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_Ferrocement Cylmdrlcal Tanks' Crackmg;_.-},.f;f

‘and Leakage Behavnor

By ANTONIO J. GUERRA, ANTOINE E. NAAMAN, and SURENDRA P. SHAH

Cylmdrscal ferrocemen'l- fanks were sublecfed to [
Ulincreasing. internal water pressures fo study the
influencé of the reinforcing parameters on: their -
- cracking ‘and. leakage behavior. It is -found. that.
_'__cracklng in the ferrocement shell occurs at an::
. average: tensile’ stress of about 500 psi and that -
-~ the average crack width at a given tensile ‘stress in -

-volume frachon and/or " the SPECI‘FEC surface of_.
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'_ferrocement silos of 3-5.:ton. capac1t1es aré ‘more

- Fiber Reinforced. Concrefa, .548 Pofymers in Concre’ra, and : :economlcal than steel alummum or plywood When'-_'

7

~ 'remForcemen’r I s, also 'Found +hai' ihe composd‘e
" sfress. at the .onsef: of leakage increases with ‘an
" increase in : specific: surface ‘and,: everything else’
" being equal, that the Ieakage or loss 'of water in-
creases with the stress.in.the. steel mesh and de-
‘creases with' the wall thickness. Based on- the  in-
. formation genera’recl inthis siudy. allowable ‘tensile
. stresses of ‘about.30,000 psi. in the steel are: reéom-
~ mended for the design of wr'}ually watertigh
" rocement tanks.  This  allowable stress—which .is
almost “ twice. higher . than that recomme ded: by
the AC| committee on reinforced concrete s Ty,
engineering structures—is bsed in a. cost companson: '
study of water tanks made with ferrocement, rein.-
forced concrete, and steel. I¥ is estimated: that for .
current United Stafes prices, properly dimensioned -~ >
- . and: designed. ferrocement .water tanks of upite
300,000: gal. capacity  would be ‘cost compstitive .-
with reinforced: concrete and steel tanks and woufd' K
have at least equa! performance.

Keywords cosfs. crachng [*l’rm':'hznﬂg)E crack w1dﬂ1 and
spacingi cylindrical shells; ferrocement; loads - {foress)i. & -
permeability; pressure; reinforced concrete; seepage fanks o
[coniamers] tensile sfress wafar {*enks .

B FERROCEMENT IS AS OLD AS reinforced concrete, " -
but the clear understanding of its partmuiar be»' ;
havior is new. A number: of recent. 1nvest1gat1ons 5
on various mechamcal propertles of ferrocement! s
have prov1ded enough technical ‘information fo' . .
promote its: use in newer: types of: apphcatlons__"' e

. including. sandwmh panel constructzon roofs,:_-:___-. ¥
" shells, 51103, plpes, and small water: tanks 915 o

Small ferrocement tanks of less than 5000 gal. =
capac1ty are being- factory bu11t in New Zealand 18
A recent study in Indial*: has showii- that small"-'-- e

long- term expos{xre to- the outs1de env1ronment 15'_.'
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'considez_'ed in the design. Little is knoWn, however, -
on the rational design of ferrocement tanks espe- -

cially when their leakage and cracking properties
are to be related to the design stresses. For rein-
foroed concrete tanks, a crack width less than
0,004 in. (0.1 mm) is generally recommended for

" watertightness.’* This may not be applicable to

ferrocement which shows much finer crack widths
bﬂt is much thinner than reinforced concrete.
The primary purpose of this investigation is
" .to study the cracking and leakage characteristics of
ferrocement cylindrical water tanks. under both

:-".'short- and long-term pressure 1oad1ngs and to

; . clarify their relation to the reinforcing parameters
- of the ferrocement matenal It is also the purpose

o .:of th1s investigation to determine’ safe levels of
stresses for which. the average width of eracks in

'_-the ferrocement shell would be small enough to
- insure: v1rtua1 Watertlghtness, and to estimate in
1 __What range of capac1t1es ferrocement tanks would

_be cost, competltlve Wlth steel or relnforced oon~'.
crete tanks : '

