/ ,.,,,,. lmf'rl•'f'IU h IUllOU lw ·. 

APPLICATION DATA SHEET No, I-A-2( 1) 
Page 
3 of 3 

Leakage Coefficient 
2 

per ft of concrete surface 

Notes 

A 

5 
6 x 10 -6 
2.8 x 10 

pressure range 0 to 10 in. water 

B 

0 
0 

Remarks 

membrane only 
membrane + 4-in. thickness of un­
cracked concrete 

1. With adequate membra ne barrier, le a kage is independent of 
slab thickness a nd contraction joint spacing since leakage is 
assumed to be through cracks along the contraction joints. 
(See note 4.) 

2. Membrane barrier must adhere to sides of footings, equipment. 
bases, etc., that pierce floor slab. Apply membrane minimun 
of 3 in. up sides of footings, etc. 

3. Care must be taken to maintain integrity of membrane barrier 
during construction. 

4. The total leak in cfrn through uncracked 4-in. -thick concrete 
and the membrane is obtained by treating the two coefficients 
in series: 

-5 -6 
q = P (6 x 10 x 3 x 10 ) = z.BS x 10 -6 p 

T (6 x 10- 5 ~ 3 x 10 - 6) 

while the leak estimation procedure for 1 ft2 
equivalent crack 

area in a 104 ft2 concrete floor slab is 

4 -6 -5 -2 
qT=P(lO x2.85xl0 +lx6xl0 )=2.85xl0 P 

Thus the leak is 2.85 x 10- 6 cfm P/£t
2 

which is less than the 
membrane only. 

NAA-SR-1 U l UO 
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ATOMICS INTE~TIONAI, 
A l>iri•io11 of N11rt/1 A1n~rim11 .4vi11tin11 /111·. 

APPLICATION DATA SHEET No. I-A-2 (2) 

~-· ;;:.,: 
Concrete Structure; Prestressed Concrete Panel 

fll\*·· -. .. r :..:. ~ . .,. .,/.:": _. "~.... .· 

Prestressed concrete panel (LDS B-2). 
Leakage through panel surface area. 

Page 
1 of 2 

Leakage through joints at intersection of panel or footings (ADS I-A-3 ). 
Concrete specification and mix proportion (compression strength may 
vary from 5,500 to 8,400 psi - 28 day): · 

Cement 
Sand 
Aggregate 
Water 
Plastiment 

1 sack 
141 lb 
235 lb 
47 lb 
3 oz 

r:f' LEAK PATH 

o ' d ~ 'A 

' ·• II? 

PRESTRESSED CONCRETE PANEL 

Jacking force 
Final force 

20 ,600 lb per rod 
19,600 lb per rod 

265< 
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ATOMICS INTE~TIONAL 
A Divi•im1 of N11r1/1 Arnerinm Avi<ilimt /111". 

APPLICATION DATA SHEET No. I-A-2 (2) Page 
·2 of 2 

Leakage Coefficient 
I 2 

per :ft of concrete surface 

Thickness J A I B I Remarks 

5-1I2 in. 
5-1/2 in. 

Notes 

-5 
1.1x10_5 
2.2 x 10 

0 
0 

edges of panel sealed and pain~~d 
edges of panel not sealed and 
painted 

1. The above coefficients depend on the location of the steel rods 
which determine the effective thickness of the concrete. The 
air passes through the concrete to the wrapped steel rods and 
follow along the rod to the atmosphere. 

2. A variation of mix or water-cement ratio can change the l eak­
age rate by a factor of 1 O. 

NAA-SR-10100 
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ATOMICS IN1El~ATIONAL 
.4 /lil'i•i1111 of' .\"orl/1 .4mprim11 ,.fri111im1 /111'. 

APP.LI CAT I 0 N DAT A SHEET No. 1-A-3 
Page 
1 of 2 

[~j--
Concrete Structure; Juncture of Floor Slab, Footing, and Wall 

tmlltmlll =-... ~ . ( ·:: ... J ....... ;.;~ ._.; ~· _: ·. '.:f'% > ~~ 

Reinforced concrete floor slab, footing, and wall 
Leakage through construction joint between slab and footing or wall 

r::aa• J ::;:;,; 

"'' . .. 4·· 
~o.C.:". · 

Cast-in-Place 

.. ,, 

CONSTRUCTION JOINT (EXPANSION OR CONTRACTION) 

. ,.,-/CONTINUOUS CAULKING: MINIM~~.~ 1 :· 

·~.~I ~WATERSTOP 

·~ 

11-r--J I.~ ' . It) .·•.. .•. . l 

·f . ~ . "· 
> ... 

4 • • 
q ( .• . II 

. . ·;) 

DETAIL 1 

·, 1- .. :. • . . . " : . 
) , .. · , ... 

0 • 

. , , . 
'.·o ·4 ,· ··.:d· " 9' LI • . , ., 

·~ . ·~ :,··o· ·. 
.~,_..;. 

9 .... 
I .,,•4•, . .. ... .... :· 

,, 

··ti4! 
•!. - / · O 

·, · -.• . ~114 i,,·.. \ •..... - , . 
j . - . . '""'- 4 - .. ,.~ ... o· . 

-. 
- I • •, 

I e. '"" ' ·. " ..... ..... ' .. 
... -... 

. ,i. ·" . 

CARRY MEMBRANE BARRIER (IF USED) OVER FOOTING 
AND MINIMUM 3 IN. UP WALL 

DETAIL 21 
TYPICAL DETAILS 

Leakage Coefficient per lineal ft of joint 

No Waterstop 
With Caulking 

A I B 

8 x lo- 6 I o 
(LDS B-8) 

pressure range 0 to 25 in. water (LDS-B-16) 

With Waterstop 
No Caulking 

A I B 
1.6 x 10-3 I o 

(LDS B-16) 

NAA-SR-10100 
IV-113 

With Waterstop 
and Caulking 
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ATOMICS INTEl~'ATIONAL 
A l>iri•i1111 of' .\orl/i A111~rim11 At·iatio11 111<'. 

APPLICATION DATA SHEET No. I-A-3 Page 
2 of 2 

Notes l . · All joints and corners of waterstops (if used) must be leak 
tight. All intersections of waters tops at wall and slab con­
struction joints must be leak tight. Refer to ADS 1-A-Z (1) for 
leakage of membrane barrier. 

2. Care must be taken to maintain integrity of waterstops during 
construction. 

3, Rubber or neoprene seals to concrete have not been suitable 
for air-leakage reduction when the concrete wa& poured into a 
horizontal form. 

l:.¢1:i.~1;: 11 

~ 
I# 

" 

Precast Wall Panels 

~: l , .... . . ,, . 

PRIOR TO SETTING WALL 
PANEL, PLACE 3/4-IN. DIAMETER 
BUTYL ROD AND SUFFICIENT 
CAULKING COMPOUND TO FORM 
EVEN CAULK BED FULL WIDTH 
UNDER PANEL AND 1/2-IN. UP 
SIDES OF PANEL. 

FLOOR 
Sl. AR 

: " ~-

SHIM TO FINAL 
ELEVATION AND 
DRY·PACK WITH 
NON-SHRINK GROUT 

~ 

~ .... 

"' 
,. 

I· 

.· 

. ' ., 
CAULK: MINIMUM 
1•1N. DEPTH 

v. l" . .· ·\" ~ . ... 
'.' •• FLOOR SLAB •• 

-4' . .. · " . { .,. . . . . ~ . . ~ . 
. u . 

. : u ·1 ·-·~· ( -
MEMBRANE BARRIER 9 

FOOTING 

. ·b. ~ 

... . ..... . 
.. 

"! r• , •I> 

. . b .. ' . 
!)_ .. . 

': ~ .. ,,;. ... . '"' _,,. Q 
6 • ,?> I -·.. . . l" .. 

DETAIL 1 

Leakage Coefficient 

Detail A 

CARRY MEMBRANE • • . 
BARRIER (II- U~ED I . .~ 
OVER FOOTING AND . • FOO"i"ING ~-
3 IN. UP WALL • ' 

.a. 

. (I •• 

. (S... •· . 
4 • .. . .. ~ · 

DETAIL 2 

per lineal ft of joint 
pressure range J to 100 in. water (LDS B-8) 

B Remarks 

1 1 x 10-6 0 

0 2 8 x l o-6 

Notes I. Leak rate value for Detail 1 reflects limit of leak detection 
sensivity. 

NAA-SR-10100 
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"- ATOMICS INTE~TIONAL 
.-I /)fri.'ilou of 'or1l1 . ltn1•rin111 ..ld<1tinu !tu·. 

~ 
APPLICATION DATA SHEET No. l-A-4 Page 

l of l 

- ·li-•lt 
~ 

I ..., 

~ 

I ... 
l ... 

L 

I 

--
I 
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.. 
~ 

~ 
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Concrete Structure; Roof Slab 

~~jjlr''lf ~it-':& -- '~ s:·Q ::a#fpfi ~<~' N>.-. -·· , :-. ... -,··-a;:~ ... _.., ==· ...... ~ !M .::: . ...., 

Reinforced concrete roof slab 
Five-ply built-up roofing over slab 
Leakage through slab surface area 
Leakage through eave joint (ADS I-A-5) 
5-PLY 9UILT·UP ROOFING 

··: ......... .. 
. . ... . .. 

... .... 

TYFICAL DEIAIL 

'6, . . ' 
. .. :~ .. ..,.. ,• ~ 

..· .. ; 'i.. . . . ·= ·~ .. ' . ._ 

Leakage Coefficient per sq ft of roof slab surface 

INSULATION PER 
DESIGN REOUIREMENTS 

pressure range 0 to 5 in. water (LDS A-8) 

Notes 

A I B I Remarks 

6~ 10-5 0 

1. Built-up roofing to be applied in accordance with best roofing 
practices. Method of application should be clearly defined 
in projec~ specifications • 

2. With proper roofing, the leakage coefficient is relatively 
independent of slab thickness and number and location of 
construction joints (and cracks ), provided the eave is sealed • 

3. Larger pressure s may lift 5-ply roofing when tar membrane 
is used as the leakage barrier. 

NAA-SR-10100 
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ATOMICS INI'E~TIONAL 
A Di1·i•io11 of Nnrt/1 .4rnericm1 Avin1im1 Inc. 

APPLICATION DATA SHEET No. I-A-5 Page 
l of 3 

- Concrete Structure; Eave 

mBlllll1 
Reinfur<.:t::<l concrete roof slab and wall 
Five-ply built -up rocfing over roof slab 
L e akage through c onstr uction joint at eave (between roof slab and wall) 

tfl'111'1 
Con~rete roof ~ck, cast-in-place, no parapet 

".:'" 

5-PLY BUILT-UP ROOFING 
2-PLY ROOFING OVER FLASHING 

METAL 
FLASHING 

~PLY l'llOOP'INCJ TO :>CAL ENO OF 
INSULATION. APl"LY UNDER NAIL­
ING BLOCK ANO OVER INSULATION. 

WITH INSULATION 

TYPICAL DETAILS 

f .: 

• 
NAILING 
BLOCK 

WITHOUT INSULATION 

Leakage Coefficient per lineal ft of eave 

Notes 

pres sure range 0 to 5 in. of water 

A B Remarks 

z x 1 o-6 0 

1. Built~up roofing to be applied in accordance with best roof­
ing practices. Method of application should be clearly de­
fine d in pr oj ect specifications. 

2. Two-ply roofing to seal end of i nsula tion must be continuous 
full l engfo of eave , a nd a minimum o:f 2 in. wide. 

3. Wallsare minimum 0f~ in. thick; nailing blocks a re-Zin. wide. 
4. See Note 3, ADS I-A-4. 

NAA-SR;.. l 0100 
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ATOMICS INTE~TIONAL 
A f>frisio11 of' \11r1/1 .4111erin111 . .friu1i1111 1111·. 

APPLICATION DATA SHEET No. I-A-5 

Bi{],~· =cc;; 
Concrete roof deck, cast-in-place, with parapet 

... 
' · ::·o .. 

: 

·'· 

REGLET OR FLASHING BLOCK, 
CAULK AFTER ROOFING 

: .A • • • O 

.' ·. 

CAULK: 1 IN. X 1/Z.IN. 

DETAIL 1 

PARAPET AND WALL MONOLITHIC 
SLAB PLACED SEPARATELY 

TYPICAL DETAIL 

Leakage Coefficient per lineal ft of eave 

Notes 

pres sure range 0 to 10 in. water 

No Waterstop With Caulking j 
A I B l Uetail Remarks A I B 

l <6 x 10-5 o I o I 
1. Above coefficient.; are e.uitable for firewall parapets if 

roofing details are followed on both sides of parapet. 
2. See Note 3, ADS I-A-4. 

"NAA.,.SR-10100 
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ATOMICS INTE~ATIONAL 
I l>ir i .'iion of \11rtl1 .ftnt1r11 •m1 lnulm" /lw. 

APPLICATION DATA SHEET No. I-A-5 Page 
3 of 3 

E'~"~l?c':r~ 
Precast concrete roof deck 

5-PLY BUILT-UP ROOFING 

.. 
: ~· 

· .. ea· · .. . .. ~ : 

... " . 
I I - -
I 
I I .. ,, 

' · _.:6 ;..; o,.' . 

· "' • • J 

A.NCHOH I ·,.. I I 
30L T I • .I I .. .. ~, , ., .. ~ 

. '"' ·. ~ 

C=:TAIL 1 

NC FARA;::ET 

.::<l.:..JL~<l"':i ::OMPCl_;NS 
MINIMUM 1 S-IN . Tnl.::K .>.FT::i'l 
PL.:>.CING ROOF 3L A.3 
F>i'llME hA L L F>A.N::L, ANC:, 
::lCC F 3LA3 P::R MFG. 
INSTRUCTION3 TO INSURE 
30N:. • .::AULKING 15 
5UF>PLC:MENTC:D 3Y 3UTYL 
OR N::OF>R!::NE RI 33CN 
~ A.5K S:T5 

L~a.ka.ge Coefficient per lineal ft of eave 

4j • •• -' 
·. ·~ , . . 
• • &l'• I> . .• 

RE;:>L::T OR FL.:>..3i-il'IG 
3LOCK . .:>..ND CAULK 

. .. · ...... 
' I> 

'
. 
·' 

5-PLY ROOFING 

.:: .o. UL K: MINIMUM 1 IN. 
DEEP 

·. ' l'~ .. ' ,-• If • .. I 1e 
: 11 -- ~ •• .. . : . 

CLIP ANGLE · - ~ 
~ - . ... .. _, 

D ET AIL. 2 

WITH PARAPET 

pressure range 0 to 14 in. water (LDS A-8) 

Notes 

Detail 

1 

2 

A 

6 x 10-5 

6 x 10-5 

B Rernarks 

at 20 in. - min detectable 

1 . Level of roof deck and wall determines effectiveness of seal. 
2 . Bonding strength of 5-ply roofing to concrete unknowr,,. 

NAA- SR-10100 
IV-119 

272< 



L 
L 

J l . 
iw 

•. 
I 
~ 

(" 

L 

L 

L 

... 

... 

L 

... 

L. 

j,.. 

.., 

-.. 

--·- --~--- .. ---

ATOMICS INTE~TIONAL 
-I /Ji1·i•i1111 of' .l\11r1/1 . .fm~ricrm Aci111i1111 lne. 

APPLICATION DATA SHEET No. I-A-6 

k1tt• 
Concrete Structure; Corners and Column- Wall Joints 

fMllmB =u=cw• 
Reinforced concrete structure 
Leakage through construction joints between columns and walls 

.,~111 ==·:: 
Column cast-in-place; wall precast or cast-in-place 

:;, ;. ~ .... . 
CONSTRUCTION JOINT (EXPANSION OR CONTRACTION) BETWEFI-! 
COL.UMN AND WAL.L.. CONTINUOUS CAUL.K MINIMUM DEPTH I in.ITYPI 

'•=~ · ..... 
-~ .. 

:·· ;. 

~ ··: ..:.:,' 
•• 

: I>,•. •C • ..... '~· .• -. _.. .. •'\ . ,. .... ,, ~· . 
c.o 12 in.-4l--

DETAIL 1 
CORNER COL.UMN 

Leakage Coefficient 

•NTERIOR OF BUil.DiNG 

,-;,. : . 
:~ \& 

. ~·~·· . 

DETAIL 2 
INIERMEDIATE COL.LIMN 

per lineal ft of both joints 
pressure range 0 to 100 in. water (LDS B-8) 

No Caulking I With Caulking 
Detail I A I B A _j- B 

l 

I 
0.34 I 0 

I 
-5 0 1.6 x 10 

2 0.34 0 
-5 0 1.6 x 10 

Notes l. The crack dimension assumed for "no caulking" leak 
data is 12 mils x 4 in. thick. 

273< 
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ATOMICS INTE~TIONAL 
A l>i1·isir111 11/' .'V11rtl1 41nrrim11 A1•i111im1 foil'. 

APPLICATION DATA SHEET 

rag;r1 
Precast column and precast wall 

DRY-PACK WITH NON-SHRINK GROUT 

No. 1-A-6 

USE COMBINATION 
BUTYL ROD AND 
CAULK MINIMUM DEPTH 1 IN. 

Page 
2 of 2 

1- WAL.L PANEL 

DRY-PACK WITH 
NON-SHRINK GROUT 
AFTER WELDING (TYP) 

4· 

;;,-.·. :.~: .... ~. 
& ~ :· ' : -r: . 
- ~ · · 4 

SECTION 

TYP 

.. 
-Q 

1.. COLUMN 

Ltlakage Coefficient per lim:al ft of joint 

A 

s x 10-6 

pressure range 0 to 20 in. water (LDS B-8) 

B 

0 

Remarks 

Assuming imperfect bond 
between grout and concrete 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A /Jfri1i1111 11/' .l\11r1/1 .fmerim11 Avi111i1111 /,.,., 

APPLICATION DATA SHEET No. I-A-7 
Pa.ge 
1 of 2. 

tt•• 
Concrete Structure; Framed Opening in Wall and Roof for Doors and 
Louvers 

----
Prefabricated metal door frames 
Leakage between concrete wall and door frame 
Leakage between frame and door, or through door (ADS Ill-A) 

WIM'1.: I ;»,.I "./: ':> ~{~,, ~ 

J 

Structural steel frame cast with concrete wall 

STRUCTURAL. STEEL. ANGL.E 

-~ · ,...,. : . ~ ,,, . 
. · .. ,~ ~ 

. . .. -·' . ·-;·: ... , . ... 

THRESHOL.D-SET IN 
EPOXY 

TYP ' 

CAUL.K 

NORMAL. AL.TERNATE FOR 
OVERSIZE WAL.L. 

~ANCHOR AS 

JAMB AND HEAD 

TYPICAL DETAILS 

'1- REQUIRED 

PAINT FL.OCR WITH EPOXY 
PRIOR TO SETTING 
THRESHOLD 

SILL 

Leakage Coefficient per lineal ft 
pressure range 0 to 100 in. water (LDS B-9) 

A B Remarks 

Jamb and 
head 

Sill 

l.3xl0-4 

4 x 10-6 

0 

0 

4-in. concrete and metal 
contacts required 

score and caulk all around in­
side face of channel or angle 

Noter;; 1. Paint floor surface under threshold with epoxy and set 
threshold in wet epoxy. Use manufacturer's recommen­
dations for preparing floor surface. Caulking reo_uired 
to minimize metal-epoxy- concrete expansion probiems. 
A flexible epoxy is recommended. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A /)fri1im1 of' l\'11r1/1 ArnPrirrm Avit1lim1 /11<'. 

APPLICATION DATA SHEET No. I-A-7 

z. All welding must be completed prior to casting-in 
place. 

Rfl~I 

Prefabricated frame fastened to exi.sting concrete surface 

41N.~ 
IMlNIMUM I 

~... . -.; ... 
I y 

• '1' " : .· 
• II .. 

ANCHORAGE AS 
REQUIRED 

. ' 
0 ; I 

~ . '· 

Page 
2 of 2 

.. l/Jia ,- "ctt.-.- CAULK 

LOUVER FRAME•SET IN EPOXY 

ALTERNATE JAMB, HEAD, AND SILL DETAILS 

!:eakag~Coefficient per lineal ft of frame 
pressure range 0 to 100 in. of waier 

Notes 

B Remarks 

<4 x lo- 6 0 (LDS B-9) 

1. Frame to be continuous, with all joints and corners to be 
welded gas-tight. 

2. Paint exposed face of concrete opening with epoxy and set 
frame ln wet epoxy, sealing anchor leak path in frame to 
concrete co:'.'.tact. 

NAA-SR-10100 
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ATOMICS INTE~DONAL 
:I /li1·i•i1111 of' ,\ort/1 A111~rim11 •fri111i1111 "'"· 

APPLICATION DATA SHEET No. I-A-8 

Concrete Structure; Inserts Through Wall 

ma.-· -- · .. IBfl • . ·· .. · ·X ~:·" .· ·" .. ~-

Prefabricated metal inserts for pipes, ducts, conduit, etc. 
Leakage ·between concrete amd insert 
Leakage betwee~ insert and pipe or duct (ADS III-D) 

llf•ml 
· Single insert, flanged, cast with wall 

:..~:<·~ 

Page 
l of l 

ANCHORAGE AS 
REQUIRED SCORE ANO CAUL.K AL.L. 

AROUND INSIDE FACE 

- -, 
} ,-, 
~ 

ELEVATION SECTION 

TYPlc;AL DETAIL 

Leakage Coefficient per in. of insert circumference 
pressure range 0 to 100 in. water 

Notes 

L 

No Caulking With Caulking 

A* I B A I B Remarks 

- s I 1.3 x l 0 0 io- 6 I o (LDS B-9) 

1. 
2. 

3. 

Insert to be s olid joint, either casting or welded. 
Surface of inse l: t to be clean and. fr ee of grease, loose scale, 
etc., p r ior to placing concre te to ensure good bond • 
Caulking to be u sed if imperfect bond between concrete and 
insert is obtained. 

-to-
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ATOMICS INTE~TIONAL 
A /Ji1·i.1im1 of \'11r1/1 . .f111rrirm1 .41'ir11im1 1111-. 

APPLICATION DATA SHEET 

faM1r-m 
Multiple insert, flanged, cast with wall 

., ... 

No. I-A-8 Page 
2 of l 

SCORE AND CAULK ALL 
AROUND INSID~ FACE 

r;:---------,, 
: 00000: 
: 00000: 
I I 
L-- - ---- ___ :.J 

ELEVATION 

TYPICAL DETAIL 

' t'! I ===- TYP 

r--. I ANCHORAGE AS 
REQUIRED 

SECTION 

Leakage Coefficient per lineal ft of insert frame circumference 
pressure range 0 to 100 in. water 

Notes 

No Caulking With Caulking 

A I B A I B Remarks 

-4 l 1.3 x l 0 0 10-6 (LDS B-9) 

l. hl.sert to be solid joint, either·. casting or welded. 
2. Surface oi insert to be clean and free of grease, loose scale, 

etc., prior to placing concrete to ensure good bond. 
3. Caulking to be used if imperfect bond between concrete and 

insert is. obtained. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
·I /li1·i.1i1111 11/' .\'11rtl1 Am~rim11 Avi111i1111 ''"" 

APPLICATION DATA SHEET No. 1-A-9 

It• 
·Concrete Structure; Joints and Cracks 

atm:1&+iN · - ·· ' . ·· A~ ' -• ~• .. ""• 

Reinfor .ced concrete structure 
Joints and cracks in walls and floor slabs 

l~#DMI 

Expansion joint 

.PREMOLDED EXPANSION FILLER CONTINUOUS CAULK 
MINIMUM DEPTri 1 IN. 

