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Figure 3-2 Section of Segment of Shield Tank End Wall
used to Compare Edge Fixing Concepts
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Comparison of Deflected Shapes and Magnitude
for Simply-Supported and Built-In Flat Plates
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SUMMARY OF
DIFFERENCES IN DESIGN

- BY RULE
- BY ANALYSIS

- MATERIALS
- MANUFACTURING
- INSPECTION
- STRESS LI MITS

BY RULE - 3100

- BASED ON MAXIMUM STRESS VALUE

- SA: HIGHER FACTOR OF SAFETY
5/8 Y.S. OR 1/4 UTS

- SIMPLE ANALYSIS

- SIMPLE SERVICE CONDITIONS

- LIMITED DESIGN CONFIGURATIONS

BY ANALYSIS - 3200

- BASED ON MAXIMUM STRESS
INTENSITY

- SM: LOWER FACTOR OF SAFETY­
MIN. OF 2/3 Y.S. OR
1/3 UTS

- DETAILED ANALYSIS

- SEVERE OPERATING CONDITIONS

- NO LIMIT ON DESIGN
CONFIGURATIONS

Figure 3-5 Allowable Stresses for Design-by-Rule
& Design-by-Analysis Methods
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LOADING CONDITIONS

DESIGN

CONDITIONS

MAJOR CONCERN

WITH PREVENTION

OF CATASTROPHIC

FAILURE

OPERATING

CONDITIONS

MAJOR CONCERN

WITh FATIGUE

LIFE

Figure 3-6
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Two Main Categories of Loading Conditions
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OPERATING CONDITIONS

NORMAL EXPECTED DURING SECONDARY
AND OPERATION OF AND PEAK STRESS

UPSET THE PLANT FOR FATIGUE
i LIFE

LOW PROBABILITY.
EMERGENCY NO GROSS LOSS OF PRIMARY

STRUCTURAL INTEGRITY STRESSES

EXTREMELY LOW
PROBABILIlY . PRIMARY

FAULTED INTEGRITY AND STRESSES
OPERABILITY MAY

BE IMPAIRED

OVERPRESSURE PRIMARY STRESSES
TESTING TESTS FATIGUE LIFE

IF MORE THAN
TEN (10) TESTS

Figure 3-7 Operating Conditions
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OPERATING OR SERVICE LEVELS

NORMAL OPERATION SERYICE LEVEL AAND~

SE~VICE LEVEL 'A' AND 'B' LIMITS ARE PROVIDED TO
EVALUATE COMPONENT STRESSES AND EFFECT OF SYSTEM OPERATING
LOADS ON THE FATIGUE LIFE OF THE COMPONENT (FIGURE 6),

SERVICE LEVEL C OR EMERGENCY

THESE LEVELS ARE PROVIDED IN ORDER TO EVALUATE THE EFFECT
OF PLANT OPERATING LOADS ON THE STRUCTURAL INTEGRITY OF A
COMPONENT FOR SITUATIONS WHICH ARE NOT ANTICIPATED TO OCCUR FOR
ASUFFICIENT NUMBER OF TIMES TO AFFECT THE FATIGUE LIFE AND FOR
WHICH LARGE DEFORMATIONS IN THE AREA OF DISCONTINUITIES ARE NOT
OBJECTIONABLE. UNDER THIS CONDITION REACTOR IS SHUT DOWN AND THE
VARIOUS COMPONENTS ARE INSPECTED FOR DAMAGE AND THE COMPONENTS
MAY BE REMOVED FOR REPAIRS

SERVICE LEVEL D OR FAULTED CONDITION

THIS LIMIT IS PROVIDED IN ORDER TO EVALUATE THE EFFECT OF
PLANT OPERATING LOADS ON THE STRUCTURAL INTEGRITY OF A COMPONENT
FOR SITUATIONS IN WHICH GROSS GENERAL DEFORMATIONS, LOSS OF
DIMENSIONAL STABILITY AND DAMAGE REQUIRING REPAIR, EXCL~TIING LOSS
OF PRESSURE RETAINI~G FUNCTION ARE NOT OBJECTIONABLE,

REQUIRES SAFE SHUTDOWN. REACTOR AND COMPONENTs MAY BE A WRITE
OFF.