Expemmeﬂmt INVESTIGATION -
Seven series of experiments (five of which are
for short-term loading), each comprising one or

two 1dent1ca1 cylindrical specimens, were con-
ducted; they are detailed in Table.1 where the -

characteristics of the wire mesh remforcement for

each cylinder are also given. All the cylinders:
had essentially the same internal diamet'e_'z" of 14
in. (355 cm) and height of 24 in. (61 em);:
thickness of each vessel was obtained by’ averagmg_'- .
direct measurements taken around 1ts cylmdncal sl
wall before closmg the second end S L
The cons’cructlon of each Vessel mvolved flrst the

casting of one’ end base and the plastermg of the_- 3

wall (Flg 1); the vessel was then kept in a S
moisture room for about 2 days, temporarﬂy Te-

TABLE I-uCHARACTERISTICS OF TESTED FERROCEMENT CYLINDRICAL TANKS =

The. - -

Mesh reinforcement. (woven square galvamzed) Spe'cifio
SRR . : Volume |surface in
| Type . Observed average | - Wire Wire | - Yield. Uitxmate fraction in| -hoop
of | Series |Cylinder| wall thickness, |spacing, |diameter,| No.of | stress, [strength,|  hoop - |direction;
loading Ne, in, in. in. | layers | ksi ksi dlrectlon - in¥in?
S @ @ (4) (5) ) M ® ) ® an | an
1 0,24 % 0.025 4 345 | 524
A 69.2 83.1" cod |
2 0.24 Ya 0.025 4 3.45 524
3 041 0.041 4 2.65 T 2,51
B 90.0 104.7 ' R
4 0.40 1 0.041 4 272 2,58
Sheort
term
5 0.31 Y% and 0.025- 4 3.07 3.69
Y 0,041
Cc 69.2 and | 83.1 and
. 90 104.7
6 0.32 Y and 0.025-~ 4 2.97 3.57
L 0.041
D 7 0.425 1% 0.041 2 90 104.7 1.24 1.21
B 8 0.61 % 0.041 4 90 1047 1.74 1.69 _
. T -9 0.26 1 0.025 4 69.2 83.1 3.17 - 5.07
Long :
term o E _ : P
' G- 10 0.42 15 0.041 4 90 1047 2,59 2.52
Note: 1 in. = 254 om; I ksl = TN/mms?; the yleld stress is defined as the stress at a strain of 0.005.
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s=ee1 plate
welded around

/ the pipe

Wall X
;__R_er’.rrfprcmem_:. )
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" Reinforcement: |
7 of the end
7. bases. :

% Flg '[:—'Di_ruensi.cs_s.bf the vessels

. _'_-:__f-moved in- order to measure the Wall thickness, to
. paint: (epoxy-based pamt) the mtenor surface of

_ the wall and to add the second base; thé entire
: vessel was kept 5 more days in a moisture room
- "before removal for testing. Other experimental
) detalls are given in Reference 17.

: TABLE 2——RESULTS OBSERVED AT FIRST CRACKING

Type o - Internal Hoop Crack-
Cof” _ S_eries Cylin_der pressure,| stress width,
o Ioa_dmg S} No. psi (psi) in.
RN ) -2y 3 - (4) (5) (6)
" Short - 1 15 4315 | 0.0005
term A
_ 2 25 721.88 | 0.0004
s 3 25 429.25 | 0.0004
4 25 445.75 | 0.0004
c 5 20 456.52 | 0.0006
- 6 20 456.52 | 0.0002
D 7 20 320.41 | 0.0004
E | s 30 344.96 | 0.0004
o - F 9 30 807.60 | 0.0004
 Long : _ .
“term | '
iy G. | 10 25 416,67 [ 0-0003-
o _ 0.0006

Note: 1 in. = 254 mm; 1 psi = 7 kN/m®

24

| 14" ID: 20 | |ae

ESSentlally the same mortar composu:mn Was-_ _
used throughout this 1nvest1gat10n and consmted.___-__.:_._._..
of the following mix proportions by weight: one .-

part of Type III portland cement, two parts of
river sand passing ASTM sieve No. 16, and 0.45
part of Water .

Testl‘hg procedure

After removal from the curmg room each speci- '_ R
_men’ was prepared for testing; an 8-in. (20 cm) .~ =
wide middle strip was isolated at the surface of the = -
~wall for observation; this strip was shown by an.
analytrcal study to be far enotigh from the ends to
“be virtually free from the end effects.)” For Series - -
“A to E, four strain gages were glued i in-the middle’ EEey
part of the cylinder, each two diametrically. op~_':'_-§_f H
‘posed, one bemg vertical and one. bemg horizontal. S
" The exterior sirface of the cylinder was coated . '
‘with a thm hydrauhc hme solution: ‘to facilitate . .
the detectron ‘and observatron of crackmg and P

leakage (Fig 2)

The vessel was then filled Wlth water up 1o the'.- e

top of the plpe fitting Whlch was then connected _
to the pressure system by a hose. The pressure D
system allowed the control of the pressure with an:
accuracy. of 0.1 psi (0.7 kN/m?). The pressure was

" applied in- increments of -either 5 or10 psi (85 or~ .
70 'kN/m?) until leakage occurred. For the short-
term loading experiments the pressure was kept at
each level for approximately 45 to 60 min until "
the strain readings from the strain gages were “../
stabilized. For the long-term loading the pressure
was kept at each level anywhere between 2 to 3-._' _:

days.