---1 ~ 1/~IN. TO 1·1.'2·1N • 

SECTION 

ti.it!&~I 

Contraction (weakened plane) joint 

COl,iTINU:>lJ.<; :::AULK 
MINIMUM DE'.PTri 1 IN. 

lj 25 MIL WIDTri, 
-- t-- :::RA:::K ~SSUMED 

s::::CTICll'-< 

NAA-SR,. l 0100 
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ATOMICS INTE~TIONAL 
A l>fri•im1 of' .1/orr/1 AtnPrinm .41·i111im1 In<'. 

APPLICATION DATA SHEET No. I-A-9 

-~ · " " . _. 

Cold joint 

~~­;;;Fri 

4 IN. THICK 

Crack 

SECTION 

SECTION 

LEAVE SURFACE OF FIRST 
CONCRETE POUR ROUGH 
AND SURFACE MOISTENED 
PRIOR TO PLACING NEW 
CONCRETE. IF CRACK 
DEVELOPS, TREAT AS CASE 4 BELOW. 

ON INTERIOR SURFACE, 
CHIP CRACK TO MINIMUM 
OF 1/2 IN. WIDE AND 1 IN. 
DEEP FULL LENGTH OF 
CRACK PLUS 6 IN. FILL 
WITH CAULKING. 

NAA-SR-10100 
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ATOMICS INI'E~TIONAL 
,4 Dil'isir>i1 nf 'i11r1/1 fmprim11 Al'in1in11 {,.,·, 

APPLICATION DATA SHEET No. I-A-9 

Le.akage Coefficient per lineal ft of joint or crack 
pressure range 0 to 50 in. water 

Case Without Caulking I With Caulking I Remarks 

l 

2 

3 

4 

A I B 

12.3 0 

1.5 0 

<2.4 x lo-4 0 

Note 3 

A I B 

8 x lo-6 0 LDS B-8 

8 x lo-6 0 LDS B-8 

Not Applicable LDS B-5 

8 x lo- 6 I o LDS B-8 

Notes 1. For :rp.aximum bond between concrete and caulking 
a) Avoid using oil or wax-coated premolded strips which 

may contaminate joint sur face. 
b) Avoid etc hing joint surface (side walls). 
c) Use wire brush to clean joint side walls . 
. d) Use primer on both side walls be fore applying c~ulk. 

2. See LDS B-8, page 2 of 2, for further comments .. 
3. The leakage through a crack depends on the wall thick­

ness, width of crack, length of crack, as well as on 
pressure. When these parameters are known, the leak­
age can be determined by the theoretical crack equation 
as given on LDS D-3, page 2 of 3. 
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APPLICATION DATA SHEETS 

II. STEEL STRUCTURES 

ll-A-1 Insulated Metal Panels; General Comments and 
Leak Path Key Drawing ....•.... 

ll-A-2 Insulated Metal Panels; Curb Detail • •. 

II-A-3 

ll-A-4 

ll-A-5 

II-A-6 

ll-A-7 

Insulated Metal Panels; Wall ..• 

Insulated Metal Panels; Roof .•. 

Insulated Meta! Panels; Eave ..• 

Insulated Metal Paneb; Corners •.••..•. 

Insulated Metal Panels; Framed Door Opening 
in Wall . . . . . . . . . . . . . . . . . . . . . ... 

ll-A-8 Insulated Metal Panels; Framed Louver 

. . . . 

Opening in Wall . . . . . • . • . . . . . • . • . . . . . . . . . . 
ll-A-9 Insulated Me.tal Panels; Framed Roof Opening .... 

ll-A-10 Insulated Metal Panels; Inserts Through Wall •••. 
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ATOMICS INTE~TIONAL 
A 1Jivi•i1111 of Nnrlh Am~i<'m• AvilllitNI 1111·. 

APPLICATION DATA SHEET .. 
Steel Structure, Insulated Metal Panels; 
Leak Path Key Drawing 

llllllllli!d .... . .. i ' ' ' .. ' 

No. ll-A-1 

Steel frame structure, footings and floor slab of reinforced concrete 

Siding compo·sed of field assembled insulated metal panels fastened to 
steel frame 

Notes 

Page 
1 of 3 

1. The suggested details in the following Application Data Sheets concentrate 
on the problem of sealing the inner panels, and the outer panels have been 
omitted for clarity in most instances. However, the designer must ensurE 
that the method specified for fastening the insulation and outer panel doe11 
not :violate the integrity of the inner panel in manners other than those 
recommended. 

z. Tests have indicated that .the inner panel provides virtually all of the leak · 
:-· resistance of the wall system. Not only are edge and end laps in the ex­

terior panel more difficult to seal, the fluted configuration is virtually 
impossible to close and seal at the curb and eave lines. Rubber closure 
strips provided for sealing ends of the flutes are ef.fective in keeping out 
foreign objects, but due to irregularity of panel surface these closure 
strips offer little resistance fo passage of air under pressure. 

3. Many commercial wall panel sections are produced in 1 to Z-ft widths, 
and selection of the maximum suitable width naturally reduces the amount 
of joint in a given wall surface. This concept may be carried one step · 
further by specifying sh9p fabrication and joining of multiple widths of 
the inner panels; with insulatior~ and outer panels being installed per nor­
mal field assembly methods. This concept would reduce the amount of 
edge. and/or end laps which are made in the field, with an attendant reduc­
tion in leakage due to the lower quality field joints. 

4. It. has been determined that the normal factory-installed caulking for edge 
:aps is inadequate for maximum resistance to air leakage, and supplemen­
tary measures should be taken by addition of extra caulking compound to 
female portion of edge lap prior to fastening or crimping sec tions together • 

s. Caulking mastic"l to meet specifications of Presstite Eng. Go., Series 
No. 579, gun grade, tapes, or knife grade consistency per installation 
requirements. Caulking to be mixed and applied per manufacturer's in­
structions when two - part polysulphide sealing compound is recommended. 

NAA-SR-10100 
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APPLICATION DATA SHEET Figure II-A-1 
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ATOMICS INTE~TIONAL 
A l>i1·isim1 r!f' .\'11r1/1 .4merim11 .41·i111inr1 111<-. 

APPLICATION DATA SHEET No. ll~A-1 
-

Path I No. 

Q) 
© 

IB 
ffi 
IB 
© 
@ 

LEAK PATH LEGEND 

Description 

Floor Slab 

Juncture of Floor Slab, Footing, and Curb 

Curb Detail 

Wall 

Roof 

Eave 

Corners 

Framed Door Opening in Wall 

Framed Louver Opening in Wall 

Framed Roof Opening 

Inserts Through Wall 

Doors 

Louvers 

Roof Hatches 

Pipi.ng Penetrations 

NAA-SR-10100 
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ADS No. 

I-A-Z 

I-A-3 

II-A-Z 

ll-A-3 

II-A-4 

II-A-5 

II-.A-6 

ll-A-7 

ll-A-8 

ll-A-9 

II-A- 10 

lll-A 

III-B 

III-C 

III-D 
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ATOMICS INTE~TIONAL 
A 1'il'i1i1111 of Nt1rt/1 Arneriam Aviatio11 lrl<' . 

APPLICATION DATA SHEET No. II-A-2 ,.,. 
Steel Structure, Insulated Metal Panels; Curb detail , ... ,, 

Page 
1 of 3 

Intersection of insulated metal wall panels with concrete curb 
Leakage between sill angle and curb arid between sill angle and wall 
panel _, 
Standard construction; sill angle bolted to curb; wall panel welded, 
bolted or screwed to sill angle; no protection between bearing 
surfaces 

INSULATION AND OUTER 
WALL PANEL--------.... 

1 INNER WALL PANEL 

L
TACKWELD, BOLT, OR SHEET METAL SCREWS, 
3 CONNECTIONS PER 24-IN. PANEL WIDTH 

~ I -------- ANCHOR BOLT Al'\ REQUIRED 

i-- ~SILL ANGLE 

:~·: ;. · ,· ·· .· -~~ ·. 
I tr. • t \ # 

.. . ::> • •• • <~ 

TYPICAL DETAIL 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Di1·i1i<m of' .'V<"1/1 Arnerinm Avifltim1 liu:. 

APPL I CAT 1.0 N DAT A SH E ET No. II-A-2 Page 
2 of 3 

--­(:C:3 
Standard construction; sill angle bolted to curb; wall panel bolted or 
screwed to sill angle; mastic protection between sill angle and curb 

INNER WALL PANEL 

INSULATION AND OUTER 
BOLT OR SHEET METAL SCREWS, 

WALL PANEL----·----.a 
3 CONNf;CTIONS PER 24-IN. PANEL WIDTH 

I I 4 6 6 •te; >h - MASTIC (CONTINUOUS 1 
I CJi· UNDER SCLL ANGLE) 

"' . ' ... 
• "# 

TYPICAL DETAIL ,_ 
Improved construction; sill angle bolted to curb; wall panel bolted or 
$crewed to sill angle; neoprene gasket between sill angle and curb; mastic 
between concrete, wall par.el, and sill ai'lgle 

INSULATION ANO OUTER 
WALL PANEL 

INNER WALL PANEL 

MASTIC CONTINUOUS BETWEEN 
WALL PANEL ANO SILL ANGLE 

. . 

BOLT OR SHEET METAL SCREWS, 
3 PER 24 IN. PANEL WIDTH 

ANCHOR BOLT 3 FT O. C.; COAT EXPOSED PORTION 

~
WITH MASTIC PRIOR TO SETTING SILL; MASTIC 
LAYER UNDER NUT AND WASHER . 

__,,./ SILL ANGLE 

BUTYL OR NEOPRENE RIBBON GASKET; MI NIMUM 
'./8 X 2-1/2 IN . FOR 2, CONTINUOUS UNO lilR SILL 
ANGLE, WITH POLYSULPHIOE FILLER BETWEEN 
ANGLE IN CONCRETE. (SEE NOTE 3) /JS 

.... ,,. :{:\:. i ..... 
ERS ANO 

:. . ;.j;: ~- . 
,. "'. . . ·•· 

OTHER JOINTS -~~ 
WEJ..OEO 

TYPICAL DETAIL 

NAA-SR-10100 
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ATOMICS INTE~ATIONAI. 
A /Ji1·i•io11 uf' fllor//1 .4111Prin111 A1·in1im1 /111' . 

APPLICATION DATA SHEET No. Il-A-2 Page 
3 of 3 

Leakage Coefficient per lineal ft of curb 
pres sure range 0 to 20 in. water 

Case I A I B l Remarks 

1. Std construction 0.62 I 1.27 I {Developed from test 
configuration shown 

2. Std construction 0.4 0.1 in LDS C-8 

3. Std construction <3 x 10- 8 
0 Mastic (continuous) 

between wall panel 
and siU angle 

4. Improved cunslrucliou -8 
<3 x 10 0 

N otes l. Sill angle to be continuous around structure, with all joints 
and corners to be welded befor e caulk and gasket is applied. 

2. Drill holes in wall panel and sill angle prior to fastening; 
caulk hole for minimum leakage. 

3. Gasket to be neoprene or butyl rubber . 
Concrete sµrface to be clean or treated as recommended by 
polysulphide manufacturer. 
Various Epoxy-thiokol mixtures are available also . 
Waviness cif concrete, sill angle, and inner wall panel limit 
offoctivcncGo of ooal. 
Edge lap at curb (sill angle) must be fully caulked. 

NAA-SR-10 l 00 
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ATOMICS INTE~TIONAL 
.4 1'i1·i•i1111 of' .'llor1/1 .4rnrrinm A1·fo1io11 /111'. 

APPLICATION DATA SHEET No. II-A-3 

- Steel Structure, Insulated Metal Panels; Wall 

••i•i#ifll 
Insulated wall panels fastened to steel frame 

Page 
1of4 

Wall panels joined by overlapping end laps and male-female edge laps 
Leakage through joints between wall panels and through screw penetrations 
at structural attachment 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A llil'i.•i<m nf' ·'"'''' .-lmPrinm ..fl'i11tin11 for. 

APPLICATION DATA SHEET No. II-A-3 
Page 

2 of 4 

HIM~!l1 
Standard construction 

. u 
a. ::E • 
<( ~ 0 
..J ::lE .... 
n z u. 
~ilil 

::E Cl 
~z 

!u z <( 

i91 
I- 1-
IL a: 
o­
- Cl 

~ 

I 
I 
I 
I 

END LAP; CONTINUOUS 
CAULK BETWEEN PANELS 
BEFORE FASTENING 

GIRT 

"'SHEET METAL SCREWS, 
3 PER 24-IN. PANEL 

--------- INNER PANEL 

~
PANEL WIDTH 24 IN.~ 

SHEET METAL SCREWS, 
! REQUIRl!D Pl!l't 24-IN. 
PANEL WIDTH 

i- ·1· , 
T_ I-_~-=_-=_-=_ I-_-_----~ I f _ 

~ 
,, ,, 

\.....-' \..... ....J \....-.I \.__J 

INSULATION AND OUTER PANEL 

EDGE LAP; CONTINUOUS CAULKING, 
CRIMP AT 3 FT 0. C. MAXIMUM AFTER 
ASSEMBLY {TYPICAL ALL EDGE LAPS) 

GIRT SUPPORT AT END LAPS 

GIRT 

PANEL WIDTH 24 IN. •I 

SHEET METAL SCREWS, 
3 REQUIRED PER 24-IN. 
PANEL WIDTH r .,. , 

11-----, -----1,-_______ _______ ._ __ 
----1- ;:ir. 

"' ,, #"""\ ~ 1 
I 
I 
I 
I 

SHEET METAL SCREWS 
WITH NEOPRENE 
WASHERS 

'-- .J '\ '- -' \.... -' \._ J 
I N SULATION A"'.D OUTER PAl-IEL 

EDGE LAP (TYPICAL, SEE NOTE ABOVE) 

INTERMEDIATE GIRT SUPPORT 

\ lr""""'O"T"I,... l\I ~C'l""'"T"lntr-.1 
YL-1,11"'1"'\&... WL-....,llV I .. HOR:! ZONTAL SECT!ON 

TYPICAL DETAIL 
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ATOMICS INTE~TIONAL 
A l>fri1im1 nf' !\'11r1/1 Arncrinm Avi11li1H1 /r1t". 

APPL IC AT I 0 N DA. T .A. SH E ET No. II-A-3 Page 
3 of 4 .. , 

:I Cl 
:::>z 
:1--u 
Z<( 
-o. 
:I en 
I- 1-
IL a: 
o­
- Cl 

Improved construction 

.J-1\: 

I 
I 
I 
I 

END LAP; CONTINUOUS 
CAULK FULL-FACE 
BETWEEN PANELS 
BEFORE FASTENING 

GIRT- ......._ J 

INNER PANEL--~ 

P 
PANEL WIDTH 24 IN • 

H EET MET AL SCREW 
TH NEOPRENE WASHER, 
PER 24-IN. PANEL WIDTH 

r- ·t· 

' ~ ,....., ,...., r-
'- _J '- -' '- ,.J '-- J 

INSULATION AND OUTER PANEL. 

EDGE LAP; DOUBLE LAYER OF CONTINUOUS CAULKING 
IN FEMALE SECTION; INSURE MALE SECT.ION PENETRATES 
CAULKING AND FEMALE SECTION; CRIMP AT 96 IN. O. C. 
MAXIMUM AFTER ASSEMBLY, AND AT EACH ~PANEL. INTER• 
SECTION. (TYPICAL ALL. .LAPS) 

GIRT SUPPORT AT END LAPS 

GIRT -.J 

PANEL. WIDTH 24 iN. ~ 
SHEET MET AL. SCREWS WITH r+EO~ 
PRENE WASHERS, 3 REQUIRED PER 
24-IN. PANEL WIDTH 

--; r ·1· . 
_l_l_-_-_-_=-_=-=.L ~-~-_-_-11 _ 

I I __ 

\SHEET METAL. SCREWS 
WITH NEOPRENE WASHERS 

I I 'J!i 
I 
I 
I 
I 
I 

VERTICAL SECTION 

""\ 1'. '· r "'\ ,..... ""\ r 
L .J ~.J \.,.._J \- J 

INSULATION AND OUTER PANEL. 

EDGE LAP (TYPICAL, SEE NOTE ABOVE) 

INTERMEDIATE GIRT SUPPORT 

TYPICAL DETAIL 

NAA-SR-10100 
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ATOMICS INTE~110NAL 
.4 /Ji1 ·i•io11 11{ ,'l/11rr/1 A111~rim11 .-frir11io11 '"'" 

A P P L I C A T I 0 .N D A T A S H E E T No. II-A-3 Page 
4 of 4 

Leakage Coefficient per sq ft of wall surface 

Case 

pres sure range 0 to 8 in. water 
Computed from a 2 ft by 20 ft module 

I A I B I Remarks 

1. Std construction 2.2 x 10 
-3 5 x 10- 4 I LDS C-5 

2. Improved construction 2 x 1 o-4 5 x 10- 7 

Notes 1. For improved construction (Case 2), care must be taken at 
edge laps to ensure penetration of male lip into female por -
tion of lap prior to crimping. Second layer of caulking in 
female section is req\1ired to ensure filling of lap with caulk­
ing compound. Crimp at intersection of four panels. 

2. Continuous layer of caulking is required between panels at 
end laps. 

3. Sheet-metal screws at girts must be tight enough to seal 
gasket (washer) to panel. However, excess tightening must 
be prevented to avoid mechanical destruction of the washer. 

4. Installation of insulation and outer panel to be per manufac­
turer; s recommendations. Care must be taken not to violate 
inner panel seal. 

5. Inner panel and girt must be drilled for fasteners. Punching 
not permit~ed. Caulk hole for minimum leakage. 

~. For wall heights utilizing one length of inner panel (where end 
laps and girts between inner panel& are eliminated), le~kage 
is reduced (see LDS C-3 through C-7). 

7. Leak paths invoived in the above estimations: 
a) sheet metal screws: 3 
b) crimps: 6 
c) end-laps: 2 ft 
d) edge lap: 20 £t 
e) end-edge lap intersection: 1 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A l>fri•io11 of Nort/1 Arnerinm Aviu1in11 /11c. 

APPLICATION DATA SHEET 

.,~; • / > 1.;:.; - Steel structure, Insulated Metal Panels; Roof 

-_'IJlll'ltBl~il 0 X Cftt43£: .·:· · x; • .. ... ~:! , ~ .. -~x ..... 

Steel roof deck 
.Five-ply built-up roofing over decking 
Leakage through roof surface area 
Leakage through eave (ADS II-A-5) 

S-PLY BUIL T·UP ROOFING 

No. II-A-4 
Page 
l of 1 

INSULATION PER 
DESIGN REQUIREMENTS 

STEEL. ROOF 
, ._ DECK TACK• 
1 WELDED TO 

STEEL FRAME 

TYPICAL DETAIL 

Leakage Coefficient per sq ft of roof slab surface 

•' 

Notes 

A 

6 x 10-5 

pressure range 0 to 5 i.n. water (LDS A-8) 

B 

0 

Remarks 

Coefficients valid if eave is 
sealed as shown in ADS II-A-5 

1. Built-up roofing to be applied in accordance with best 
roofing practices. Method of application should be clearly 
defined in project specifications. 
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ATOMICS INTE~TIONAL 
A flit·isim1 of' .\orr/1 . ~111erim1t Al'i111in1t 111<'. 

APPLICATION DATA SHEET No. II-A-5 
Page 
l of 2 

••1 
Steel Structure, Insulated Metal Panels; Eave 

Insulated metal panel wall 
Steel roof deck with 5-ply built-up roofing 
Leakage through e.ave joint 

·--. ' . ,:..:: ... :.;: .. , . 

No parapet, standard construction 

5-PLY BUIL T•UP ROOFING 

SHEET METAL 
FLASHING 

NOTCHED 
CLOSURE STRIP 

~PLY ROOFl'NG OVER FLASHING 

'tN... PURLIN OR EAVE GIRT 

INNER WALL PANEL 

WALL INSULATION 

TYPICAL DETAIL 

NAA-SR-10100 
IV-217 

V--...-- INSULATION 

STEEL ROOF DECK 
TACK•WE!-DED TO 
STEEL FRAMING 
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ATOMICS INTE~TIONAL 
A Di1·i.•ifl11 n/' .\'ort/1 Amcrirw1 Avia1in11 l11c. 

APPLICATION DATA SHEET No. II-A-5 Page 
2 of 2 

••t-
No parapet; improved construction 

SHEET METAL 
GRAVEL STOP 

S-PL Y 8 UIL T•UP ROOFING 
Z.PLY OVER FLASHING 

INSULATION 

SHEET METAL~ 
STEEL ROOF DECK 
TACK-WELDED 
TO STEEL FRAME FLASHING 

NOTCHED CLOSURE 
STRIP 

PURLIN OR EAVE STRUT 

SHEET METAL SCREWS WITH NEOPRENE 
-- WASHERS, 3 PER ~IN. PANEL WIDTH 

CONTINUOUS CAULK BETWE:EN FLASHING 
AND INNER WALL PANEL BEFORE FASTENING. 

- INNER WALL PANEL 

WALL INSULATION 

UTER WALL PANEL 

TYPICAL DETAIL 

Leakage Coefficient per lineal ft of eave 
pres sure range 0 to 4 in. water 

Case A B Remarks 

1. Std construction > 7 

<6xl0-S 

LDS C-2 

2. Improved construction 0 majority of 
leakage 
through 5-ply 

Notes 1. All joints and corner s of flashing m11 st be soldered and leak 
tight for improved construction (Ca&e 2) . 

2. Edge lap s hould be fully caulked at end of fla s hing. 
3. Preformed caulk as tape i s effective. 

NAA-SR-10100 
IV-218 
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ATOMICS INTE~ATIONAL 
,..f 1'il'i:iim1 r~f .\·,,,11, ..fm,•ri('tul .~1·it11fo11 Im" 

APPLICATION DATA SHEET No. II-A-6 

flz411\1i 
Steel Structure, Insulated Metal Panels; Corners 

~a11~•· ~ ·"· ~~ . : .~·.~ _:J~~t- ~ :._ ,. 

Corner intersections of insulated mP.tal wall panels 
Leakage through corners 

tRRwl 
Standard Construction 

SHEET MSTAL FLASHING 

OUTSIDE CORNCR 

I 
I 
I 
I I 
I I 
I I 

INNER PANEL~! 

_... INSULATION -- II - · 

OUTER PAN~L 

INSIDE C:ORNER 

NAA-SR-10100 
IV-219 
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ATOMICS INTE'l~ATIONAL 
. .f Diri""11 of lV11r1/1 Amcriam Avia1im1 Irie. 

APPLICATION DATA SHEET 

--Improved construction 

2 X 2 X 1/4 IN. FLASHING ANGLE 

SHEET METAL FLASHING 

SM SCREWS WITH NEOPRENE 
WASHERS AT 12 IN. O. C. 
CAULK BETWEEN FLASHING AND 
INNER WALL PANEL (TYPICAL! 

