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About ten years ago, the first major generation of concrete containments were under design in
the United States. In general, the reinforced containments used both an orthogonal and inclined (di-
agonal) reinforcing system. The orthogonal reinforcing was designed to resist membrane loads and
the inclined system resisted the tangential shear. Prestressed containments allowed a concrete princ-
ipal tension stress of 3 \/7r to 4\/Z for the various loading combinations which included earthquake
loads. During this time period, one horizontal earthquake direction was combined with a vertical
earthquake (2/3 horizontal) based on absolute summation of forces.

Containments designed within the last few years have had additional requirements. The first re-
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was interpreted to mean that the maximum membrane and the maximum tangential shear force

would combine directly when determining reinforcing. Another change for reinforced containments

required that strain compatibility be considered and no yielding was permitted in the inclined rein-
forcing. During this time, the ASME Section III, Division 2 Containment Code was issued for use
with provisions for considering tangential shear in reinforced containments, but no provisions were
given for prestressed containments. The provisions for reinforced containments were extremely con-
servative. When the code was used with the requirement of three components of earthquake and no
yielding of any reinforcing, large amounts of inclined reinforcement resulted.

Presently, there are several code changes that are in the process of being approved for reinforced
containments and provisions are being added for prestressed containments.

Requirements for reinforced containments:

1. In general, inclined reinforcing is required, but the amount is reduced relative to past requirements
and limited yielding is permitted.

2. Enough reinforcing must be supplied to satisfy equilibrium of the combined membrane and tang-
ential shear loads.

3. Strain compatibility, which considers redistribution of forces due to concrete cracking, must be
used to illustrate that the inclined reinforcing strain does not exceed code limits. When performing
this analysis, a concrete compression strut may be used.

Requirements for prestressed containments:

1. Enough effective prestress must be supplied, so that concrete tension is not permitted for real
loads other than earthquake, when considering a load combination which includes earthquake.

2. An orthogonal reinforcing system may be used to resist the earthquake loads.

In conclusion, there is an effort presently underway to introduce criteria in the ASME Section

III, Division 2 code which will give adequate and reasonable design requirements for tangential shear.
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1. lntroduction

When containments are subjected to loads from winds, tornado or earthquake, both membrane
and tangential (in-plane) shear forces result in the general shell. Due to the more complex
nature of the loading and the greater magnitude, earthquake loading is primarily addressed.
This paper presents the historical development of tangential shear considerations for con-
crete containments in the United States.

About ten years apo, the first major generation of concrete containments were under
design in the United States. In general, the reinforced containments used both an orthogonal
(hoop, vertical) and inclined (diagonal) reinforcing system. The orthogonal reinforcing was
designed to resist membrane loads and the inclined system resisted the tangential shear.
Prestressed containments allowed a concrete principal tension stress of 3/?2 to 4/?2 for the
various loading combinations which included earthquake loads. During this time period, one
horizontal earthquake direction was combined with a vertical earthquake (2/3 horizontal)
based on absolute summation of forces.

Containments designed within the last few years have had additional requirements. The
first required that three earthquake components be considered (two horizontal and one verti-
cal) and the maximum vertical ground motion be the same as the horizontal. However, all
three components could be combined using the square root of the sum of the squares (SRSS).
In addition, the (SRSS) technique was interpreted to mean that the maximum membrane and the
maximum tangential shear force would combine directly when determining reinforcing. During
this time, the ASME Section III, Division 2 Containment Code [1] was issued for use with pro-
visions for considering tangential shear in reinforced containments, but mo provisions were
given for prestressed containments. The provisions for reinforced containments were extreme-—
ly conservative. Another change for reinforced containments required that strain compatibi-
lity be considered and no yielding was permitted in the inclined reinforcing.

Presently, there are several code changes that are in the process of being approved for
reinforced containments and provisions are being added for prestressed containments. Design
examples will illustrate the past techniques and future code provisions for considering tan-
gentlal shear combined with other loads.

