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1.0 ~Pur ose

The purpose of this procedure is to verify that the following points are

complied with during the initial power ascension:

a) Those safety-related piping systems subject to significant thermal

expansion and/or thermal anchor motion during power ascension

respond in accordance with calculated deflections.

b) Piping systems meet the acceptance criteria described in
section 4.0.

c) Adequate piping clearances are maintained.

2.0 ~Sco e

2.1 Hot defiection measurement wi11 be conducted only for that piping
identified in Section 2.2 and on the pipe stress analysis isometric
drawings listed in Appendix A. All other piping outside
containment, subject to ALARA considerations, will be subject to a

visual walkdown.

2.2 The piping systems within the scope of the walkdown that will have

their thermal defections recorded are:

2.2.1 Main Feedwater fr om the G-Line anchor to the Steam Generator

2.2.2 Main Steam

2.2.2.1 Main Steam from the G-Line to the Steam Generator

2.2.2.2 Safety-related portions of Steam Generator Blowdown

2.3 For convenience in performing the walkdown of piping described in

Section 2.2 the analyses are grouped into the walkdown packages

listed in Appendix B.
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3.D ~Rtblllt
3.1 Engineering is r esponsible for the following activities:

3.1.1 Providing the pipe stress isometric and sets of thermal

displacements corresponding to the latest revision of the
analysis.

3.1.2 Assisting General Construction as required during the
walkdown.

3.1.3 Resolving any problems between calculated movements and

actual movements.

3.1.4 Final review and acceptance of each Power Ascension Walkdown

Package and all associated Power Ascension Walkdown Problem

Reports.

3.2 The Stress Walkdown Team Leader is responsible for interfacing with
Startup Team, meeting the requirements of this procedure, assuring
that all measurements are taken, and that problems, if any, are
resolved prior to leaving a given power level.

4.0 Acce tance Criteria

4.1 Piping systems as described in Section 2.1 will be deemed acceptable

for thermal expansion if the following criteria are satisfied.

4.1.1 The piping system and related or attached components should

not be restrained against thermal expansion during the test
except by design intent.

4.1.2 If the piping system is supported by spring hangers, these

should not become extended or compressed beyond their working

range during the thermal expansion of the piping.
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4.1.3 If the piping system is restrained by snubbers, these will
not become extended or compressed to the limits of their
total travel, or bound-up due to the swing angle during the
thermal expansion of the piping.

. 4.2 For piping systems wher e actual deflections are to be recorded, the
measured deflections will be reviewed against the calculated
deflections and should fa11 within the shaded acceptable range of
the graph in Appendix C.

4.2.1 It is not the intent of this procedure, nor is it required,
to verify during this test the movements predicted by the
analysis for every point in the system. Instead the above

objectives will be accomplished by monitoring pre-selected,
strategically located snubbers, spring supports and rupture
restraints and/or by visual observation of piping
clearances. These pre-selected points are as noted on the

pipe stress analysis isometrics (see Appendix A).

4.3 All exceptions to the acceptance criteria shall be documented and

reconciled by Engineering (Refer to section 5.3.1.4).

5.0 Procedure

5.1 Prior to the beginning of Power Ascension for piping whose

deflections will be measured, the walkdown packages will be

assembled and the following efforts completed:

5.1.1 Data points will be chosen that can be used to monitor the
overall behavior of the piping system.

5.1.2 Directions of displacement to be measured at each data point
will be determined and marked on the stress analysis
isometric.
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5.1.3 Expected displacement at the data points will be calculated
in the localized directions to be measured. These

displacements will be recorded (to the nearest 0.1") on

Attachment 3 under "Calculated Deflection".

5.1.4 The "Cold Position" will be measured (to the nearest 0.1"),
recorded on Attachment 3, and signed off on Attachment l.

5.2 Prior to walkdown activities at a given power level, the system's

temperature will be held constant for a minimum of 60 minutes. This

will allow thermal transients to decay, ensuring that the piping
system is at steady state temperature.

5.3 The following work will be completed at each of the power levels

(3Ã, 50%, 75K, and 100K ). In addition, a walkdown of the main

steam piping outside containment wi11 be performed before ascension

above 5% power with NRC participation. A modified version of the

cover sheet will be used to document this walkdown.

5.3.1 For piping whose deflections will be compared to the

calculated deflections the following activities will be

performed.

5.3.1.1 The "Hot Positions" will be measured (to the nearest

0. 1"), recorded on Attachment 3, and signed off on

Attachment 1.

5.3.1.2 In the course of recording data for Section 5.3.1.1,
the entire piping system shall be observed for
compliance with the criteria listed in Section 4.1.

5.3.1.3 The "Measured Deflection" will be determined and

compared with the "Calculated Deflections" using the

acceptance chart in Appendix C.
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5.3.1.4 A Power Ascension Walkdown Problem Report

(Attachment 2) will be used to document any cases

where measured deflections do not satisfy the
acceptance criteria and/or where interferences
occur. The problem resolution section will be

completed by a Malkdown Team Member.

5.3.2 For piping that will be subject to only a visual inspection,
the plant will be walked down area by area (i.e., 85'E-GW).
Certain areas, based on ALARA considerations, need not be

walked down.

5.3.3 The Walkdown Team Leader will notify the G.C. Startup Team of
the completion of walkdown activities at each power level.

5.4 At the completion of Malkdown activities the Malkdown Team Leader

will indicate Final Engineering Acceptance by signing the Power

Ascension Walkdown Cover Sheet, as well as each associated Power

Ascension Walkdown Problem Repor t in the designated space. Upon

acceptance the Walkdown Team Leader shall transfer completed

6
Malkdown Packages to Project Engineering File 146.155.

6.6 ~W1kd 6 k

The walkdown package shall be assembled and completed as follows:

6.1 The Power Ascension Walkdown Cover Sheet, Attachment 1, will be

completed to indicate the piping system description and analysis
numbers (see Appendix B), the completion of the walkdown for each

power level, and final acceptance by Engineering.

6.2 The stress analysis isometrics will be included.
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6.3 The Power Ascension Piping Deflection Sheet(s) (Attachment 3) will
be completed. The Calculated Deflections and Cold Positions will be

entered prior to Power Ascension (Section 5.1). Hot Positions will
be entered during heatup (Section 5.3), and Measured Deflections

will be calculated from the cold and hot position data.

6.4 One copy of each Power Ascension Walkdown Problem Report will remain

as part of the package.

6.5 Applicable computer runs and hand calculations made prior to and

during Power Ascension will be included in the package. This

information will be listed in calculation MP-1065.

7.0 Documentation

7.1 All Walkdown Packages will be filed under file number 146.155.

7.2 Because the calculations performed to generate the anticipated

thermal movements are not "design" calculations, an approving

signature is not required.

8.0 ~Eui ment

The engineering personnel performing this walkdown shall be provided with

or have access (as required) to the following:

a) scales

b) binoculars
c) safety belts
d) flashlight
e) . required forms

f) gloves

g) pyrometers
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9.0 References

9.1 Startup Test Procedure No. 40.0

9.2 Operating Procedure No. L-1

10.0 ~ddi

10.1 Appendix A - List of Pipe Stress Analysis Isometrics to be included

in the Power Ascension Walkdown

10.2 Appendix B - List of Walkdown Packages

10.3 Appendix C - Piping Displacement Acceptance Chart

11.0 Attachments

11.1 Attachment 1 - Power Ascension Walkdown Cover Sheet

11.2 Attachment 2 - Power Ascension Walkdown Problem Report

11.3 Attachment 3 - Power Ascension Piping Deflections
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List of Pi e Stress Analysis Isometrics to be
nc u e n e ea u a own

Iso. No. Title

1. 1-100

2. 1-101

3. 1-102

4. 1-103

5. 1-104

6. 1-105

7. 1-106

8. 1-107

Steam

Steam

Steam

Generator
Generator

Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

4 Blowdown Inside Containment

1 Blowdown Inside Containment

1 Blowdown Inside Containment

2 Blowdown Inside Containment

4 Blowdown Inside Containment

1 Blowdown Inside Containment

1 Outlet Inside Containment

2 Blowdown Inside Containment

9. 1-110

10. 1-111

Steam Generator 3 Blowdown Inside Containment

Steam Generator 1 Blowdown Outside Containment

ll. 1-112

12. 1-113

13. 1-1 14

14. 1-119

15. 1-120

16. 1-121

17. 2-100

18. 2-101

19. 2-102

20. 2-103

21. MS-1

22. MS-2

23. MS-3

24. MS-4

25. FWl -4

Steam

Steam

Generator

Generator

Steam Generator

Steam Generator

Steam

Steam

Generator

Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

2 Blowdown Outside Containment

3 Blowdown Outside Containment

4 Blowdown Outside Containment

2 Outlet Inside Containment

3 Outlet Inside Containment

4 Outlet Inside Containment

2 Feedwater Supply Inside Containment

3 Feedwater Supply Inside Containment

1 Feedwater Supply Inside Containment

4 Feedwater Supply Inside Containment

1 Outlet Outside Containment

2 Outlet Outside Containment

3 Outlet Outside Containment

4 Outlet Outside Containment

1-4 Feedwater Outside Containment

0234B/0160P-9
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List of Walkdown Packa es