No. II-A-6 Page 
2 of 3 

... I 2X2X1/41No -Qf~ 
-....----"· ...,.__FLASHING ANGLE '~ d._, 

~SM FLASHING 

INNER PANEL 

INSULATION 

OUTSIDE CORNER INSIDE CORNER 

tr~llil 

Improved construction 

OUTER PANEL 

V42?4 =:::~~·:~::. 
~CLIP ANGLE 

1- GIRT 

FILL FEMALE PORTION OF LAP 
WITH CAULK PRIOR TO ASSEMBLY. 
CRIMP AT 3 FT O. C. AFTER ASSEMBLY 

OUTSIDE': CORNER 

NAA- SR-10 10 0 

IV-220 
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ATOMICS INTE~TIONAL 
A /Jfrision tf .\ .orrlt -l mt•rinu1 Af'iutimr /,,,._ 

APPLICATION DATA SHEET No. II-A-6 Page 
3 of 3 

Leakage Coefficient per lineal ft of corner 
pressure range 0 to 5 in. water 

Case I A I B I Remarks 

1. Std construction I 0.4 I 0.1 I (LDS C-8 
Test 4) 

2. Improved construction I <10-S <10-B (LDS C-6) 

-4 <1 x 10- 4 
(LDS C-7) 

3. Improved construction <1.5 x 10 Outside 
corners only 

Notes 1. Exte r ioi· flashing t o be same material and finish as outside 
wall panel. In te rio r fl ashing to be same as inner panel. 

2. For imp i·o ved c o ns truction, corner flashing must join and 
form seal with eave flashing . 

NAA-SR-10100 

IV-221 298< 
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ATOMICS INTE~TIONAL 
A l>i1·isim1 of' .\'11rt/1 ..fmrri,'tm .41·it11im1 Ill<'. 

APPLICATION DATA SHEET No. II-A-7 

·-Steel Structure, Insulated Metal Panels; Framed Door Opening 
in Wall 

---llB 
Prefabricated metal door frames 

. I 

Leakage between metal panel wall and door frame 
Leakage between frame and door, or through door (ADS III-A) 

299< 

Page 
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ATOMICS INTE~TIONAL 
~ l>ir i•io11 of .\11r1/1 .4m~ri<Ym .4vit1lim1 ltU:. 

APPLICATION DATA SHEET No. II-A-7 Page 
Z of 3 

Structural steel frame 

OUTER PANEL. 

JAMB 

CLlr ANGLE 

OUTER PAN EL. 

JAiviB 

SM SCREWS WITH NEOPRENE 
WASHERS AT 12 IN. 0. C. 
CONTINUOUS CAUL.K BETWEEN 
INNER PANEL. AND DOOR FRAME 

HEAD 

STE:::EL ChANNEL FRAME 

INNER PANEL. 

INSUL.ATION 

THRESHOL.DSETIN EPOXY 

I 
CAUL.K 

PAINT FL.OOR WITH 
EPOXY PRIOR TO 
SETTING THRESHOL.D 

SILL 

INNER PANEL. 

/~ INSUL.ATION 

/OUTER PANEL. 

SM SCREWS WITH NEOPRENE 
WASHERS AT 12 IN. O. C. 
CONTINUOUS CAUL.K 
BETWEEN 1NNER PANEL. 
AND DOOR FRAME. 

HEAD 

STEEL ANGLE FRAME 

NAA-SR-10100 
IV-224 

SILL 

SAME AS ABOVE 

3l:O< 



""" 

~ 

•' .... 

~ .... 

.... 

... 

... 

... 

.... 

... 

... 

... 

... 

... 

... 

.... 

-... 

.. 

.... 

ATOMICS INTE~TIONAL 
A J>i1·i•iu11 of' 1\'orr/1 Amrrirm1 Al'i11litN1 ''"" 

APPLICATION DATA SHEET No. II-A-7 Page 
3 of 3 

Leakage Coefficient per lineal ft of door frame including sill 
pressure range 0 to 20 in. water 

Notes 

A B 

< 10-6 0 

Remarks 

No detectable leak at 20 in. of water 
except .through sill 

1. Steel frame to be welded at corners. 
2. Paint floor surface under threshold with Epoxy and set 

threshold in wet Epoxy (see ADS I-A- 7, Case ~' for leakage 
at sill) . 

NAA-SR-10100 
IV-225 
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ATOMICS INfE~TIONAL 
A l>ir•isirm of Norr/r Arnrriom At·iatirm /11,-, 

APPLICATION DATA SHEET 

-
No. 11-A-8 Page 

l of l 

Steel Structure, Insulated Metal Panels; Framed Louver Opening in Wall 

-tmmmi =·3:U: 
Prefabricated metal louver frame 
Leakage between metal panel wall and louver frame 
Leakage between frame and louver, or through louver 
(ADS 111-B) 

L81111 . . $ . . :m .... 

Steel angle ir ame 

., . 

INNER PANEL 

\

LIP ANGLE OPTIONAL 
PICAL) 

n --· 
GIRT 

JAMB FLASHING 

JAMB 

ANGLE FRAME ANGLE FRAME 

COl !TINUOUS CAULK BETWEEN INNER PANEL AND 
FRO.ME. 

HEAD . SILL 

Leakage Coefficient : per lineal ft of frame 
pressure range 0 to 20 in. of water 

A B Remarks 

<10 -9 0 No detectable leak at 20 in. 

l Notes l. Steel frame to be welded at corners before caulking. 
2. Preformed tapes recommended . 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A /Jfri•iou of .lorl/1 A111Prim11 Al'i111in11 /111'. 

APPLICATION DATA SHEET No. II-A-9 

Steel Structure, Insulated Metal Panels; Framed Roof Opening 

l tllllill*MI 

Steel framed roof opening 
Leakage between frarne and roof system 
Leakage frame and fixture, or through roof fixture (ADS III-C) 

Page 
1 of 1 

ROOF FIXTURE~ 

/ 1-1--•11r------~--"TT~----~ I C ANT BL.OCK 

II 

ROOF OPENING FRAME 

SECTION 

Leakage Coefficient per lineal ft of fram·= 

- -
Notes l. 

2. 

pressure range 0 to 5 in. water 

A B Remarks 

< io- 8 see Note 2 

Built-up roofing must be properly integrated and flashed 
to roof fixture. See ADS IV-C for installation details 
of fixture. 
Leakage can be disregarded if 5-ply roofing is properly 
applie d and flashed to roof fixture (LDS A-8). 

NAA-SR-10100 
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ATOMICS INTE~ATIONAL 
A l>iri.itiou ·~/' .1\'ortlt Auwrinm Atiiutimr Im·. 

APPLICATION DATA SHEET No. II-A-10 

" ~fid NI~:'. 
Steel Structure, Insulated Metal Panels; Inserts Through Wall 

Mlitl~~;1i.f!iiJJib i~I 

Prefabricated metal inserts for pipe, conduit, etc. 
Leakage between wall and insert 
Leakage between insert and pipe or duct (ADS III-D) 

~§1$::;;:1 

Pipe bulkhead fitting 

'~ INNER WALL PANEL 

• "O" RING SEAL 

/BULKHEAD "'L POPE 

- ~"" ---~ 
----~~ 

-( ) 
' , ' 

/ 

I 
\ 

'\. 

Page 
1 of 3 

( '1 I lr--
- - - --1-----:-\- I - - - - - - I /- ---- ____ .,. '- - _.................... ~ 

-
-
-
... 

-
-
.. 

PIPE THREAD 
SEALANT REQUIRED 

SECTION 

Leakage Coefficient see Notes 

Notes 

pressure :cange: limit of inner wall panel 
(LDS A-1) 

Bulkhead fittings in metal panel walls not recommended 
for pipes without good support. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Dil'i1im1 of :Vor//1 ,4111eriN111 Aui111in11 '"'" 

APPLICATION DATA SHEET No. II-A-10 Page 
2 Qf 3 

l'ttMll ' ·. 
Electrical connector 

INNER WALL PANEL 

"O" RI NG SEAL 

ELECTRICAL CONNECTOR 

SECTION 

Leakage Coefficient see Notes 

Notes 

pressure range 0 to 20 in. water 
(LDS A-5} 

1. Refer to Cannon Electric Co. Reliability Test Report 
No. 13 (6-7-61) for additional leak data. The report states 
leak values for their KDT-receptacle connector is <24x 10-9 
ft3 /min at 30 psi. 

2 . Pressure limit is that of wall. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Di1 ·i•iu11 of' N11rtl1 Arn~ricrm Avi11tin11 Im:. 

APPLICATION DATA SHEET 

Single insert, flanged 

SHEET METAL SCREWS; 
MAXIMUM 6 IN. O.C., 
MINIMUM QUARTER POINT OF COLLAR; 
CON T INUOUS CAULK 
BETWEEN COLLAR 

No. II-A-10 

INNER WALL PANEL 

STEEL FLANGED PIPE COLLAR 

Page 
3 of 3 

AND INNER P/\Nii:L. l7 IB I 

;--:----- --·--·~ -- --~ 

r--------------~ ' 
GAS-TIGHT Sl!AL Wl!LO 
(WELD COLLAR TO PIPE 
PRIOR TO CAULKING AND 
INSTALLATION) 

I I J 
\ \ I 
~ '< 

I \ \ 

I ' I \ )----------------/ ' """"- - ------- - ------

CAULK DRILL 
HOLE 

SECTION 

Leakage Coefficient per in. of insert circurnfor~nce 
pressure range 0 to 20 in. water 

Notes 

1r ·· ··~it~ '*' t ~d.r®:~~i·wG 
,v.,_ @ . - j>· ·> 

A B Remarks 

<10 -9 (LDS C- 7) 

1. Insert and wall not to support any pipe load. Adequate 
hangers or supports attached to structural frame must 
be provided. 

Framed insert 
Details and coefficients same as found in ADS II - A - 8, Case 1, "Framed 
louver opening in wall. 11 

Notes 1. Framed insert can be used for single or multiple pipe 
penetrations." 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A Di1·isiu11 of .!\ortlo .4rnerint11 A1•it1timo fo1 ·. 

APPLICATION DATA SHEET No. ill-A-1 

m 
Building· Components, Butterfly Valve 

IM¢1t1·til@!1 
The 12-in. valve is bolted between two flanges by means of 12 bolts. 
A continuous neoprene gasket is used as the seat for the steel valve. 
Leakage around ( 1) valve and gasket, and (2) valve shaft (ADS A-2) • 

AIR ACTUATOR 

FRONT ELEVATION 

Leakage Coefficient 

No detectable leak at 13.8 psig 

NAA-S.R-10100 
IV-303 

TWO 12-IN. WELD 
-. ' NECK FLANGES 

SIDE ELEVATION 
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ATOMICS INTE~TIONAI, 
A l>i•·i•io11 of N11r1/1 Americrm Avi111im1 Inc . 

Page 
l of 4 

APPLICATION DATA SHEET No. Ill-A-2 

- Building Components, Doors; Personnel Access Doors 

Personnel access doors 
Leakage between door and frame and through door 

--,,, .•;I • 

Hollow metal doors [LDS A-4( 1), -4(2)] 

Leakage Coefficients 

Pe't' 3 ·x 7 -ft door 
Pr·essure range 0 to 7 in. water 

Type of Door and Leakage Coefficient Door 
Weather stripping A B Opening 

Hollow metal doo·r, metal interlock- Out 
ing weatherstripping 12 34 In 

Hollow metal door, metal interlock- s 27 Out 
'ing and gasketed weatherstripping 4 22 In 

Hollow metal door, sound insulating 23 41 Out 
weatherstripping 0 35 In 

Notes 

1. Refer to LDS A-4 ( l through 4) for additional information regarding 
. description, limitations, extrapolations, etc. 

2. At higher pressures, turbulent flow exists and linear extrapolations 
are not permissible. · 

Preceding page blank 
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ATOMICS INTE~TIONAL 
.4 l>fri.•io11 o/' .\'ortlr .4mf'rirm1 An'111io11 Im'. 

APPLICATION DATA SHEET 

f-#lllgl 
Marine doors [LDS A-4(3), -4(4) J 

DOOR 
FRAME 

No. III-A-2 

8 DOGS PER DOOR; 

Page 
2 of 4 

DOGS ADJ UST ED FOR 
EVEN aEARlNG PRESSURE 
Wll H HAND TIGHTl!NING 

GAS-TIGHT 
SEAL WELD 

Leakage Coefficient~. 

P~r 3 by 7-ft door 

DOOR 

RUBBER GASKET, CONTINUOUS 

DOOR COAMING 
BEARING EDGE TO aE 
GROUND SMOOTH 

JAMB, HEAD, AND SILL DETAIL 

Pres sure range 0 to 50 in. water 

. 
Leakage Coefficient 

Door Type A B 
Door Opening 

Individual dogging 0.02 0.17 Out 
door - hand tight 0.023 0.24 In 

Quick acting door 0.003 0.015 Out 
0.0012 0.0014 In 

Notes 

Refer to LDS A-4 (1 through 4) and LDS D-1 for additional informa­
tion regarding description, limitations, extrapolations, etc. 

NAA-SR-10 l 00 
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ATOMICS INTh:iWATIONAL 
A Divi1i1111 o.f /l"'r1/1 Ameriam Avit11im1 Inc. 

APPLICATION DATA SHEET No. 111-A-Z 
Paae 
3 of 4 

·-Sliding metal door with inflatable seals 

JAMB 

TROLLEY HOUSING 
AND MECHANISM 

DOOR STOP 
ONE JAMB ONLY 

... ~ '" · ... .,. .. ... "'. 

INFLATABLE SEAL, TYPICAL, 
CONTINUOUS AROUND DOOR 
(SEE DETAIL! 

HEAD 

TYPICAL DETAIL 

DOOR BEARING SURFACE TO BE GROUND 

DOOR GUIDE 

SMOOTH, FREE FROM PAINT, AND COATED WITH EPOXY 

INFLATABLE SEAL, CONTINUOUS AROUND DOOR 
~ WITH NO JOINTS OR RIDGES. SEAL MATERIAL TO 
. BE NATURAL RUBBER OR NEOPRENE. SHORE 

S~AL BED •" 

DUROMETER HARDNESS OF STRIKER BEAD TO BE 
40 ± 5, ANO 60 t 5 FOR SEAL BODY. DESIGN IN• 
FLATION PRESSURE 50 PSIG • 

·~ • DOOR FRAME 

INFl-ATABLE SEAL DETAIL 

(TEE BEAD SHOWN) 

NAA-SR-10100 
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ATOMICS INTE~ATIONAL 
A l!fri.•io11 nf .'\ort/1 , l111eriN111 Al'iulim1 for·. 

APPLICATION DATA SHEET No. III-A- 2 

Leakage Coefficients 

Per inch of inflatable seal 
Pressure range: 15 psig 

Seal Throw 
Leakage in ft 3 per Type of Bead I Distance 

(in.) 24 hr at 15 psig 

1 /8-in. round 5/16 10-2 

1 /8-in. round 3 /8 6 x 10-4 

1 /8-in. round 1/2 ' -
1 /4-in. square 5/16 

I 
-

1 /4-in. square 3/8 -4 1.6 x 10 

1 /4-in. squa!e 1/2 ' -
1 /2-in. tee 5/16 

I 
-

1 /2..;.in. tee 3/8 6 x 10- 5 

l /2-in. tee li2 . -

Notes 

1. Data are from NAA-SR-2544. 

2. Inflatable seal pressure is ,._50 psig. 

3, May be used on hinged doors effectively. 

4. Epoxy minimizes stickiness tendency of inflated rubber. 

NA." .. -SR- 10 l 00 
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ATOMICS INI'E~110NAL 
A Dit·i1ic111 of North A1nericm1 Avia1in11 l1w: . 

A.PP L.I CA.TI 0 N DA.TA. SHE ET No. III-A-3 

- Building Components, Doors; Equipment Access Doors 

Equipment access doors 
Leakage between door and frame and through door 

-" ·"'"· ... 

Standard rolling doors 

Notes· 

Page 
1 of 2 

L Standard rolling doors are not recommended for low-leakage appli­
cations due to the numerous leak paths t})rough door section joints 

! and a.round door. Although no tests were per for med on this type of 
door, it is estimated that leakage under 1-in. of water pressure 

. .wo.uld exceed 600 cbn. 

l-
Sliding metal door with inflatable seals 

Notes 

1. Details and leakage coefficients are the same as for ADS III-A-2, 
Case 3. · , 

-
Leakage Coefficient per door with no rubber seal and crack 1/64 by 1/8 
by 840 in. 

A (estimated) = 90 

Notes . 

1. Manufa~tur,ed by Peele Door Co . 

NAA-SR-10100 
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ATOMICS INTEl~ATIONAL 
-4 /Ji1 isio11 o/ ,, ·,,,,,, Amttriom Al'iu1in11 Im ·. 

APPLICATION DATA SHEET No. III-A-3 

~1s·:. ·i~i'till . . •'' "'' " ,.~ ' 

Box car refrigeration doors 

Notes 

1. Design is applicable for low pressure. 

1~~14}f(ti 

Steel access plate 

GA~TIGHT 
SEAL WELD 

STEEL DOOR FRAME 

JAtv1D, HEAD, AND S!LL DET.ll.!L 

Leakage Coefficient per lineal ft of opening 

A 

9 x 10 -4 

Notes 

B 

0 

Remarks 

Value wi'll vary according to 
weldin g technique (see Note 3} 

Page 
,Z of 2 

1. This type of door is suitable only for equipment openings subject 
to infrequent ace es s since plate door must be completely removed, 
then rewelded after each use. 

2. Portable ramps must be provided to permit movement of equip­
ment over raised s i ii curb . 

3. Welding of plate ruptures steel to concrete bond. 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
A J)fri1'ion ff .\.ortl. 4nwrinw A1·iuti'~" ''"" 

APPLICATION DATA SHEET No. llI-B-1 ..... 
Building Components, Louvers; Metal Louver Adjustable, Casketed 

tW--ftlH ~ • -·: • ' '<'.. • •• ~. f ~~ 'i. ~~ 

Adjustable wall louvers 
Leakage between louver and frame, and through louver 

Elfl.&1 ;:,;, :::: 
Adju·stable metal louver, gasketed ( LDS A- 7) 

N'btes 

Page 
1 of 1 

1. As noted from review of leak test results (LDS A-7), a high rate of 
leakage can be expected through conventional louvers. The sample 
tested is repres entative of a quality "air tight 11 louver which is com­
mercially available, yet the 20- by 21 -in. louver showed leakage in 
excess of 30 cfm under differential pressure of 1 in. of water. 

2. Due to the number and complexity of leak paths in an adjustable 
louver, it is considered that leakage reducti on modifications would 
be difficult, if not impossible, to perform. 

3. Use of wall louvers are not recommended in low-leakage applica­
tions. It is considered that s ome form of contained ventilating 
systems, where prove·n leak control techniqi.:.es can be utilized, 
will be made appropriate in cases where l eakage .must satisfy 
stringent criteria. 

NAA-SR-10100 
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ATOMICS INTEJ0'.ATIONAL 
.4 l>il'i•UHI of Nt1rth Amrricrm Avin1im1 l11c . 

APPLICATION DATA SHEET No. III-C-1 

-
Building Components, Roof Hatches; Prefabricated Metal Hatch 

~D 

Prefabricated metal hatch through roof leakage through hatch 

ra11•1 
Metal hatch, spring closure 

SPRING CLOSURE 
MiECHANISM 

Leakage · Coefficient 

SECTION THROUGH HATCH 

NEOPRENE SEAL. 
AL.L. AROUND COVER 

ROOF HATCH 

BUIL. T•UP ROOFING; 
CARRY UP SIDES OF HATCH 

CANT BL.OCK 

OPENING FRAME 

Page 
1 of 3 

Per li11eal ft of hatch opening circu...~fcrence pressure range 0 to 5 in. 
water 

NAA-SR-10100 
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ATOMICS INfE~TIONAL 
A #liri•imt of .\11rt/1 Am~rim11 .41·i111im1 "''" 

APPLICATION DATA SHEET No. III-C-1 

A B Remarks 

9.3 13 Hatch opening OUT 

Notes 

Page 
2 of 3 

1. Because of high leak r 'ates, this type of hatch is not suitable for 
low-leakage applications unless modified. 

t••• 
Marine hatch, quick acting 

OOG.S, 3 PER HATCH • 

11-t • CL EAR OP ENI NG lJ;: 

GAS-TIGHT 
SEAL WELD 

GAS-TIGHT 
....___SEAL WELD 

STEEL·PLATE 
THICKNESS TO SUIT DESIGN REQUIREMEl~TS 
CUT HOLE TC SUIT HATCH DIMENSIONS 

BUILT-UP ROOFING; 
CARRY UP SIDES 
OF HATCH ITYP) 

CANT BLOCK 

CONCRETE ROOF DECK STEEL ROOF DECK 

SECTION THROUGH CIRCULAR HATCH 

NAA-SR-10100 
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ATOMICS INTE~TIONAL 
·I /lir i.<imr "/' '\ort/1 .41111•rim11 .41'i111im1 Im•, 

APPLICATION DATA SHEET No. 111-C- l 

'" 
1 Leakage Coefficients 

Page 
3 of 3 

Per lineal ft of hatch opening circumference. Pressure range 0 to 50 in. 
water 

A I 
l.Sx 10-4 1 

Notes 

l. Refer to ADS III-A-2 . 

B I Remarks 

7 x io-4 I Hatch openini OUT 

NAA-SR-10100 

IV-315 · 

318< 
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ATOMICS INTE~TIONAL 
A l>it-i1iu11 o.f IV11rtl1 A1nrrim11 Avi11tfo11 /11c. 

APPLICATION DATA SHEET No. Ill-D-1 

-
Building Components; Piping Penetrations Through Walls 

Penetrations through walls 
· Leakage between insert and pipe or duct 
Leakage between wall and insert to be found in appropriate building 

section 

KlllBI ;,~ 

Single penetrations cast in concrete wall 

: ; ii" 
: ;·_ ... ... 

COLD JOINT 
LEAK PATH --1·.:·. ·-: ·,·, ...... 

- . - . -• . . 
DRY PACK ALL AROUND 
WITH NON·SHRINK GROUT 

FILL TO 

T = WALL THICKN~SS 

t· ·1 
~ ·~ ·· ... ; 

,.~ .. . 

-------------~~ Ji ?CR:··. -'181 
ft'Mi• ol SQUARE 1/4 IN. 

Page 
l of 3 

1 IN. DEPTH 
WITH POL,Y· 
SULPHIDE 

GAS.TIGHT 
SEAL· WELD STEEL PLATE WITH ... HOLE FOR PENETRATION 

DETAIL 1 DETAIL 2 

Leakage Coefficients 

Per lineal in. of penetration circumference. Pressure range 0 to 50 in • 
water 

NAA-SR-10100 

IV-317 
319< 



ATOMICS INfE~TIONAL 
A /lirisim1 11/' Nort/r A111~rim11 Avi11tim1 /,.,., 

APPLICATION DATA SHEET No. 111-D- l 

Detail I 
1 

2 

Notes 

A 

3.3 x lo-7 

<7 x lo-5 

B 

0 

0 

Remarks 

Similar to LDS B-9, -12 

ADS l-A-8 (can be reduced by 
caulking) 

Page 
2 of 3 

1. Nonshrink grout is as good as concrete for leak reduction, but 
intersection with cured concrete and pipe is difficult to make per­
fect in a horizontal plane. Above values assume imperfect bond 
between grout and pipe, and between concrete and steel. 

fiBiM } •· ~··· -- . ·f :~; f 

Penetrations through insert in wall 

Leakage Coefficients 

Per lineal in. of penetration circumference. Pressure range (see 
remarks below). 