2. Description Of Containments and Loads

The following three containments will be used for illustrating the various criteria and
design techniques.

(a) Prestressed containment with minimum prestress - Type 1, (prestress plus dead load
equals 1.25 accident pressure).

(b) Prestressed containment with additional prestress above minimum - Type 2, (prestress
plus dead load equals 1.50 accident pressure).

(c) Reinforced containment.

All the contaimnments have the following features (see Figure 1):

e Shape is a vertical cylinder with a hemispherical dome.

Inside radius is 65' and the height from top of base slab to inside of the apex is 210'

Gross wall thicknesses are: reinforced, 4'-6"; prestressed Type 1, 3'-6"; prestressed

Type 2, 4'-3". WNet wall thickness for prestressed will be 6" less.

Lined with 1/4" thick carbon steel plate.

. The concrete strength (fé) is 4000 psi for the reinforced containment and 6000 psi for
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the prestressed containments. The reinforcement yield strength is 60,000 psi.

The load combination considered for illustration is:

1.0D + 1.25Pa + 1.25E0 + l.OTa (@B]
where D = Dead Load; Pa = Accident Pressure Load; E0 = QOperating Basis Earthquake Load; Ta =
Accident Thermal Load.

Only seismic will be considered herein since it is usually higher than wind and tornado.

The following outlines the ASME Section III, Division 2 code requirements, including some
future code changes, for consideration of thermal effects.

Normal operation and the operating basils earthquake are considered as service loads (load
factor of 1.0) and the design allowables are fairly low (.5fy). When thermal effects are
considered in combination with these loads, then the allowables are increased by 33%. When
accident and environmental loads (operating basis and safe shutdown earthquake) are con-
sidered they are classified as factored loads and the reinforcing allowable is .9f , except
for the inclined reinforcing which is permitted limited yielding. When thermal effects are
combined with accident loads, then yielding 1s permitted due to the self-limiting nature of
the thermal effects. An exception to this occurs when a prestressed contalnment resists tan-—
gential shear by providing enough prestress so that principal tenslon is not predicted. In
this case, thermal gradients may cause concrete cracking and therefore it must be considered
as an active load.

A summary of the loads used for illustration for the three containment types near the
base is shown in Table I.

3. Design Criteria for Prestressed Contalnments
3.1 Present Criteria

The design of prestressed containments for tangential shear is presently not covered
in the ASME Sec. III, Div. 2 code. Most containments designed in the past used a criteria
similar to the following.

The tangential shear was limited to a value that, when combined with other membrane
loads, the principal tension stress would not exceed 4/?2‘ This condition is satisfied by
the following equation where all terms are defined in Table II.

1/2

(NV+N )(Nh+N )

v, o 4bu/E 1 he )

(Abt/f_(‘:)z

This equation is only valid if both (Nh+Nhe) and (Nv+Nve) are algebraically less than
+4bt/¥2. The design requires that Vu < VC.
To 1llustrate this criteria, the Containment Type 2 defined in Section 2 will be
used. Loading is shown in Table T.
/6800_12x45

4
= -_ = i : t = ——— =
t = (51-6) = 45 in; AJfC bt 1600 167 k/ft
N = -122 + 351 + 75 - 535 = -231 k/ft; N =232 k/ft (3)
N = 702 + 75 - 842 = -65 k/ft; N =0; V =121 k/ft
h he u

Thermal must be considered here since it can cause concrete cracking and affect shear

capacity. The allowable shear is:
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B 1/2
v =167 |1 - +(‘L“212§%£@ = 196 k/ft (%)
c

Since the allowable of 196 k/ft is larger than Vu of 121 k/ft, the section would be

acceptable.

