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I. INTRODUCTION AND GENERAL INFORMATION

A. Objective and Scope
It is the objective of this document to detail requirements presently
considered in the design and construction of reinforced and pre-
stressed concrete nuclear reactor primary and secondary containment
structures. These requirements are intended to ensure the contain-
ment meeting its functional performance objective. Safety, as
applied to containment, relates to the potential adverse radiological
affects on public health. Functional performance, as applied to
containment, relates to the structures capability, within specified
leakage limits, of preventing release to the environment any fission

products that may be dispersed within its atmosphere in the event

of a design basis accident.

It is specifically not the objective of this guide to supplant exist-
ing standards and codes. Throughout this document, wherever appro-
priate anddeemed applicable, standards and codes have been-referenced,
In general, engineering practice as set forth in existing standards

and codes, as augumented or amended by this document, shall be followed.

The provisions of this document apply to structures which, under
design basis accident conditions, are subjected to the following
environmental conditions:

a. Pressure - Ten to one hundred pounds per square inch (absolute)

b. Temperature - Minus twenty to plus 400 degrees Fahrenheit



The provisions of this standard are specifically directed to

structures cf cylindrical and spherical configuration and, to include

in specific instances, flat slab foundation or base construction.



B. Definitions and Notation

(Not available)




C.

Applicable Codes and Standards

In general, the provisions of ACI 318-63, Building Code Requirements
for Reinforced Concrete, and ACI 301-66, Specifications for
Structural Concrete for Buildings, will apply, unless specifically
superseded by provisions of this criteria., For the containment
liner, the provisions of the ASME Boiler and Pressure Vessel Code,
Section III as pertain to Class B vessels will apply unless

specifically superseded by provisions of this criteria.



II.

FUNCTIONAL REQUIREMENTS

A,

Operational Requirements

The structure shall be designed and constructed so that normal
operating loads as the result of nuclear power plant operations
shall not result in degradation of the structures load-bearing,

leakage limiting, or shielding design capabilities.



Fault and Accident Requirements

The structure shall be designed and constructed to withstand up
to and including its design basis accident in combination with

all operational and abnormal environmental loadings.



c.

Extreme Environmental Requirements

The containmen” structure shall be designed and constructed to
withstand all extreme environmental loadings im such manner

that these loadings will not be transmitted to interior components
of the containment essential to safe shutdown or impare contain=-

ment functional performance capabvilities,



D. Acceptance Testing and Inservice Surveillance Requirements

1. The structure shall be designed so as to permit structural

acceptance testing at design basis accident pressure at any

time during a plant life of fifty years.

2. The structure shall be designed so as to permit leaktightness
verification testing at design basis accident pressure at

anytime during a plant life of fifty years.

3. A capability for continued structural surveillance (inter-
mittent or continuous) other than full design basis accident

pressure shall be provided,

b4, A capability for continued leaktightness surveillance (inter=
mittent or continuous) at full design basis pressure of all

major potential sources of leakage shall be provided



I11. STRUCTURAL LOADS

A. Operational and Normal Environmental Loads*
The following loadings shall be considered a; simultaneous oper-
ational loadings and shall be combined in combination with other
loads to load factors as specified in subsequent sections:

Construction weight

fhell dead weight

Buoyant water loading

Snow loading

Structural live loading (Internal Compopents)
Structural dead loading (Internal Componénts)
Normal thermal#**

Differential settlement loading

Prestress loading*

Vacuum operatiog loading

*Designated OP

**Prestressed structures only.




and 2ident Loads*

1 1

The following loadings shall be considered as simultaneous design
basis accident or fault loadings and shall be combined in combination
with other loads d facte as specified in subsequent sections:
Design
Design

Concrete Transient**

- { 5™ v 11t 1P “ anA
Accident Vacuum Ioad

* Designated DBA

*%* Prestressed Structures Only.




C.

The following shall be considered as individual abnormal environ-
weatal loadings and shall be combined in cembination with and to

load factors as specified in subsequent sections:

Design Seismic
Design Wind Loading (100 year occurrence)

Abnormal Environmental Loads*
Design Flood (100 year occurrence) |
\
\
i
\
|

*Designated AE



D. Extreme Environmental Loads*

The following loadings shall be considered individual extreme
environmental loadings and shall be combined in combination with

and to load factors as specified in subsequent sections:
Tornado***

Tsungmikk*

Extreme Flood***

Maximum Earthquake**

*Designated EL
**Treated Under IV D2

*t*Treated Under IV D1




E.