Malkdown

~packa e ~Anal ses Descri tion

2-1 02

2-100

2-101

2-103

1-106

1-119

1-1 20

1-1 21

1-101, 1-102, 1-105

Steam Generator

Containment

Steam Generator

Containment

Steam Generator

Containment

Steam Generator

Containment

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Steam Generator

Containment

1 Feedwater Supply Inside

2 Feedwater Supply Inside

3 Feedwater Supply Inside

4 Feedwater Supply Inside

1 Outlet
2 Outlet
3 Outlet
4 Outlet
1 Blowdown Inside

10

12

14

15

1-103, 1-107

1-110

1-100, 1-104

1-111

1-112

1-113

Steam Generator 2 Blowdown Inside
Containment

Steam Generator 3 Blowdown Inside
Containment

Steam Generator 4 Blowdown Inside
Containment

Steam Generator 1 B1owdown Outside

Containment

Steam Generator 2 Blowdown Outside
Containment

Steam Generato~ 3 Blowdown Outside

Containment
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List of Walkdown Packa es

Walkdown

~Packs e Analyses Descri tion

16

17

18

19

20

21

1-114

MS-1

MS-2

MS-3

MS-4

FW1-4

Steam Generator 4 Blowdown Outside

Containment

Steam Generator 1 Outlet Outside

Containment

Steam Generator 2 Outlet Outside

Containment

Steam Generator 3 Outlet Outside

Containment

Steam Generator 4 Outlet Outside

Containment

Steam Generator 4 Feedwater Outside

Containment
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Power Ascension Walkdown Cover Sheet

Power Ascension Walkdown Package Number:

Piping System Description:

Analysis Numbers:

Cold Position Measurement - By:

a e

a e

Power Ascension Walkdown - By:

30%
a e

Problem
Report Numbers

ate

Date

75K

Date

Date

lOR
Date

Date

Date

Engineering Acceptance

a e
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Power Ascension Walkdown Problem Report

Power Ascension Walkdown Package Number:

Piping System Description:

Problem No.:

Analysis Number of Piping Where Problem is Located:

(list only one)

Describe Problem:

Temperature: Power Level:

By:
ate

a e

Resolution:

By:
ate

Engineering Acceptance

By:
Date
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Power Ascension Walkdown Pi in Deflections

Power Ascension Walkdown Package Number:

Description of Test Condition:

Power Data Direction Cold Hot Measured Calculated
Level Point of Position Position Deflection Deflection

(%) Deflection (in) (in) (in) (in)
Remarks

0234B/0160P-14





PGandE Letter No.: DCL-84-164

ENCLOSURE 6

LICENSE CONDITION 2.C.(ll), Item 6

"PGandE shall conduct a review of the "Pipe Support Design
Tolerance Clarification" program (PSDTC) and "Diablo
Problem" system (DP) activities. The review shall include
specific identification of the following:

(a) Support changes which deviated from the defined PSDSTC

program scope;

(b) Any significant deviations between as-built and design
configurations stemming from the PSDTC or DP

activities; and

(c) Any unresolved matters identified by the DP system.

The purpose of this review is to ensure that all design
changes and modifications have been resolved and documented
in an appropriate manner. Upon completion, PGandE shall
submit a report to the NRC Staff documenting the results of
this review."

PGandE ACTION/STATUS

A program has been established to demonstrate that the DP and PSDTC programs,

and their implementation, have not detracted from appropriate resolution and

documentation of all design changes and modifications. The program consists
of two components; one addresses DPs and the other PSDTCs.

DP Program

The DP program was originally established to facilitate and expedite the

handling of questions or requests made by the construction department to the

engineering department. DPs served as a means to status and track such

questions and requests. This program was separate from and not to be used in
lieu of the engineering design processes controlled by engineering manual

procedures in accordance with guality Assurance Program requirements.
I
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To verify that the DP program for pipe supports has been conducted properly,

all DPs issued prior to August 10, 1982, were reviewed to identify those ,

associated with piping and pipe supports. The August 10, 1982, cutoff date

has been established based on the results of the NRC inspection and review of

the DP issue which concluded that adequate procedures were in place by that
date for control of DPs. 3097 DPs were issued during the time period being

reviewed. To date, 1041 of these DPs have been reviewed of which 298 are

related to piping. The majority of these DPs clearly do not contain

inappropriate design information and typically either make reference to the

appropriate design change document or merely provide schedule or other

non-design information. To date only 52 DPs have been identified which

contain information that should have been transmitted by a formal design,

design change', or other means allowed by the guality Assurance Program.

Included in this count are a number of DPs for non-seismic Category I
installations which will be eliminated by further review.

Each DP containing design-related information will be investigated to assure

that the associated installation is acceptable. One of the following
disposition categories will apply:

a. The information contained in the DP is also provided by a

drawing or other document which is part of the formal

design/construction process.

b. The design associated with the DP has been superseded.

c. The information contained in the DP is supported by

calculations or data provided in accordance with the guality
Assurance Program.

To date, 25 of the 52 DPs have been reviewed and, in all cases, documentation

has been identified which demonstrates compliance with l}uality Assurance

Program requirements for design control. The results are considered

preliminary until checking, now in progress, is complete. The review of the

remaining DPs is scheduled for completion by Hay 14, 1984.

0973d 2
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PSDTC Program

The PSDTC program was established to allow minor pipe support design changes

to be made by a qualified pipe support engineer located at the construction

site, providing design criteria were not violated. In all cases these changes

were included in the as-built drawing of the support and the as-built drawing

was subsequently reviewed, checked, and approved under the formal engineering

process. This program was addressed in detail in PGandE letter DCL-84-131

dated April 4, 1984, pages 37 to 39.

To verify that this program provided designs which are properly documented to
comply with the design criteria, regardless of the magnitude of the design

changes, approximately 1100 small and large bore pipe support design changes

of the 15,000 design changes allowed by the PSDTC program were reviewed to
identify the more significant design changes. Based on the judgment of the

reviewer, 40 of the most significant design changes, involving 20 small bore

and 20 large bore supports, were selected for further, more detailed review.

The nore detailed review was made to verify that:

a. The change made under the PSDTC program was included in the
as-built dr awing.

b. The appropriate calculations associated with the drawing

were updated to show qualification of the change as part of
the as-buil t acceptance procedure.

The review is complete. All 40 changes were found to be incorporated in the

drawing and qualified by the associated calculations. Attachment 6-1 lists
the '40 supports and provides a brief description of the changes.

0973d ~0 3 0
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ATTACHMENT 6-1

Lar e Bore Pi in

S.R. HANGER CALC. REV.
NO. T.C. NO. NO. NO. NO. REASON FOR CHANGE

INCORPORATED IN
CALCULATION

1-1 401 3

1 -1 4329

1-14432

1-14006

1-14704

384-304R

92-9R

99-224R

15-60SL

92-1 55R

6 1-1 4496 100-1 03R

7 1-1 4881 63-35A

S4220

S1165

S5391

S4960

S6285

S5988

A-147

R-5

R«5

R-1

R-0

Str uctural Interference
Structural Interference
Provide Welding Access

Redesign to Suite Valve Body

Provide Access to Equipment

Rebar Interference
Structural Interference

Yes

Yes

Yes

Yes

Yes

Yes

Yes

8 1-14562
9 A-14627

10 1-14577

11 1-14558

12 1-1 4463

13 1-14847

286-70R
56S-155R

86-84R

286-74R

1033-1 4SL

1033-1 4SL

S5724

S-6164

S-6257

S-5728

1-1 63

R-2

R-1

R-1

R-2

R-5

I-1 63 R-5

I -1 63 R-5

S-6255 R-0

16

17

18

19

20

1-13810

1-1 4581

1-1 451 6

1-1461 7

1-1 4591

15-255L S1587

56S-157R 561661

84-103R S6254

1032-196 I-126

1032-135L I-175

R-3

R-1

R-6

R-3

14 1-14842 1033-14$ L

15 1-1 4502 86-1 04R

Redesign to Suite Valve Body

Structural Interference
Space Limitations
Structural Interference
Structural Interference

Structural Interference
Structural Interference
Interference with Expansion

Joint
Space Limitation
Rebar Interference
Interference with Grating
Space Limitation
Interference with FW Lines

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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ATTACHMENT 6-1 (cont'd)

Small Bore Pi in

S.R.
NO.

HANGER

T.C. NO. NO.

CALC. REV.
NO. NO. REASON FOR CNNGE

INCORPORATED IN
CALCULATION

1 1-13870

2 1-1 481 8

3 1-4820

4 1-14850

5 1-14980

6 1-1 4940

7 1-14936

8 1-114935

9 1-14943

10 1 -1 4948

11 1-14947

12 1-14021

13 1-14849

14 1-14173

15 1-14580

16 1-14294

17 1-17749

18 1-14061

19 1-14026

20 1 -1 4036

84-74

2161-19

2161 -1 9

2161-19

FP S-337

FP S-337

FPS-337

99-437

99-437

99-437

99-437

55-6

2155-82

2155-255

21 65-55

2161-50

94-23

98-22

2179-235

72-89

MP-422

HP -1 549

MP-1549

MP-1549

MP-388

MP-388

l1P-388

MP-1137

MP-1137

MP-1137

HP-1137

HP-216

HP1732

MP290

MP1700

HP1322

MP732

HP1720

MP1684

HP1397

R-5

R-2

R-2

R-2

R-3

R-3

R-3

R-4

R-4

R-4

R-4

R-3

R-2

R-5

R-1

R-3

R«4

R-2

R-2

R-3

Structural Interference
Mater ial Availability
Base Plate Problems

Space Limitation
Material Availability
Provide Welding Access

Rebar Interference
Welding Problem

Minimum Edge Distance

Base Plate Size

Welding Problem

Rebar Interference
Structural Interference
Structural Interference
Equipment Interference
Welding Problem

Structural Interference
Interference with L.B. Support

Welding Problem

Structural Interference

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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PGandE Letter No.: DCL-84-164

ENCLOSURE 7

LICENSE CONDITION 2.C.(ll), Item 7

"PGandE shall conduct a program to demonstrate that the
following technical topics have been adequately addressed
in the design of small and large bore piping supports:

(a) Inclusion of warping normal and shear stresses due to
torsion in those open sections where warping effects
are significant.