Detail I A I B I Remarks 

1. Concrete wall 1.3 x 10 -5 0 Pressure range up to 100 in. water 

1. Concrete wall io- 6 0 When scored and caulked 

1. Metal panel wali - - -9 <lU 0 Pressure ranges up to 20 in. water 

2. Concrete wall 1.3 x 10 -5 0 Pressure ranges up to 100 in. water 

2. Concrete wall io- 6 
0 When scored and caulked 

2. Metal panel wall <lo- 9 0 Pres sure ranges up to 20 in. water 

3. Concrete wall 8x 10- 6 
0 NAA-SR-4850 (see Note 3) 

Notes 

1. Use standard expansion bellows, etc., to relieve pipe stresses 
should pipe design require. 

2. Any pipe insulation should be carried as close to the point of 
penetration as possible. 

3. Conduit packing tested to 20 psig. 

NAA-SR-10100 

IV-318 
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ATOMICS INTE~TIONAL 
A /lfri•io11 of' /lfor1/1 .4111.,riom A11iu1irm l11e· • 

APPLICATION DATA SHEET 

STEEL INSERT FOR 
CONCRETE WALL 
(SEE ADS 1-A-8, CASE I) 

STEEL INSERT FOR 
METAL PANEL WALL 
(SEE ADS 11-A-10, 'CASE 3) 

DETAIL 

\. 

No. III-D-1 Page 
3 of 3 

CONCRETE WALL 
(SEE ADS 1-A;_B, CASE 2) 

METAL PANEL WALL 
(SE E ADS 11-A-10, CASE 4) 

DETAIL 2 

SINGLE STEEL FRAME INSERT tv1UL TIPLE STEEL FRAME INSERT 

T::: WALL THICKNESS ,.. . 
DRY PACK ALL AROUND 
WITH NON-SHRINK GROUT 

SEAL TO DEPTH OF 
1 IN. WITH POLYSULPHIDE 

ELECTRICAL CONDUCTORS; 
INSULATION REMOVED INSIDE PIPE 

'.#4 STEEL PIPE WITH 
THREADED CAPS. 
FILL WITH EPOXY 
POTTING COMPOUND 

T/2 (MINIMUM 3 IN.) TYPICAL 
1/ 4 IN. SQUARE STEEL PLATE 
WITH HOLE FOR PIPE SLEEVE 

DETAIL 3 

ELECTRICAL PENETRATION - CONCRETE WALL 

NAA-SR-10100 
IV-319 

321.< 
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ATOMICS IN1E~TIONAL 
A l>i11i.U,,1 of Nflnh Ameriam Aviatioo Inc. 

APPLICATION DATA SHEET No. Ill-D-Z 

-
Building Components; Piping Penetrations Through Roof 

v;~~ ':m-t:;;y:'" ii,;,&~ ,&.,.~,,..~ 

Piping, vent, and roof drain penetrations 
Leakage between roof and penetration 

-1· 
Vent pipe 

2 IN • 

~r 
o...-----COPPER CAP FLASHING 

BUTTERFL Y al :-=Al I PLY FELT - MOPPED TO VENT PIPE 

2 PLY FELT MOPPED TOGETHER VALVE 

noor DECK 
VENT PIPE ' 

SECTION _,_ 
Pipe through concrete roof 

NAA-SR-10100 

IV-321 

BUILT-UP ROOFING 

322< 

Page 
1 of 4 
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ATOMICS INTE~TIONAL 
A l>i1•i•fo11 of N111'/l1 AtnP.rinm Avi111im1 111«. 

APPLICATION DATA SHEET No. lll-D-2 
Page 
2 of 4 

BUILT-UP ROOFING 

COPPER FLASHING 

POURED LEAD 
JOINT 

OAKUM PACKING .. 
ROOF FIXTURE CAST 
WITH ROOF SLAB 

tr•IJI 
Drain in concrete roof 

POURED LEAD l . . , w .-1 
JOINT 

OAKUM PAC.KING 

ROOF BOWL, CAST 
WITH ROOF SLAB 

SECTION 

BUTTERFLY VALVE 

.::A.:/·.:_;;: ... .. 
-. ... 

' . , . . . . . 
9 '.; "\:. .. :. ·;, ....... 

" I l: '.A. ,: .. ': ·: . . : 

,, . .... 

ORAi N SCREEN 

2 PLY FELT MOPPED TOGETHER 

COPPER FLASHING FLANGE 

BUILT-UP ROOFING 

'Ill' .o: . 

BUTTERFLY VALVE 

SECTION 

NAA-SR-10100 
IV-322 323< 
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ATOMICS INTE~TIONAL 
A Oit•i•io11 of N11r1/1 Americma At•in1im1 foe. 

APPLICATION DATA SHEET 

~--
Pipe through metal deck roof 

BUTTERFLY VALVE ...._ 

, .. 

GAS-TIGHT 
SEAL WELD 

Drain in metal deck roof 

PIPE 

SECTION 

SECTION 

NAA-SR-10100 

IV-323 

No. III-D-2 

METAL FLASHING 

CANT BLOCK 

STEEL PLATE THICKNESS TO 
SUIT DESIGN REQUIREMENTS • 
CUT HOLE TO SUIT PIPE SIZE 

STEE'.L SUMP RECESS 

324< 

Page 
3 of 4 
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ATOMICS INTE~TIONAL 
A l>it·isimi of' N11r1/1 Am~rim11 Al'i111im1 ''"" 

APPLICATION DATA SHEET 

Leakage Coefficients 

No. III-D-2 Page 
4 of 4 

Per lineal in. of penetration circwnference. Pressure range 0 to 20 in. 
water. 

Detail I A I B I Remarks 

Case 1 <lo- 8 
0 ADS Il-A-9 

Case 2 <2 x 10-8 
0 See Note 3 

. Case 3 <2 x 10-8 0 See Note 3 

Case 4 <10- 8 0 ADS II-A-9 

Case 5 - - Undetermined 
' 

Notes 

l. All leakage between penetration walls and properly applied roofing 
materials can be disregarded . 

2. Safety precautions 

a) Flashing to pipe and deck before applying roofing 

.b) Gaulk between flashing and pipe 

c) Flashing welded continuous at joints 

3. A. void of 0.1 mil is assumed between head an~ pipe for Case 2 
and 3. 

NAA-SR-10100 
IV- 324 
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ATOMICS INTE~TIONAL 
;f l>il'i.•irm nf IV11r1/1 .f111Prict111 Aoinli1111 for . 

APPLICATION DATA SHEET 

-
Building Components; Caulking Compounds 

---· 

No. III-E-1 Page 
l of 4 

Categorization and manufacturers of caulking compounds and joint sealers 

Bulk ComVounii:h 

I Oil Base Caulking I I 
Twl) P•tl One Pa\rt EIA1llc 

Chief Ingredients I Oils 
l) Hydrocarbon 
Z) Vegetable 
J) Synthetic drying 

Aabe11to1 fibers 
Other inert fillers 

s·olid• (%) 75 ta qs 

Maximum Ellective JO 
EluuM.i.liuu (3) 

Adhesion Poor to fair 

Weathering Effects Orie 11 gradually 

Life Expectancy (yr) I 5 to 10 

Llmltaliu1111 Oil aeparatco 
O/n r\nng"tinn pnor 

Recom1nended Ueea I Caulking in short 
jointl between 
maaonry 

Maximum Preeeure I ~ - to ~-rn. H 20 
Range for Minimun: 
Leakage 

Ma.nufacturer I 15, 17 1 Zl, i?2
1 

32 1 

(•oo p 1of4 lo r o:"d•) " 

Nonski.nnrng Rullb111r B3i •t1 I Thermoeelting Solvent·Releaee 
Type 

Polybutenes or blend11 Poly11u1Jide !:poxlde • Pol"1ieobutene1 
of polybutenes and Resins Acrylic• 
polyi11obutenes Vinyl• or hypalon1 

:\cbcatc:!! !ib~r:!! Mitritea 
Other inert fillere Filler a 
Syn~hetic resins 

85 to 100 95 to 100 100 80 to 90 

100 100 0 to 100 Z5 to 100 

Fair lo good Good lo C)(cellent Good to excellent Fair to excellent 

Nondrying Sur11e 1ncrea.1e in !=>tccllcnl lnct••te in hat'dn1u1• 
hardneas Maximum 50 to 60 

Maximum 90 Shore A Shore A duromete:r 
1!:.r~m·r•r 

115 to ZO I Up to W (e1<lmatod) lO (eelirnalt!'J) 15 lo 20 (eatimated) 

Tend•mcy to picl<. up R,.quirPa rontrollcd ~equirce controlled Wn(I: c1.>Mns time 
dirl mixing and appli- mixing and a.ppli- Shrlnk•8• >I O'!I 

cali.->n cation May need prlmel'.' 
May require primer 

on cone t~h? 

Seaqng ol joint• Horizontal and vei.-· Seal joinh and 
where movement i1 tical joint• !er crack• ' . 
limited metal and con e relc Patchea 

Nondryina Bonde 

l'- to 50-ln. H
2
o 5 lu ~o lJ»iw 5 tc. lDO pai1 

(e1timated) (e1timated) 

I z, Zl, Z6, 33 I z, 10, II, 13, 15, i6,, I, z, 4, 6, 7, 10, 13, 
17, 18, 21 1 ZZ, Z6, 16, Zl, Z6, 28, Z9 1 

Z7, Z9, 3l, 33 30 1 31 1 Jl, J<il 

I 10, 18, 19, ZO, Z7 

NAA-SR-10100 

IV-325 
326< 

I Curing Type 

Polyeul!idee 
SiUcono• or 
I polyt.lreth:an• 1 

FiUer1 
purin1 agent• 

~5 to 100 

75 to JOO 

t 
F'ah· to oxcoUc:nl 

' lncre••• in h•rdn••• 
Maxlmwn 35 Shore A 

durometer 

15 to 20 (eaUmatad) 

Lona curlns time 
Spoclal ht.ndUna and 

ahir•11111: * 9'\1Uh eJ 
M•y r•ciulr4 primer 

IS, 9, Z6, 34 
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ATOMICS INTE~TIONAL 
A lJiri.<i1111 nf' !\'11rtli Amcri«m A11ia1im1 /m, 

APPLICATION DATA SHEET 

Bulk Compound• 

Ho·\ Mcilt 
,, 

Cold Applied 

Coal Tar I Rubberized Coal Tar I Rubberized Derivative Derivative 

Chiel lngredienh Aophalt - Aapha!t 

Solido ("l 100 100 100 100 

Maxlmwn Effective to 160 to 100 
Elongation("°) 

Adheelofl 

Weathering Efiecta Ex.cellent - Excellent 

Life Expectancy (yr) >.zO >lO . 

Limitation• Do not overheat Do not ave rheal Keep from freezing Flammable 

Recommended Uee• Horizontal crack1 
and joint• 

Minimum working 

Maximum Pree•ure 
Range for Minimum 
Leakage 

Manulacturer 
10, Z.6 10 (•ee P"' oi 4 for code) 

-

Cone rete joint1 Horizontal and 
indinrd wO,.kins 
joint• 

-

Z, 10, Z6 10, Z6 

NAA-SR-10100 
IV-326 

No. 111-E- l Page 
2 of 4 

... 

' 
Nonre•llient 

I E1aatome ric I Elaetomedc 
Uncured Partially Cured 

Polybutene aabe1toa -
fl be re 

A•phalt 
Othitr lnert filler• 

100 100 

Very high unle1a Up to 300 
reinforced 

-
Good Good to excellent 

15 to 20 (e 1timated) 15 to ZO (e1timated) 

Tendency to pick up Tendency to pick up 
dirt dirt 

-

- -

Z6 . 

u 
327< w 
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ATOMICS INl'E~TIONAL 
A Di1·i•iCJ11 of lV1w1h . .fm~riam A11inlitH1 Inc • 

APPLICATION DATA SHEET No. 111-E- 1 

Vinyl I 
I Chief Ingredients I Vinyl- chlo r ide 

polyme r a I 

I Solido (%) 100 

Maximum Effective ZSO lo J 7 S 
Elon1ation (·") 

I Adhesion 

Weathering E!fecta C ood 

I 
Life E:'!:pec tanc y 
(yr) 

LimltationB Afta c:i tc: d by 
I extr otnc= 

tem pcrBlurc• 

I Recommended 11.1 .,vh r >' ' " " 'l" 
Uaea (~o<><I r e-

e:o:::io.oti?n 
p ropertioa ) 

I Maxirnwn Preuure !iOO p•I ~ 
Range for Minimum 
Lea.kase 

ManWacturer 
(1cep4of4for codoil l '6 1 lS I 

Preformed Compound• 

Re•ilient {Eil,ulomor•, 

Nt:-oprem: I Bulyl I Rubbe r Nah1ra_l Blended Hypalon 

Polyc h.lo cop r e- n ~ I l. Obut ylcno hu· Ba.•lc 1> olymot A•ph>ll Chtoa-01.,,Ho.nated 
pr~n~ c.opoly· R.oe in• po\yathylono 
mer• Pl4ali.d z.in8 (hypalonl 

compoun.d1 

IQO 100 100 100 100 

>. su •• wo lOO lb AOO t o 6SO 100 

Good Go<><! Good Good -
Exce lhrnl Oood P Gor to l l'lll r EK<cllent £xcolh11n< 

>2S I ZS I P oor I Coad I >JO 

Not llc ld . ... t•bl• 1 No1 fi •ld •Olobl • 1 Nol fi e ld ... 1able I Nol Held oealobl• 1 -
Mu • t be u 1\dC-r W•dtt- t; tfme1 

com p r c-a1lc.Ht o>ep., c:ted mov tJ ... 
mc nt 

.?t "1 C- ilAt '-°"••'f .Jl t L 
w:. ll p a.n~ l• 

lOO po l~ 

~ 1 l.4 1 J S I 

v .. d • • • p .1,.. I 
4 1\d Wl lh .A l W(J • 
r'" ,t h,. .. .. ,., .. "' , .. .. 

400 JUI R 

. I s, ll, .... ZS 

NAA-SR-10100 

IV-327 

C onc cc ! c :l"'.d . 
m e tal Jol nt_11 

-

I 11 I 9, " • 26 

328< 
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Page 
3 of 4 

Adiprene 

Polyurethane (loam-
impreanated 
throughout with 

i a1 ph•lt bl tum en) 

100 

U1ed tU'lder com ... 
pre1aed condl-
lion (ZOO) 

Varie• for each 
material 

Excellent to 
u1,at etandln1 

I ZO to Z5 

I Need• to be com-
preaaed to J/5 
oriaio-1 1ize for 
alr leakage 

M•y require 
primer 

Seali.na: joinh of 
metal, concrete, 
and other aeatlng 
tlaahing (excel-
l•nt memory) 

I l, 9 



ATOMICS INTE~ATIONAL 
A l>i.-i.•i1111 11f' .\11rll1 .·l111rrim11 Al'i111im1 '"'" 

A.PPLICA.TION DATA SHEET No. III- E-1 
Page 
4 of 4 

LIST OF MANUFACTffRERS 

1. Adhesiv~ Engineer ing (Diviaion of Hiller A-C); 
1411 Industrial Road, 
San Carlos, California 

2. Armstrong Cork' Company, Industrial Division 
Lancaster, Penns.ylvania 

3. Asbiten (Canada) Limited; 
1200 W. Pender 
Vanc~uver 1, British Columbia 

4. Carl H • .f3iggli! Company, Inc.; 
154 7 14th Street, 
Santa Monica; California 

5. Bridgeport Fabrics, Inc.; 
Bridgeport 9, .Connecticut 

6. Carboline Company; 
3Z Hanley Industrial Court, 
St. Louis 11, Missouri 

7. CIBA Products Corporation; 
Fairl<!.wn, New Jersey 

8. Dow Corning Corporation; 
Midland, Michi~an 

9 . E. I. duPont de Nemours & Company, 
Elastorne r ic Che mi cal Department; 
Wilmington 98, .Delaware 

10. EDOCO Technical Products; 
Z370 E . Artesia Boulevard, 
Long Beach, California 

11. Electro ·Cote Company; 
52ZO Main Street, N. E., 
Minneapolis Zl, M·innesota 

lZ. Faultless Rubber Company; 
Ashland, Ohio 

lj, Flintkote Industrial Products Division ; 
55th a.nd Alameda Street, 
Los Angeles, California 

14. Geauga Industrial Company; 
Middlefield, Ohio 

15. A. C, Horn Co., Division Sun Chemical Co. ; 
7237 E. Gage 
Bell Gardens, California 

16. International Epoxy Corporation; 
501 N. E. 33 Street, 
Fort Lauderd·ale, Florida 

17. H. B. Fred Kuhla; 
3rd Avenue and 65th Street, 
Brooklyn ZO, New York 

18. Magichemical Company; 
Brockton, Massachusetts 

19. Marsh Wall Products, Inc,; 
Dover, Ohio 

ZO. Masury- Young Company; 
76 Roland Street, 
Boston, Massachusetts 

Zl. Minnesota Mining and Manufacturing Company; 
900 Bush Avenue, 
St. Paul, Minnesota 

ZZ . Pecora , Incor porated; 
300 - 40 0 W. Sedgley Avenue, 
Philadelphia, Pennsylvania 

23. D. J. Peterson Company; 
P. 0. Box 181, 
Sheboygan, Wisconsin 

Z4. Polo ran Products; 
165 Hugue not, 
New R o che lle, New York 

Z5. Presray Corporation; 
Pawling, New York 

26. Presstite Division, American Marietta Company; 
139th and Chouteau, 
St. Louis 10, Missouri 

Z7. Prod. Res. Company; 
Z919 Empire Avenue, 
Burbank, California 

ZS. Revere Chemical Corporation; 
2010 E. 102 Street 
Cleveland, Ohio 

Z9. Rubber and Asbestos Corporation; 
2.Z5 Belleville, 
Bloomfield, New Jersey 

30. Shield Chemical Corporation; 
Z51 Grove Avenue, 
V'erona, New Jersey 

31. Sika Chemical Corporation; 
35 Gregory Avenue, 
Passaic, New Jersey 

32 . Sonneborn Chemical and Refini:ng Corp.; 
48Zl S . Vermont 
Los Angeles, California 

33. Tremco Manufacturing; 
8701 Kinsman Road, 
Cleveland, Ohio 

34. Wilbur and Williams Company, Inc.; 
650 Pleasant, 
Norwood, Massachusetts 

35, Williams Seals and Gasket Division, 
Williams Equipment and Supply Company; 
486 W. Eigh t Nile Road, 
Hazel Park, Michigan 

329-::: 
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ATOMICS INTE~ONAL 
A Diviliola o.f NOl'tla American Avinlinn Inc . 