3.2 Proposed Criteria
A code addition presently being processed through the ASME Seéc. III, Div. 2 code

states the following criteria:
(1) The applied tangential shear (Vu) shall not exceed 8.5bt/§2.

i 1
(2) When both (Nh+Nhe) and (Nv+Nve) are compression, where N, and NV include therma

h
effects which cause membrane cracking, the allowable tangential shear force is:

¥ 1/2
= 5
Vc _(Nh+Nhe) (Nv+Nve)] )
In this expression, the shear is essentially resisted by membrane compression. When Vu =< Vc
then bonded reinforcing 1s not necessary.

(3) When Vu > VC and N and Nv are compression, then bonded reinforecing shall be

h
provided by the following:

N, +[N2 +v2] M2 N +[N2 +v2] /2
AL = h he u . A __Vv _ve u )
sh L9f ’ sV .9fy
In this case, thermal effects need not be considered.
The Type 1 containment in Section 2 will be used for this criteria.
€ = 42-6 = 36"; 4/FT by = 200000 12x36 _ 1y, g
c 1000
N = -1024351+75-446 = ~122 k/ft; N =193 k/ft ()]
N = 702+75-702 = 75 k/ft; N = 0; V_ = 101 k/ft
h he u

(NV+Nve) = 193-122 = 71 k/ft; (Nh+Nhe) = 75+0 = 75 k/ft (tension)

Since both of these terms must be compression, then Vc = 0.

Determine the amount of reinforcing, but 1dn this case it is not necessary to consider
the thermal load. Therefore:

N = -197 k/ft; N = 0; N = 193 k/ft;
v h ve

1/2
_ 0+[0%+1012] e 42 o
ASh 79(60) = 1.87 in /ft, ASV 39 in2/ft (8)

4. Design Criteria for Reinforced Containments
4.1 ACI 349 Criteria
ACI 349 [2] was the first published document defining criteria for a reinforced con-
trete containment. ACI 349 required that the earthquake shear be resisted by the Inclined
reinforcement and the vertical and hoop reinforcement resisted the membrane forces. Design
equations for this criteria, neglecting a small amount of shear that could be resisted by the
concrete are:

v ~ (Nh+Nhe) (N +N )

A, = — 3 = 3 1= . =y _Vve
’ Ash .9f > Asv . 9f ©
y y

Using the loading from Table I leads to the following requirements:
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108 2 702 2
= — = 2, H = - = .0 1 ft;
a1 = To(e0y C 20 nT/fts Ay = —gregy = 13.0 4%/ fry
_ (351-131)4206 _ . 10
v =T 90600 7.89 in4/ft (10)

The total reinforcement per foot of wall 1s;
JA = 2(2.0) +13.0 + 7.89 = 24.89 1in2/ft (1)

4,2 ASME, Section III. Division 2 Criteria
The ASME Sec. III, Div. 2 code has the following criteria: Diagonal reinforeing is
only necessary 1f the applied shear stress vu 1s greater than an allowable shear v, which 1s
determined as follows:
vc = 12,000p for p < 0.01
93+2700p for §.01<p < .025, but v, = 160 psi (12)

v
p 18 the lesser of the reinforcement steel ratio in the vertical or hoop direction. When

[

vu 1s less than v then the shear may be resisted by vertical and hoop reinforcement. How-
ever, 1t must be increased by 1.5. The shear (vuvvc) shall be resisted by inclined reinforc-
ing.

The following example will illustrate application of the code:

Let d@ = t-6 = 48" (13)
Size the vertical and hoop reinforcement for the membrane loads This will be the same as

the previous example, f.e.,
7.89

A, = 7.89 in?/fc; Ay = 13.0 4n?/ft5 o = To0gy = + 0137 mintmum

v, = 93+2700(.0137) = 130 psi; v o= @—%%5—48—) = 75 k/ft (14)
vu = l%gé%%ggl = 188 psi

The additional hoop and vertical reinforcing to resist Vc is:

AL, = Al = % = 2.08 in2/ft (13

and since V. > v, then inclined reinforcing is required:

- u ¢ _ 10875 _ 2
Ay 9, " 960) .61 in2/f¢ (16)
JA = 2(.61)+(7.89+2.08)+(13.0+2.08) = 26.27 in?/ft an

4.3 NRC Criteria

The United States Nuclear Regulatory Commission (NRC) took exception to the 160 psi
for v, and stated in Standard Review Plan Section 3.8.1 [3] that a v, maximum of 40 psi was
acceptable when considering the Operating Basis Earthquake and the value was 60 psi when con-
sidering the Safe Shutdown Earthquake. For a short time, the NRC aldo required that strain
compatibility be considered for the. reinforcing and none of the reinforcing be allowed to
yield. If the hoop and vertical reinforcing are proportional to resist membrane boads,

N +N

by, = —p = ABLBIN6 _ g g 000
Yy
N +N
+
Agp = oe® = 1320~ 13,00 1n?/5¢ (18)

Yy
then strain compatibility (Section 5) requires the following inclined reinforcing when the

concrete compression is neglected:
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A, =——| v + + 8V l R
s1 1.8fy u _(Nv+Nve) e

19

406)702
4264702

5.54 in2/ft

A 108 + E/(108)2+8(108) [Y
| _

-1
ai 1.8(60)

YA = 2(5.54) + 7.89 + 13.0 = 31.97 in?/ft

For this design, the inclined reinforcing will be stressed to .9fy. However, the
vertical and hoop will have a much lower stress.
A more optimum design using strain compatiblity (Section 5) is to have the following

reinforcing:

A =0; A =5.18 in2/ft; A, = 9.94 in?/ft; (20)
v 81

A = 2(9.94)+5.18 = 25.06 in?/ft

This 1s much lower than the previous, but the amount of inclined reinforcing has increased

significantly.
4.4 Proposed Code Revision
The following code revision has been submitted to ASME Sec. IIT, Div. 2. However,
at the time of writing, it was not yet passed. Based on committee discussions, this should
pass in the near future. Strain compatibility of the reinforcing must be considered and the
maximum strain in the inclined reinforcing is limited to .004 in/in.
The code case allows a v, = 60 psi for conditions which combine earthquake and

accident pressure loads. Reinforcing is required as defined by the following equations:

vV -V N +[N2 +v2]1/2 N, +[N2 +v2]l/2
AL =8 €, oy ve o .o, _ b he o (21)
sl 9f 7 sV .9fy ? sh .9fy
Using the above leads to:
oy e o L60)12(58) : J108-39 | oo 4o
V= v bt = e 39 K/t A = Tgogos = 1.28 in /£t
1/2
351-131+[2062+392] 2
= - . )
Asv -9(60) 7.96 in?/ft (22)
1/2
+1024+392
A - 19?-l%z%%?—L——- = 13.72 1n2/ft; YA = 2(1.28)+7.96+13.72 = 24.24 1n?/ft

This proposed code revision is used as an example in the strain compatibility ana-
lysis in Section 5.

The preceding code revision is a combination of absolute summation and SRSS and is
therefore slightly conservative. The presence of inclined reinforcing should not affect the
total amount of reinforcing. The following 1s a new technique that will give consistent
results.

4.5 New Technique

First, calculate the amount of steel if inclined reinforecing were not necessary:

2 y211/2
P T R £ RS P w082 Y2 2
sv 9f, 9(60) T o ne/te
1/2
2 2
R N HING V] 702+ 102410821 /2 15.0 102/ 29
sh .9f .9(60) = 15.0 in%/1t

y
JA = 8.38 + 15.0 = 23.38 in?/ft
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This 1s the same amount of reinforcing required regardless of the orientation. Therefore, 1if

the required amount of inclined reinforcing 1s:

Vu—Vc ) (26
Asi = ~of - 1.28 in%/ft
y
then the required horizontal and vertical reinforcing is:
A, = 8.38 - 1.28 = 7.10 1n2/ft; Ay = 15.0 - 1.28 = 13.72 in2/ft (25)

5. Strain Compatibility Analysis for Reinforced Containments

. Figure 1 shows the model used for the strain compatibility analysis of a typical wall
element of a reinforced comncrete contalnment structure. The element contains both orthogonal
and inclined reinforcement and is subject to membrane loads only. An idealized cwack pattern
is shown with parallel cracks orierted perpendicular to the direction of maximum principal
strain.