An internally 111um1nated microscope fltted wrth'j

a micrometer was used to measure cracking around’
the 8 in. (20, em) middle strip of each cylinder
(Fig. 2) The measuring accuracy of the micro-
scope was 50 microin. (12,5 X 10 mm). At each
level of pressure, cracks were detected, numbered,
sketched, and their width was measured. Be-
cause of the encrmous number of cracks that may

develop under high pressures, at least ten rep--

resentative cracks including the largest one were
kept under observation up to substantial leakage
{which corresponds here to failure).

OBSERVED RESULTS

Most relevant results on the cracking an_.d lea.k_-'.

age behavior of ferrocement cylindrical tanks are

summarized in Tables 2 and 3. These results are.
'glven in function of hoop stresses instead of in-
ternal pressures in order to eliminate the effect'

of the wall thickness. The hoop stress 78 in' the

ferr_ocement comp051t_e described in Tables 2 and %
3 ig derived from the following simple formula -

assummg neghglble end effects
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mternal pressure in the cyhnder
— radius of the cyhnder '

thlckness of the ferrocement wall of
the cylmder '

curves: are shown in F1g 3_3-_ '_
" the' initial" pcrtlon of’ these-:"'
‘linear and’ that there is.a: -

slope at the onset of crack--:_'_"

éldmg behawor of the steei re1n-'_ -

.'hlgh pressures of; strams._ ¥

: 'tate ‘of stress and compared to:. :
_x1al state of stress The theo-':

"1nv01ved the stresses in. thc steel in’ the
tion ‘can be essentrally estlmated from
analysm e :

: -Crackmg behav:or

-;.'Slnce crackmg Was predommantly in the vertical . -
_d1rect1on crack widths and leakage behavior: refer
t the vertlcal crackmg The foliowmg observa— B

(a). Flrst vertmal. cracks generally occurred at.--'_'--“_
'hoop-stresses from about 300 to 800 p31 (_2100 toj L

stresses. F° specrmens Wlth high' volume fra.ctlon'ﬁ_"f .
f reinforcement such’ as Series-A and B; the
_aver' ge crack spacmg at max1mum applred stress_

AN Inllnunl 'I mm;nnv 1079

for Series . A and 1/2 1n (12 7"

_Generally honzontal crack__s

_ --Z.Irepresentatlve cracks versus hoop stress m' the
composﬁze is- shown 1n Frg 5 for Semes A to E It.'-

-)r: '



TABLE 3-—RESULTS OBSERVED AT THE ONSET OF LEAKAGE

: _Average -

LU0 Notef I in; = 254 émj 1 psi = 7 kN/m? .

_ 'can generally' be observed that the hlgher the

“~ volume fraction: and specific surface of reinforce-

'-ment_-t_e smaller ‘the- average crack W1dth at a
: glven compos1te stress _

' (c) It is observed that the stress at fn'st orack—

: 1ng is: essentlally similar. for- specimens “under

: short— and_ ong—term Ioadmg (Table 2, Series A,

RO B, F, and G) ‘However, for a g1ven hoop stress in
L :_the composﬂ:e, the average ‘crack width i in the long-
By _'term tests was somewhat larger than i in the short-

term (up to about 25 percent).
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Flg 3—Typtcal pressure versus hoop sfralns as observed
from fests . : :

2

(d) The variation of crack width versus. stress:.
in the steel is corpared in Fig. 6 for ferrocement .