APPLICATION DATA SHEET No. W-F-1 

Building Components; Concrete Surface Treatments 

~~~ 

Surface coating systems for concrete 
Leakage through coating system, including pin holes 
Leakage Coefficient: per sq ft of coating area 

Manufacturing 
Name and No. 

Carboline Co. 
Phenoline No. 305 

Pittsburgh Coke and Chemical Co. 
lnsul-Mastic No. 3911 

Soc~Co Plastic Coating Co. 
Soc - Co Plastic No. V-500 

Keratin, Inc. 
Coverseal Vinyl 

Carl H. Biggs Co., Inc. 
PC-621 

Pittsburgh Coke and Chemical Co. 
Insul-Mastic No. 4010 

Products Research Co. 
PRC-402 

Surface Engineering Co. 
Perma Skin No. 2980 

Carboline Co. 
Epoxy 150 

Soc-Co Plastic Coating Co . 
Soc-Co Plastic No. 7-AT 

Surface Engineering Co. 
Secoton No. 2860 

Surface Engineering Co . 
Secoton No. 2810 

pressure range 0 to 10 psi 

Recommended C.:oating System 

Primer: 6 mils at 200 ftZ/gal · z 
Membrane coat: Z- to 4-mil coats at 280 ft /gal 
Total system: 14 mils thickneH 

Total system: 5.0 mils 

Total system: 10 mils 

Pri me r : l mil at ZOO !t2. /gal 2. 
Interme diate c oat: 40 m'ils at ZS ft /gal 
Top coat : 5 mile at 60 ftZ /gal 
Total system: 46 mils thickness 

Total system: 4 mils 

Total system: 67 mils 

Primer: 4 mils at 350 ft2 /gal 
<;:oating: 20 mils at 60 ttZ /gal 
Total syste m : 24 mils thickness 

Primer: 0.3 mils at 200 £t2 /gal 
2 Intermediate coat: 2. mils at 100 Ct /gal 

Top coat: two 2-mil coats at 100 lt2./gal per coat 
Total system: 6 mils thickness 

Pr imer : 2 mils at 320 £t
2 /gal 2. 

Top coat: two 2.-mil coats at 320 ft I gal per coat 
Total system; 6 mils thickness 

P r imer: 7 mils at 150 n 2 I gal 2 
Membrane coa t: 10 mils at 150 ft /gal 
Total system; 17 mils thickness 

P rimer: ! mil at 150 ltz/gal 2 
Me mbrane coat: 2.0 mils at ZO ft /gal 
Total system: 2.1 mils thicknes1 

Primer: lmilatl50ltz/gal z 
Membrane coat: 20 mils at 25 ii /gai 
Total system: 2.1 mils thickness · 

NAA-SR-10100 
IV-329 

330< 

Page 
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Leak&1e Coefficient 
A 

8.0 x 10-9 

Z.7 x 10-8 

Z.9 x 10-8 

S.l x 10-8 

6.3 x 10- 8 

1.0 x 10- 7 

3.6 x 10- 7 

6.0 x 10- 1 

I.Ox 10-6 

1.7 x 10-6 

Z.6 x 10-6 

7.0x 10-6 



• 

• 

ATOMICS INTE~TIONAL 
.-I /)il'ioi1H1 nf ''""''' .4mcrim11 ,.fritaim1 /111". 

.APPLICATION DATA SHEET No. III-F-1 

Notes 

1. Additional information regarding properties, methods of applica­
tion, limitations, etc. to be found in LDS-B-11 

2.. Coating system recommended by manufacturer • 

NAA-SR-10100 
IV-330 
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ATOMICS INTE~TIONAL 
A Division o.f N<1rth Americma Avintin11 lrac. 

APPLICATION DATA SHEET No. III-G-1 

--
Building Components, Electrical Penetration Through Walls , ____ , 
Conduit, pipe, and trough-type seals 

t118111 
Conduit sealoff s . 

.. . 
• & : 

. "'· . . .. . .. . 
••• • • .... 

CONCRETE WALL 
(SEE ADS l-A-8, CASE 2) 

G AS-TIGHT SEAL WELD 

METAL PANEL WALL 
(SEE ADS 11-A-11, CASE 4) 

Leakage Coefficients 

lllli:AL.-OFF 

Page 
1 of 4 

Leakage value for one conduit seal. Pressure range at least 5 psi. 
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ATOMICS INTE~ATIONAI, 
A fli1·i•i1m of ,\ort/1 ·f111 .. rim11 .•fri11tim1 ''"" 

APPLICATION DATA SHEET No. lll-G-1 

A 

10-9 

-~,,--
Trough-type seal. 

PAN TYPE 
CABLE TRAY· 

B 

10-9 

SEALANT· 

CA1;3LES TO BE SPACED 
BY SPREADERS AND RAISED 
OFF BOTTOM OF PAN 

Leakage Coefficients 

Remarks 

LDS A-3(2), Case 1 

If· 

0 ., .. 

. . . 
,· 4 ... " 

.. ~ . ;'. _. . ~ ~/.:::::::~=--==~_../ 

... ·41·1\_ II , • ... .. . . 
::: .:· CAULK 

.f.: ":D 

Page 
2 of 4 

No detectable leakage around seal as reported in HW-64972. Pressure 
range 18 psi. See LDS A-3(2), Case 2. 
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ATOMICS INTE~ONAL 
A Divi•ia11 ~f N<>rlh Arnerioo11 Avintimi l11c. 

APPLICATION DATA SHEET No. m-G-1 

--Pipe Seal 

T =WALL THICKNESS 

DRY PACK ALL AROUND SEAL TO DEPTH OF i 
WITH NON•SHRINK GROUT 1 IN. WITH POLYSULPHIDE 

ELECTRICAL CONDUCTORS; 
INSULATION REMOVED INSIDE PIPE 

GAi;o. 
',tt:;,i STEEL PIPE WITH 

45° 
THREADED CAPS. 
FILL WITH EPOXY 
POTTING COMPOUND 

T/2 (MINIMUM 3 IN.) TYPICAL 
1/4 IN. SQUARE STEEL PLATE 
WITH HOLE FOR PIPE SLEEVE 

ELECTRICAL PENETRATION - CONCRETE WALL 

Leakage Coefficients 

No detectable leakage through seal at pressures up to 20 psi 
(NAA-SR-4850). 

NAA-SR-10100 

IV-333 

3311< 

Page 
3 of 4 



.. 

.. 

ATOMICS INTE~TIONAL 
A /lil'i•im1 •!f N11r1t. . .fm~rilvm .·frill1in11 /111'. 

APPLICATION DATA SHEET No. III-G-1 

-
Wall mounting receptacle 

~GASKET 

Leakage Coefficients 

Leakage value for 1-in. -diameter seal 

A l B } Remarks 

5.lxlo-4
J -4 l 0.6 x 10 LDS - A-5 

Bulkhead Receptacle 

GA>KET -;-....[·=· I 
, •• 

Leakage Coefficients 

No detectable leakage around seal (LDS - A-5) 
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Code 
No . 

III-A-1 

III-A-2 

III-A-3 

CONTENTS 

APPLICATION DATA SHEETS 

Ill. BUILDING COMPONENTS 

Butterfly Valve •••••••••••• 

Doors; Personnel Access Doors 

. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 

Doors; Equipment Access Doors •••••••••••••••••• 

Page 

IV-303 

IV-305 

IV-309 

._ III-B-1 Louvers; Metal Louver Adjustable, Gasketed •••••••••• IV-311 

.._ III-C-1 ·Roof Hatches; Prefabricated Metal Hatch ••••••••••••• IV-313 
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III-D-1 

III-D-2 

III-E-1 

III-F-1 

III-G-1 

Piping Penetrations Through Walls • • • • • • • • • • • • • • • • • IV - 31 7 

Piping Penetrations Through Roof • • • • • • • • • • • • • • • • • • IV-321 

Caulking Compounds and Joint Sealers • • • • • • • • • • • • • • • IV-325 

Concrete Surface Treatments • • • • • • • • • • • • • • • • • • • • • IV-329 

Electrical Penetration Through Walls • • • • • • • • • • • • • • • IV-33 l 
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V.. ECONOMICS 

A • . IN".I'RODUCTION 

1. Objective 

The major objective of the economic analysis was to examine various 

types of reactor building structures and to determine their relative costs. Sped• 

fically, the study attempted to determine the importance of leakage reducing 

techniques and building design prP.ssure on costs. Since, for certain accident 

criteria, it was desirable to have cylindrically arranged buildings, a further 

objective was to determine the effect of arrangement on costs. A final objective 

was to determine cost differences between conventionally constructed buildings 

used for reactor containment, and steel dome containment • 

2. Scope of Study 

T~o basic reactor types were selected as a basis for designing the reac·­

tor buildings and containment. These types were a 200-Mwe sodium graphite 

reactor and a 180-Mwe boiling water reactor. The sodium graphite reactor was 

selected since postulated accidents involving this kind of reactor system normally 

do not involve high building pressures and are therefore amenable to conv:ention­

ally constructed buildings. The boiling water reactor was selected because it 

represents the type of system which, under postulated accident conditions, 

normally results in high building pressures. Furthermore, it was possible to 

use the results of a recent boiling water reactor containment study by Sargent. 

* and Lundy. 

For the sodium graphite reactor, two basic plant arrangements were 

made; both were for a 200-Mwe generating plant. One arrangement included a 

rectangular building enclosure, and the other included a cylindrical enclosure. 

The arrangement of the ateam generating equipment, turbine ienerator, and 

associated auxiliary equipment were identical for both the rectangular and 

cylindrical plants . 

Since many components have been investigated and tested for both fluted 

metal panei construction and concrete construction, these two types of building 

structures were selected for cost analysis in .the sodium graphite reactor. The 

metal panel structures were designed only in the rectangular arrangement. The 

*See References, Reactor Housin1, Z3 
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concrete structures were designed for both the cylindrical and rectangular 

arrangements. 

To d~termine the effect of pressure on building costs, three design 

pressures were u:sed for the rectangular arrangement: 4 in. water, 1I2 psig, 

and 2 psig. For the cylindrical arrangement, a design pressure of l I 2 i:>sig 

was selected. Different degrees of leak tightness were used in the various 

building designs to determine the effect of leakage improvement on building 

costs. 

Although the plant arrangement was complete in every respect in that it 

included site development, turbine facilities, and other factors not directly 

associated with reactor containment, cost estimates were prepared for only 

those items which were believed to have a significant effect on cost differences 

between design's: .For example, since the turbine-generator facilities were 

arranged in an identical manner for all sodium graphite reactor designs consid­

ered, nQ cost diff;erences existed for the turbine-generator facilities. On the 

other hand, it wa_s obvious from the arrangement drawings that although the 

reactor shielding per se was not· associated with reactor containment, it did 

differ be~ween designs and contributed to cost differences. For this reason, the 

substructure concrete was included as part of the cost estimate. However, 

estimates were not made for such items as steam and feed water piping, circu­

lating water system piping, accessory electrical equipment, and other items 

which may contribute to minor cost differences between designs. 

In the case of the completed boiling water reactor designs, such systems 

as feed water piping, circulating water system piping, and accessory electrical 

equipment were included in the Sargent and Lundy cost estimates. Additionally, 

the boiling water reactor site included cost provision for rock removal and de­

watering. To make the boiling water reactor cost estimates compatible with 

those of the sodium graphite reactor, adjustments were made to the Sargent and 

Lundy estimate, These adjustments included modification of the siting costs to 

remove dewat'ering and rock removal requirements. They also included removal 

• from the estimate of all items which were not included in the sodium graphite 

reactor estimate, such as auxiliary electrical equipment, circulating water 

system piping, etc. 
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The direc;t costs of the various boiling water and sodium graphite reactor 

arrangement designs were thus obtained on a similar basis. These direct costs 

were further adjusted by suitable factors to account for general and administrative 

, expense, inisc.ellaneous construction costs, engineering design and inspection 

costs, contingency costs, and interest during construction. Identical factors 

were used for all the building designs considered . 

. ' 
The two types of containment included for comparison from the Sargent 

and Lundy study were the steel dome and the pressure suppression containment 

arrangements. These were selected since they represent the most common 

type of containment currently being used by water reactor designers. 

3. Accident Philosophy 

The buildings for the sodium graphite reactor were not designed for any 

specific accident or site, but were selected so that a variety of accident and site 

conditions could be used. In every case a heating and ventilating system was 

included in the design and cost estimate. This system was designed so that 

under accident conditions it could be used to direct building air and fission 

products through a filtering system and up a stack. Under accident conditions 

in which the ventilating system is used, it is likely that the building will be main­

tained under a negative pressure and all leakage will be into the building, through 

the ventilating and filtering systems, and thence out the stack. Expand~d gas 

resulting from any heal i:;uuJ.'Ct:!S will also be vented from the building by the 

ventilating ayate:rn. Alternatively, it ca!! be a8S1-~rned th;it the accident philosophy 

·:will require no dependence on ventilating or filtering systems. In this event, 

i it may be desirable to completely close off the buil<ling. Under this cond.ition, 

any leakage is directly from the building to the atmosphere. As a result of heat 

sources, the accident can result in a building pressure rise, and the building 

should be de1o.ig11ed to accommodate this rise. For various conditions of siting 

population density, the leakage requirements of the building may be high or low 

for the two accident de sign philosophies described al.Juve. 

The building designs were selected so that various combinations of these 

alternative possibilities can be made , For example, at a densely populated site 

in which it is assumed that the air-conditioning and filtering systems can be used, 

it might be deshable to select a low-pressure building design (4 in, of water to 
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l I 2 psig) with a low leakage requirement ( l to 0.1 % per day). At another site 

located in a sparsely populated region, it may be desirable to select a high­

leakage, low-:pre,ssure building. Various other combinations are possible. 

In .all cases involving the sodium graphite reactor, the cost estimate 

includes money for a completely enclosed primary system as well as the reactor 
' ' 

building enclosure. This primary: system enclosure consists of steel-lined 

concrete cells maintained under an inert atmosphere. In the detailed cost break­

down, the cost of the c~ll liner is separately designated. 

Iri the case of ~he water reactor systems, the accident philosophy desig-

nated by Sargent and Lundy was· that which is most commonly accepted for water 

reactor systems, namely the failure of a main, coolant line. The resulting pres­

sure from the fluid flashing into steam is the design pressure of the building. 

A similar accident in the sodium-cooled reactor system results in the release 

of sodium to the inert-gas-filled cells. 

B. GENERAL PLANT ARRANGEMENT 

l. Site Assumptions 

The site is located near a river, and, in general, the land contours pro­

vide for natural drainage. The soil profile is such that the bedrock and water­

bearing shale strata are below excavation requirements of 20 ft. The above shale 

strata is suitable for machine excavation, so that the entire plant operations can 

be accomplished with normal earth moving equipment and minimum pumping 

requirements. 

2. Sodium Graphite Reactor 

a. General Design Features 

The plant is located near the river bank to minimize the length of con­

denser cooling water l.ines. The plot plan, plant arrangement, and superstructure 

for the rectangular and cylindrical buildings are shown at the end of this 

section (see page V-23). 

The turbine area shown in the drawings includes the outdoor design 

turbine-generator and auxiliary equipment, condenser, extraction heaters, boiler 

feed and condensate pumps, instrument and service air compressors, and the 

• ' 

.. 
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closed-loop cooling water heat exchangers and pumps. The main and auxiliary 

transformers and transmission switchyard are located to the east of the main 

power plant building complex. 

, 'A-. base case design was selected for both the rectangular and the cylin­

drica1 arrangements. Complete arrangement drawings were made for these 

base cases. The base case rectangular reactor enclosure is designed for a 

200-Mwe plant with a I% volume per day leak rate at 1I2 psig pres sure. The 

enclosure above grade is divided into three sections. The high bay is 180 ft long, 

60 ft wide, and 80 ft high. The low bay is 180 ft long, 26 ft wide, and 30 ft high. 

The portion of the main and auxiliary loop intermediate heat exchanger cells 

exterior to the low-bay structure are 72 ft long, 41 ft wide, and 30 ft high. The 

substructure dimensions are approximately the same as the superstructure 

except that a major portion of the excavation is approximately 50 ft deep, with 

the reactor excavation (approximately 65 ft deep) being the lowest point . 

·The base case cylindrical reactor enclosure is designed for a 200-Mwe 

plant ~ith a 1 % volume per day leak rate at 1I2 psig pressure. The enclosure 

above grade is 161 ft in diameter and 80 ft high. It is a right-circular cylinder 

with a fiat top. The substructure dimensions are approximately the same as the 

superstructure. 

The rectangular building requires an external radioactive waste facility 

which is designed as a two-level unit. The area below ground is constructed of 

cast-in-place concrete and provides tankage storage space. The above-ground 

area is of tilt-up design and is divided into three areas: an operating area and 

two cuu1.lJl'essor cells. Each compressor cell contain& a low-volumf! and high­

volume compressor. The operating area contains the valve and gage boards, 

heating and ventilating equipment, and switch gear for operation of the facility. 

The cylindrical enclosure concept has the radioactive waste facilities 

built into the cylindrical enclosure. The external access or fuel shipping trans­

fer area is provided with sealable access plugs. The access way is of cast-in­

place concrete extending beyond and into the enclosure perimeter to permit 

handling of the cask with a crane. 

As noted previously, the primary sodium system equipment for the 

sodium graphite reactor is located in individual cells such as the intermediate 
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heat exchanger (IHX cells). The cells are filled with an inert gas during plant 

operation, and most of them are lined with 1I4-in. carbon steel plate welded to 
11 T 11 bars embedded in the concrete. The maintenance cell is lined with 1/2-in. 

plate since, in this cell, the plate serves the dual function of structural support 

for equipment as well as a leakage barrier. In addition to the IHX and mainte­

nance cells, the two primary sodium service cells and connecting pipeway, the 

reactor enclosure cell, fuel pick-up cell, fuel storage cell, component storage 

cell, and the component work cell are steel-lined. 

The cells are designed for 6-psig pressure and a leak rate of 3/4% of 

cell volume per day with a differential pressure of 2 psig. Access plugs to the 

majority of the equipment cells are sealed by means of a knife edge in restrained 

rubber technique at the shielding step, with a secondary closure of Thiokol and 

oakum at the floor level as a secondary seal and dust stop. In the IHX cells, a 

gas-tight seal is obtained at the plugs by welding a cover plate beneath the plugs, 

oyer the opening, and connecting to the wall and ceiling liner plates. 

The above-grade superstructure for both arrangements consists of 

tilt-up, precast concrete panels fastened to building columns and girts. Attach­

ment to the columns is accomplished by 1-in. Nelson studs extending through 

the wall panels from the column. Bolt holes are oversized to allow for thermal 

expansion. The panels are also welded to the horizontal midpoint support girts 

from a plate precast in the panel. The joint details are shown on the plant plans. 

The roof for b .oth high and low bay is of precast concrete panels (prestressed for 

the cylindrical structure) covered by insulation and a built-up tar and gravel roof. 

A cast-in-:place closure at the wall panel junction is provided t"o assure a leak­

tight strength joint. Roof girders are tapered from 5 ft 4 in. at mid-span to 

2 ft 4 in. at column connections. The roof structure purlins are l 4WF. The 

roof panels are stitch-w:elded to the girders from cast-in-plates in the panels. 

The above-grade superstructures for two variations from the base case 

building designs are shown at the end of this section. 

b. Leakage Design 

A caulked joint is provided at the junction between the wall panel and 

the substructure concrete and at all other joints where leakage is possible. The 

design of the caulked joints (using Thiokol) is such that there is a readily access­

ible area to every joint to make necessary repairs. Since the concrete panels 
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.are free to expand and crack (under certain conditions), the panels are painted 

with a vinyl paint such as Surface Engineering Co. vinyl coating No, 2980. This 

paint can be elongated up to 400% to compensate for any normal cracking. Its 

bond ·strength is estimated to be 40 psi, and its maximum recommended service 

temperature is 180° F. 

There are :i:>ersonnel and equipment accesses provided through the 

enclosure in addition to the process penetrations. The leakage calculation 

sheets for both of the base case building designs is shown in Tables V-1 and V-2. 

The column lahlf~d "Possible Detail" in the tables refers to the applicable leakage 

or application data sheet in this document. The tables also show various recom­

mended component details and their leakage coefficients. Total leakage from 

comp.onents of a given type is determined by multiplying the leakage coefficient 

per in .. water-unit by the appropriate number of units and the design pressure; 

e.g. , 14 in. water a 15,500 ft
2 

x 2 x I o- 7 
cfm/ft

2
-in. water = 0.04 cfm. 

A major fraction of the leakage occurs through the concrete cracks. 

Cracking of concrete can be accounted for by methods described in the Appendix . 

By use of these methods, a computed maximum crack width of 4 mils is obtained 

for the panels in the base case structures. This 4-mil crack width occurs at the 

tensile surface of the concrete during the lifting of the concrete panel. These 

cracks do not completely penetrate the panels, however. After installation and 

assumed pressurization of the panels, stress reversal occurs on a portion of the 

panel, and new cracks are formed on the opposite side of the panel from the lift­

ing cracks. A portion of these cracks may intersect those produced during lift, 

thus generating a leakage path through a completely peneLrating c1·ack. Ilowever, 

these pressure-stress generated cracks average only about l / 2 mil in size. The 

maximum total crack length of these l / 2-mil cracks can be calculated. Since 

leakage through cracks varies with the cube of the crack thickness, it is: desirable 

to als.o estimate the maximum number and spacing of large cracks. This was done 