Local Load Effects

The following loads shall be considered for isolated areas of the
containment in combination with other loadings as is appropriate

for the specific case:

External Missile Loading

Interior Missile Loading

Pipe Blowdown and Displacement Loading

Jet Impingement Loading

Dynamic Pressure lLocalization Loading




I¥. Liner Load Consideration

A. Operational and Normal Envircamental Loads*

The following shall be considered as simul*aneous liner operational
loadings and shall be applied within liner stress, strain, and

cycle criteria as specified in subsequent sections:

Construction Weignt
Shell Dead Weight
Buoyan” Water Loading
Normal Thermal

Creep Loading

Shrinkage Loading

Vacuum Operating Loading

Prestress Loading** : ¥

*Designated OF

.
*Prestresscd Structures Only




B. Fault and Accident Loads*

The following loadings shall be considered simultaneous design
basis accident or fault loadihgs and shall be applied within

liner stress and strain criteria.
Design Basis Accident Pressurex*
Design Thermal Liner Transient

Design Thermal Concrete Transientsw#

*Designated DBA

**Pressure load shall not be relied upon to help imhibit liner buckling effects.

***Prestressed Structures Only



C. Local Load Effccts

The following loads shall be considered for isolated arecas of the

appropriate for the specific case:

Hot Spot Loading

Pipe Reaction Loading
Jet Impingement Loading
Internal Missile Loading
Vibration Loading

Penetration Loading

i

|

|

\

|
containment liner but in combination with other loadings as is




Ve

STRUCTURAL AND LINER LOADING COMBINATIONS

A. Operational

C=1.0 op

Operational and Fault or Accident

C. Operaticnal and Fault or Accident and Environmental

"o ld OP + 1.25 DBA + 1.25 AE

and
D. Operational/Extreme Environmental

Ce 1.0 OP+1,0EE

C=1.0 OP + 1.0 DBA + EE (Seismic Only)



C.

Construction Coefficients

To allow for small adversc variations in material, strengths,
worimanship, dimensions, control, and degree of supervision
which, while individually witiiin either tolerance or the limits
of good practice, may occasionally combine to result in under-
capacity, the stress levels in the structure under designed
loadscombinations shall‘not exceed the allowable stresses

modified by the following factors (¢ values).

S
Prestressing tendons (underflected or undrapped) .95
Prestressing tendons (deflected or drapped) .90
Reinforcing steel in tension .95
Reinforcing steel in flexure or torsion .90
Reinforcing steel in compression .70
Fabricated structural steel : ¢« 90
Cancrete in flexure .90

Concrete in tension, diagonal tension, shear
and in anchorage zones .85



B. All Other Combinations

1. Concrete

c

\
\
\
i
Principal compressive stress K¢ i |
|
; Membrane and principal tensile stress (w/o reinforcement) {

|

Excluding thermal effects 3 ch-
—
Including thermal effects 6 | f.'
Bearing under tendon anchors o7 f¢'

2. Reinforcing Steel

Compression 93 £y
Tension .95 fy
3. Prestressing Steel o7 8" o2 .9 fay

-

whichever is smaller



g

V],

STRUCTURAL ALLOWABLE STRESS REQUIREMENTS

A. Operational Combinations
1. Concrete

Principal compressive stress
Membrane and Principal tensile
Stress (w/o reinforcement)

Under tendon anchors

Average bearing stress

2. Reinforcing Steel
Compression
Tension

Bond

3. Prestressing Steel

Due to jacking

Immediately after lock-off

After losses

0.45 Kfc'

: N
e

0.6 £', 3‘/___
Ab

)
but not greater than f.'

0.6 £'

.5 fy
3 £y

4.8 £
D A
but not greater than 500 psi

0.8 fs' or fsy

whichever is smaller

.7 £s8' or .9 fay
whichever is smaller

.6 fs' or .8 fsy
whichever is smaller



Vili.

Licer Allowable

Stress, Strain and Cycle Requirements

Liner strain permissible will be one-half of the strain permitted
by the fetigue requirements of the ASME Boiler and Pressure Vessel
Code, Section III, The DBA load shall be considered as a ten cycle
load, All other loads shall be considered at a realistic but '

conservative number of cycles,



VIII. Acceptable Analytical Procedures

A

B.