(b) Resolution of differences between the AISC Code and
Bechtel criteria with regard to allowable lengths of
unbraced angle sections in bending.

(c) Consideration of lateral/torsional buckling under axial
loading of angle member's.

(d) Inclusion of axial and torsional loads due to load
eccentricity where appropriate.

(e) Correct calculation of pipe support fundamental
frequency by Rayleigh's method.

(f) Consideration of flare bevel weld effective throat
thickness as used on structural steel tubing with an
outside radius of less than 2T.

PGandE shall submit a report to the NRC Staff documenting
the results of the program."

PGandE ACTION/STATUS

(a) Mar in Normal and Shear Stresses

Normal and shear stresses due to warping of open sections in torsion is a

consideration treated in many technical references and industry
publications. In most structural applications where wide flanges are

used, warping effects are small and therefore not considered in the design
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, calculations. Other shapes, including "I" sections, could have a larger
contribution from warping and, therefore, should be considered. (")(2)

There are three considerations in the pipe support design at Diablo Canyon

that tend to mininize the significance of the warping phenomena:

o The predominant use of wide flange sections rather than "I" sections

or other sectional shapes having a lesser capacity to restrain
torsional loads.

o The pipe supports are designed to use standard size members and a

stiffness criteria that, in most cases, assure that the member

stresses will not be the critical factor in the strength of the

support.

II

o Small bore supports typically use angle or square tube section

material that are not subject to warping.

(1) The AISC Commentary to Section 1.5.1.4.5 states for warping:
"The combination of formulas (1.5-6a) or (1.5-6b) and (1.5-7)
~rovides a reasonable design criterion in convenient fom."
'Fornula (1.5-7) is a convenient approximation which assumes the

presence of both lateral bending resistance and St. Venant torsional
resistance."

(2) The AISC Manual further states:
"Torsional analysis is not required for routine design of most
structural steel members."
8th Edition, pg. 1-109.
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Small Bore

To quantify these effects for the Diablo Canyon pipe supports, warping

bending and warping shear stresses are being evaluated for small bore pipe

supports analyzed by STRUDL as described in Enclosure 1. The Project will
assess the significance of these effects for the previously reviewed

supports that have not been re-reviewed for these effects. If these

effects are found to cause modifications, then they will be considered for
the remainder of the supports; otherwise, the evaluation of these effects
will be terminated.

The results of this evaluation will be reviewed with the NRC Staff and any

additional required action will be established at that tine.

Large Bore

A random sample of 200 large bore supports will be selected. The sample

will be reviewed to identify those supports having significant torsion in
open sections. Those supports will be reviewed utilizing the data

contained in Project Instruction I-55 (Attachment 1-1 to Enclosure 1) to
determine the normal stresses due to warping. The warping shear stresses

will also be calculated and included in the evaluation.

The results of this review will be discussed with the NRC Staff and any

additional action will be determined at that time.

(b) Differences Between AISC Code And Project Criteria

The so called "differences" between AISC and the Project criteria using

the Australian data, references 1, 2, and 3, with regard to allowable

stresses of angle sections in bending do not really exist. The Project
design criteria on this topic are in compliance with the AISC code. The

use of the Australian paper is for the applications where specific
guidance is lacking in the Code. In fact, AISC not only recognizes the
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limitations of the Code but also suggests special investigation by the

engineer. This position has been addressed in two previous responses to
the NRC on the same subject (for convenience excerpts from these

submittals are included as Attachment No. 7(b)-1 and 7(b)-2).

Our understanding of the Staff's concern involves the AISC's position on

the Australian data and the appropriateness of its application. To

address this, two pieces of additional information are provided as

Attachments 7(b)-3 and 7(b)-4. PGandE believes that the AISC's positive
and supportive position has been reflected in these two attachments.

Attachment 7(b)-3 is a reprint of the Australian "Safe Load for Laterally
Unsupported Angles" published in the official Engineering Journal/AISC,

First (}uarter, 1984. The AISC's position is summarized in the editor'
note to the reprint. The editor stated: "The AISC Specification and

Manual offers limited direct design criteria for such members." The

reprint of the paper "is in response to the many inquiries AISC has

received on the subject." The editor also mentioned the Australian papers
"have often been referenced in the past to provide requested design

guidance." Thus, it is PGandE's belief that AISC has allowed the use of
the Australian paper for design of angles in bending. Attachment 7(b)-4

is a copy of a handout from an AISC presentation showing further
endorsement of the Australian work.

The editor cautions the user about the difference of allowable shear

stress between the Australian specification and the AISC specifications,
and suggests the allowable bending stress to be 0.6 Fy, instead of 0.66

Fy, where Fy is the yield strength. Project design criteria meet these
requirements.

The staff has expressed a concern about using the L/t 1inits given in the
Australian paper if the allowable bending stress is reduced from 0.66 Fy

to 0.60 Fy. The sketch below shows that as the allowable bending stress
is reduced the L/t limit increases. It should be noted that the theory
developed in Attachment 7(b)-4 recommends a L/t limit of 300.
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There are additional reasons why the L/t limit of 270.is conservative as

explained below:

o The L/t limit of 270 (or 300) is derived from the bending about the

major principal axis. This is the loading case in which the angle is

most vulnerable to buckling and is generally not the direction of
loading in pipe support applications. In pipe support design, the

main loading is generally applied in the direction parallel to one of
the angle legs. For such cases, the L/t limit may be as high as 990

and 690 for a B/t ratio equal to 6 and 16, respectively where B is
the length of leg. However, the L/t limit of 270 is applied to all
angle bending load cases in this project. This allows an additional

implied conservatism.

o All of the L/t limits derived in the Australian papers and used in

the Australian testing are for uniform bending moment along the

entire beam. Again, this is the most critical lateral buckling

condition and generally does not exist in pipe support application.

Based on the foregoing, it is concluded that the AISC supports and

recommends use of the Australian paper. Project design criteria meet or

exceed the requirements set forth in the Australian paper and the AISC.

Therefore, PGandE believes the Project criteria on bending for angle

sections are satisfactory and acceptable.
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(c) Lateral/Torsional Bucklin Under Axial Loadin of An le Members

Lateral buckling for axially loaded angles is considered using the

requirements of the AISC Code. In the commentary to the AISC Code,

torsional/conpressional buckling is discussed. AISC acknowledges that for
singly-symmetric shapes (e.g. angles) with large width-to-thickness
ratios, column buckling could occur by twisting at loads smaller than

those associated with general column buckling (i.e., that addressed in
Section 1.5.1.3 of the AISC Code). AISC references a paper by A. Chases

and G. Winter (reference 1) for further information.

The Chases and Winter paper states that axial buckling can occur by

twisting in thin wall open sections due to their low torsional stiffness.
Structural angles generally do not fall into this category. The Chges

and Minter paper provides a method for evaluating the torsional
compression buckling stress of equal leg angles:

Fy = G(t/a)

F~ = critical torsional buckling stress
G = shear modulus

t '
leg thickness

a = leg length

Using this equation for angle sizes covering the range used at Diablo

Canyon, the critical stress is always above the yield stress. Thus,

torsional buckling is not a governing mode of column buckling and does not

need to be considered in pipe support design.

For reasons discussed above, lateral/torsional buckling under axial

conditions is not a concern in the DCP design of pipe supports using angle

members.
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Thin-Mailed Menbers", Journal, Structural Division, ASCE, ST4, August,

1965.

(d) Inclusion of Axial and Torsional Loads Due to Eccentricit

In order to facilitate the modeling of a pipe support structure in a

computer program, in many cases the centroidal axis of two overlapping
members are assumed to be intersecting. The joint at the overlapping
members (angles for example) is accomplished by welding the intersecting
legs. together:

GEhl~l

This welding locally stiffens the angles and, as a result, they act more

in unison, thereby reducing the effect of not explicitly including the
eccentric ity.

The generation of axial loads due to lack of consideration of eccentricity
is, in general, inconsequential. This will be considered, however, along

with the torsionally induced loads as follows:
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Small Bore

As discussed in Enclosure 1, approximently 50% of the remainder of the

small bore calculations are currently under review for this issue. This

is an explicit issue that will be addressed for each design calculation
during this review. The results will be docunented and discussed with the

NRC Staff and any additional work activities will be determined.

Lar e Bore

As discussed in paragraph (a) above, 200 large bore pipe supports selected

at random will be reviewed for any eccentric conditions not specifically
included in the computer model. Where this condition is found, the

support will be reevaluated to account for the eccentricity. The results
of this review will be documented and discussed with the NRC Staff. A

determination will then be made as to the necessity for further action.

(e) Fundamental Frequency By The Raylei h Method

All supports will be r eviewed to identify cases where the Rayleigh method

of determining the frequency may not have approximated the dominant

frequency with sufficient accuracy. The Rayleigh approximation, in
general, used a deflected shape proportional to that caused by gravity
loads. This approach provides sufficient accuracy with only a few

exceptions. The most notable exception is a simply supported beam with an

overhang. This, and other cases where the adequacy of the Rayleigh method

may be questioned (such as cases where the deflected shape due to gravity
has significant reverse curvature), will be identified in the review.

Where necessary, reanalysis will be performed.
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(f) Flare Bevel Weld Effective Throat Thickness

The Project criterion for design of pipe support flare-bevel welds to tube

steel used 2.0 t as the tube steel corner radius when determining the

effective throat thickness of the weld. The adequacy of the DCP criterion
was addressed in PGandE letters DCL-84-083, DCL-84-141, and DCL-84-153.