in the case of the buildings in :::i.uestion, and the following c.:01u1e1·vative assumptions 

were then made: 

1) Each crack produced in the reverse stress region of the panel 

intersects a lifting crack on the opposite side of the panel. 

2) The average width throughout the total depth of these cracks is 

1 mil. 
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TABLE V-1 

LEAKAGE CALCULATION SHEET 

Facility: 
200-Mwe Sodium 
Graphite Reactor 

Leak 
Item Component 
No. 

I Roof 

Paint ( 18 mil) 

Cracks (I mil) 

l Wall 

Paint (18 mil) 

Cracks (I mil) 

Groo Volume: 
1,000,000 ft] 

Unit 

ltl 

in. 

ltl 

in. 

Allowable Leakage: 
I%/ day 
(7 elm) 

Estimated 
No. of 
Units 

15,500 

256 

47 ,ooo 

12,800 

Possible 
Detail 

ADS lll-F-1 

ADS I-A-9 

ADS III-F-1 

ADS I-A-9 

2 

Design Pressure: 
l/l psig 

Leakage Coefficient 

A B 

x 10- 1 -
6.6 x 10- 6 -

2 x Io· 7 -
6.6 x 10" 6 -

Proposed Structure: 
Rectangular Building, 
Concrete Construction 

Estimated 
Total Component Leakage 

per unit Leakage 

(cfm) (cfm) 

28 " 10-
1 

0,04 

9,l x 10· 5 
O.OZ4 

28 x 10" 7 
0.14 

9.Z x !0- 5 
1.18 

3 Joints - Leakage reduced to an insignificant l e vel when coated with paint 

4 Doors 

Personnel each 

Personnel each 

Equipment ft of 
seal 

5 Process penetration 

H & V ducts in . of 
seal 

Cold water in. of 
piping seal 

Sodium service in. of 
piping se-al 

Main heat transfer in. of 
piping seal 

NaK cooling in. o{ 
p i ping seal 

Cold gas in. of 
p i ping seal 

' ,, 
Liquid waste in. of 
piping seal 

Pneumatic signal each 
piping 

6 Ele.f<:trical Penetration 

Instrument cable each 
(multi-
insert) 

4 J 60-v cable each 
(multi-
insert) 

4!10-v cable eac..:h 
(multi-
insert) 

110-v cable e a ch 
(multi-
in•erl) 

-

I ADS lll-A-2 (Used in series with bulkhead door listed below) 

l ADS lll-A-2 8.6 x I 5- 4 

60 A OS Ill-A- 3 
4 x I 0- l O 

Cat;e l 

360 ADS lll-D- I 10- 6 
Case 2 

l lO ADS Ill-D-1 10- 6 
Case l 

I 3<; ADS 111-D-1 10- 6 
Case l 

500 ADSlll-D-1 10- 6 
C a se l 

7l 
ADSlll-D-1 10" 6 
Case 2 

IZO ADS 111-D- I 10·6 
Case l 

60 ADS III-D-1 10~ 6 
C a se l 

100 
ADS III - D-1 

l x 10- 8 
Case 2 

ADS 111-G- l 
15 

Case l -

ADS lll-G-1 10" 9 12 
Case I 

ADS IIl-G-1 10" 9 7 
Case J, 2, 3 

Abs lll-G-l 4 -Case Z 

---- ---
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I.lx!0- 3 
30 x 10- 3 -

- 56 x 10- 10 -

- 14 x 10- 6 
0.016 

- 14 x 10" 6 
0.0044 

- 14 x 10- 6 
0.0058 

- 14 x 10- 6 
0,019 

- 14 x I 0-b 0.003 

- 14 " 10-
6 

0,0031 

- 14 x 10· 6 0.0024 

- 28 x 10· 8 -

I - - -

- 4 x 10-9 -
I 

x 10" 9 - : 4 -

- - -

l _ TOTAL 1.43 
--~·---
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TABLE V-2 

LEAKAGE CALCULATION SHEET 

Facility: 
200-Mwe Sodium 
Graphite Reactor 

Leak 
Item Component 
No. ' 

1 Roof 

Paint ( 18 mil) 

2 Wall 

Paint (18 mil) 

Cracks ( 1 mil) 

Gross Volume ; 
l ,000,000 ft3 

Unit 

ft
2 

ft2 

in. 

Allowable Leakage: 
1%/day 
(7 c!m) 

Estimated 
No. of 

Possible 

Units Detail 

20,000 ADS III-F-1 

40,000 ADS Ill-F-1 

10,900 ADS l-A-9 

2 

2 

Design Pressure: 
l/Zpsig 

Leakage Coefficient 

A B 

x 10-1 -

x ,10- 1 -
6.6 x 10-6 -

Propo•ed Structure: 
Cylindrical1 Building, 
Concrete Conetruction 

Estimated Total Component 
Leakage Leakage per unit (cfm) 

(cfm) 

' 
28 Jr 10-7 0,056 

ze x 10-7 I O.llZ 
9.Z x 10-! I 1.00 

3 Joints - Leakage reduced to an insignificant level when coated with paint 

4 Doors 

Personnel each I 

Personnel each z 
Equipment ft of 

60 
seal 

s Process PenP.tration 

H & V ducts in. of 
1eal 360 

Cold water in. of 
120 piping seal 

Sodium service in. ot 
135 pipins_ seal 

Main heat tranafer in. nf 
500 p iping seal 

NaK cooling in. of n piping seal 

Cold gas in. of 120 
piping seal 

Liquid waste in. of 60 
piping seal 

Pneumatic eig- each 1 no 
nal - piping 

6 Electrical penetration 

lut:tti·un.i.ent each 
cable (multi- I!> 

insert) 

4160-v cable each 
(multi- 12 
insert) 

480-v cable each 
(multi- 7 
inae rt) 

110-v cable each 
(multi- 4 
insert) 

ADS I.II-A-l (used in series with bulkhead door lt•ted below) 

ADS Ill-A-2 8.6 x 10- 4 

ADS IIl-A-3 4 x 10- 10 
Case 2 

ADS III-D-1 -6 
Ca1e 2 10 

ADS III-D-1 10- 6 
Case 2 

ADS lll-D-1 10-£, 
Caoe 2 

ADS Ill-D-1 10-6 
Caoe 2 

ADS lll-D-1 10-6 
Case 2 

ADS Ill-D-1 10- 6 
CaRP. Z 
ADS lll-D-1 10- 6 
Case 2 

ADS III-D-i z x 10- 8 
Case l. 

ADS 111-G-1 
Ca•e 2 -

ADS lll-G-1 10-9 
Caee I 

ADS lll-G-1 10·9 
Caoe I, Z, 3 

ADS !!!-G-2 
Caae 2 -

NAA-SR-10100 
V-9 

I.Ix 10-l 30 x 10~ 3 -
- 56 x 10· 10 -

- 14 x 10"6 0.016 

- 14 x 1o·a-· 0.0044 

- 14 x 10"6 0.005tl 

- 14 x 10"6 0.019 

- 14 x 10"6 0.003 

- 14 x 10"6 0.0031 

- 14 a 10"6 0.0024 

- 28 x 10"8 -

- - -

- 4 x 10-9 -

- 4 x 10"9 -

- - -
---
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3) Although the buildings are painted with 18 mils of vinyl paint 

which will span these cracks, 4% of all cracks will have paint 

violations which permit free leakage throughout the total of the 

crack. 

Leakage calculation sheets for the two variations from the base case 

building designs are shown in Tables V-3 and V-4 • 

In designing to a warranted leak rate on a concrete structure of the 

type considered in the base cases, it is desirable to use considerable conserva­

tism in the selection of safety factors. It is possible to do this, since the cost 

increase of the structure by introducing more stringent leakage requirements 

is not a significant fraction of the total building cost. For example, the total 

of all leakage components computed in Table V-1 for the base rectangular case 

was I.6~ cfrn at l I 2 p~i. This corresponds to a leakage rate of O. 239%/day, or 

a safety factor of approximately 4 when compared with the de sign leak rate of 

I% per day. Since the minimum recommended safety factor is 2, the building 

is considered adequately designed. Similar leakage analysis was performed for 

all of the building designs considered. 

Lea~age control was also provided in the equipment cells since pene­

trations from these cells also occur. These penetrations are not included in 

the tables since leakage from the cells is into the building and does not contri­

bute to building leakage. Nevertheless, the type of penetrations were deter­

mined and cost estimates provided because the cells are a part of the contain­

ment of the sodium graphite reactor. The cells are isolated, one from the other; 

by bulkheads or diaphragm seals. Penetrations through these cells vary with 

applications. For hot pipes, bellows expansion joints are provided from the 

bulkhead to the pipe ; cold pipes are seal;...welded to the bulkheads. Pneumatic 

instrument lines utilize standard tubing bulkhead fittings. Electrical penetra­

tions are made through potted bulkhead fittings. Thermocouple multicontact 

fittings are also used. Rupture discs set for 4 psig are furnished for pressure 

protection by providing expansion area to adjoining cells. 

3. Boiling Water Reactor 

The details of the general arrangement of boiling water reactors are 

included in the Sargent and Lundy study. Complete arrangement drawings, 
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piping and instrument diagrams, cost estimates, and design descriptions are 

included iri this reference. Briefly, the containment arrangements for the 

boiling water reactors are as follows . 

The steel dome containment method consists of a welded steel shell, ' 

190 ft in diameter, enclosing the reactor and its auxiliaries. The vessel design 

pressure at 23 psig is such that it will be equal to or greater than the maximum 

pressure which will develop due to an instantaneous release of the reactor 

coolant (including the addition of chemical energy which may result from the 

accident). The steel shell is designed in accordance with the ASME code for 

unfired pressure vessels. No credit is taken for the absorption of the released 

energy by the structural material of the containment building. 

Included within the containment dome are the reactor, steam generators, 

circulating water pumps, decay heat exchanger, fuel handling sy,stem, fuel 

handling canal, primary steam drum, emergency condenser, surge tank, puri­

fication system, primary system shielding, and the reactor service crane. 

Air locks provide for access into the containment sphere. A separate turbine 

building is provided for the turbine generator and its auxiliaries. 

In the case of the pressure suppression system, the basis for the design 

is the Humboldt Bay Nuclear Plant. This system utilizes an energy heat sink 

for pressure suppression. The reactor and primary system are housed in a 

steel containment vessel or dry well. The dry well is vented by large pipes 

into a pool of water which serves to condense and cool the steam released frorr1 

an accidental rupture. The dry well is designed for the maximum overpressure 

which occurs at the time of the accident. The suppression chamber is designed 

for the maximum pressure which results primarily from compression of the 

air contained in the dry well and suppression chamber. One hundred percent 

carryover of primary system fluid is assumed. The resultant pressure in the 

containment chamber is relatively low (10 psig) so that this structure is made 

of reinforced concrete. The steel lining is provided to prevent leakage from 

the suppression chamber. 

In the pressure suppression arrangement, all primary system pipes 

penetrating the dry well vessel are provided with isolating valves for automatic 

closing on loss of primary system pressure. Thus, in the event of a · pipe rupture 
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TABLE V-3 

\. 
LEAKAGE CALCULATION SHEET 

Facility: Grose Volume: 
ZOO-Mwe Sodium 1,000,000 £t3 
Graphite Reactor 

Leak I Item Component Unit 
No, 

Roof 

Metal panel ft2. 

Eave ft 

z I Wall 

Concrete (t2. 
(6-in, thick). 

Cracks (I mil) in. 

3 I Joln18 ft 

4 Doore 

Personnel each 

Equipment £t of 
seal 

Process Penetration 

H & V ducts in. ol 
seal 

Cold water piping I in. of 
seal 

Sodium service in. of I p.iping seal 

Main heat transfel" in. of ! 
pip mg seal 

NaK cooling piping in. of 
seal 

Cold gas piping I in. of 
seal 

.Liquid was.te piping I in, of 
seal 

Pneumatic signal I each 
piping 

6 i Electrical penetration 

Instrument cable I each I (multi-
insert) 

4160-v cable I each I (single 
insert) 

480-v cable I each 
(multi-
insert) 

110-v cable I each 
(multi-
insert) 

Allowable Leakage: Design Pree au re: Propoeed Structu1'e: 
100%/day 4 in, water Rectangular Building, 
(700 cfm) Concrete Construction 

Estimated 

I I 
Estimated I Total Component Possible Leakage Coefficient Leakage No, of 

Detail per unit Leaka11e 
Units A B (cfm) (elm) 

15,500 ADS-ll-A-3 2. x 10" 4 5 x 10°5 9 x 10" 4 

I 
14,0 

880 ADS-II-A-5 6 x I o" 5 - 2.,4x10" 4 0.2. 

47 ,ooo AOS-I-A-2. 2. x 10" 6 - 8 x 10" 6 0,4 

32.0,000 ADS-I-A-9 6.6 x 10" 6 - 2..6 x 10"5 
8.5 

4,500 ADS-I-A-6 l,6xl0- 5 - 6.4 x 10" 4 2.,9 

2. ADS-Ill-A-2. - 35 70 I 140.0 

60 
ADS-A-3 4 x 10-IO 16 x 10· 10 
Case 2. 

I 
360 

ADS-IU-D-1 10-6 4 x I o· 6 
Case 2. -

12.0 
ADS-IU-D-1 I I0-6 - 4 x 10·6 
Case 2. I I 

135 
ADS-lll-D-1 10°6 4 x 10"6 
Case 2 -

500 ADS~Ill-D-1 I 10" 6 4 x 10"6 
Case 2 -

7Z 
ADS-lll-D-1 10·6 4 x 10°6 
Case 2. I -

120 
ADS-IU-D-1 I 10" 6 - 4 x 10"6 
Case Z 

60 ADS-IU-D-1 I 10° 6 I I 4x 10-S Case 2 . 

100 ADS-III-D-1 I z x lo "8 i - I 8 x 10 " 8 

Case 2. 

15 
j ADS-Ill-G-1 

Case 2 

12. 
I ADS-III-G-1 I 

Case 1 10" 9 

ADS-Ill-G-1 I 10"9 

I I - I -7 Case J, 2, 3 -
I 

ADS-III-G-2 
4 Case Z 

I I I . --
TOTAL 166 

NAA-SR-10100 
V-12 

349< 

I 
~ 

Ill 

i. 
ill 

u 

w 

~ 

• 

.. 

II 



-
.. 
-
-
-
-
-
-
... 

-
-
.. 
-
-
-
-
-
-
-

TABLE V-4 

LEAKAGE CALCULATION SHEET 

Fac:ility: Groaa Volume: Allowable Leakage Design Pressure: Proposed Structure: 
200-MW!> Sodium 1,000,000 £t3 O.lo/o/day l/Z psig Cylindrical Building, 
Graphite Reactor i (0.7 cfm) Concrete Construction 

Estimated 

I Leak I Estimated 
Possible Leakage Coefficient Leakage Total Component 

Item Component Unit No. of Detail per unit. 
Leakage 

No. Units A I B (cfm) 
(cfm) 

. 1 Roof I ADS-Ill-F-1 I I - I Z8xl0-7 
Paint (18 mil) ftz · zo,ooo z x 10-1 - I o.os6 

z I Wall 

Paint (18 mil) ftz 40,000 I ADS-W-F-1 I Z x 10-
7 

I - I 28 x 10-
1 

I 
0.113 I Coom<• "' '•"' ADS-<-A-2 0. .,-• 

. 5 - 8.4 x 10- 0.10 

3 Joints - Leakage r educ ed to an l nolgnHlc: ant level when coated with paint. 

4 Doors I 
I 

Personnel each l ADS-lll-A-2 (used in series with bulkhead door listed below) 

Personnel each z 
Equipment ft of 60 

seal 

5 j Process Penetration 

I H & V duct• in. of 360 
sea l 

Cold water piping in. of lZO 
seal 

I Sodium service in. of 135 
p iping seal 

Main heat transfer in. of 500 
piping seal 

I Nal< cooling piping in. of 7Z 
seal 

Cold gcs.tt vipiu~ I in. vf 12.() 
seal 

I Liquid waste piping in. of 60 
seal 

Pneumatic signal each 100 
piping · 

6 I Electrical penetration 

Instrument cable each 15 
(multi-
insert) 

4160-v cable I each 12 
I (multi-

insert) 

4AO-v cable I each 7 
(multi -
insert) 

I 110-v cable I each 4 
(multi-
insert) 

I 

ADS-IU-A-Z I 8.6xl0 l.lxlO -41 -31 30 x 10- 3 

ADS-lll-A-3 4xlO-lO - 56xlO-lO 
Case Z 

ADS-Ilt-D-1 10- 6 

Case Z 

ADS-Ill-D-1 10-6 

c ·aae Z 

ADS-IU-D-1 10-6 

Caae Z 

AOS-W-0-1 IU-1\ 

Case Z 

ADS·lll-D-1 10- 6 

Case Z 

ADS-!!!-D-1 io- 6 

ADS-Ill-D-1 10-6 

Gaile Z 

ADS-lll-D-1 z x 10 8 

Case Z 

ADS-UI-G-1 
Case 2 

ADS-W-G-1 10-9 
Case 1 

ADS-IU-G-1 I 10-? 
Caoe I, 2, 3 

ADS-W-G-Z 
C;ooe Z 

I 
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- 14 x 10-6 

- 14 x 10-b 

- 14 x 10-6 

- 14 x 10-6 

14 x 10-6 

- 14 x 10-6 

- 14 x 10-6 

- 111 x 1u·l.I 

I - I 4x 10-9 

I - I 4 x 10·9 

I I 
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I o.oos 

I 0.004 

I 0.006 

I 0.01? 

I 0.003 

I 0.003 

I O,OOZ 

-
TOTAL 0.31 
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inside the dry well, all of the released coolant and fission product activity are 

effectively retained. After the initial transient, the pressure is reduced to a 

low value i;;.o th.at leakage is minimized. Loss of coolant from a pipe rupture 

outside the dr·y well is limited by the automatic clos~ng of the isolating valves. 

As with the steel dome type of arrangement, the dry well is a steel sphere 

190 ft in diameter. In addition to the primary 51ystem which includes the steam 

generator and steam generator pumps, the fuel handling system, primary steam 

drum, emergency condenser, and reactor crane are located inside the dry well. 

An air lock provides for entrance to this facility. A separate turbine building 

is prov'ided for the turbine generator and its auxiliaries. 
; I 

Since the Sargent and Lundy study provided designs at 180 Mwe and 

300 Mwe, it was necessary to adjust the boiling water study to make it compa­

tible with the 200-Mwe sodium graphite reactor study. The adjustment was 

accomplished by a straight-line extrapolation between the direct costs of the 

180-Mwe and 300-Mwe reactors. 

C. COSTS 

The cost estimating methods for the boiling water reactor containment 

arrangements are described in detail in the Sargent and Lundy study. Briefly, 

they consisted of completing preliminary designs of the various plant arrange­

ments and making quantity take-offs of materials. Equipment items, such as 

heating and ventilating equipment, which contributed to cost differences between 

arrangements were also itemized and estimated. The various estimated items 

were separated into cost accounts · according to the Atomic Energy Commission's 

"Qualification of Construction Accounts for Nuclear Power Plants." These 

various accounts were totalled to obtain the total direct costs, and the following 

factors were applied against the direct costs: 

1) Engineering de sign and inspection 

2) General and administrative expense 

3) Contingency 

4) Interest during construction. 

A similar procedure was followed for the conventional buildings used to 

house the SGR. As noted previously, two basic sets of drawings were completed 

covering site development and plant arrangement for the rectangular and the 

cylindrical schemes. Following completion of the arrangement drawings, the 

specific type of building was selected (metal panelling or concrete construction) 

,; 
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and the leakage and pressure requirements were specified. The detailed struc­

tural design was then continued for the particular building under construction. 

The structural work included analysis of penetrations, cells joints, and other 

factors affecting leakage. Itemized quantity take-offs were made of most mate­

rials such as structural steel, concrete, special painting, etc. Special items 

of equipment such as marine doors, special cells, penetrations; etc, were 

estimated by obtaining preliminary quotations from manufacturers or referring 

to previous cost data where significant costs were involved. If the costs were 

less significant (as, for example, some of the electrical penetrations) these costs 

were estimated based upon the estimator's judgement and from experience on 

other plants. 

A complete estimate was· not made of certain piping and electrical systems 

which may have contributed in a minor way to cost differences between plants. 

Some of these systems were inclu<l~<l in the Sargent and Lundy boiling water 

reactor c9ntainment study. To make the two studies comparable, the cost for 

these syE!tems were removed from the Sargent and Lundy estimate. Other 

adjustments to the boiling water reactor study included an adjustment to the 

siting costS to remove dewatering requirements and rock removal. On the SGR 

study, it was assumed that the site required no dewatering nor rock removal. 

Table ' V-5 shows a cost breakdown of the more significant building arrange­

ments whicp were prepared. Those items which contribute directly to leakage 

improveme·nt have been separately itemized. For e:Jtample, doors which are 

specially constructed to reduce leakage have been separated from standard 

doors. Similarly, special vinyl painting for the treatment of concrete buildings 

has been separated from standard wall and ceiling finishes. 

The direct costs of the various equipment and material items were summa­

rized and totalled, as shown in Table V-5. The following factors were then 

applied to these direct costs: 

1) General and adm.inistrativc expense: 8.6% 
2) Miscellaneous construction costs: 1.2% 
3) Engineering design and inspection: 13% 
4) Contingency: 10% 
5) Interest during construction: 11.2% 

With regard to the sodium graphite reactor plants, it should be noted that 

a dual cOntainment a; .. stem is pro·vided, This system consists of t..lie individual 

equipment cells which are steel lined and filled with inert gas, and the reactor 
' 

building enclosure. The cost of these special cells, the oell liner, and the cell 
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penetrations have been itemized separately. It is not possible to separate the 

concrete into different categories such as shielding, cell, and foundation, since 

more often than not the concrete performs multiple functions. 

The tota.l .building costs we re det e rmined by adding the direct costs to the 

costs determfo~d by applying the afo rem e ntioned factors. 
I - ~• 

For purposes of comparing the building costs with the total plant costs, it 

was assumed that in every case the plant costs were $200/kw . 

D. SUMMARY 

The major features of all the evaluated building designs are shown in 

Table V-6. Also, the leakage criteria for each of the designs and the total costs 

are presented. Figures V-1 and V-2 show the effect of design pressure and 

leakage rate on total -differential costs. 

As shown by the figures, the most important parameters affecting costs are: 

(1) design p~es~ure; ( 2) building arrangement, rectangular or cylindrical; and 

(3) type of building construction us.ed. Leakage characteristics of a given type 

of buildh_1g ~re seen to be less important in determining costs than the pre­

viously mentioned factors. 

It i.s apparent from the figures that concrete construction is less costly than 

fluted metal panel construction. Since properly designed concrete buildings are 

easier .to maintain at a given leakage value (se.e Section IV), they are the pre­

ferable type of construction. 

It is also shown in Figure V-1 that a cylindrical building is considerably 

more expensive than a rectangular structure at low pressures. The point at . 

which the cyllndrical arrangement becomes less expensive than the rectangular 

building <f.epends upon the type of design. In the present study, the cylindrical 

building ·u~il{z~d tilt-up panels on structural steel. The slope of the cost vs 

pres sure curves for the cylindrical structure, as shown in Figure V-1, is based 

upon this ty.pe 9f design. It is believed that the s lope w ould be reduced if the 

stresses of the building walls were absor b e d in hoop stres s through the use of 

pre- or post-tensioned concrete rather than in bending stress. The point of 

intersection of equal cost for the 'cylindrical or rectangular buildings is estimated 

to He between 4 or 5 psi for the hoop stress design and 7 to 9 psi for the bending 

stress design. The point of cost equality for the bending stress arrangement 

would be higher than that of the hoop stress building. 
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The major purpose of this cost evaluation was to indicate the probable param­

eters most i~portant in affecting costs, with some indication of comparative cost 

trends. The costs should not be presumed to apply to reactor systems other than 

those studied. The results should not be extrapolated literally since th~y may be 

dependent on the particular sizes, designs, conditions, or arrangements selected 

for study. For example, unfavorable geological or subsoil conditions were not 

considered. Thus the costs do not include pas sible changes in substructure which 

might be required to ensure the integrity of low-leakage structures. 

Differences between the cost of the vapor suppression arrangement and the 

steel containment dome for the boiling water reactor and other building arrange­

ments are obvious from the figures. Containment dome costs, as a function of 