and for reinforced concrete. The curve for ferro~

R £

A

T Hoop Minimum - Max1mum e _
o Type | SRR T Internal Hoop Steel_' crack width, | crack width, | crack width,"
of ) Series' Cylinder | pres_sure _stress, stress, in., leaking in,, leaking | in, of leak-
: 3 No.: psi 0 psic psi cracks cracks ing cracks
[T e I W RN C) B R ) (6) I 8 FONEE
e e 56875 0.0040 0.0085 0.0062 . |
leoes | e 56875 0.0042 0.0340 0.0104
Coase o asgg 49528 0.0035 0.0041 0.0036 -
e s 42024 0.0035 0.0038 00037
(R (. 53261 0.0032" 0.0040° ©0.0036
e 1m0 45652 - 0.0030 00041 | 0003 .
g0l s 3973 | 0.0012 0.0016 0.0014
om0 | g0 46226 -~ 0.0018 0.0025 - | . 00022

cement repres_ents the overall average ob_temed in-. "
this investigation for Series A to E. For reinforced

concrete . tensile: prisms, the two plotted hnes'_
represent the average of the data observed, re- .

spectlvely, in.: References 18: and 19:. The two

dotted- horizontal lines: shown in Fig. 6 represent

maximum crack . width limitations of 0.008 and
0.004 in, (0.2 and 0.1 mm) as recommended, re-
spectively, by. ACI Committee 313% and ACI Com-
mittee 22416 for water retaining structures. ACT
Committee 350*! recommends an allowable work-
ing stress in the steel of 16,000 psi (112 MN/m?).
It can be seen that the average crack width for
ferrocement is much below 0.004 in. (0.1 mm} up
to stresses in steel of 50,000 psi (350 M'N/mQ)

Leakage behawor

The term leakage is used here in two Ways ‘one
qualitative and- one. quantitative.. The .onset of .
leakage was" quahtatwely observed .- with:: the.

naked eye. when the. lime-coated exterior sur:

face of the ferrocement tank along a crack dark--

ened in color as it became wet (Fig. 2), Quant1— e

tatively Ieakage was defined as the loss of water
per unit wall area per hr of loading under a speci-

fied internal pressure, Observed results on the

ACI JOURNAL / JANUARY 1578




CYUINDER #3 - SERIES B o
0.004f  MESH: 4 LAYERS 172" WOVEN L
THICKNESS : 0.41" - s
2 o003}
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Fig. 4—Typical variation of individual crack width versus pressure

s 6ns_ef of leakage for ferrocement tanks under

" short-term loading are summarized in Table 3.
.The following observations were made.

. (a) Ferrocement. tanks did. not.leak before
crackmg even durmg long—term loadings. In this

B stage loss of water due to permeability was mini-

mized by the presence of the epoxy pamt coating .

Lot the internal surface.

- (b). The str_ess at the ohset of leakage increases
with the specific surface and/or the volume frac-
tion of mesh reinforcement as can be seen in Fig.
7 for:Series: A to E. This means that allowable
steel stresses can be higher for higher specific

: surface of reinforcement.

(g)_ From the results of the long-term tests on

quantitative leakage, the leakage values observed

for two tanks with two different wall thicknesses
are plotfed versus the internal pressure in Fig. 8.
Also shown are two dotted curves indicating
levels of stresses in the steel reinforcement of

. 30,000 and 40,000 psi (210 and 280 MN/m?). It can

be seen that everything else being equal the leak-
age increases with an increase in steel stress and a

- decrease in wall thickness. It can also be seen
that for a 30,000 psi (210 MN/m?2) stress in the

steel one can expect essentially no leakage for
wall thicknesses above 1% in. (2.54 ecm) such as

~ that used in water tanks.

COST EVALUATION

To appro‘ximétély .co'mpa're' the cost of open

- ferrocement water tanks with similar reinforced

concrete and steel tanks, a number of detailed
designs were performed.t7 Only the cylindrical

AC JOURNAL / JANUARY 1978
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Fig. 5-—Average crack width versus hoop stress in +he
composite .
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Fig. 6-——Comparison of average crack width versus steel
stress for Ferrocemen'l' and reinforced concrete -
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TABLE 4-—TYPICAL COMPARISON OF TANK CQSTS FOR THE

EXAMPLE UNDER STUDY. -

: Cost of matenals, $/ft2 Total cost o )
including labor - per unit | : :
Type of wall ) wall area,
. - |Concrete| Steel |Forms] $/ft2
Reinforced concrete wall 0.97 110 | 20 4,07
Y in, thick = - |1030 | — | 1030
Steel : _ -
14 in. thick — 515 | — 515 -
L0 in. thick
6 layers of ¥ x % in, woveri .
o mesh with diameter = 0,041 in. L _ R
Ferrocemenf 1 core Weided ere fabI'IC 3 x 3 ln .y 1.65 3.82 — 5,47
“wrall 1 ¢m_{}2521n S : : ' : =
(1000 psi © | Shotcrete:
'auow"able
tensile: 1. 0 in. thick. .
stress) 6 layers of. 1% X 1 in, woven . .| B R O S
: _ mesh with d1ameter =0, 0625 in. 165 .| 3.0 | — 4,65
-:| No core mesh' -~ - : : ERCEE RN
Shotcrete

; Note: Cost: of wire mesh mc}udmg labor:
- welded wire fabrie in place: 0.35 $/1b;
Eorms 1 $Ift- cost of steel sheets in place 1 $/1b.