As described in these, letters, site inspections confirmed that the tube

steel corner radii are, in fact, 2.0 t (or slightly larger). The

technical issue, the size of the weld effective throat, was resolved by

perfoming weld tests which showed the effective throats to be larger than

required.

In sunnary, the DCP flare-bevel weld designs have been shown to be

appropriate and conservative.
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ATTACHMENT 7(b)-1*

NC uestfon: The NRC has raised a question about angle-shaped structura1
ers egatfon No. 95 from SSER 21).

~Res ense

In this response, the following symbols are used.

List of Symbols

Length of angle leg

Thfckness of angle leg

Length of span

Nfnfmum Yield Strength

bfs width of Compression Flange

In small bore pipe support design, angle-sectfoned beams are frequently used
for structural members because of the small loads typically encountered in
small bore piping.

Angle sections were used at Diablo Canyon prior to the verification program.
Nere modifications to existing supports were made during the verification
program, structural tubing was often substituted for the original angle
section.

The criteria for the use of angles as laterally unsupported beams subjected to
bending forces were based upon evaluations initiated fn 1977.
Project-specific criteria were required because the AISC Manual ef Steel
Construction (Ref. 1) does not provide guidance for ang1es with latera11y
unsupported spans greater than 76.0 bf/Fy. The term 76.0 bf/Fy is the
allowable span for an unbraced length of a member not meeting the requirements
of Section 1.5.1.4.6a of Reference 1. However, these criteria were developed
for I beams and not specifically for angles. Reference 1 does not provide
criteria for laterally unbraced members greater than 76.0 bf/Fy. The lack
of specific guidance fn this area has been recognized fn the literature (see
Reference 2). However, AISC recognizes that special investigations are
necessaiy'or angles wfth laterally unsupported spans greater than 76.0 bf /
Fy. This fs indicated on page 2-21 of Reference 1 where a statement fs
provided which explains the use of angle load tables. The statement fs as

follows:

*Excerpt from PGandE Letter No. DCL-84-046, dated February 7, 1984.
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'The tables are not applicable for angles 1aterally unsupported
or sub)ected to torsion; for such «embers a special
investigation is

necessary.'ecause

the AISC did not coipletely address the design of laterally
unsupported angles, PGandE performed a literature search $ n 1977 to determine
$f other fnformatfon vas available vhich would be adequate to set criteria.
In late 1977 ft vas found that extensive testing of laterally unsupported
angles loaded fn bending had been performed $ n Australfa. Lfterature which
describes the testing, findings, and recoamendatfons has been prevfously
provided to the NRC staff (Ref'erences 3, 4, and 5).

In the Australian tests, various sf res of angles vere characterized by
different B/t ratios. Angle sections with 8/t ratios between 6 and 16

(Reference 5) have been tested. The «a)ority of angles at Diab1o Canyon fa11
within this range. The only angles at Diablo Canyon Not falling fnto this
rance have B/t values less than 6. However, at this end of the range (beams
vfth B/t less than 6 are less slender) the data can be used conservatfve1y
since the net effect fs to allow an increase $ n jcceptable unbraced lengths.
Based on the tests and comparison to structural theory, simple formu1as were
developed fn Reference 5 for use fn the design ef laterally unsupported ang1es
fn bending using several different aethods of load application.

For a11 the various angle sections and load cases investigated, Reference 4

recaanends that an allowable bending stress of 0.66 Fy «ay be used ff L/t is
less than 300. The Diab1o Canyon Project Design Criteria M-9 limits the
«axfmum bending stress to 0.6 Fy and a «axfeum L/t ratio of 270. These limits
used at Diablo Canyon fall within the recommendation of Reference 4 and are
therefore acceptab1e.

References
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1973, The Institution of Engineers, Australia.

3. B. F. Thomas and J. M. Leigh, The Behavfour of Laterally Unsupported
Ang1es BHP Melb. Res. Lab. Rep. MRL 22/4, December 1970.

4. J. M. Leigh and M. G. Lay, Laterally Unsupported Angles with Equal and

Unequal Legs. BHP Melb. Res. Lab. Rep./ MRL 22/2, July 1970.

5. Safe Load Tables for Laterally Unsupported Angles, Australian Institute of
Stee1 Construction, September, 1971.
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ATTACHMENT 7(b)-2*

dihedral angles less that 60o, calculations are performed to ensure

that the weld qualifies as a partial penetration weld with the proper

throat reduction. This reduction is in accordance with the requirements

of AISC and AMS.

69. Pullman Power Products procedur es reference the PGandE specification to

which pipe supports are to be installed and the codes to which the weld

, procedures specifications (MPS) are qualified. For the MPS which are

qualified, it is not necessary, and inappropriate for Pullman gC to

inspect the welds to the AMS Dl.l pr equalified joints. The weld

procedure specification, ESD-223, and the design drawings contain

everything needed to inspect the welded joint. Flare groove welds are

inspected in accordance with the requirements of ESD-223.

It is not, necessary for Attachment I of ESD-223 to provide limitations

for the minimum dihedral angle for intersecting structural shapes. The

limitations on the dihedral angle would be governed by the design

drawings used. Throat adjustments are reflected in the weld design

calculations. The calculation adjustments have taken into account the

effect of skewed dihedral angle rather than perpendicular connections,

and have considered that acute angle connections will not have complete

fusion to the weld root, due to possible slag inclusions.

XY. It is alleged that:

The second Stokes DR stated that angle menbers were
two-to-three times too long for the allowable bending

; stress standard used under the AISC code. The angles
could buckle under pressure. One hundred frames of 300
checked contained violations. (Stokes, 11/17/83, pp. 17
and 18)

*Excerpt from PGandE's answer in opposition to Joint Intervenor's Motion to
augment or, in the alternative, to reopen the record, dated March 6, 1984.
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The M-9 computer ana1ysis for angles omitted the relevant
provisions of the American Institute of Steel
Construction (AISC) code for allowable bending stress,
contrary to licensing connitnents. (Stokes, 1/25/84,
Tr. 15-21)

71. In paragraphs 71 thru 78, the following symbols are used.

List of Symbols

B ~ Length of angle leg

t Thickness of angle leg

L Length of span

Fy ~ Minimum Yield Strength

bf ~ Ndth of Conpression Flange

72. The criteria for the use of angles as laterally unsupported beans

subjected to bending forces were based upon evaluations initiated in

1977. Project-specific criteria were required because the QSC Manual

of Steel Construction (Ref. 1) does not provide guidance for angles with

laterally unsupported spans greater than 76.0 bf/ ~Fy. The tern 76.0

b f / ~Fy is the al 1 owabl e span for an unbr aced length of a member not

neeting the requirements of Section 1.5.1.4.6a of Reference 1. However,

these criteria were developed for I beans and not specifically for

angles. Reference 1 does not provide criteria for latera11y unbr aced

bers'greater than 76.0 bf/~y. The lack of specific guidance in

this area has been recognized in the literature (see Reference 2).

However, RISC recognizes that special investigations are necessary for

angles with laterally unsupported spans greater than 76.0 bf/ ~Fy.

This is indicated on page 2-21 of Reference 1 where a statement is
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provided which explains the use of angle load tables. The statenent fs

as follows:

"The tables are not applicable for angles laterally
unsupported or subjected to torsion; for such nenbers a
special investigation fs necessary."

73. Because the hISC did not conpletely address the design of laterally

unsupported angles, PGandE perfomed a literature search fn 1977 to

deternine if other infarction was available which would be adequate to

develop crfterfa. In late 1977 it was found that a theoretical solutfon

to the design of laterally unsupported angle beans was available. The
V

theory had also been verified with extensive testing. The theory and

the testing were conpleted fn Australia (Reference 3, 4, and 5).

74. In the Australian tests, various sizes of angles were characterized by

different B/t ratios. Angle sections with B/t ratios between 6 and 16

(Reference 5) have been tested. The najorfty of angles at, Diablo Canyon

fall within this range. The only angles at Diablo Canyon not falling

into this range have 3/t values less than 6. However, at this end of

the range (beans with Bit, less than 6 are less slender) the data can be

used conservatively since the net effect is to allow an fncrease in

acceptable unbraced lengths. Based on the tests and conparfson to

structural theory, sfnple fornulas were developed in Reference 5 for use

fn the design of laterally unsupported angles fn bending using several

different nethods of load application.

75. For all the various angle sections and load cases investigated,

Reference 4 reconnends that an allowable bending stress of 0.66 Fy nay





be used if L/t fs less than 300. The Diablo Canyon Project Design

Criteria M-9 1 inits the aaxinum bending stress to 0.6 Fy and a naxfnun

L/t ratio of 270. These 1fnfts used at Dfablo Canyon fall Mfthin the

reconnendatfon of Reference 4 and are therefore acceptable.

76. OR 83-042-S, wrftten by Mr. Stokes, questioned the acceptabf1 fty of

certain unbraced angle nenbers because the unsupported spans of those

menbers are greater then 76.0 bf/ fp per section l,g 1, 4,6b of

77.

Reference 1.

It should also be pointed out that the lS pipe supports fdentfffed in

the DR 83-042-S as discrepant have been revfewed. All of the angle bean

spans are found vfthfn the Project Design Criteria.