Initial Shell Sizing
Normal pressure vessel design calculations neglecting secondary
effects shall be permissible,
Design Analysis
General thin shell design procedures shall be acceptable for
ovefall shell areas, provided:

Consideration is given to secondary and thermal effects

The shell thickness to radius ratio is less than one-tenth,




IX. Structural Design

Ao

5.

Seismic Design
The applicant shall make a rigorous dynamic analysis of the
containment by the "spectral response” or an equivalent method,
With regard to use of the "“spectral response” technique the
fcllowing details shall apply:
1. The vertical companent (g-loading)
shall be considered, as a minimum, as Iwo-thirds
of the horizontal component,
2. The vertical =2~d horizontal effects shall be combined
to produce the worst effect stress wise in the structure,
3, Sufficient masses shall be assumed to accurately
describe the mass distribution of the structure in the analysis,
4, The following damping values will not be exceeded without
justification,
8. For the design earthquake
Prestressed concrete structure 2%
Reinforced concrete structure 5%
b. For the maximum earthquake‘
Prestressed concrete structure 2%
Reinforced concrete structure 5%
The response spectrum curve that will be used in the “response
spectrun® analysis will be as follows: |
a. For foundations on aluvium: El Centro (appropriately scaled)
|
|

b. For foundations in bed rock or relatively firm material:

Taft (appropiately scaled)




6., At least three modes of vibration shall be considered, 1If

7.

more than the first three modes of vibration contribute over
five percent, they shall also be considered,

The total loading on the strcctuwe shall be obtained by a
direct summation of absolute values rather than by a sum of

the squares addition of the modal participations,

)



Wind and Tornado Design

Wind load design will be based on the final report of the
ASCE Task Committee on Wind Faces (ASCE Paper No, 3269).
The design wind load at the site for a 100 year period

of recurrence shall be used (See Figure 1 (b) of the
report). The records, experience and specifi site
characteristic will be reviewed to insure that the basic
values as specified in the figure are not inadequate, The

designer shall specify and justify his selection of the

following parameters,

8) Wind velocity distribution as a function of height and plan

b) Gust factor,
¢) Drag and 1ift coefficients,

d) Dynamic pressure,

The tornaco mean annual frequency for the ome degree grid

square containing the proposed site shall be calculated

using the method of A.C.S. Therom, "Tornado Probabilities"

in the Monthly Weather Review, 91, Nos, 10-12, pages 730-736,

A minimum of twenty-five years shall be taken as the cale
culational basis, When the mean probability of a tornado
striking any given point in the one degree grid sauare containing
the site is equal to or grester tha 1 x 10’3. the plant

shall be designed for a tornado design wind of 300 mph

in accordance with the procedures of 6.3.3.3.2 and the

applicable design equations,




C. Zenetration Design

1.

2.

3.

Suitable cooling of penetrations will be provided to limit
penetration concrete temperature to less than 150°F,
Shear or tension anchors will be provided to resist
within allowables stresses all forces that may be transmitted
to the penetration through the piping system or cther
attachments,
The penetration shall be design to withstand the local
pressure buildup and jet iwmpingment forces resultant
from piping failure with the penetration,
Sufficient reinforcing steel shall be provided to:
8, In a pres}ressed structure, resist within allowable
compressive stress the stress concentrations caused
by the opening,
b In a reinforced concrete structure, to replace the
steel interupted by the opening and provide an orderly

lead transfer around it.

S. The penetration and any piping systems penetrating it "shall be

80 designed that failure of the piping system must occur away

from the liner-to-penetration leakage barrier,



D.

Large Opening Design

NOT AVAILABLE




NCT AVAILABLE




F.