DESIGN AND TEST LOADS

SPECIAL LIMITS APPLY TO DESIGN AND TEST LOADS. BUT ONE CAN
CONSERVATIVELY CHOOSE TO APPLY SERVICE LEVEL 'A' LIMITS FOR THE
DESIGN AND TEST LOADS.

Desprocf.wrEigure 3-8 Definition of Service Level Categories
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SUMMARY OF OPERATING CONDITIONS
IN OLD AND NEW CODE

PRE 1974 CODE

LOADING CONDITION

DESIGN CONDITION

NORMAL OPERATION

UPSET CONDITIONS

EMERGENCY CONDITION

FAULTED CONDITION

TEST COND ITI ONS

POST 1974 CODE

SERVICE LEVEL

CONSERVATIVELY WE CHOOSE TO
APPLY LEVEL A

LEVEL A OR LEVEL B

LEVEL B

LEVEL C

LEVEL D

CONSERVAT1VELY WE CHOOSE TO
APPLY LEVEL A

Figure 3-9 Service Level Category Definitions before and after 1974
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Category General Membmne Local Membrane Bending

Description (For Average primary Average stress across Component of
examples'. s"ee Table stress across solid a ny solid section. primary stress
NB-3217-1) section. Excludes Considers dlscon- proportiona I to

discontinuities and ulties but not concen- distance from
concentra tions . trations. P[uduced centroid of solid
Produced only by only by mechanical section. Excludes
mechanical loads. loads. discontinuities and

concentrations.
Produced only by
mechanical loads.

Symbol P PL Pbm

I I I I I I
Combination of
stress Components
and Allowable

EfJ
Limits of Stress 8mIntensities.

P0- 1.51k
:.J

f
IpL + Pbl I. 51kUse Design Loads

Figure 3-10 Allowable Stress Intensities for Design Condition
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Figure 3-11 Allowable Stress Intensities for Normal
& Upset Operating Conditions
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Primary Stresses INote. 1 It 41 Seco'nd.ry Stresses (Note 11

Str.. c.tegory General Membrane Locil Membrane Bending Membrane It Bending Peek Stresses (Note 11

Onc:rlptlon (For examples Average n;lmlrv aU_ ~'!a!.!.\r.!!!ICross Iny Component of primary Self-equlllbraUng stress 111 Increment added to
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Figure 3-12 Allowable Stress Intensities for Level C Conditions
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-2 =load In strut 1-2

4/5 X F,., =P

g.
g,

i
J

1
&
~

f
I

3/5 X F,_, =F,..

Solution:

IF, =0:

I Fx= 0:

p

detail of corner joint

strut 1-3

--7

F,..=load in strut 1-3

slope ofstrut

L =applied load

p1n-jolnls

struts cany only tensile or compressive load

,
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R =support reaction p =support reaction

Figure 3-13 Simple Pin-Jointed Truss



F,.. = load In strut 1-8
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IFx=oandIF,IO
IIa

detail of comer Joint

?

4
slope of strut

F,.. = load in strut 1-3

F,., = load In strut 1-2

P=support reaction

L = applied load

struts carry only tensile or compressive load

R =support reaction

f
i

p1n-jolnts

Truss Is redundant because any strut can be removed and truss will still carry load

Figure 3-14 Redundant Pin-Jointed Truss
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ANSYS 5.3
AUG 15 1997
12;29;05
l'LOT NO. 9
E!..o£!.1ENT SOLtIT ION
STEP=1
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i CSINT {NOAVG}
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SMN =8522
SMX =59974

8522=14239
lliiIIIIII 19955
.. 25672
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_ 54257

59974

Figure 3-18
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Graphical Display of Stresses for a·
CANDU Reactor Structure
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ANSY5 5.3
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Figure 3-19 Graphical Display of Deflections for a
CANDU Reactor Structure
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