78. It fs concluded that the Project Design Crfterfa on the design of

laterally unsupported angle beans has adequately covered the length

greater than 76.0 b<g ~F.
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XVI. It is alleged that:

The third Stokes DR stated the distance between the
center of Hilti bolt holes was not verified as the same
length required and specified on the drawing. gC had
measured the distance between the centers of pTates
attached to the bolts whereas location of the bolts fs
supposed to be control for the location of the plates.
As a result, Mhole packages could be in the wrong
location. (Stokes, ll/17/83, pp. 18 and 19)

79. The capacity of a concrete anchor„ bolt is a function of the bolt length

(embedment), bolt material, and concrete strength. Anchor bolt capacity

relates to a shear cone of concrete originating at the end of the anchor

bolt embedment. This cone projects at a 45o angle to the surface. If
two anchor bolts are placed close enough together that their shear cones

overlap, some of the strength of the anchor bolts may be lost. The 10d

(bolt diameter) criterion between anchor bolts was established to assur e

this would not occur.

80. All shell type anchor bolts on Diablo Canyon have an embedment of less

than five bo'It diameters. Since the anchor bolt center lines are ten

bolt diameters apart, the shear cones can never overlap. Hence the

anchor bolts retain their full capacity. The capacity of nn anchor bolt

is determined by test. The test for a shell anchor is normally
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ATTACHMENT 7(b)-3

ae oa or aera nsu O e n eS

Editor's Note: This article is reprinted in its entirety,
without revisions, with the gracious permission oj the
Australian Institute ofSteel Construction, Ilis in response
to the many inquiries AISC has received on the subject of
Iaterallyunsupported angles. The AISC Specification and
Manual ogers limited direct design criteria for such mem-
bers. Relevant Australian research reports and publications,
primarily this article, have often been referenced in the past
to provide requested design guidance.

7hz reader should note that the load tables were prepared
in conformance with the Australian Specification which does
not necessarily correspond to the AISCSpecification (i.e.,

. see shear requirement). In addition, some ofthe angle sizes
shoum may not bc readily available in the U.S. However,

the tables provide a quick rational estimate ofangle bending
capacity. References on the theoretical and experimentar
behavior and recommended design oflaterally unsupported
angles are listed at the end ofthe article and may be obtained
from AISC headquarters.

In addition, a convenient rule of thumb based on the

Australian research that may be appliedin angle design jo-
flexure is to simply use an allowable bending stress, Fb =
0.6F>, with appropriate serviceability deflection limit.
Avaiksble evidence indicates tha( laterally unsupporte

'racticalangle sections in bending experience excessive

deJlections prior to any lateral buckling and, therefore,' "
be governed by deJlection limitations rather than buc]-
ling.

An Explaretion of the Tables

J. M. LHGH, B. F, THOMAS AND M, G. 1AY»

INTRODUCTION

The tables are based theoretically on the constant mo-
ment case and use a maximum permissible stress of
0.66F„,'here F„ is the mainial yield sttess. However,
for short spans the loads ase reduced where necessary to
ensuse that the maximum permissible shear stresses given
in Ref. l are not cxcccdcd. The safe loads are applicable
for applied loads within half a leg length on either side

of the shear centre (Fig. I). The method by which th ~

load is obtained is described under "Calculation of Safe
Loads." The safe load shown in the tables is the uni-
folmly distributed load which causes a maximum bend-
ing moment equal to the critical constant moment. This
conversion has been made to correspond with the AISC
(Australian) Safe Load Tables. Safe loads are given for

Force parallel to SHORT leg

tables valid tor
this loading area

Force parallel to LONG tag

tab4s valid tor
this loading area

a

ahsar centre *sar contre

Fig. 1. Acceptable land locations

e Thc'uthors, toho also computed the tables, are oJIicers ojthe Melboirrne Research Laboratories ojthe BHP Co. Ldd.
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NO~CLATURE

C

F

Fy
G

KT
L
M

Mo

M

P

P'

s

vv
vv',Y

Z
e

y
Oa

Oma

5

length of tho shorter ang4 4g as defined in Fig. 1 (actual leg

length - 2)
cef}tfoid location

maximum shear stress

yield stress

modulus of rigidity
St. Venant torsional constant

length of span

moment

total moment, iw appted moment plus moment component due to
the dead weight of the beam, calculated about the appropriate log

component of the total moment IMel about the VV axis

applied load

uniformly distributed toad

lenlh of longer ang4 leg as degned in Fig. 1 factual leg length -
>)

shear centre location

applied torque

major principal axis

major princ pat axis of the b}ritted cross~on
minor principal axis

ITllnofpflnopat axis of the twisted cross~Ion
axes through the centroid parat4f to an angle leg of the twisted
cross~ion
section modulus about the sane axis as Me

section mod ukn about the XX axis

load occo tr4 ty
weight of beam in gs} x}ch length

thickness of ang4 leg

deflection of the shear cw}tre in the U dkection

deflection of the shear centre in tho V direction

deflection of the these txntre in the X direction

deflection of the shear contre ingw Ydkection
nominal stress found from o ~ ~

~ 7
actual maximum secdon stress

deflection
coefficients used in equation 8
the algebraic sum of component twists

~ng4 between XXand UU axis

CALCULATIO!t}jOF SAFE LOADS

The design relationships for angle beams obtained in Ref.
5 have been used to determine the value of the equivalent
uniformly distributed load which produces a maximum sec-

tion stress of 0.66F„. Iterative methods have been used to

steels with nominal yield stresses of 36 and 52 ksi.
In addition to loads, the tables give the associated

loading plane deflection of the beam. The deflection is

indicated in smaller type directly beneath the correspond-

ing load value.
For cases where the moment on a beam is not constant

across the span, the tables give conservative estimates

of the load carrying capacity as the constant moment case

produces the most critical lateral buckling situation.3 The

same constant moment basis is used for the lateral buck-

ling rules of AS CAI.'l

locate the value of this load from an initial approximation
of

M, frZ, (l)
where tr is the nominal applied stress Z'he section m~
ulus and M, the total applied moment about some common
axis, aa.

For'mall angles of twist, the nominal applied stress, fr„
and the actual maximum section stress, fr, are related

by

Hence for

fr, = 0.80 fr (2)

fr = 0.66 Fy (3)

ere m 0.528 Fy (4)

Thus, the initial approximations, using the relationships
for Z, from Ref. 5, are:

1

Unequal Angles—Force direction parallel to short leg

B't(B + 4g)
6 (B + 2{?)

(5)

Force direction parallel to long leg

Q't ({? + 4B)
M, = 0.528F„ (6)

Equal Angles

B't
M 0 528'7)

For small angles of twist these expressions give the actual
value of the safe load direcdy. However, large angles of
twist modify the value of the maximum stress in the section
with consequent changes in its load carrying capacity.

Studies in Ref. 6 have shown that the effects of loads
located within half a leg length of the. shear centre (Fig. I)
are negligible for the load ranges considered. For loads

outside these limits the designer should use the procedures
on Refs. 5 and 7.

The maximum stress in the section can be found from:

lg M,
X~ + kq$q} (8}

(B+ {?) t

where values of h, and hz for each unequal angle section,
regardless of r, are given in Table l.
For all equal angles, h, = 1.0 hg tA

The value of tI}ris the algebraic sum of the twist du» to

nonprincipal axis loading,s the initial twist and all applied
torques. The first two are usually negligible for the situa-

tions covered by the tables.s The initial twist value assumed

from studies in Ref. 5 is

4f;~ ~ 0.436 x l0 eL radian (9)
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Force Oerailer to

~hort leg

g Oo)it«e

Force sltalkr to
long leg

ot Foe))i»e

8ai
ea 3)i
8 a gk
Sa3
ix3
3)i s3
3)i a 2)i
3a2%
3a2
2)i a 2

1Ag M276
1.73 WWl
1A2 M280
187 M.263
1.32
1.16 M.KS
1.38 M283
1.18 M.303
1.60 M273
123 M.288

0.731
0.672
0.763
0.682
0,792
0.878
0.766
0.858
0.726
0.831

OA22
0.462
OAos
OASO
0.382
0.363
OAOs
0.368
O.in
0.378

F o arr eqwi angt) X, ~ 1.0 X)» Q

The twist due to the applied torque 7'is given by TLIGHT>
where G is the shear modulus and Er the torsion constant.
In assessing the va)ue of T the tables include the effect of
eccentricity of the beam self-weight and of applied load P
rc)ative to the shear centre.

A force parallel to one of tbe angle legs may be oriented
to produce either tension or compression at the leg, tip. The
influence on the load carrying capacity of the orientation
of loading varies with the loading condition. For angles
subjected to loads in the short leg direction, Ref. 5 shows
that the effect of reversing the load orientation is negligible.
For loads in the long leg direction the tabulated values are
chosen for the worst case and the maximum variation be-
tween load orientations is 6%.

AS CA1'tates that the maximum shear stress F> in a

mernbcr sha)l not excccd 0.45 FF and hence the shear stress
limitsg g are:

Force parallel ro shan leg

F„= —+ —~ 0.45 F
3P Pgr
4BI 4K

00)

Force parallel ro kng leg

3P PBr
F, ~ —+ —)c 0.45F

4X,

V'here it is the shear stress limitation thai governs, the
tabulated )oads ae based on this and are indicated as those
to the left of thc heavy bro) en hne in the tab)es.

'Ihe theoretical predictions given above and used in for-
mu)ating the taNes have been confirmed by an extensive
test series on Iatera))y unsupported

angles.')EFI.ECTION

EQL'hTIONS
'Ihe exact aplroach to this prt)b)em wou)d involve the so-
lution of a set af coupled partial differentia) equations fo.
a variety of boar)i)ary conditions. The prob)em does no!
v arrant the time involved in utilizing such a solution. A
simplified anag~ based on an extension of &st order the.
ory is used to Sad the maximum loading p)ane deflectior..