External Missile Design

NOT AVAILABLE



G. Internal Missile Design

NOT AVAILABLE



H, Anchorage Zone Design

The anchorage zone under prestressed concrete stress heads

shall be investigated by the method of Guyon, Zielinski and
Rowe, or Sievers, Spalling and bursting stresses indicated
by the calculation shall be fully reinforced agsinst by

provision of mild steel reinforcement,




I. Foundation and Substructure Design

1, Piling

The piling will be designed for the following load

combinations:

8. C= 1,0 OP + 1,5 AE

b C= 1,0 OP + 1,0 EE

ce C= 1,0 OP + 1,5 DBA
Using these combinations the following limit stresses

shall not be exceeded:

a. Concrete
Compression 0,85 feo!
Tension 0

b. Reinforcing Steel
Compression 0,95 fy
Tension 0.95 fy

€. Structural Steel
Compression 0.§S fy

Tension 0.93 £y &

In addition, the connection of the pile into the base slab
shall be designed as a full moment resisting comrection., The
pile system shall possess sufficient ductility to absord a
differential displacement between base slab and pile tip of twice
the maximum ground movement due to the meximum earthquake, The

vertical seismic effect and the overturning movement due to the

horizontal seismic effect shall be considered together,




4 i

Pile capacity for compression, uplift and lateral loading
shall be verified to transfer the design loading into the soil
strata without non-linear displacement,

" 2. Rock Anchors

Rock anchor design shall be based, as a minimum, on the

following criteria: ¥,
a. Rock anchor pull is resisted solely by the pull of the rock,
b. The rock breakout angle will be considered as 45 degrees
from the vertical or less,
¢. The apex of rock breakout will be the mid=point of initial
(first stage) grout.
d. The rock core, the rock anchor bond development length, and the
grout ~-toe-rock shear strength shall be sufficient to develop
the ultimate strength of the coupled or attached tendon system,
e. The bond stress and rock shear stress assumed shall be equal
to or less than ac:ugl measured rock anchor test values by a
factor of safety of t;o.
f. At least one on-site rock pullout test will be ac;omplished
to verify the grouting technique; bond stress and shear stress
values assumed,
3. Mat Foundations
For mat foundations, a factor of safety of three with respect to

the total operational load and a factor of safety of two with

respect to the load combinations shall be required.

!




4, Differcﬂtial Settlement!

5.

The settlement of thc containment structure in relation to
its surrounding facilities (turbine building, auxiliary building,
etc,) shall be egnalyzed, Sufficient flexibility shall be designed
into piping and wiring and other connection runs to ensure
functional performance 65 vital syetems under such settlement,
The possibility of foundation liquefication shall be investigated
through the media of dynamic testing when sandy deposits are
present in the substructure foundation strata., Such tests will not
be required, however, if the critical void ratio is not approached
or exceeded and the standard penetration vdlue of the strata is

N = 30 or greater.




Js« Corrosion Protection

1. Concrete Cover Requirements
Base Slab, Bottom Bars
Base Slab; All Others
Base Slab; Prestressing Ducts
Cylinder; Qutside Bars
Dome; Qutside Bars
Cylinder; Prestressing Ducts
Dome; Prestressing Ducts

2, Cathodic Protection

A soil resistivity survey shall be made at the site.
When the mean soil resistivity at a site falls below

20,000 ohmecentimeters cathodic protection shall be

provided,
3.

Lw

300

a»
3
3
"




A. Liner Plate Design

The applicant shall tabulate all loads that will be considered
in the design of the liner, th. number of cycles considered
for each locad, and the stress range for each load cycle,

A fatigue analysis in accordance with Section I1I, ASME
Boiler and Pressure Vessel Code shall be made, Strain and
cycle allowables for individual loads shall be one<half the
corresponding valucs in ASME Boiler and Pressure Vessel Code,
Section III, The permissible usage factor shall be less

|

|

X. Liner Design Details
than ,3,
|



B. Anchorage Design

f 1, Steel Anchor Design (Stud Anchors)
é 8, Minimum required length shall be nine times the shank
! diameter,
b. Maximum stud diameter permitted shall be twice the plate
I thickness,
¢ The anchor shall be designed to resist the full shear
load caused by maximum plate outeof-round, maximum
plate yield strength variation and hot spot temperature
d., The stud anchor shall be shown to develop adequate
ductility to be capable of absorbing random failures
without loss of anchor performance or breach of liner
integrity
2, Steel Anchor Design (Channel Anchors)

NOT AVAILABLE
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C.

Detailing Requirements

Particular design attention will be given to the following

areas with the view that the leakage limiting function of the

liner will not be neglected by poor design detailing. The following

details are of special concern:

1.

2,

3.

b

S5e

Verification of leaktightness of liner weld seams permanéntly
embedded in concrete,

Transfer of load carrying reinforcing steel through the base
slab.