size and pressure, should be presumed to change differently than conventional 

buildings designed for reactor containment. 

It is not always possible to unequivocally associate costs with a single factor 

such as leak rate, pressure, design, or arrangement. For example, painting 

costs more in high-pressure structures than it does in low-pressure structures 

due to . interference from structural features. However, it is impr'actic11l to 

differentiate whether this is a pressure or a leakage cost. Furthermore, in. 

low-leakage construction, the cost of work such as caulking and painting is rela­

tively small. Consequently, the highest possible quality of workmanship and 

materials is always utilized, regardless of the desired leakage. This means that 

as far as cost ii::; concerned, quality is net a significant factor in meeting a leak­

age specification. Rather, the reduction of leak paths and change$ in design have 

far greater effects on cost. 

The additional comparative costs which might be associated with certain 

contingencies, such as inspection and repair due to aging or usage, were not 

evaluated. Thus, if concrete were presumed to crack too much for a given 

application, a better paint or a better concrete would be called for rather than 

more frequent inspection and repair. It is impossible to estimate the extent of 

cracking of concrete due to poor workmanship or the amount of paint integrity 

violation as a result of careless operation. Consequently, in order to put costs 

on a comparable basis, it was assumed that leakage due to failures of compo­

nents, structures, joints, and caulking did not occur. Cracks in concrete un­

bridged by paint was arbitrarily selected as the complete loss of paint integrity 

below 5 ft in elevation on the reactor structure. 
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TABLE V-5 

COST BREAKDOWN OF VARIOUS REACTOR CONTAINMENT ARRANGEMENTS 

Sodium Ci~hl te.. R.e&c:tor I BoiliQg Water Reactor 

Gene:-al Description 

Building le~la.,ie cateaor'y High Moderate Low Low Very Low Very Low Very Low 

Building p r cnu:-e c ;uc:1ory Low Low Low Low Low High Moderate 
Containment type Cell11 Ir. Bldg Cells It Bldg Cello i. Bldg Cells• Bldg Cell• & Bldg Steel donte Preu1ure aup-

presion 

Reactor building shape Rectangular Rectangular Rectangular Cylindrica.l Cytinddcal Spherical Spherical 
Building superstructure T Ut - up concrete Tilt-up concrete Tilt ... up concrete Tilt-up concrete Pre•U"e!lla concrete Steel Shell Steel Shell 
Building aubstructure Reh-. tor-ced concrete Re tn!orced concrete Reinforced concrete Reinforced concrete Reinforced concrete Steel & concrete Steel &t concrete 

Special treatment None None Vi nyl paint in1ide Vinyl pai'2.t in1ide Vinyl paint inside None None 
Plant electrical output (Mwe) 200 200 200 200 zoo 180 180 

Le._k.a.5(1: Critcrb 

Volume leakage at de!lign pre ssure {°lo/day) 10,00 0+ JOO I l 0.1 0.1 0. 1 
Design pressure . 4 in. water 4 in. water l /l p•i g ! / 2 psig 1/2 psig 23 psig 15 p!lig 

Costs($) 

Supe r•tructure 

Structural steel & mi•c i ron 156 ,600 156 ,600 222,400 288,200 288,200 220 ,600 159, 100 
Exte rio r walls 7 0, 000 80,500 82, 700 85, 100 121,300 - -
Containment shell stee l - - - - - 2,000,000 1,864 ,000 
T e m porary C!olum.t1• - - - - - 64,000 64,000 
Door • or a b loc:k• Cl ie- skaae hardware) - 8,860 10 ,860 10,860 17 ,460 109,000 108 ,0 00 
Door a or w-\od o-.111• (SU,nd &rd) 9,940 6,940 6,340 6,340 6,340 - -
buul ilti onJ e.xttno r- - - - - - 288,000 288, 000 
Roo! deck, roofina , floors & pa.rti tione 45,000 53,000 69,300 94,500 94,500 348 ,000 348,000 
W &11 •nd c e!hng finhh 31,300 31,300 10,500 13,400 13,400 83,~DD BJ,4 00 
Building penetration• 5,000 21,600 27 ,ooo 21,300 31,600 (In cont.a_inment) (In cont.ainment) 
Cell penetrationa 46,400 46,400 47 ,ooo 47 ,ooo 48,000 - -
Special painting - - 55,000 59,000 59,000 - -

Substructure 

Excavanon 1-- b a.c.k fW 98,800 98,800 98,800 119,300 119,300 48,700 139,200 
Conc r-otc U nch.u:li.n; emb.cdment• Ir. waterproofing) l,000,200 1,000,200 1,000,200 1,629,!00 1,629,100 1,31 4 ,000 1,836,500 
Cell .Un.en , • upprcc • • iOf\C.S. plate liner, P.V.C. liner 502,200 502,200 502,200 5ze ,ooo 528,000 - 17 5,000 

Building Service11 

H ic: at in.11 ver11tUa tir:ii • H ::rvi ce water 192,000 192,000 165,000 257 ,ooo Z.57 ,000 48,500 48, 500 

Ltihd ng ~d •cirv!cc wl r)ng 32,000 32,000 32,000 45,000 45,000 lZ.00 0 32,000 
.Le.&!< tuth>l bwld"'I - ~ ~ ~ ~ (In contain. c o st) ~ 

Subtotals 2,189,440 Z,Z.35,400 2,339,300 3,2Zl,400 3,Z.73,600 4,556,200 5,355, 100 

General and Administrative {8.6,..} 188,300 19Z,ZOO ZOl,000 277 ,ooo 286,000 391,800 460,6eo 

Subtotals z.. 377, 740 2,4Z7,600 2,540,000 3, 498,400 3,559 . 600 4,948,000 5, 816,300 

Misc Construction Coat• ( l. Z~) ~ 2'1,200 l0,500 _42,000 ~ ~ ~ 
Subtotals Z,406,Z40 2,456,800 Z, 5:10,800 3,540,400 3,602,300 5,007,400 5,886,100 

Engineering, Deaign IK ln•pection (13'1o) 31Z,800 318,200 334,ZOO 4'>0,000 468 000 651,000 765 200 

Subtotals 2, 719,040 Z,775,000 Z,905,000 4 .000,400 4,070,300 5,658,400 6 ,651·, 300 

Contingency ( l O") Z7J,900 277,500 290,500 400,000 407,000 565,800 665.100 

Subtotals Z,990,940 3,0SZ,500 3,195,500 4,400,400 4,477 ,300 6,224,200 7 ,316,400 

Interest During Coo•truction (SZ mo; l l. 2~) 335,000 342,000 ~ 493,000 50Z,000 697 ,100 819,400 

Tot.41 buUdina coot• (Sl 3,325,940 3,394,500 3,553,500 4,893,400 4,979,300 6,921,300 8, 135,800 
Tow buUdlns coot.4, a~Ju•ted to ZOO Mwo - - - - - 7 ,061,300 8,244,800 
Tow buUdfog co•t• ($/ kw ) 16.6 17.0 17.8 24.5 Z4.9 35.3 41.2 
Tot&l. p lilnt co1t•, &.••ume.c! ($fkwJ 200 200 zoo 1200 200 200 200 
Bu.Udlcg co1:1 a.a 'So! total ~t coet• 8 . 30 8.48 8.88 lZ.2 lZ.5 17.6 20.6 
Total dlUe rc.ntlal CO• l• from Ucum , Datum 68,560 2Z7,560 1,567,460 1,653,360 3, 7 35,360 4,9!8,850 
Oi.Ue?'.e:nUa.l c.o•n • • f. o! damm c.01·t 0 2.06 6,83 47.2 49.7 llZ 148 
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TABLE V-6 

SUMMARY OF COSTS FOR VAJRIOUS REACTOR CONTAINMENT ARRANGEMENTS 

-
Sodium Graphite Reactor 

General Description 

Building le&ka9e category Hign Moderate Low Low Lo .. Very low Hi1h Moderate F.igh Moderate 

Building pre•aure category Low Low Low :Moderate Low Low Low Low Low Low 

Containment type Celh. bldg Cello a. bldg Cello • bldg Cella Ir: bldg Cello • bldg Cello• bldg Cello• bid& Cello I< bldg Cella!. bldg Cello a. bids 

Reactor bu.ildilia abape RectaDgular Rect~a,War Rectangular Rectancular Cylindrical Cylindrical Rect.ngular Rectangular Rectangular Rectangular 

Buildiq 1uper r1tn1cture 
Tilt-up T i lt-u.p Tilt-up Iilt-up Tift-up I Preatrea1 Metal p•nel Met&l ~nel Metal panel Metal panel 
concrete concrete conc:-ete :oncrele concrete I concrete 

Building au.b•Uucture 
Reinforced Reinforced Reinforced Rein!otced Reinforced i Rcinlorced lleinlorced Reinforced F.ein:forced Reinlorced 
concrete concrete conc::-ete concrele concrete concrete concrete concrete concrete concrete 

Special treatm.ttnt None None Viny: paint Vinyl paint Vinyl paint Vinyl paint None Vinyl paint Mone Vinyl paint 

Plant electrical output {Mwel zoo zoo zoo zoo 200 zoo zoo zoo 200 zoo 

Leaka.ae Criteria 

Volume lealta&i: at de•i1n 10,000+ 100 I 5 I 0.1 100,000+ 100 1,000,000 1,000 
pre••ure l~d11y) 

De•ign pre••ure 4 in. ·Nater 4 in. water l/Z p•il z p•ig l/Z poi1 l/Z pois 4 in. •ater 4 in. w&ter 1/2 poi1 1/2 poi& 

Coet• 

Total buildln1 ·: ooto ($) 3,325,940 3,394,500 3,551,500 4,173,'l'OO • 4,893,400 4,979,300 3,459,800 • 3,516,600 
. 

3,522,700 • 3,Mo,.too
0 

Total buildi.n~ ·cooto ($/kw) 16.6 17.0 17.8 20.9 24,5 24,9 17.3 17.6 17.6 18.2 

Differential co1ta from datum Datuna 68,560 2Z7,560 847, 769 1,567,460 1,653,360 133,860 190,660 196,760 314,460 

Differential c::o1u ae "of 0 I 2.06 6.83 zs.s 47,Z 49.T 4.02 5.73 5.91 9.46 
datum coat 

_ •Tbeee coat• are adj,Hted or normali&ed from different de•isn• to put on •imib r b&•ll to otlaer coet• 

r r r -

I Boiling Water Reactor 

V~ry low· Very low 

Hi1b Moderate 

Steel dome Preaeure 
Su:ppre•aion 

Spherical Spherical 

Steel •hell Steel ohcll 

Steel and Steel and 
concrete concrete 

None None 

180 180 

0. 1 0. 1 

Z3 poi1 15 ploi1 

l ,061,300 
. 

8,2 ..... ,800 • 

35.3 41.Z 

J,735,360 4,9111,860 

112 148 
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Figure V-1. The Effect of Design Pressure on Reactor Containment Building Differential Costs 
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NOMENCLATURE 

TEST CELL BUILDING 
· ~ 

I 

G G 
To 

~ 
T1 Po Tr 

I 
Po P1 P1 

Vo v, v, 
L--

b = crack width 

q '=leak ro.tc per unit leak path 

qT = leak rate of a component 

t = time 

x =thickness of specimen or crack depth 

A= leak rate per unit leak path-in. H2 0 

B =leak rate per unit leak path-in.
1 

/Z H
2

0 

C 
1 

·= leak rate per component-in. H2 0 

c
2 

.., leak rate per component-in. H
2

0 

D =total dimension or number of leak path units 

L = crack length 

P =pressure difference across component or structure 

a = at:rn~ITe·ri·c-p:re"S"SUT~------------------------------­

Pi =pressure in building or test cell (upstream side) 

P
0 

=pressure in test cell (downstream side) 

Pr = pressure in reference system 

Ps = standard pressure 

Q = total leakage of a structure 

Ti= temperature in building or test cell (upstream side) 

T
0 

= temperature in test cell (downstream side) 

Ts = standard temperature 

Vi= volume of building or test cell (upstream side) 

V =volume of test cell (downstream side) 
. 0 

Vs = volume of building air or test cell air (upstream side) at standard conditions 
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-... 

... . DETERMINING LEAKAGE COEFFICIENTS FROM TEST DATA 

" . The procedure for determining leakage coefficients is described in Sectionll. 
-.. In order to illustrate the method of calculation, an example is taken from typical 

component data measured in a test cell. The majority of components were tested 

""" and calculated in this way. 
~ 

The following example shows the results from two tests in the large test 

.._ cell with a specimen 4 ft long. A pressure reference system was used. The 

pressure difference across the closed cell was measured. The method of cal'-

- culation is shown in tabulated form on page Vl-4. 

--
-... 

~ 

.. 

.., 

.., 

... 

.. 
~· ... 

.. 

.... 

""' 

~ 

The first three columns are experimental data: time (t); pressure difference 

across the specimen (P); and the pressure difference between the reference sys­

tem and the ·upstream side.of the test cell (Pr - Fi.)· The remaining columns are 

calculated from the experimental data. The difference notation, A, is the change 

from the previous value in the table. 

The ·standard leak rate is plotted against the average specimen pressure 

difference in Figure VI-1. Values of the standard leak rate and the average 

specimen pressure difference are selected from a smooth curve drawn ~hrough 

the data. The leakage coefficients are calculated from the leakage equation 

q =AP+ BPl/Z . 
For this example, the values selected from the curve were: 

Standard leak rate ( cfm) 0.005·0 
I 

Average specimen pressure difference (in. H
2
0) 0.040 

and thus the. leakage coefficients are 

.A = 8.0 x 1 o-3 cfm/ft-in. H 20 

-3 f /f . 1/2 B:: 4.8 x 10 cm t-in. H20. 

0.051 

1.0 

The last three columns of the table are used to calculate the leakage coeffi­

cients by the least squares method. In this example, the leakage coefficients are 

A = 7 .5 x 1 o·3 cfm/ft-in. H
2

0 

B = 4.9 x 10-3 cfm/ft-in. 112H
2
o. 

PrQceding page blank NAA-SR-10100 
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H Ul 
I ~ 
~. -0 -0 

0 

~ 

°' ~ /\ 

t 
Time 
(min) 

0 

3 

6 

9 

10 

15 

18 

21 

24 

0 

3 

6 

9 

12 

15 

18 

21 

24 

p 

Speciinen 
Pressure 

Difference 
(in. H.,O) 

·~ 

4.452 

2.728 

1. 792 

1.139 

0.676 

0.37 2 

0.186 

0.079 

0.011 

4.6t~O 

3.065 

2.0!)8 

1.370 

0.8~;0 

0.518 

0.287 

0.141 

0.056 

• 
> 

LEAST SQUARES CAI!.CULATION OF LEAKAGE COEFFICIENTS 

I 

A(P - P.) V.T 
P _AP •· p - P. ~~(P - P.) 2 

(P -"ij~z r 1 A(P - P.) r i .....L.2. . r i At p T. Average Reference 
Pre:surl 

At s l 
Pressure Pressure · St~ndard 

Specimen 
Difference 

Loss f Loss Rate Leak Rate Pressure (in.112H 2o) 
(in. H.,0) (in. H

2
0 (in. H20/min) (c.fm) Difference .. (in. H20) 

0 

0.535 0.535 0.1783 0.1121 3.590 1.894 

0.953 0.423 0.1410 0.0886 2.260 1.503 

1.279 0.321 0.107 0 0.0672 1.465 1.210 

1.516 0.237 0.0790 0.0496 0.907 0.952 

1.679 0.163 0.0543 0.0341 0.524 0.724 

1. 786 0.107 0.0356 0.0224 0.279 0.528 

1.853 0.067 0.0223 0.0140 0.132 0.363 

1.893 0.040 0.0133 0.0084 0.045 0.2l2 

0 

0.969 0.969 0.3230 0.2031 3.842 1.960 

1.437 0.468 0.1560 0.0981 2.561 1.600 

1.758 0.321 0.1070 0.0672 1.714 1.309 

1.989 0.231 0.0770 0.0484 1.110 1.054 

2.153 0.16~ 0.0546 0.0343 0.684 0.827 

2.272 0.11 0.0396'· 0.;0249 0.402. 0.634 

2.350 0.07 0.0260 0.0164 0.214 0.463 

2.383 0.03 ~ 0.0110 0.0069- 0.098 0.313 

- ' 



-
.... 
~ 

~ 

.,_ 

... 

-
~ 

... 

... 

-
-... 

.. 

... 

-
., -
-
~ 

-
'"" 

0.1 

-E -u -
~ 
~ 
~ c .... 
..J 

0.01 

OJ>OI' I I I llllll I I I 111111 I I I I 11111 

OJM 0.1 I 10 

PRESSURE DIFFERENCE C 1Rchl1 of wat• ) 

Figure VI-1. Graphical Calculation of Leakage Coefficients 
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CONCRETE CRACKING AND LEAKAGE 

A. LOADING STRESSES AND CRACK DEPTH DEPENDENCE 

Most reactor enclo~ures must be designed to accommodate certain accident 

situations. Frequently these accident situations result in an internal pressure 

rise of the enclosure. As the pressure increases, the building panels must re­

sist the applied load in flexure if the panels are flat, or in hoop stress if the 

building is circular. 

A typical flat panel under internal pressure is shown in Figure VI- la. Fig­

ure VI-lb is a ntoment diagram of the panel, and Figure VI-le is an exaggerated 

picture of the flexed slab sh.owing the cracks. In the center of the spans, the 

slab is subjected to the maximum positive bending moment, and at the center 

support it is subjected to the maximum negative moment. Figure Vl-ld is a repre­

l!lentatic;m of the deflections and stresses in a cros~ section of the slab at the 

center c;>f .the span . 

Figure '{I- ld shows that the portion of the slab adjacent to the applied load 

is in compression and the opposite side is ·in tension (at the center of the spans). 

As the load is gradually applied, the concrete and steel deform elastically, the 

compressive stress region being deformed compressively and the tensile stress 

region expanding. w-hen the ultimate tensile strength of the concrete is reached 

(tensile strength~ O,l x compressive str~ngth), the concrete cracks perpendicu­

larly to the applied tensile stress. The cracks propagate in the tensile region 

almost to the neutral axis. After cracking occurs, the tensile load is shifted 

from both the concrete and steel to only the steel reinforcing bars. If the elastic 

limit of steel (in tension) or the concrete (in compression) is not exceeded, re­

lease of the. load results in the slab assuming its original shape. When this oc­

curs, the cracks close (with some variances since concrete does not behave com­

pletely elastically). If the elastic limit is not exceeded, the cracks penetrate 

only in the tension region of the slab as shown in Figure VI- ld; they stop slightly 

short of the neutral axis. 1f the elastic limit of the steel is exceeded, then the 

neutral axis of the slab shifts, the concrete is subjected almost entirely to ten­

sile stresses, and the cracks completely penetrate the slab. The most severe 

cracking obviously occurs when the steel is stressed beyond its yield point. 

Preceding page blank 
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UNIFORM LOAD w lb/ft (INTERNAL· PRESSURE) 

t.: .. ··: .~.}} .. t)/ .. ~}. ·~;.~/J wJ. =LOAD,lb 

·--· +. ·--3/8•1. 10/8 w' 3/8wJ 

Figure VI- la. Loading Diagram, Typical Panel Under Pressur~ 

+9/128 wt2 

/ ......... ,/ =::::.. ++ 
* » +_MOMENT, ft-lb 

Figure VI-1 b. Moment Diagram, Typical Panel 

TENSION 
SURFACE 

TENSION 
SURFACE 

Figure VI- le. Cracks in Flexed Panel Under Pressure 
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COMPRESSION 
SURFACE 

DEFLECTION IN CONCRETE µ{
MAXIMUM COMPRESSIVE 

/

RESULTANT 
~-~-------o ::::::;:::;::.;.::::==::.,. COMPRESSIVE 

FORCE IN 
.._ CONCRETE 

, ,. ' . . ' : ==- CRACKS IN 

REINFORCING v ­
STEEL ~--.._+--'--_J 

MAXIMUM TENSION 
DEFLECTION 

SIDE VIEW 

TENSION CONCRETE 

~ 

'\TENSION FORCE 
IN REINFORCING 
STEEL 

l , .-COMPRESSION 
CONCRETE 

NEUTRAL AXIS 

r. TENSION 
CONCRETE 

·~ -~.......,,! T!NSION STEEL 

'"" TENSION SURFACE 

END VIEW 

Figure· VI- ld. Deflection and Stress Diagram in Flexed Panel 

B. COMPUTATION OF CRACK WIDTH AND SPACING FROM LOADING 
STRESSES 

Crack width and spacing in elastically stressed panels may be computed 

based on a technique developed by Michael Chi and Arthur Kirstein.* A combi­

nation theoretical-empirical approach was used which permits prediG:tion of the 

size and spacing of the cracks in a member in flexure. The basic aasumption= 

of their analysis are: 

l) Concrete is homogeneous and elastic • 

Z) Cracked portions of beams are subjected to pure bending. 

3) Reinforcing steel does not exceed the proportional limit. 

4) After cracks have occurred in the tensile zone, tensile strains due to 

flexure are negligible. Any measurable strains in that portion 'of the 

concrete are attributed to shear deformation developed through the 

bond by extension of the steel • 

The Chi and Kirstein formulas for computing crack width and spacing are as 

follows: 

I 

ft 2 
e=-m ·~D w 

0 

*See References, Conventional Housing and Components, 78 
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where: 

A cl>= __ t 

m 2
A s 

f I 

w = _t_ 2 (£ - f ) s w m 4>D s s o 
o E s 

w = average width of crack at reinforcing steel s 

e = average minimum spacing of cracks 

f/ = tensile strength of concrete 

At = area of concrete affected by the extension of the steel 

••• (2) 

••• ( 3) 

m = factor determining the diameter of the concrete area affected ·by 

the extension of the reinforcing steel 

A = area of reinforcing steel s 

D = diameter of reinforcing bars 

f = computed steel stress (by linear theory) s 

f = steel stress just prior to crack formation in concrete so 

E = modulus of elasticity of steel s 

w = bond strength of concrete 
0 

The investigators empirically fitted the data to the above equations to obtain: 

e = S'l>D 

Scl>D(f 2500) 
w s = E- s - q,D 

s 
••• ( 4) 

For concrete panels up to 20-in. thick, the value of 'II is equal to approximately 

1.0 for compressive strength between 2000 and 6000 psi. 

C. LEAKAGE THROUGH CRACKS AND CAPILLARIES IN CONCRETE 

Cracks in concrete will have a leakage rate according to their nuznber, 

spacing, width, and penetration into the concrete. When cracks penetrate com­

pletely th.rough the concrete, the leakage rate through the cracks can be 
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computed as follows: 

where: 

3 g b L(P.-P) c 1 0 

qT = 12µx 

qT = volumetric leak rate 

g = gravitational conversion factor c 

b = crack width 

L = crack length 

P 
0 

= outside pressure 

P. = internal pressure 
1 

u = viscosity of gas 

x = depth of crack 

This can be simplified to 

where: 

qT = 3.9 :x: 104 b
3
LP 

qT = volumetric leak rate (cfm) 

b = crack width (in.) 

L = crack length (in. ) 

x = crack depth (in.) 

P = pressure differential (in. n 2o) 

••• (5) 

••• (6) 

Leakage of concrete through cracks which do not completely penetrate the 

slab can be computed by determining the leakage contributions of the cracks and 

of the uncracked concrete. Figure VI-2 shows the leakage paths when the cracks 

penetrate completely, and when they only partially penetrate. Special care 

should be exercised if credit is taken for the uncracked thickness of concrete 

since the cracked thicknes s m ay extend t o a j oint w h e re leakage can occur. I£ 

the joint is properly designed with caulking below the cracks, then leakage is 

correctly controlled . 
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Figure VI-2. Leakage Paths Through 
Cracked Concrete 

D. APPLICATION OF CRACK ANALYSIS TO TYPICAL BUILDING DESIGN 

1. Objective and Basis of Design 

To indicate the manner in which the leakage and stress data can be ap-

-\ plied to a low-leakage structure, a leakage and stress analysis of typical build­

ing superstruc~re panels is presented below. 

.. 
The Hallam Reactor superstructure has been selected for general sizing 

purposes. This superstructure is 178 ft long by 84 ft wide by 71 ft high. Major 

column centerlines are at 25-ft centers. Columns and beams in the hypothetical 

building have been designed to withstand the transmitted loads from an internal 

pressure of 14 in. water (1/2 psi). 
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Two types of building wall reinforced panels have been designed. One is 

a cast-in-place reinforced concrete panel, and the other is a tilt-up reinforced 

concrete panel~ The panels are 25 ft square wjth supports at all outside edges 

and intermediate supports transversing the horizontal center. Joints are con-. . ~ . . 

tinuously caulked from the inside of the building at all edges, and provision is 

made for thermal expansion of the panels • 

2. Stress, Crack, and Leaka~e Analysis 

Loading and moment diagrams are shown in Figure VI-3a and VI-3b. As 

t- , .. , 
+ 

MHEL LI" 

++•++++++ ...... *'" 

L~ 
Figure VI-3a. Loading and Moment During Lift 
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Figure VI-3b. Loading and Moment During 
Lift and Pressurization 
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can be seen, maximum moment occurs during lifting of the tilt-up panel. There­

fore, the tilt-up panel is thicker and requires more reinforcing steel than does 

the cast-in-place panel. A summary of the results of the stress and cracks 

analysis is shown in Table VI-1. 

TABLE VI-1 

SUMMARY OF STRESS ANALYSIS - TYPICAL BUILDING DESIGN 

Cast-in-Place 
Panel 

Tilt-Up 
Panel 

Panel thickness (in. ) 

Reinforcing steel 
5-5/8 16-1/2 
No. 5@ '11-1/2 in. centers No. 7@ 6.6 in. centers 

Maximum moment (in.-lb/ft width) 

From internal Pressure 

From lift 

Tensile stress ii} concrete 

Maximum tensile stress in steel (psi) 

From internal pressure 

From lift 

Maximum compressive stress in con­
crete ,(psi) 