The total aug)e of twist (Qr) is computed and the scctio
rotated through this angle while the applied moment M,
retains its origina) direction (Fig. 2). The applied moment
is then resolved into components about the closest rotated
axes and the principa) axes deflections due to each corn.
ponent detcrmmed using the appropiate equations &om Fig.
2 and Ref. 5. 'Ibus, )oading plane deflcctions are calculated
from:

Force parallel ao slron leg

x gi7 +v- xcos ()+$~+astan —
)

Force parallel so long leg

~ sin 8+ $ 7. + anan —(13)
trmo»

Original Poeition
to)a

Twisted Poe)tion
with Equieafent t.oeding

X

/;
(~ f-

)o)a-P m~ ~ o t)o e)

8 n)sQ

Loert Components

«~a
Ne

gt,"~
~ gta (cas4, m s ~ l»»»)

'~X
I

j
v ') tr at.» ~e&»

g» at tc»» e,-ass, ce)»)

Fig. 2. Merhod ojCkrerrninarion ojload components jor dgecrion equations
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where u and v are respectively d» sutnmation ofcom-
ponent deflections along thc U and V axes. The tables use
equations involving Q, however, reasonably accurate an-
swers to, cases where deflections are restricted can be ob-
tained by calculating u and v fiom simple beam theory.
Ifthis simplification is used, then the applied moment, M„
can be resolved directly into components about U'U'nd
YY (Fig. 2).

AS CAI, Appendix A, Scc. A2.2, recommends a de-
ficction limit of:

L
180

(14)

P +mL xaP'+ mL
(15)

where mL is the hearn weight.
Note that AS CAI actually only requires live load de-

flections to be considered. However, the tables include dead
load deflections as many angles otherwise included would
suffer large visible deformations under their own weight
and cause concern during fixing.

Example
Thc following simple example illustrates the use of thc
tables.

0.5 kip

24 in4cip

bending moment diagram

for structural applications where angle sections could bc
used. This limit is shown in the safe load tables as a heavy
line, dividing the tables into regions above and below this
limit. Deflection values to the left of this line are less than
those recommended by AS CAI. Wbae possible, beam
selection should be cotdined to this area of the tables.

The dcflcctions for other loads may be estitnated by pro-
portions from the tables. However, as these include dead-
weight effects, a small adjustment must be made. For a
load P" which is less than the tabulated safe load P', the
relevant deflection b," am be calculated from the tabulated
deflection b,'s

Data:
Steel F» 36 ksi
Permissible Bending Stress 0.66F

~ 1.15 kips.

The appropriate safe load tables are found on page 39 ct
scq for this loading and yield stress.

For a 14-ft span the smallest section capable of sustaining
its maximutn load whilst remaining within the permitted
deflcction limit is the 6 x 3'/t x /ie angle.

However, use of Equation 15 willpermit the use of many
lighter sections. The lightest section that can be used is the
5 x 3 x '/ie. The table values for this 8.1 Ib/ft section are
P' 1.47kip and 8 = 1.13 inch.

Equation 1$ gives

1.15 + 0.0081 x 14
1.13 = 0.90"

1.47 + 0.0081 x 14

which satisfies the limit of 0.93".
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L
Allowable maximum deflection —~ 0.93"

180
Loading Case: For loads parallel to the

long leg.

Maximum Bending Moment due to Applied Load:

M = 24 in.-kips

Equivalent Uniformly Distributed Load:

8MP=-
L
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Slide No. 2-6

* hll beam behavior cannot be represented by a
siagle load-deflection curve because of the
auaber of variables involved.

* Five curves represeat potential behavior of a
bean or girder in a building-

l 2 Plastic straiaing Wthout local or
lateral buckling.

3 4 Reach first yield vithout local or
lateral buckliag.

5 Lateral or local buckliag.

* The various allo@able stresses peraitted in the
latest hISC Spec. are related to the behavior
depicted ia the 5 curves.

* Plastic Design is baaed on behavior curves (1)
and (2) so provisions are established to prevent
types (3) (4) (5).

* Curves 1 and 2 sill geaerally provide the lightest
beaas but soactiaes the fabrication and detail
is increased because of the added bracing„ stif-
fenersy etc'

The proper design is the economical one, not the
lightest oae.

Slide No. 2-7

PRlNCIPAL VARlASLES ., '"
THAT AFFECT
BEAM LOAD CAPAClTY,'-.'„,-':. '.

AND SKHAVlOR
1. SATHtNLSTltBIOT4
f. tNSRACED CONP'RESS ION ELEMENTS
0. WITH-THCKNESS ILATKN

Of PLATE ELEMENTS
4. CROSS SECTKN
I.LOADNG
l. SUPPORT COHDlTKNS

* Principal variables that affect beaa load capacity
and behavior.
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* Safe, economical structures can be designed on
the basis of any one of these typical curves.

* Curves ) and 2 will generally provide the lightest
beams but sometimes the fabrication and detail
cost is increased because of the added bracing,
atiffeners, etc.

* The proper design is the economical one, not the
lightest one.

* Ve will look at these curves in more detail and
see how they relate to the latest hISC Spec.
and Supplements.

* Of course, shear and deflection can also affect
the design.

Slide No. 2-9

* Curves 1 and 2 treated together because the
design provisions are basically the same.

* Local buckling and lateral buckling are controlled
until significant yielding takes place.

* hSD - called compact sections.
PD - when plastic design approaches are desired,

this type of behavior aust be assured.

* 1 is the most comnon structural situation. Load
increases due to a moment gradient and strain
hardening - moment varies along the length.
Strain hardening strength is neglected in design
2 for a uniform moment region and is also an
idealization of l.
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4

~ANKESAKSS /NIL
+ hllovable bending stress is increased to 0.75

F vhen bending occurs about the veak axis be-
cause of large reserve strength beyond first
yield (5(4 here).

lhaD
p

.Fg O.75F~ ~
I

* Still has sore than adequate F. S. < 2.0.

* Hargin of safety is provided against yielding
at vork load.

* Use .75F for sections vith good reserve strength
like sold sections.

* Do not ase for box or tubular aeaberc.

Slide Ro. 2-14

~"

.@LE
1

* Round sections subjected to beading reach their
ultiaate capacity in one of three basic failure
%odessa

1. For very thick sections the coapressive capa-
city of the aaterial is reached, vhich scans
that large distortion occurs vith no drop-off
in the load.

2. Thinner round sections fail by excessive
ovalixation of the cross section. This is a
type of iaelastic instability problea in
vhich the decrease in aoaent capacity caused
by the reduction in the section aodulus due
to flattening occurs aore rapidly than the
increase in aosent.

3. Very thin cylinders fail ia a diaiaond shaped local buckliag pattern.

* The division betveen ovalixation and local buckling is taken as 3300/F vhich is the
D/t liait given in the hISC Specificatioa for coapact circu)ar aectioai.

* Ovalisation vill aot iapair the develop@eat of the plastic hinge ia tubes vith D/t
less than 13DD!F . See Sheraan, D. R. ~ "Tentative Criteria for Structural hpplicatioas
of Steel Tubing Sad Pfpe", hZSI, Mashingtoa, D.C. 1976
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~eau coaa~4NN KLEaaslT$ ( f42)

* Stiffened ccepression eleaents are also defined
in Section 1.9.2 of Specs.

* Sections ahovn can be coepact.

Slide No. 2"19

* Relationship betveen vidth-thickness ratio of
unstiffened coapression flanges and yield stress.

* Give values for h36 steel. 21.6 for hSD/LRFD
and 17 for PD.

* The differences in hSD and PD requireaents is
that PD aay require large rotation capacity-
thua local buckling aore critical.

* hSD requireoents are baaed on a coepact section
that aaauaes an inelastic rotation capacity of 3.
%hen a higher rotation capacity is required, then

the b/t requirements would be tightened to those of plastic design.

* Experisental data are liaited for the very high strength steels, ao use of coapact
behavior and plastic design only for steels up to F = 65 ksi.

y
* Coabinations of F and b/t that fall in the shaded area satisfy the hISC coapactness

requireaents.
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Slide No. 2-23

gi k t~9
q'f)

* If no axial load is present F 5 F", the veb is
y y

cos}pact ~

* F is the hypothetical yield stress above which

tXe section is non- coepact due to veb criteria.

50
~I}

* Shen axial load is present and F < F"', the

web is co}spact. If F is betveeZ F"'y and F"
check the foraula for d/t require}seÃts.y

* Actually, all shapes nov available conform to
d/t 5 640/P'ith available steels. Therefore
F" is not y required.
y

Slide No. 2-24

~ lees>7of Okapi I}&~Isa
."'o)

oII}oHno N,Q.I aed M shspa ~ -.=

~irablo Oaea ~ Qg}yama

)f4

OS+" ' ~a ~
'I

oi ~ g'o a $ ~ y ~ gl'

* Slide shovs page 32 of "Tables of Properties
for Designing M.kf.S. and HP Shapes and Allovable
Stress Design Selection.

Slide No. 2-25

* Lateral buckling affected by:

- Steel strength.
- Unbraced length of co}spression flange.
- Nos}ent gradient.

* Bracing aust be spaced close enough to prevent
lateral buckling froa significantly affecting
the idealised behavior.





lide No. 2-29

* Muvior illustrated by curve (3) should be
expected if lateral buckling is controlled but
flange or web slenderness ratios exceed coapact-
aess liaits.

* PD not permitted. No aoaent redistribution
permitted.

* hSD permits gradual change in allowable stress
between .6F < F < .66F vhen flange compactness
liaits are KxceeLd.

* Historically the AISC Spec. does not permit local
buckling below 1st yield in hot rolled members.

Slide No. 2-30

* Shows local buckling criteria in hISC Spec.

* F = 0.66 F for b/t up to 65/P .
b ' y

* Straight line transition to Fb = 0.6F at b/t
= 95HZ .

b y
y

* hppendix C for b/t > 95 JF-
* Here, b is the width of the unstiffened element.