The strain absorbing capability of the base slab-cylinder limer
junction or "quarter-round,"

Transfer of crane and other loadings through the liner at
brackets,

Transfer of liner strains into and around penetrations,




D.

Insulation

Where liner insulation is employed the following will be

required:

1,

2,

EN

be

5.

The insulation shall limit mean liner temperature rise to

no more than 2°F to the time when the design basis pressure
is a maximum,

In making steady state and/or transient heat flow calculations
the change in conductivity due to long range humidity effects
and the compressibility effect because of pressure and
temperature change during design basis accident conditions
shall be considered,

The material shall be capable of withstanding periodic
compression under structural acceptance test loading
throughout its 1life,

Insulation material to include required adhesives an‘ joint
fillers shall be chemically and physically compatable with
the liner plate and insulation sheet covering utder all
conditions within containment, 3 '

The permeability factor shall be such that the humidity

effect shall not cause deterioration of the material,




Al.

Materials of Construction

A. Concrete Materials

NOT AVAILABLL
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Z. Strand Materi:




D. Prestressing Hardware Materials

Anchorage assemblies for unbonded prestressing tendon units

shall meet the following performance requirements:

l, Assembly efficiency of not less than 95 percent at two

percent wire failure,

2. Full sized unit elongation under miximum curvature
of two per cent at two two per cent wire failure,

3. Verification of dynamic performance without two per
cent wire failure at twice the maximum stress range
&énd twenty times the total cycles at g calculated
mean stress level and for a cvclic total including all
cycles except earthquake and design basis accident,

4, Verification of dynamic performance without two percent
wire failure at four times the maximum stress range
(under the critical load combination) for ome thousand
cycles and at thé calculated mean stress level at which

this critical loading (in combination with DBA) is

calculated to occur,
The tendon anchorages shall be capable of developing the ultimate
strength of the tenden (as determined by testing of strand or wire
samples) without exceacing the yield strength of the anchorage
hardware, Howerwe, if each tendon anchorage is proofeloaded to
tendon ultimate strength prior to installation, the tendon anchorage
may be designed for an ultimate strength of no less than 1,2 times

the ultimate strength of the tendon,



E« Sheathing and Corrosion Inhibiting Materials
Sheathing shall have a Brinel (or equivalent) hardness value
of not greater than 200, When corrosion inhibiting materials are use

their properties shall be fully demonstrated as heving acceptable

general application, In addition, all corrosion inhibiting materials

shall be verified as free of chloride, sulfide, and other
substances of possible deieterious effect on prestressing wire

or strand,
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Cozerete Construciioan

1.

Cozcrete shall be sarpied end tested during coastruction in

‘&ccordance with ACI 316-53 end the ACI 301-66 to ensure coxpliance

with the design specifications. All sampling and testing shall be

performed by an independent testing laboratory not in the exploy

of or in any way affilizted with the conteinment comstruction
contractor. Tae testing laboratory shall subrit the recults of
ts tezting to the or-site exgizecr represecting tae owzer.

It shall be the responsidility of the ownmer asting through his

on-site exgineer to exsure taat ell comstruction specifications

have beer echieved. Iz edditior to the requirenents referenced

be
above, the following requirezents shall/met:

@. The d2sign mix shall e sush thet the average twenty-eight day
compressive strengis will not te less thaan the ¢ mpressive
strength specified iz the design plus two times the standard
deviation of the design rix. The stendard deviation of the
design mix should mot exceed 750 O pounls per sgquare inc“. Waen-

ever field test samp.os indicate tzet this strexgih 45 not

being met, the mix s2z2ll be adjusted.

b. A mipimum of three test groups per cay or ome test group for

each seventy-five dubic yaris of comerete placed per day, i
wihichever is greater, shall be takexn during each day of coa.retv
placezezt. The method of cylinder comstruction shall conform
to ASTH C31. Laca test group should bde camprised of & minimur

of four test specimens.




T.