From internal pressure 

From lift 

Depth to neutral axis, from com­
pression !ace (in.) 

Tension crack spacing (in.) 

Maximum crack width at tension 
face (mils) 

From internal pressure 

From lift 

Estimated aver ag e crack width in 
panel at tension face (mils) 

Total length of cracks in building 
walls (ft) 

*At negative moment 
t At positive moment 
§During lift 

'~ -17,000 
+ 9,6oot 

Negligible 

16,800 

880 

1.03 

3.1 

2.46 

1.4 

145 x 10 3 
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No. 3 ® 9.6 in. centers 

-11,100* 
+ 9,6oot 

76,ZOO 

Negligible 

4,050* 

18,000t 

18,000 

·~ 380 
212t 

1,690 

1.94 

4.3 

):: 
0.35 

1.Z3t 

3,88 

3.o§ 

105 x 103 
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Under no circumstances does the panel approach the yield stress of the 

steel (40,000 to 55,000 psi) or the compressive streµgth of the concrete (3750 psi). 

The computation methods described above are used to determine crack wid,th and 

spacing. The maximum crack width is 3.9 mils. A crack spacing of 3.1 in. is 

ol:>tained for the cast-in-place panel, and 4.3 in. for the tilt-up panel. The total 

lineal feet of crack is obtained as follows: 

25 ft /panel x 12 in. /ft= 1o 
No. of cracks per panel = 4.3 in. spacing/ crack 

Total lineal ft of cracks = 70cracks x 25 ft x 60panels = 
panel crack bldg 105,000 

Estimates of average crack width are made (based on the loading stresses), and 

these average crack widths are used to compute leakage. The depth of the cracks 

is determiq.ed from the computed depth of the neutral axis. Complete penetration 

of the cracks results only where stress reversal of the panels occurs, as in the 

positive portion of the installed tilt-up panel {Figure VI-3b) ... Prior to installation, 

the moment of this portion of the panel is in the opposite direction (Figure VI-3a). 

Leakage of the panels is determined by summing the crack leakages, using 

the crack leakage formula presented, and by computing the leakage through th~ 

uncracked portion of the concrete. Where cracks do not penetrate completely, 

leakage ii:i coniputed by assuming t..11.at the dept.'1. of the concrete through which the 

concrete leakage formula applies is the uncra(;ked depth. 

In addition to computing leakages through the untreated concrete panels, 

leakage through specially painted panels is computed~ The painting specification 

for the panels is: 

a) Wash surface with 10% solution of muriatic acid, and rinse. 

b) Caulk all major cracks with vinyl filler • 

c) Prime coat 1-mil thick (200 £t3 /gal). 

d) Coat to 40 mils thick with Surface Engineering Co. vinyl coating 
3 No. 2980 or 810 (25 ft /gal). 

e) Top with color selected material different from previous color to 

5 mils thick (60 ft
3 I gal). The total thickness applied is thus 46 mils. 
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Since the 40 mils of vinyl paint is applied in several layers, the likelihood of a· 

pin-hole finish is very small, and since the paint is elastic and can be elongated 

up to 400%, it is unlikely that cracking of the concrete will affect the integrity of 

the paint. When the paint is properly applied, leakage through the paint mem­

brane becomes negligible. However, violation of the integrity of the paint mem­

brane in certain locations du_ring operation of the plant is inevitable. These vio­

lations lead to an increase in leakage. To obtain an estimate of the leakage 

through a practical painted structure, it is assumed that 500 ft of crack are 

exposed. 

A complete description of the stress and leakage analysis for the building 

is given in NAA-SR Memo 9429, "Prediction and Control of Leakage Through 

Cracks and Capillaries in Reinforced Concrete Buildings used to House Reactors." 

Table Vl-2 is a summary o!the total leakage from the painted and unpainted con­

crete panel bui~dings. In addition, it shows representative leakage values for 
. '. :-: . 

other components so th.at the relative importance of each component can be deter­

mined. The stress, crack, and leakage analysis of the building demonstrates 

that properly designed and constructed reinforced concrete building structures 

can be used to house reactors. 

. 

.. 

TABLE VI-2 

LEAKAGE FROM TYPICAL CONCRETE BUILDING 
006 ft3) 

Component 

Unpainted Building 

Unpainted walls 

Joint• 

Penetration• 

Roof 

Doore 

Total 

Total (%/day) 

Painted Building 

Painted walls 

Jointe 

Penetrations 

Roof 

Doore 

Total 

Total ('Yo/day) 

Leakage (ft 3/day at 14-ln. HzO) I Cast-In-Place Panela j Tllt-Up Panel• 

17,400 

800 

400 

7,000 

50 ---
25,650 

2.6 

67 

100 

400 

27 

50 ---
644 

0,064 
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24, 100 

800 

400 

9,800 

50 ---
35,150 

3.5 

91 

100 

400 

3b 

50 ---
b77 

0.068 
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STANDARDS AND SPECIFICATIONS 
L. 

L A. ADHESIVES 

I 

L.. 

L 

L 

L 

... 

.... 

.... 

~ 

ASTM: American Society for Testing Materials 

D 4Z9 

D 816 

D 897 

D 898 

D 899 

D 903 

D 904 

D 905 

D 907 

D 950 

Methods of Test for Adhesion of Vulcanized Rubber to Metal 
(tentative) 

Methods of Testing Rubber Cements (tentative) 

Method of Ttlst for Tensile Properties of Adhesives 

Method of Test for Applied Weight Per Unit Area of Dded 
Adhesive Solids 

Meth~d of Test for Applied Weight Per Unit Area of Liquid 
Adhesive Solids 

Method of Test for Peel or Stripping Strength of Adhesives 

Recoirunended Practice for Determining the Effect of Artificial 
(Carbon-Arc Type) and Natural Light on the Permanence of 
Adhesives (tentative) 

Method of Test for Strength Ptoperties of Adhesives i~ Shear 
by Compression Loading 

Definitions of Terms Relating to Adhesives 

Method of Test for Impact Strength of Adhesives 

D 1002 Method of Test for Strength Properties of Adhesives iµ Shear 
by Tension Loading (Metal-to-Metal) (tentative) 

D 1062 ~ .. fethod of Test for Cleavage Strength of Metal-to-Metal 
Adhesives 

--:--------D-1"08.4-Metho.d 
ii-

.... 

' 
~ 

""' 
L 

... 

... 

... 

D 1144 Recommended Practice for Determining Strength Development 
of Adhesive Bonds (tentative) 

D 1151 Recommended Practice for Determining the Effect of Moisture 
and Temperature on Adhesive Bonds (tentative) 

D 1184 Method of Test for Strength of Adhesives on Flexural Loading 
(tentative) 

D 133 7 Method of Test for Storage Life of Adhesives by Consistency 
and Bond Strength (tentative) 

D 1338 Method of Test for Working Life of Liquid or Paste Adhesives 
by Consistency and Bond Strength (tentative) 

D 1344 Method of Testing Cro&& = Lap Specimens fo'!' Tensile Properties 
of Adhesives (tentative) 
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B. CONCRETE AND RELATED MATERIALS 

AGI; American Concrete Institute 

ACI 315 . 

AC! 318 

ACI 319 

ACI 604 

ACI 613 

ACI 614 

Manual of Standard Practice for Detailing Reinforced 
Concrete St:vuctures 

Building Code Requirements for Reinforced Concrete 

Recommended Practice for Use of Metal Supports for 
Reinforcement 

Recommended Practice for Winter Concreting 

Recommended Practice for the Design of Concrete Mixes 

Recommended Practice for Measuring, Mixing, and Placing 
Concrete ' 

ASTM: American Society for Testing Materials 

ASTM Al5 Billet Steel Reinforcement Bars 

AS_TM Al 6 Rail Steel Reinforcement Bars 

ASTM' A8Z Cold Drawn Steel Wire for Concrete Reinforcement 

ASTM Al60 Axle Steel Reinforcement Bars 

ASTM Al84 Fabricated Steel Rod Mats for Concrete Reinforcement 

ASTM· Al85 Welded Wire Fabric Reinforcement 

ASTM ClO Natural Cement 

ASTM C30 Concrete Aggregate Test for Voids 

ASTM .C31 

ASTM C33 

ASTM C39 

ASTM C40 

ASTM C4Z 

ASTM C58 

ASTM C70 

ASTM C78 

ASTM C85 
' 

Method of Test for Concrete Compression and Fiexure Test 
Specimens, Making and Curing in the Field 

Coarse and Fine Aggrega,te for Concrete 

Compression Test of Molded Concrete Cylinders 

Test for Organic Impurities in Sand for Concrete 

Method of Test for Securing, P r epar ing , and Testing 
Specimens fr om Hardened Concr e te fo r Compre ssive and 
Flexural Strength 

Definition of Terms Relating to Aggregate 

Fine Aggregate Test for Surface Moisture 

Method of Test for Flexural Strength of Concrete (Using 
Simple Beam with Third Point Loading) 

Cement Content of Hardened Cement Concrete 

ASTM C87 Method of Test for Measuring Mortar-Making Properties of 
Fine Aggregate 

ASTM C88 Test for Soundness of Aggregate by Use of Sodium Sulfate or 
Magnesium Sulfate 
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ASTM C9 l Masonry Cement 
' . 

AS:r"M C94 Specification for Ready-Mixed Concrete 

ASTM Cl 14 Chemical Analysis of Portland Cement 

ASTM Cl 16 Method of Test for Compressive Strength Using Portions of 
Beams Broken in Flexure 

ASTM Cl 17 Test for Amount of Material ]finer than No. 200 Sieve in 
Aggregate 

ASTM ClZ3 Test for Lightweight Pieces in Aggregate 

ASTM GlZ4 Method of Test for Flow of Portland Cement Con~rete by 
Use of the Flow Table 

ASTM ClZS Definition ofTerms Relating to Concrete and Concrete 
Aggregates 

ASTM ClZ 7 Coarse Aggregate Test for Specific Gravity and Absorption 

ASTM ClZS Fine Aggregate Test for Specific Gravity and Absorption 

ASTM C136 Coarse and Fine Aggregate Test for Sieve Analysis 

ASTM C138 Method of Test for Air Content, Weight, and Yield of 
Concrete 

ASTM Cl42 Test for Clay Lumps in Natural Aggregates 

ASTM Cl43 Slump Test of Concrete for Consistency 

ASTM ClSO Portland Cement 

ASTM Cl57 M~thod of Test for Volume Change of Concrete 

ASTM Cl 71 Specification for Waterproof Paper for Curing Concrete 

AST~.1 Cl Tl Method of Test for Sampling Fresh Concrete 

ASTM Cl 73 Method of Test for Air Content of Freshly Mixed Concrete 
by the Volumetric Method 

ASTM Cl 74 Method of Test for Measuring Length of Drilled Concrete 
Cones 

ASTM Cl 75 Air Entraining Portland Cement 

ASTM C205 Air Entraining Blast Furnace Slag Portland Cement 

ASTM C2 l 5 Method of Test for Fundamental Transverse, Longitudinal, 
ao.d Torsional Frequencies of Conc:rete Specimens 

ASTM C2Z6 Air Entraining Additives 

ASTM CZ2 7 Potential Alkali Reaction of Cement Aggregate Combinations 

ASTM C23 l Method of Test for Air Content of Freshly Mixed Concrete 
by the Pressure Method 

ASTM C233 Method of Test for Air Entraining Admixtures for Concrete 

ASTM C234 Method of Test for Bleeding of Concrete 

ASTM C235 Coarse Aggregate Test for Soft Particles 

ASTM CZ43 Bleeding of Cement Pastes and Mortars 
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ASTM CZ60 

ASTM CZ90 

ASTM CZ91 

ASTM C295 

ASTM C309 

ASTM C310 

ASTM C311 

ASTM C330 

ASTM C340 

ASTM C342 

ASTM C350 

ASTM C358 

ASTM C360 

ASTM D98 

ASTM D544 

ASTM D994 

ASTM Ell 

c l 

A 305 

CRSI 

PCA 

SPR R26 

SPR R53 

SPR R234 

-------·---------------~----~ 

Specification for Air Entraining Admixtures for Concrete 

Method of Test for Resistance of Concrete Specimens to 
Rapid Freezing and Thawing in Water 

Method of Test for Resistance of Concrete Specimens to 
Rapid Freezing in Air and Thawing Water 

Method of Test for Flexural Strength of Concrete (Using 
Simple Beam with Center Point Loading) 

Specification for Liquid Membrane-Forming Compounds for 
Curing Concrete 

Method of Test for Resistance of Concrete Specimens to 
Slow Freezing in Air and Thawing in Water 

Method of Test for Fly Ash for U. se as an Admixture in 
Portland Cement Concrete 

Lightweight Aggregates for Structural Concrete 

Portland- Pozzolan Cement 

Test for Potential Volume Change of Cement Aggregate 
Combinations 

Specification for Fly Ash for Use as an Admixture in 
Portland Cement Concrete 

Slag Cement 

Method of Test for Ball Penetration in Fresh Concrete 

Specification for Calcium Chloride 

Specification for Preformed Expansion Joint Filler for 
Concrete (Nonextruding and Resilient Types) 

Specification for Preformed Expansion Joint Filler for 
Concrete (Bituminous Type) 

Specification for Sieves for Testing Purposes 

Compilation of Standards on Cement (May 1954) 

Specification for Minimum Requirements for the Deforma­
tions of Deformed Steel Bars for Concrete Reinforcement 
(ten ta ti ve) 

Manual of Standard Practice for Reinforced Concrete 
Construction 

Concrete Information Bulletin 

Steel Reinforcing Bars 

Reinforcing Steel Spirals 

Welded Wire Fabric Reinforcement 

ASA: American Standards Association 

A 1.1 

A 1.16 

Specifications for Por'tland Cement (ASTM Cl50) 

Specifications for Air Entraining Portland Cement(ASTM Cl 75) 
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A 37.7 

A 37.16 

A 37.6Z 

A 37.69 

A 37. 75 

A 80. l 

A 84.l 

cs 53 

Method of Test for Abrasion of Coarse Aggregate by Use of 
the Los Angeles Machine (ASTM Cl31) 

Method of Test for Unit Weight of Aggregate (ASTM C29) 

American Standard for Quality of Water to be Used in 
Concrete 

Specifications for Ready-Mixed Concrete (ASTM C49) 

Methods of Sampling Stone, Slag, Gravel, Sand, and Stone 
Block for Use as Highway Materials (ASTM 075} 

Specifications for Hollow Nonloadbearing Concrete Masonry 
Units (ASTM Cl29) . 

Methods of Sampling and Testing Concrete Masonry Units 
(ASTM Cl40) 

Colors and Finishes for Cast Stone 

SS-C-614 Concrete Units: Masonry, Hollow 

32-38 SPR Concrete Building Units 

C. SEAL AND GASKET STANDARDS 

ASTM: American Society for Testing Materials 

D-15-SST 

D 314-52T 

D 395-55T 

D 471-57T 

D531-56T 

D 573-53 

D 575-46T 

D 623-58 

D 676-SST 

D 733-57T 

D 735-SST. 

D 865-57 

D 926-56 

Methods of Sample Prepal"ation for Physical Testing of 
Rubber Products 

Test for Hardness of Rubber 

Test for Compression Set of Vulcanized Elastomers 

Test for Change in PropeJtties of Elastomeric Vulcanizates 
Resulting from hnmer sion in Liquids 

Method of Test for Indentaltion of Rubber by Means of the 
Pusey and Jones Plastomelter 

Test for Accelerated Aging of Vulcanized Rubber by the 
Oven Method 

Test for Compression-Deflection Characteristics of 
Vulcanized Rubber 

Compression Fatigue of Vulcanized Rubber 

Test for lnrlP.ntation of Rubber by Means of a Durometer 

Methods of Testing Compressed Asbestos Sheet Packing 

Specification for Elastomer Compounds for Automotive 
Applications 

Method of Heat Aging of Vulcanized Natural or Synthetic 
Rubber by Test Tube Method · 

Test for Plasticity and Recovery of Rubber and Rubber-like 
Materials by the Parallel Plate Plastometer 
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D 945-55 

D 1129-55 

Test for Mechanical Properties of Elastomeric Vulcanizates 
Under Compressive or Shear Strains by the Mechanical 
Oscillograph 

Test for Low-Temperature Compression Set of Vulcanized 
Elastomers 

D l 147-S6T Compressibility and Recovery of Gasket Materials 

D 1149-SST Test for Accelerated Ozone Cracking of Vulcanized Rubber 

D l l 70-58T Specification for Nonmetallic Gasket Materials for General 
Automotive and Aeronauti cal Purposes 

D l l 71-57T Test for .Weather Resistance Exposure of Automotive Rubber 
Compounds 

D 1330-55T 

D 1415-56T 

D 11 

DS 

D 297 

D 394 

D 429 

D 430 

D 518 

D 570 

D 624 

D 638 

D 729 

I? 736 

D 746 

D 794 

D 795 

D 797 

Specification for Sheet-Rubber Packing 

Test for International Standard Hardness of Vulcanized 
Natural and Synthetic Rubbers 

Compilation of Standards on Rubber and Rubber-Like Mate­
rials ( 1955) 

Method of Test for Penetration of Bituminous Materials 

Methods for Chemical Analysis of Rubber Products (tentativ~) 

Methods of Test for Abrasion Resistance of Rubber Compounds 

Methods of Test for Adhesion of Vulcanized Rubber to ·Metal 
(tentative) 

Methods of Dynamic Testing for Ply Separation and Crack­
ing of Rubber P r oducts (tentative) 

Method of Test for Resistance to Light Checking and Crack­
ing of Rubber Compounds 

Method of Test for Water Absorption of Plastics (tentative) 

Methods of Test for Tear Resistance of Vulcanized Rubber 

Method of Test for Tensile Properties of Plastics (tentative) 

Specification for Vinylidene Chloride Molding Compounds 
(tentative) 

Method of Test for Low-Temperature Brittleness of Rubber 
and Rubber- Like Materials (tentative) 

Method of Test for Brittleness Temperature of Plastics and 
Elastomers by Impact (tentative) 

Recommended Practice for Determining Permanent Effect 
of Heat on Plastics 

Recommended Practice for Accelerated Weathering of 
Plastics Using S-1 Bulb and Fog Chamber 

Method of Test for Young's Modulus in Flexure of Natural 
and Synthetic Elastomers at Normal and Subnormal Temper­
atures 
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'D 9Z7 

D 1203 

D 1207 

D 1229 

D. PAINTS 

Method of Test for Resistance of Vulcanized Rubber or Syn­
thetic Elastomers to Crack Growth (tentative) 

Method of Test for Viscosity of Rubber and Rubber-Like 
Materials by the Shearing Disk Viscometer (tentative) 

Method of Test for Volatile Loss from Plastic Materials 
(tentative) 

Method of Test for Resistance to Aging of Vulcanized Rubber 
by Measurement of Creep (tentative) 

Method of Test for Low-Temperature Compression Set of 
Vulcanized Elastomers (tentative) 

ASTM: American Society for Testing Materials 

D l 

D 15 

D 658 

D 82Z 

D 870 

D 968 

D 1005 

D. 1212 

E. ROOFING 

Compilation of Standards on Paint, Varnish, and Related 
Products (January 1955) 

Methods of Sample Preparation for Physical Testing of 
Rubber Products (tentative) · 

Method of Test for Abrasion Resistance of Coatings of Paint, 
Varnish, Lacquer, and Related Products with the Air Blast 
Abrasion Tester 

Recommended Practice for Operating Light and Water Ex­
posure Apparatus (Carbon-Arc Type) for Testing Paint, 
Varnish, Lacquer, and Related Products (tentative) 

Method of Water Immersion Test of Organic Coatings on 
Steel 

Method of Test for Abrasion Resistance of Coatings of Paint, 
Varnish, Lacquer, and Related Products by the Falling Sand 
Method 

Method for Measurement of- Dry Film Thickness of Paint, 
Varnish, Lacquer, and Related Products 

Methods for Measurement of Wet Film Thickness of Paint, 
Varnish, Lacquer, and Related Products 

ASTM: American Society for Testing Materials 

ASTM D2Z6 Asphalt Saturated Roofing Felt for Use in Constructing 
Built,..up Roofs 

ASTM DZZ 7 Coal Tar Saturated Roofing Felt for Use in Constructing 
Built-up Roofs 

ASTM DZZ8 Testing of Asphalt Roll Roofing, Cap Sheets, and Shingles 

ASTM DZ49 Asphalt Roofing Surfaced with Mineral Granules 
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ASTM D250 Asphalt Saturated Asbestos Filts for Built-up Roofs 

ASTM D312 Asphalt for Use in Constructing Built-up Roof Coverings 

ASTM D3 l 7 Pure Linseed Oil Putting for Glazing 

ASTM D371 Asphalt Roofing, Wide Selvage, Surfaced with MinetalGravels 

ASTM DSl 7 Asphalt Plank 

ASTM D654 Coal Tar Pitch for Roofing Steep, Built-up Roofs 

ASTM D655 Asphalt Saturated and Coated Asbestos Felts for Construc­
ting Built-up Roofs 

F. SEALING COMPOUNDS 

ASA: American Standards Association 

ASA 116.1 Proposed Specification for Sealing Compounds (Polysulfide 
Base or Equivalent) 

Bu:reau of Reclamation Specifications 

"Cold-Applied, Internal Set-up, Mastic Filler for Sealing Joints in Con­
crete, and Instructions Governing Its Use" 

"Sealing Compound Rubberiz ed, Cold-Application, Ready Mixed, for 
Joints in Concrete C a nal Linings" 

Federal Specifications 

HH-F-34la 
Type 1 -
Class B 

SS-A-70.l 

SS-C-193 

SS-R-451 

SS-S-156 

"Filler, Expansion, Joint, Performed, Nonextruding and 
Resilient Type s (for Concrete) ' ' · 

"Asphalt-Primer: (for) Roofing and Waterproofing" 

"Cement: Bituminous Plastic" - Type 1 

"Roof Coating: Asphal.t, Brushing Consistency" 

''Sealer, Cold-Application Emulsion Type, for Joints in 
Concrete'' 

SS-S- l 58a " Sealing Compound: Cold-ApplicationReady-Mixed Liquifier 
Type for Joints in Concrete" 

SS-S-159b "Sealer: Cold•Application Mastic Type, for Joints in 
Concrete" . 

SS-S-164- "Sealer, Hot Pour Type, for Concrete Joints" 
(Superseding 
Fed. Sp~c. 
SS-F-336a) 

SS-S-00167b "Sealer, Hot Pour - Jet Fuel Resistant Type" 

SS-S-00170a "Sealing Compound, Two Components, Jet-Fuel-Resistant 
Cold-Applied , Concrete Paving" 

SS-S-00..200a "Se aling Compound, Two-Component Elastomeric~ Type, Jet­
(Army-.CE) Fuel-Resis tant, Cold-Applied, Concrete Paving" 
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Military Specifications 

MIL-S-7124 "Sealing Compound, Pressure-Cabin" 
'(QPl..-1124-1) 

· MIL-S-7126a "Sealing Compound, Synthetic Glass, 11 Type I and ll 
(OPL-7126) 

MIL-S-7502C"Sealing Compound, Integral Fuel, Tanks, and Fuel 
(ASG) Cell Cavities, High Adhesion, Accelerator Required" 

MIL-S- "Sealing Compound, Synthetic Rubber, Accelerator (for 
8516B Electric Connectors and Systems) 

MIL-S- "Sealing Compotind: Noncuring (Polysulfide Base)" 
11030B Type 1, Class 1 
(28 July 
1954) 

MIL-S-
12158A 
CORD).• 
QPL-
12·158 

MIL-C­
l 5705A 
(Amend­
ment 1, 
13 Oct. 
1953) 

"Sealing Compound, Noncuring, Polybutene'' 

Minimum amounts required S,000 lb 
"Caulking Compound (Liquid Polymer, Polysulfide 
Synthetic Rubber, Formula 112, for Metal Encle) 11 

Ordnance Department Specifications 

PXS-910 "Compound, Luting (for Sealing Metal Lined Boxes)" 

U. S. Army Specifications 

2 - ~, Sealing, 1Urcr~ft-rn'lftru.rn-en~·~~~~~~~~~~~-

U. S. Navy Specifications 

46Yc·, 
Number 46 
(See SS-S-
00170A) 

52P69 

"Navy Department Bureau of Yards and Docks Spec. for 
Joints, Reinforcement and Mooring Eyes in Concrete 
Pavement" 

"Putting, Sealing (for Bolted Steel Petroleum Tanks)" 

JOINT SEALERS 

Federal: Specifications 

SS-A-696 

SS-S-158a 

SS-S-159b 
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SS-S-164 . 

SS-S-167b 

SS-S-00170a 

SS-S.-00170a (with added resilience requirement) 

SS-S-002.00 (latest amendment) 

Corps of Engineers: Specifications 

CRD-C 504-53 

CRD-C 52.7-58 

CRD-C 532.-56 

CRD-C 546-56 

ASTM: American Society for Tes ting Materials 

Dll90-,52T 

AASHO: • ·American Association of State Highway Officials 

Ml8-42, Grades A & B 

City of Los Ange les: Specification 

Standard Specification No. 158, Section 25-3 

Bureau of Reclamation: Specifications 

Propo sed Specification, 1959, for Sealing Compound, Rubberized, Cold 
Application, Ready- Mixed 

Spec'n, May 1954, for Cold Applied Inernal Setup Mastic Filler 

Waterways Experimental Station: Specifications 

Purchase Description, Redraft June 1959, Sealing Compound, Two­
Component, Elastomeric, Polysulfide 
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