11
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* The folloving slides vill ahov hov practical angle
sections are usually governed by stress
(Fb I= 0.6F ) or be deflection l&itations rather

than buckling.

* Case I is a c~n design situation, so let'
briefly exaaine the Australian vork for this
case ~

* Loading is as shovn vith 5 being the applied
aoeent, vhich is resolved hto coaponents about
the aajor principal axis U, and the einor prin-
cipal axis V.

* If the aaxiaum stress vere calculated vithout
resolving the applied load into U and V coapo-
nents, the result could be unconservative by as
auch as 50$ .

Slide No. 2-34

* The Australian study shoved that for laterally
unrestrained angle beaas the folloving relation-
ships apply:

* The stress at any point in the section is
~ f (V + 4U) y + V - 4U)

vhere V and U are cordinate points norsLal to the
principal axes.

* Max. Section Stress is as shovn-

* Angle of tvist $ is sade up of
< tvist due th applied loads
~ initial angle of tvist due to iaperfections.e





bolide Ro. 2-3S

* This curve allovs the estiiaation of the critical
aPPlied moment for a given length and section.

* The horisontal lines represent the values of a
~Et

necessary to produce a stress of 3F, for various
B ratios.t

* It vas shovn that failure stresses vill be
unaffected by elastic buckling if the calculated
buckling stress is at least three tiaes the
saterial yield stress.

* Shaded area shows design range. For instance,
vith B/t of 16 and a stress of 3Fy,LL t s = 2.7.

It 'B

Therefore, = (16)s z 2.7 < 690. Siailar cal-L

t
culations for other B/t ratios can be sade.

~ Slide No. 2-39

F~38 m 6
t1

OcLR~ 990
OcLRc 850
0+1/tc 590

* Therefore, hustralian research indicates that
allovable bending stress Fb aay be taken as
0.66 F for these liaitations on B/ and L/ .

y
* It has been practice in U.S. to use F = 0.6F .b y
* ht these high stresses, deflection aay control.

Slide No. 2-40

~ .

* The critical stress corresponding to the criti-
cal applied accent can be obtained (upper equa-
tion), and then converted into a safe bending
stress (F ) thru use of these tvo foraulas from
the hustrkkian Steel Structures Code hS CA 1.

* hgain, shaded area represents design range. hs
before L

~
t * can be seen as approxiaately 2.7.
b
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. Slide No. 2-44

* If box sections do not aeet compactness require-
acnts use F 3= 0.6 F .

y
* Ro lateral torsional buckling consideration if d

less than 6b, and t k tf/2.
+ Unbraced length does not affect carrying capacity.

Deflection vill govern vith very long spans.

ca q

as'lide

No. 2-45

col%sun
-VSRATKN

PONDNG

* The design of beams in a floor or roof system
would not be coeplete without some attention to
Deflection, Vibration and Ponding. Sometimes
these are criteria for design rather than stres..

* While the Specification does require that Deflec-
tion, Vibration and Ponding be considered the
only precise lisLits enumerated are the 1/360
of the span live load deflection for beams sup-
porting plaster ceilings and the Ponding Formulas
to be checked for flat roofs. We vill look at
the ponding formulas in detail later.

* Deflection limits aust rest on the sound )udgment of the designer and the experience
of the behavior of siailar structures. The Commentary to the hISC Specification gives
as a guide the folloving:

polly stressed floor beans and girders; F depth not less than ppSOD tines the
span o

polly stressed rood purlins (except in flat roofs) depth not less than p$ 1000
times the span.

For A36 steel these recoaaendations work out to be approxilaately 1/22 for floor beams
and 1/28 for the roof purlins.

* urge open floor areas free of partitions or other sources of dallping aay be suscepti-
ble to transient vibration due to pedestrian traffic- While there are aoae design
methods available to check a floor system for vibration susceptibility they necessarily
involve trying to evaluate the difficultproblem of human perception of vibration.
The Commentary recommends as a guide the depth of a steel beaa be not less than 1/20
of the span vhere ~ problea of perceptible transient vibration aught be suspected.

17
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* Graphs I and II have been developed to deteraine
P> and P2 which are available in Surgett paper.

«
~ ~

«1

0 0 ~ 0

Slide No. 2-50

~as I
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* Design Erajsple

* Illustrates the use of Graphs I and II.
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Slide No. 2-51

~ ~ « ~

* Illustrates the use of graph III and the check
for steel deck.
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msn and the producer, lt Is a difficult one
for tl» stress analyst. The principal axes
of Oe c~cUon do not coincide with
cotnmon loadinp direcUoie and any rou-
tine loading will therefore cause biaxial
bending deflecUons which are not in the
same plane as the applied loads. To further
complicate the problem, the shear centre
h not at the centroid and ls not on the line
of moat major applied loads. Thus meet
loads will cause the c~cUon to twlsl
and to deflect out of Its Ioadlnp plane.
Finally, common end connections are uswlly
eccentric because ol the lack of aymmetty
of the crossmcUon.
2. Current InvssUgaUote
The purpose of the cunent Investlpstlon ls
to develop rational but simple formulas for
the desipn of tsteraliy unsupported angles
In bendinp. This should help filltie present,
previously quoted, void In the SA.A. Steel
Structures Code, CA1, and thus permit the
more widespread use of angles In bulkllng
cormtructlon.

The loading case to be coreldered wIU

be a uniform moment along tie «ntlre
laterally urmuppotted span. This will pro-
duce the most critical lateral buckling sltua-
Oontt and will tterefore give results which
wpl be safe for any otter bending moment
distribution. Tfe aetna uniform moment basis
Ia used for the otter lateral buckgnp rules
of CA1» ts. The lengths under consldera-
Oon are ~umed to be completely unsup-
ported and the solutions may therefore be
~pplled to both fupy ureupported beane or
restrained beams between restraint points.

Later work will Include n experlnnantal
examination of various aspects of the prob-
Nm. However, thh erficle wUI be confined
io a OeoreUcai derfvaUon of design rule@

Sofufiona are only presented for equal
~ngtee (leg tengths equal). Similar aolufions
can be obtained for unequal angles. but Oe
complete aaytnmetry of these latter aec
aeons produces algebraically Inohted re-
sults which send 1o obscure the basic tm-
fettytng pttncipiee.

The range of equal angles produced by
QHp ~ glen in so, Tfe aecfiona ~ ~
protdmatad by the dual rectangle Ideallea.
Son shown In FIg.1. This greatfsed aao-

tlon Ignores fillets and toe radii, but can be
tnade to reproduce actual member proper-
ties very precisely by adjusUng the idealised
leg length,8, to produce an exact slmililude
for some chosen geometrical property (such
as area). The assumption, therefore, Is not
critical and ls necessary In order to obtain
a solvable set of equatiote.
3. Natation and afgn cortventton
The notation to be used Is:

8 = Width of anple lep.
A,C,D = Cotetants of lntepration.

E = Young's Modulus.
F = Desipn stress.

F> = Critical buckling stress.
F, = Maximum permissible bendlnp

stress.
F, = Yield stress.
0 = Modulus of tfpldlty (shear or tor-

sion modulus)
lo ——Second moment of areas about

UU aids.
4 = Secorxf moment of area about

W axis.
I = Warping moment of area

Kw = St. Venant torsiona1 constant.
K = Torsional comporent of the nor-

mal stress (see eq.6A).
L = Length of span.

M Colrlporetlt tnofnenl of tfe
applied monent.

M„= Critical bucking moment.
M, = Applied monent about Y atda +

monent due to the dead weight
of the beam.

5 = Shaai centre.
V Denotes the major pttncipal aids.
V Denotes the minor ptfncipal atda.
W Denotes the polar atda.

Y, X Denotes axes thnwph the cen-
troid, parallel to an angle Ieg.

7 ~ BecUon moduhe.
L = SecUon modulus about same

~tda a M
X = Section moduhts through the V

RQL
c ~ Centroid location.
l ~ Thickteea of angle Ieg.
e ~ V—V ads oooo'nate.
u ex V—V aide ooerdinate.

st, s= Shear centre ooeOnate.
u, t= Steer centre ooertmnate.

S oooo~ cth'
I

C O«Of«d

u a V
4

flit 1 fO). OtiOOQtiOO Ot SOO0 OOd leootiOha
OOOttOld OOd OtNOt C«lttO.
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Csee N: 15. Otywtwydy

No Secondary effects will occur enrt con. Tfte deafgn clfterfa for angle beamy can
vent)onal beam formulas Inay be used. be summaityed es fo))otys:

Case IV:
The design Is sat)yfactoty If:

—+ —~t
Fa F»

tpftere Fa end F» are the appropriate Ittatt)-
aumt perm)SS)ble Stresses.

Uae Simple Principal Axia
Loadfng If:

(I) Strcsa Solution:
1 L

EO 1

g)) CtQkaf Bucftflng Sotuthn
See Table below;

Additional Effects If Column Z
Kot Sollshed

2 1ZMI-e)Bt
PQ 6)

Uye Fr» F> convers)on of
Ref.7.
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S. C. 94ersh, S»(pis Anyis We@era In Tension and

C(ao(I(rasa(en Proc. ASCE, 04 ISTSL Stay, tyN,
ep.tets 9090.