One cylinder fror ool st sioup teioa shall be tested at

‘.

three days. Cre eylirder from er.i test group shall be tested
8% seven days. The rezaining cylinders shall be tested et
twenty-eight or ninety days. Ta percentage of threc-day and
seven-day compressive strecgth specimens below the specified
three day and sever day desiga strength should not exceed twe:ty
and ten perccnt, respectively. If any of these limits be
exceeded, the on-site eczineer shall direct the mix to be
readjusted to place it back within the limits specified es (a)
above.
Sluzp tests should te made at rendor with & minimuz of onme
test for each ten cubic yards of coancrete placed and one test
on eaca comerete batch used for test eylinders.
In ; ae event thel ccrerete is placed during freezing weather
(with proper protection), an edditiozel cylirder saould be made
for each test group, cured uzder the same copditions as the part
of the structure waich is repre exted, arnd tested at sever dayss
Woere latoratory tests of the cured cylindars indicate ,that the
‘
structural concrete does not meet the specified strength at
twenty-eizht or zirety days, the oz-site engizeer shall:

1) ReqQuire adjustr=zt of the mix to izerease its strenzth
% v o 2

(2) Require additiozel tests of specimens cured under the
existing field cozditicns,

(3) Require improvisd procelures for pro tecting thae cozcrete, as
peeded, and

() Regiare at leas:
<l

each merber or area of
poteatially deliciex

If the cores mentiozed in £(4) ebove fail to verify that the

conerete strength is ic excess of 110 percect of its regiired



B.

comprecslve ctren;ts, tne on-szite exginser shall require recoval

and repracezent of tie

Where reinforced or prestressed concrete is comsidered ia the
design bacis accident to provide shielding, dersity control

samplirg siculd be frequently axd routinely undertaken during
the comstructicrn. Two sets of samples per day is recormended.

Testing procedures should be in accordance wita ASTM £138.

In use of cement grout, particular citention shall be givesn to
its oompositiozal cozircl. Iz particuler, grout mixing water
sbell be limited to less than fifty prz chloride ioz and shell
generally be free ;f other deleterious substances such as
organics. Control of grout sarinkage shall be given particular
ettention. The "Tezvative Becormended Prectices for Grouting

Post-tensioned Cozncraete" will be focllowed.

5]

Reinforcing Steel Construction 1

The steel reinforcing bar quality corntrol tests specified by the
spplicable ASTM specificatioz for reinforiirg for mormal cozstrusticn will
e8pply. In adlition, bezd tests and tersile tests shell be conducted et
the comzstructioz site or at the fabricators shop (testiag or reinforming
bar stock prior to bending is acceptatle). Ome of each type of tast

shall be made for each size of reinforcing bar 4in each heat of material.

Unmargsd reizforcing bars of tze 50,000 psi grade will not be permitted
where less than cazplete heats of materials are purkhased from the

zaufacturer's plath.

For reinforcing bar strength splicing, sufficient initial testing will




be conducied to insure that thc v2licizg nmethod proposed will develop

the required strenztia.

Splices will be made by qualified splicing crews that have been

Qualification tested before meking production splices. All splices

will be subjected to visual examiretion and randomly tested to destxzuction

according to the followinz schedule for each position,.bar size, and
grade of bar:

Two out of the £ st ter splices

Four out of the mext burdred

Two out of the mext ope huzdred and subsequent ozne hundred splices.

£

As & minizmun, oze-half c¢f the tested splices snall be takezn froz the
structure itself.
Prestressing Installatior ard Control
l. Wire azd 3trend
Zech reel of prestressing wire or strand shall be testéd in
accord with ASTY Specificztion AklS or A«2l, as eppropriate, under
tbe direct surveillazce of a representative of the owner. Iz
addition, where button keziing is employed, ¢ upons will Te cut
from eack end of each recl el as button heads and tested in
tension to destructioz. TFor reel asceptance, the buttomaeszd test
must verify that the wire develors its minirun tensile strecgth and
hat rupture of the wire occurs prior to button head rupture.
Eaca size of wire from eaca mill heat and stzznd from each

zmazufactured reel to de siipped shall be essigred ar izdividual lot

cunber acd tagzed iz & manrer 90 25 to enable sccurate job site and/or

fabrication shop idanfificatiox.
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Waen BORV anchoraze acrdwere is ised esch aachor ?ssembly
shall be tested for correct herdnerss, thrvad dimensio;fl conpliance
and hole dimensional compliance. ‘Mg cut g - buttoshezded vires
snall be within é;/l6 inch of specified lensia. Buiton heeds shall
be checked at randon for dimensionzl and spiit tolerexnce. ’

As additional presiressing hardware coacs iato gemerzl use,
further gquality control reguirement will be developed that relative
to the hardware.