' "walls of these tanks were con51dered in the evalu—-

S ation. The results dlscussed here are for a vertical

'cylzndrical tank fixed at its basé and having 15 -
R (457 m) internal diameter and 25 ft (7.62 m}

| '.'-._'helght (approximate capacity = 4415 3 = 125
“'m® = 33,000 U. S. gal).

S The .allowable tensile stress in the ferroccment
: Wall was assumed equal to about 1000 psi (7 MN/ -
“m?), The corresponding stress in the steel, assum-

ing-a cracked sectlon was taken at 30, 000 p51

(210 MN/m?}.:
- The: remforced concrete tank was de51gned in

accordance ‘with the recommendations of ACI

&0 _.._( .) - COMPOSITE STRESS

. &n
(=]
-0

B .
Q-
L] ™

. STRESS "IN THE' STEEL, kSl
o ; s
Q

| §

[L]

sok—
2. 3 4
SP_ECIFIC SURFACE | mZ/m5

Flg 7—-Vanahon of the stress in the steel a'!' the onsef
of ieakage versus specific surface

28

0.50 $/£t” cost of. shotcreting: 1.65° $/ft% cost of -
cost of concrete (4000 1351) in place 35 $.’yd“_ cost of"'

Committee 350 on concrete sanitary engineering - -
structures. Tt had:a thickness of 1 ft (0.3 m) at '
the base tapering to' ¥ £t (0.15 m) at the topl. -
To reduce the total cost the: de51gn accommodated_"' '
three varlatlons of. the reinforcement” along the’
height of the tank accordmg to the apphed stresses.
. The:design of the steel tank, if based on ‘allow-
able stresses, leads to a very small wall thlckness
However for the: tank stability the wall must: be-._.'
reinforced with ring stiffeners, which complicates
‘I:he cost evaluatlon It was estlmated however that-

T 20
[ SERIES F
B {THICKNESS 0.2
S . .
= STEEL STRESS
-l 40,000 PSI
-
Sy,
o
=[N =
ST
u E%'o SORRES . ®
© \ N
«
p."4
=9
w
W .
5

20-.

30 G Qe e 5O T
INTERNAL- PRESSURE PSl'.

R

Fig. 8—~Leakage as a -Funchon of mi'ernal pressure and
wall 'I'h:ckness '

A1 INNRNAT 7 WANIIARY. mm*-“ '



S practlcally speakmg ‘the WaH threkness w111 be _
: - anywhere between % and % in. (32 to 6.3 mm) o

1f few Or no’ strffeners are used..

Some Values of costs for the various tanks con-
'mdered are shown in Table 4. It can be seen that
the total unit cost for ferrocement is comparable
'_w1th that. of steel and remforced concrete, Note
- that the cost of the reinforced concrete tank rep-

_ resents a Iower bound cost in its category as the
Wall thickness and the reinforcement were varied -

' accordmg to the’ apphed stresses, while the rein-
forcement and: thickness of the ferrocement and

. '__steel tanks were kept constant for the entire wall.

Larger capamty tanks can be des1gned with fer—

A rocement Using -similar remforcmg parameters
Lo ag those descrlbed in the above example with a
Wall thmkness of 2 in. (50° mm) which can be
i ‘consuiered an. upper practleal bound and an’ al-
v lowable: tensﬂe stress_of 1000 psi (7000, kN /m?)
..:'_._.'__tanks havmg a’ eapac1ty of up to 300,000 gal:

(=2 1100 m3) can be built. For example, a capacity
.ot 170 ;000 gal, (643 m?) can be ach1eved using’ a
" tank with 20 ft (6.1 m) height and 38 f (11.4 m)

- diameter; a capacity of 300,000 gal: (1100 m") can

be‘achieved with a height of 12 ft (3.6'm) and a

- diameter of 66 ft (19.8 m). The cost per:sq £t for

. d 210 (50 mm) thick wall will be less than twice

.that.of a 1.in. (25 mm) thick wall as the cost of
shotcrete is estimated at $2.00/ft2 in the former
;case versus $1. 65/ft2 in the latter case.