The following assumptions are used for the analysis of the cracked reinforced concrete
element.

(a) Concrete has zero tensile strength - concrete acts only as compressive struts
parallel to the direction of minimum principal strain.

(b) Shear resistance of cracked concrete and steel reinforcing is neglected.

(c) Reinforcing and concrete struts act as concurrent truss system at the center of the
element.

The theoretical development of this mathematical model and a discussion of the applica-
bility of the assumptions for a reinforced concrete containment can be found in a paper by
Duchon [4].

The following equations represent equilibrium, stress-strain and strain compatibility for
the cracked element with typical inclined reinforcement, Py = Py orlented at 45° relative to

the hoop and vertical reinforcing.

ag,pLA ag,p.A
A+ 338y A3e f A sin?g
g 2 2 cg

Equilibrium: Nvt =alpl
g,p.A g,p.A
33, 43y 2 26
N = op,A + =5+ + chgcos 8 (26)
g,.p.A a,pLA
v =—ﬁﬂ-£—s=fAsinBcosB
t 2 2 cg
where Nvt’ Nht and Vt are the total membrane loads and other terms are defined in Table II.
- : = v f = 27
Stress-Strain 9 Esei, fc EcEII (compression only) (27)
. - 2 20, - 2 2
Straln Compatibility: El eIcos B+EIIsin B3 €y eIsin B+EIIcos B
‘1 o1
€3 =73 (1+2sinBcosB)+ -5 (1-2sinfcosB) ; (28)
1 ‘11
€ =2 (1-261n8cosB)F—E—(l+2sinBcosB)
These governing equations reduce to a single foutth order equation in terms of the crack
angle 8.
L 3 =
tan'B + cltan B+ Cztans + C3 0 . . (29)
t ht vt ht, 4
C = Vvt ELLLY [ F = Ve At . =-X
vhere-C, [all(Vt ) + alz(vt M/n; ¢, [621(vt ) + azz(vE Y¥/n; C, ™



J 3/4%
e +py) + 093 Oqp = —pa( + npytups)
and 031 = P3(F + megtnpy) + 0p5 agp = -3y + neptung
3 1
= = ; = -p_ (% +n, - (30)
g1 = Pylg Fmegtungds oy = ey (Gt meptmey) -y
93 93 L
n=5 (1+ﬂpl+n92)+oz(l+npl); Y = — (Ltnp +mp, )tp, (14mp,)
The principal strains and reinforcing and concrete stresses are;
" wN_ -xN " zN_ -yN
A _ 1 vt ht |, _ 1 __ht vt
Principal Strains: ey ES _75 ], T Es _—E :]
npg np, ) np, ) ).
= 2 . - 2 . = 31
where w (n92+l)cos B + 7 3 X (npl+l)sin B + 75 Y npzsin B+ 5 -
2 ™3
z = nplcos g+ _E_
A [ n2pp, n% p, 0P
_ 2 13 2°3 , 3 20 4.2 g y
£ = 7% (n PPy + — + — + 5 )(cos2p-sin?B) + npcos B npzsﬂn 8
Stresses:
op = lapgNya M )78 0y = (ag) N Fay, ) /¢
= s = s =E
o3 = (agNoptagNy /285 o, = (ay N ha, M 2285 £, = Boegy
where 8y, = (cosZB—sinZB)np2 + (coszs-sinzB)np3/2 + cos"g
= 20 2 _ 2 2
al, (sin%B~cos S)np3/2 sin“Bcos?B
ay, = (sinZB—coszs)n93/2 + sinZBcos?p
a,, = (coszs—sinzs)npl + (COSZB—sinzﬁ)np3/2 < sin'B
ag = cos2g (1 + sinZB)(npz+1) - sinZB(l—sin28)npz+np3sin28 32)
ag, = cosZB(l—sinZB)npl-sinzs(l+sin26)(np1+1)—np3sin28
a, = coszs(l—sinZB)(np2+l)—sinzB(l+sin26)npz—n0331n28
a,y = coszﬂ(l+sin28)npl—sin28(l—sinZS)(np1+l)+npssin28