As additional &ssurence of productior terdons meeting
performance requirenents, two tendons using the production fabricetion
procedures and of & minizum five foot length shall be tested to
destruction. Iz addition, vhere curvature is involved in the
tendon systex layout, at lcast one additicnel tendor assenmbdly will
be tested to destruction on the maximum curzature dexmarnded iz the
design. \

Prestressing

All jacking devices utilized sbould khave incorporated a skrvicesble
load ceil accurage to five pircent. The calibration of the Jjecking
devices should be verified by the ox-site testing laboretory prior
to prestressing operations and et weeily intervals thereafter during

the prestressing.

The on-site exgineer ghould maintair full records of all tensioaing
opersticns to izclude actual measured exteasions of each tendon as
verified by the inspactor spproving the temsionirgz, the hydraulic
pressure gege or load cell readings at each acchorage at each stage

of tersioning and the amount of pull-in at each anchorage.

.



For & pizimun of one perczut ol tae totval tendops at randox, the
on-gite ecagineer should recguire pickup of load by rejacking and
verificatiopr that the decign load 223 been achieved.
5. Lizer Coastructicn
<. Lizer Plate Comstructioz

Liger plate material prorerties shall be under continuous
surveillacce., COne tensicz, one berd, and one komogentity test
shall be made of each liner plate as rolled. In addition, impact
testing of each plate in acvor‘~*ce vith ASTM 300 shall be
accomplished for liner plate for reinforced conrsstie structures.
All testing will be oonducted under direct surveillance of a
represectative of the owner.

Iizer plate butt welding shall be of the full penpetration,
multipass type. A mizimuz of two percent spot radiography shall
be accamplished. Iz alddition, for twventy percext of the plates
welded, a coupon of plate zmaterial shall be attached, welded and

\
the wveld rur incorporated irto tae coupon. The coupon will then
be cut out, radiographel and bend axi Charpy tested. Tae plate
welding skall, also, be one-hurdred percent visual and vacuuz box
tested. Dye peretrant or mzgnetic particle inspection shall be
used to closely examirze ell welds jJudgzed to be of questionslle
quelity on tie basis ¢z initial visual izspection.
2. Liper Aaxchorage Comstruction

Detailed welding procedures and personpel trainizg shall de

acconplizhed prior to start of liner attechment welding. The

Welding procedures shall be gualified by using metallographic

exanination, bend, and tezsion tests es well as visusl standards.
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At begicning of cpcraiion for stuéd attachment welding, each
welder shall be reguirei to make threce welds at actual locetion on
test plates. These weldzeats chall be bext to ninety degrees in
ope directicr and the veld arcas observed for fractures. Oue out
of each nine of thesc test plates shall be sectioned longitudinally
and observesd for dornd, hezst affected zoze, and weld. In addition,
mill check tests and chextzal control tests under the surveillance
of the owzer shall be recuiréd of each heat of stud stock material.
Eabh production heet (where studs ere used) shall be tensile tested
and visually inspected. Any stud not showing & full 360° weldment
shall be struck with & hammer and bent 15 degrees opposite the lack
of weld. g

Construction Inspection

All field construstior reletzd to erectior of the contairment structure
should be accomplisned witkh the on-cite presence of a licensed
professional enzineer who was directly associated with its design. Io
addition, each eite of formwork c#:s: cvion; reianforcing and/or
prestressing steel placexecxzt; coserete betehing; and contrete placemént
and curing should te under tne direct iaspectioz of a coxpetext imspector
responsible only to the oz-site ezgizeer. In the performaxce of their
izspesitan duties, the on-site ergiveer and his ianspectors should assure
that the comstructios plazs and specificatiozs are met. They should be
guided by the recomzended practice set fortk inm the ACI Manual of
Concrete Iaspectioz, the ACI Staudard Specificatioz for

Contrete for Buildings, aud otaer periizext referexces.

The on-site engineer shall keep & record of the quantity acd quality

of concrete materials; the mixing, placizg, and curing of concrete;



tae plecizg of reinforein; cucel cad vire straud; acd the sequeace of

cn record that all consirucilon has been in corformance with the desigu
drawinvs and specilicetion. Where deviations ere observed, they should

\
1
!
|
|
\
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erection anl compection of piceust membars. He shall daily certify
!
|
bes noted 12 his daily repors:. i

When tbhe texperature falls below 5°F or rises above 90°F, er edditiocnal
record of temperatures &xd the protection given to the concrete waile

curing should be mainteined.