S. I JeN»on, Pracucal Doalpn Problems. Enyu(wr.
Ins plasticity, caner dps thurararty presa, tyyy,
pp Jepays.

4. L iaeckey, An Eaaorie»ntst hr((setlysuon ot e»
char[our rd auld Sawi Comp(asaion Wrr(bars
In Llyht lattice Frameworks. Structural Eny(neer,
July, tyst. pp.liy.
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Tone»declan Ur» ond To»er Dearyn Guide
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10.An»rican lnaiihne ot Stwt Construction IAISC),
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1E. Lay, bt. O„AS CAI& noylsa( and Eapisnaiion.
Saw I Onstruction, Aust. ISC, et»cia l locus,
epriny. 1444.

ls.t»y, ii. O„'AS CAI Dwlyn O~. SHP Wib.
Itw, Lab. I%port ktliLty/1A. 1NO

14. OHp co. Ltd., SHp&ts Hoi Itotisd carbon stwl
~ectlote ond Piaisa SHp, 1949.

1 S. Oslsmbea, T. V., Stn(cturat Wmbera and Fran»a.
PrenticeJtatl, N.Y., 1NO,
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~ too ran&Ill, 1 ysy.

ty. Wassy, C„TI» hotstlon Capacity ot I Seams.
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1S. Lay, it. O., Lsiyh, J., The Ossiyn ot Lstersuy
th(supported Anyiea. SHP. Wtb. hea. Lab. hep,
idttLEEI1.
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Dtoiag the phial stages of the pagramme ~ general theory desctibhg
the daszk behrricszr of thin «aQcd sections (Rcf. 4) ««used to detcz-
raine the inqiortxnt parameters «hkh gorczned tbe behaviour of equal
~ogks (Ref 5). TI» design raks proposed as a resnb ofthis amdy pcz
znizted a nxxe enlightened approach to thc experimental «orb.

Tbc theory «as sobscqiently drrdoped lorn general design rnks
corzzing aQ angk sectxx» (Rcf. 6) aod this permitted the ccanpilanzxi
ofrofc load tables Rc aogk bcszns (Rcf, 7). Since tbe testing progzxzome
ptocccdcd io pezaQCI «ith the thcorctksl «»lysis k ««possible to
mate prt8zesaire czxnpazisa» bct«ccnthe rcsabs of boch sectkc» of thc
«oct

Thc hafmg rig. «hkh is described in Section ~ .l, «as designed
to apply anaigxm lnoo»zit to a beam bzczstQy 'Mzcszraincd bct«ceo t«o
~arskoal csczainz points. TMs loading ccc»titutcd thc most ezitkal
bactbng izostiea (Ref. 8) in acoordance «izb tbe other buetQog rnks of
Chl (Rcfs. 9 aod 10). Teat speeimcz» inchded boch cqosl and nocqosl
angks baded about axes pazaM m me leg.

hhbough the project «as primsz9y ccxicczned «ith the dsstk
bdiarioar of angle bcszz», a nmnbcr of fa0nle testa «ezc also cnzrkd
oot m determine 8» ahimate kad carrying cspsdty aad fsQuze modes of
thcac secacs».

2.—LOADING CASES
Tbe loading eases considered (Fig. 3) represent the most cocnmoa

boding czxzdiYiez» for eagle beams. These are:

kl Sganl hngke t
Case I-bhxncnt applied about an axis paraM to ehber the X-X

or the Y-Yaxis.

22 Unequal haglca l
Case I—Mccnent appbed about an axis parsM to the Y-Yaxis,

that is, parallel to tbe bag leg.

Case II—Molncnt appbed about an axis pazaQel m the X-Xaxis,
thsz is, pazaQcl co the short kg.

rare-se)
s'

~od 12) thc vsh» of L/t6zr ~ gircn —ratio nmst be «izbin thc range
8

gireo by TCMC I.

TABLE I
Bhetic Sac%ling Bsscts et Var4oos hngk Sections (Sg bsl Steel)

YkldStress

Fr ~36hi

16

Range 9sr No Hastk
BOChhng Meets

0< < 990
I
l
L

OC C 850

L0( C 690
z

TABLKII
Testing Programme Soznznary

Test
No.

EA2
BA3
BA4

BA6
BA7
BA8

3' S x 0.1873' 3 x 0387
S' 3'

0387''

3 x 0.1873' S'
0.187''

S'
0.187''

3 x 0.187

1600
1600
1200
1200

800
40

Case I
Case I
Case I
Gale I
Case I
Case 1
Case I

UEI L5' 2'
025'E2

L5 x2 x 025
UE5 2S x2 x L25

16 Case 11
Case I
Csee I

UE6 29' 2 xL25
UE7 2S'2 xL25

The table sbo«s that aeczicx» «ith the praezksl upper hmit B/I
of16 bare ksl buckling resistance than sections «itb a knur vali».

This zritczxxz «as nsed Sar sdecting the sections tested. Bach
equal and tznequsl angles «ere aced aod the ashes of B/I foz each
acaica aze giren in Tabk II, «bkh also annmszises tbc testing
liroglamne,

h single specimen «sz used for each sezks. TIzis «as msdr parable
by testmg the koger kngtbz Sr'nd kecpmg tbe stresses bcki«yidd,
nntQ a deszrz»zion test «ss rcqinzcd

UE3 35 x %5'xL187
UE4 35' 25 x

0387'E8

SS x%5 x0387
UE9 L5 xL5 xL187

1600
1600
~00
40

Case I
Case Ii
Case II
Case I

'tg,

v v
o

st CIlt 1

+e NSrnk

N( «)
VNLOVII.

SCAN CASE JK

Srr ~ Sr Sin k
+smtaSP

Ply.S.~aktg Csesz.

~1$ $TINO PROGRJIhQCB
'%bc par«aeter «hkh bas thc mo«prorxaxeed lo8ocaca oo tbc

hcszal acaMty ofangk aactiooa ls—.Thc asset at this parse»ter
B+Q

2r
Ja deznoaez«ad by the czitkal bochhog analysis ger aqoai aa4es (Rcf. 5)
«hkh abates that ger Case I boding thc czitkal bocbbog tramcar ia a

Saaetko OM/I(aaabyxa ao—0» anaqaal andes) and </rB+Q
2r

5Sage «leases «c to rcznaio «sa5sctad by daetk teckhzg (Red 10

hI. hPPhRATUS
4i Lciodhag RJgl

Thc purpose of thc keding rig «« to apply a tmlfixzn lOSdiog
mocncnt to ao ange test sl»eimcn «hQC applying oaly torciaosl esczszizt
~odmtkaisopportathccnds.Lc.f ~$ ~Oatbothends. ~
jdas «erc used «here necessary to contre that the bad appbestko did

.-ncc proride lateral ccstrsioz to de tcsc pkce. Tbc kediag beam thos
aocatcd bocisoozaQy aad acztkally «hh the test gecimcn aod acdy

~ppbed mNncnts in a eeztkal $4ae pazsM to the logk at thc scgport-
It««noc in aoy «ay czxznccted thc Noor.

The rig czxnprised t«o independent, hkntkal assembbcs «hkb
could be pceitiooed on the beding 5ooc at any required disnoec
accomnzodate changes in tbc teat kayh. Bach asscznbly coazbtcd ofa
stand %Rmzsznzcd by a zoQez bearing, fsc vcztkal auppect, aod ~ Barns
«hieh housed adloszsMc borizzxztal csccrabzz supports «hieb ~
~dditiooai tanctiim etpztnidiag ~ cszzaaiot to de ends of s
N»ns being tsacsd.

The addition of «eights «I the kemag beam prodoecd ~ gxce 8s

tbc scrtkai Hrk «hieh «as txxmectol to d» cod of tbe test pkee
ba&e bcaco ««supported by a ncemc soles bsariag io the ~
ink«hkh ensured the thc venkd bok «oaM ai«ays beats norznslnithr
boding beam, «batcrcr hs poahea. 'ge aascznblcd zig is sbo«a
pktorisDy in Hg.5. bctaQcd dza«ings ofde rig are glren io Rcf. 14.

ss ~r~~





a

+06 LhTRIVELLYUNSUPPOk~ hNOLKS—Zheaere Leigh b'e.

~J
444%

~f
~ sr~ ~ ~ a JeM

traaeea Vcr'
4 ~r ~ ate~

4a %/+
r e e
a w/r r e aa

catt I
~+ ~ re4n ~ J

~tr ~+ ~ JeM Wt ~> raJ ~

I ECEND

Ct N

e

TEST CUIIVC
~ THE OIIY $ aa ~

0 THCDIIY f ] 0

THEOIIY Wl TH
TEST $ '

a Wlu
B'g. 6.—Jbheiaehip bestows Nasiarl ~ StrJJJ ~ ttted hfaxkattt Scree ~ jor Tau m Egad Aqglt Sattiottt.

~ S
%r Mals 0 Oar Na) ~ 5

~eN Z
a lA

e oo~ W/sea %a W/r

gksteeee

aaat J
IJets'Q 1ST ~g Hats'0 M

ebaaeeO

~S
~ JA

Chat J
JA He

LE OR IIO

i TIST CuaVE 0 THEORY $ f ~

~ THEORY $ > ~ g THEORY gI tg
tacit $ e g

~'~™~~+~~~ ea act hCsxie~ Stree reaaayyy g~ ~ ~~~m~va





~1
AAlQK ACCL+0rw

cia r
Ha 447 Tr

CAN j
>A les~

~C
~ 7WWt

~ ~
~ sgeEr lWH7aV ACAl~

SCAKD P W JOa>

itt&5i
~ tSPT
~ ~ 0

Chit C
k4 ~ Se% aC7

kSSCSL
g lggf
~ ~ t04WeK

~VCAl~

~ ~ ran ~ OWt
~ ~

g tTW
~ wear

~ r 0 ~ ~

4AIAAO

CAN 1 4J@W C4N f tslo'07 MbtT

maw SHCI





18W1

~ '
~ ~

16lWH 168%5 1FRS5

I

1KSW1 1ESW1
~ p

16885 1KRS5

/
li

l

I

( (i