The solution is found when the real root and resulting reinforcing and concrete stresses
satisfy the equations of equilibrium.

If the effect of the concrete compression strut is neglected, or if there is a general
tensile strain field in the model, the concrete stress 1s taken as zero. The governing
equation remains the same, except fc = 0 and strain compatibility becomes:

€ + €)= €4 + €, = &g + €1 33

These equations are independent of the crack angle B, and can be solved directly for the re-
inforcing stresses and strains.
51 Inclined Yielding

The preceding equations considered linear stress-strain material properties. If the
inclined reinforcing (i = 3) 1s yielding, the equilibrium and stress-strain equations for the
cracked concrete element can be modifled to simulate a ylelding condition as follows.

The stress-strain curve for the reinforcing is elastic-perfectly-plastic with a code
allowable of .9fy assumed for yield. The stress and strain in the inclined reinforcing (3)
are taken as:

a; = -9f ; €g> .9 (34)
y
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The force in inclined (3) at the yield stress of .9fy is;

= - (35)
F3 p3Ag03 .9fyAsi
The inclined yield force (F3) is a constant and when substituted in Eq (26), the

modified equations of equilibrium become:

N, = olplAg + F—23 + ﬁﬁgﬁ + chgsinZB; N, o= czpzAg + F73 + 04_9321\5 + chgcoszﬂ

V} = i; - fﬁfgfg,_ chgsinBcosB or, rewritten as: (36) .
LI F_23 = oppiA, T Egﬁ& * fCAgSinze

Nﬁt = Nht - i; = 0292Ag + Eﬁggﬁ& + chgcoszﬂ 7N
vé = Vt - ig =-E£E%fg - fCAgsinBcoss

These modified equations apply to a cracked concrete element where the inclined rein-
forcing (3) has been removed and replaced with an equivalent yield force. The solution for
this inclined ylelding case is found using the previously defined governing equations with
= 1 L} 1
= 0 and the modified loads Nvt’ Nht and Vt'
Example: An example of the strain compatibility analysis with Inclined yielding is

P3
presented using the reinforcing determined for the proposed code revision for reinforced
containments, Section 4.4.

A, =1.28 in?/ft; A = 7.96 in2/ft; A
sl sv

= 2 .
o = 13.72 in?/fe;

E = 3.75%103 ksi; E = 30x103% ksi

Since strain compatibility requires an absolute summation of normal and shear loads, the

following adjustments must be made to the loads.

N =+ v Y2 Cy 2220 + [2062439212 _ 39 = 300 K/ft

vt v ve ¢ [

N =N + 2 +v21 Y2 Cy o702 4 10439212 © 39 = 702 1/fc (38)
ht h he "¢ c

V.=V =108 k/ft

t u

A strain compatibility analysis with these loads assuming elastic materlial properties
glves 0 = 98.0 ksl which indicates ylelding of the inclined reinforcing. & straln compati-
bility analysis considering inclined yielding would use the following modified loads:

F
v -3 82
Nvt Nvt 2 390 3 355.5 k/ft
Fa 9)
'o= -2 = - = 3
N, = Ny, -5 =702 - 34.5 = 667.5 k/ft (
Fy
L -——— = -— =
Vt Vt 3 108 - 34.5 = 73.5 k/ft
where F3 = Asi(.9fy) = 1.28%x54 = 69.0 k/ft
These modified loads applied to the cracked concrete element with p_ = 0 and 03 = ,9f

give the following:

Stresses: ol = 02 = 03

= 54 ksi; o, = -1.8 ksi; fC = -2 ksi (40)
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Crack angle: B = 45°
All reinforcing, except the compression inclined is at yileld (.9fy) with the strain
in inclined (3) being:

€y = € = .00366 in/in < .004 in/in

6. General Remarks and Conclusions

Reinforced containments have used inclined reinforcing for many years to resist tangential
shear. The amount of inclined reinforcing has varied depending upon the particular criteria
in use. The necessity of inclined reinforcing has not really been established and the future
ASME Sec. III, Div. 2 code change is conservative. Testing should be done to elther verify
the need for inclined reinforcement or provide information for the elimination of the
inclined reinforcement.

Prestressed containments will have two options in the future for resisting tangential
shear. The first is to provide enough prestress force so that principal tension is not pre~-
dicted due to all lodads in a load combination including earthquake, wind, tornado and ther-
mal. The other 1s to provide supplemental bonded reinforcing steel to resist loads 1in excess
of the prestress when considering load combinations which include earthquake, wind and tor-
nado.

Even with the inclusion of the proposed code changes, the design is very conservative
based on the following:

(1) Predicted seismic forces are very high and should constitute extreme upper limits.

(2) When considering seismic loads, the worst possible point in the structure is con-
sidered on an elastic basis and no redistribution of load is considered.

(3) The governing case is usually the factored condition of 1.25 accident pressure and
1.25 operating basis earthquake with a peak factored earthquake combined with peak accident
conditions which is highly improbable.
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Table I Summary Of Loads For The Three Containment
Types Near The Cylinder Base

Reinforced Containment Loads (k/ft)

Vertical Hoop Tangential Shear
1.0D -131
1. 25Eo 206 108
1. ZSPL‘1 351 702
1. OTa 75 75

Prestressed Containment Loads (k/ft)

Type 1 Type 2
Vertical Hoop Tangential Vertical Hoop Tangential
Shear Shear

1.0D -102 =122

1. 25Eo 193 101 232 121

1. 25Pa 351 702 351 702

1. OTa 75 75 75 75

1. OFe* -446 =702 -535 ~842

*Fe = effective prestress force at énd of plant life

Positive is tension and negative is compression.

N
vt
v
Idealized
Crack Pattern \
N\
\ \
\
4
3

45° 45°

Figure 1 Containment And Typical Wall Element
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Table IT Nomenclature

total concrete cross—sectional area

reinforcing steel in the inclined direction; will be oriented at

+45° to vertical for the criteria presented

reinforcing steel in the vertical direction

reinforcing steel in the horizontal direction

modulus of elasticity of concrete

modulus of elastilcity of reinforcing steel

index referring to direction in plane of membrane; thus: 1 = vertical;

2 = horizontal; 3 = inclined; 4 = inclined; I = maximum principal (largest
tensile); II = minimum principdl

loads in the horizontal direction other than earthquake; includes Pa, Fe and
Ta when applicable

maximum loads in the horizontal direction due to earthquake (Eo); will be
assumed as zero herein

loads in the vertical direction other than earthquake; includes D, Fe, Pa and Ta
when applicable

maximum loads in the vertical directlon due to earthquake (Eo)

modulus of elasticity ratio: Es/Ec

ratios of area of reinforcement in direction 1 to total concrete area of section
perpendicular to 1

an allowable shear force determined from the allowable shear stress Ve by

VC = vcbt where b = unit width of section; t = thickness of section

maximum tangential shear load due to earthquake (Eo)

angle between directions 1 = 1 and 1 = I

normal strain in direction i

normal stress in direction 1