Records of irmspection as referred to in the above paragreph should be
kept evallable during progress of the cozstruction arnd permaneztly
tnereafter iz the files of the owzer. Taey should be made available,
if requested, to the regulatery suthotity heving jurisdictioz at the

site.

Where deviaticas are observed wiich, iz the judgmeant of the on-site
. engiceer, could affect the aa;lzty of the strutture to zmeet its designed
functional performance, the oz-site exginesr should stop the cozstruction
until the poted deviatioz Iz corrscted. Waere any observed de"‘ tiozs
ere left uzcorrected, & writiez aralysis signed axnd bearing the seal of
th2 engizeer responsidble to tae owner for the design should attest to
tie fact that the uscorrected deviatioz will, in feet, not limit the

gtructure in achieving its designed functiozal perforzance.

-l
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acceplince test pressurc be Lept below a2 level where unecceptable
liper tensile strecsec are developed iz the strusture.
Performazce Prediction

Prior to acceptance testing the designer shall have developed
i2 detail, using the sane analysis tecanigues thet ke has employed
in the design, the strains axd overall deforztiions iz the structure
and liner under acceptance test cozditions. Ia addition, be shall ha;e

estinmale czack size, spacing, and pattern.

Instrumentetion and Testing

When a gezeral structural conceprt is beirg used for the first

time, a detailed imstrumentetion progran

developed. Areas

orlc)
o,

8. liper streirs ia

-

b. Lizer strains

Y o

c. liper strains

arousd larze
d. Overall diametral end lonzit

at leeast two meridioral

e. Reirzforcing bar strains

structure and around typical

that will be monitored

at tysical pen

2or tae structure shall de

w21l indlude:
yiiadzy, base, and resctor suzD.

etrations a-d ddiscoxtinuities.

axes.

udipal growth of the structure on
et gezeral locations tarouzbout th
v
.
opezipgs exd penetratiozs.
of <ce mejor load carrying systems

f. Tendon loed changes iz each
(Prestressed
g. Displacexezt aand rotation o

a.

S $a

base ~cyclinder Junctiozn

Masw

Cracking patierns in arses vaere significant concrete teasile

stress is predicted to occur.

- <
desizgn

Wbea the structural

all aspects except minor voriast

the instrumentation program may dbe reduced consider

is identical to a previous desizn

ions dlameter, heizht, ard opering size,
abhly. In such




eases gezmeral iedormiliziol icasurumants of 4he overall siructure
and lurge openiags shall be coasidersd as adequate conforzstion that

the structure nas been constructed in accord with the iztent of the

design.
-
2. leaxtightness Asccptecce Te2sting

Leaktightness acccrztance testirg will consist of two phases, an
-t & - J

iciticl coxponent leextigntioss phase and an overall leckiightness phase.
i In the initiel phase th: lecktigitoess of all ipdividuel peneiration
i
i essemblies and limer sexn welds shell Te verified. Subseguezntly iz thae

secord phase, it shall e reguired thet ax integrated leakage acceptence
test be conlucted at desigu tasis ascident pressure.
C. Imservice Strustural Surveillance
Neacsures sc2ll be provided for continued long term verification of
structural perlormance. A copability to repeatly acceptance test, the

shructure at iztervals

O

£ 2o less thaz once a year shall be a mendatory
capability of &ll structural coacreve contalmzents. For reinforced
congreti structures, the initial perlormmcace of the stiucture et reduced

Jressures, particularly ths
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ifled for future les vigatpess
testizg, shall be made a matter of record durisz the faitial ascéptance

Testing puase. Subseguent overall lecutightzess testing shall izelude

Aaibida

menitoring of structural copedility end sufficient izstalled izstrucen-

tation shall be provided %o schicsve this purpose.

P
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For ungrouted prestrecced exi particlly prestressed cozerete coztaircents,

the maiz presirsssing elemezts of ungrouted systezs shall be moaitored

S

for loss of prestress and onset corrosion. Far grouted sysiazs, repeated

~-0

wructural eccepiaxce tesilng et five ycer iptervals et desizs basis

accidert pressure shall be mazdatory or will be contimucusly monitored