CONCLUSIONS

_ Most of the detaﬂed conclusions of this investi-
v gatlon on the cracking characteristics, leakage

o . behavior, and cost of ferrocement tanks have been

" stated in the previous sections. The following con-
cludrng remarks are appropriate:

For a given siress in the steel reinforcernent
(calculated on the basis of a cracked section) the
average crack width in ferrocement can be an
order of magnitude smaller than in reinforced
concrete. Limiting crack width and thus the stress
in the steel in order to control leakage is an im-
portant design consideration in water tank -appli-
cations. Leakage or loss of water through a cracked
wall decreases with a decrease in average crack

“width and increases with a decrease in wall thick-
ness. These two parameters namely average crack
width and. Wali thlckness, influence 1eakage in
ferrocement tanks in two opposing Ways and thus
a trade off is necessary in the design.’ .

. The trade-off derived from the resulfs of this

'1nvest1gat10n in ferrocement tanks having more
‘than. 0.5 in. (12.5. mm) wall thickriess leads fo

. a des1gn limitation’ in- the steel stress’ of about
30 000 psi (210 MN/mz) Whmh corresponds to an
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average crack Wrdth of less than 00015 m (0 04'!._'

mm). Note that these desrgn recommendatlons are: . .

on the safe side as Ieakage depends also on the -
water pressure applied and as the pressures (up
to 100 psi} used in the experrmental tests: were
substantially higher than actual pressures (for ex-
ample, a water tank of 25 ft height leads to an
internal pressure of about 10 psiy. The allowable
stress of 30,000 psi (210 MN/mz) in- the steel and
the ‘corresponding’ crack width limitation - men- -
tioned above for ferrocement compare favorably-
with the stress of 16,000 psi (112 MN/m?) and a
crack width limit of 0.004 in. (0.1 mm)  recom- -
mended : respectively. by ACI Committee 350 and .
ACI Committee 224. The’ h1gher allowable- steel
stress in’ ferrocement partly offsets the cost of. the

. ere mesh as compared to remforcmg steel rods, . -

It has been sa1d 80 far that, ferrocement is cost-' .

' 'effectrve mostly in developing countries; it seems
‘from thrs 1nvest1gatron that’ ferrocement at 1east'-
in water tank apphcatmns is also cost competltwe s
in the United States today with other structural =~
materials such as steel and reinforced concrete It.©

ig believed that ferrocement can become even more L
cost competltWe flrst in'a medium. range’ capacrty '

{up to 300,000 gal. = 1100 m?)  which is too -
Iarge for manufactured steei tanks. and too small

for: prestre}ssed_ concrete. tanks;. second, “where- a
sophisticated technology is not readl'ly'avallable
and third, where the weight is an 1mportant con-
sideration. - =
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STANDARNZATWN

Announcements. .'R'e'\}isi'ons. Reaffirmations, ‘Withdrawals

B Thls month

crefe Structures

ACI 349-7_6 Code Requwements for Nuclear Sa'Fety Related Con-

' ACI 512. 67: Recommended Practice for Manufactured Reinforced

Concrete Floor and Roof Units

ACI 359 74 Code for Concrete Reactor Vessels and Containments

PENDING ACTIONS

' The Standards Board has approved, according to
' Part II (Expedlted Procedure) of the Standardlza—
S tion: Procedure (see July 1976 ACI JourNaL, p. N7),
- the- following - standardization action. Notice of
" 'this -pending’ action- is ‘hereby given to votmg
: members of the Instltute

REV!SION——ACI 349—-76

“Code Requirements ‘for Nuclear Safety Related Con-
crete Structures (ACI 349-76).” Synopsis: “This stan-

an’

dard covers the proper design and construction of con-
_erete structures which form part of a nuclear power

"plant and which have nuclear safety related functions;
but does not cover concrete reactor vessels and eoncrete .

" containment structures (as defined by ACI ASME Com—
mittee 359) : ;

' “The structures covered by the code 1nc1ude concrete' L

{Available from Natmnal:- o

.:. ‘“

structures inside and out51de the contamment system T

] “Thls code may he referenced and apphed subaect to”
agreement between the Owner and the Regulatoly Au-

thorrty R
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