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RNP 8W BURIED PIPE CORROSION INFORMATION PAPER
1. PURPOSE AND ISSUE DESCRIPTION

I. PURPOSE: THE PURPOSE OF THIS STUDY REPORT IS TO OUTLINE THE
ISSUE - OF CORROSION IN THE JOINT AREAS OF THE BURIED
SW PIPING AT THE ROBINSON NUCLEAR PLANT, OUTLINE CODE
BASIS AND REQUIREMENTS AND PROVIDE RECOMMENDATIONS
FOR RESOLUTION. THE OVERRIDING OBJECTIVE IS TO MAKE

ANY REQUIRED SW PIPING REPAIRS PERMANENT, CODE

REPAIRS, AND BRING THE PIPING SYSTEM TO A STATE OF
LONG TERM ACCEPTABILITY.

IT: ISSUE DESCRIPTION: THE RNP BURIED SW PIPING IS A 31.375" OD
BY 0.188" NOMINAL WALL, CEMENT LINED PIPE DIVIDED
INTO TWO HEADERS APPROXIMATELY 900 FEET LONG EACH.
THE PIPING WAS PURCHASED AND INSTALLED IN 1968 UNDER
THE AMERICAN WATER WORKS ASSOCIATION SPECIFICATIONS.
A VISUAL AND UT INSPECTION OF THE PIPING WAS
UNDERTAKEN DURING THE 1990 REFUELING OUTAGE. THAT
INSPECTION REVEALED LOSS OF CROSS-SECTION IN THE
AREAS OF THE PIPE NOT COATED INTERNALLY WITH CEMENT
LINING, PRIMARILY IN THE BELL AND SPIGOT REGIONS (SEE
ATTACHMENT A). A PROGRAM WAS UNDERTAKEN TO:

- DEFINE "WORST CASE" AREAS FOR EVALUATION AND/OR FIX

- ESTABLISH CODES & STANDARDS TO BE ADDRESSED

= INSURE PROVISIONS OF NRC GENERIC LETTER 90-05 WERE
ADDRESSED USING ASME CODE CASE N-480



RNP SW BURIED PIPE CORROSION INFORMATION PAPER
2. CODE POSITION DETERMINATION AND EVALUATION

I. BACKGROUND: THE ROBINSON PLANT UNIT 2 BURIED SW PIPING (LINE

NOS. CwW-11, CW-12 AND CW-5) EXTENDING FROM THE
SERVICE WATER INTAKE STRUCTURE TO THE RAB WAS
ORIGINALLY ORDERED TO SPECIFICATIONS AWWA-C-202-64,
AWWA-C-205-62T AND AWWA-C~-203-66. SPECIFICATION 202-
64 PERTAINS TO MILL-TYPE STEEL WATER PIPE, 205-62T
PERTAINS TO CEMENT-MORTAR PROTECTIVE LINING AND
COATING FOR STEEL WATER PIPE--4 IN. AND LARGER--SHOP
APPLIED AND 203-66 PERTAINS TO COAL-TAR PROTECTIVE
COATINGS AND LININGS FOR STEEL WATER PIPELINES--
ENAMEL AND TAPE--HOT APPLIED. SPECIFICATION C202-64
DICTATED THE REQUIREMENTS FOR THE PHYSICAL AND
CHEMICAL PROPERTIES OF THE COMPLETED PIPE, THE MANNER
IN WHICH THE PHYSICAL TESTING WAS TO BE PERFORMED, AS
WELL AS THE REQUIREMENTS TO WHICH REPAIRS TO
INJURIOUS DEFECTS HAD TO CONFORM. IN SECTION 1.3 OF
C202-64, "SUPPLEMENTARY DETAILS TO BE SPECIFIED BY
PURCHASER", TWO SUPPLEMENTARY ITEMS REQUIRED TO BE
SUPPLIED WHEN PURCHASING PIPE UNDER THIS STANDARD
WERE PIPE OUTSIDE DIAMETER AND WALL THICKNESS. SINCE
THIS AWWA STANDARD DID NOT PROVIDE ANY GUIDANCE IN
THE DESIGN OF PIPING SYSTEMS, ASA B31.1-1955 WAS
UTILIZED. THIS IS VERIFIED BY AEC LETTER, QUESTIONS
ON FSAR 11/05/69 AND CP&L RESPONSE: QUESTION 9-5, AND
AS DOCUMENTED IN THE RNP UFSAR TABLE 3.2.2-9. THE
PIPE WAS INSTALLED IN 1968.

CLASSTFICATION OF SW SYSTEM: AS STA&ED IN LETTER CWE-753

(FROM WESTINGHOUSE TO EBASCO DATED 2/2/68)
"INSPECTION OF CLASS I PIPING SYSTEMS IN THE
SECONDARY PLANT", AND TABLE 3.2.1-2 OF HBR 2 UFSAR,
THE SERVICE WATER PUMPS AND PIPING ARE GIVEN THE
CLASSIFICATION OF CLASS I. ALL SYSTEMS AND COMPONENTS
DESIGNATED CILASS I WERE DESIGNED SO THAT THERE WOULD
BE NO LOSS OF FUNCTION IN THE EVENT OF THE MAXIMUM
HYPOTHETICAL GROUND ACCELERATION ACTING IN THE
HORIZONTAL AND VERTICAL DIRECTIONS SIMULTANEOUSLY.
SINCE ASA B31.1-1955 DID NOT ADDRESS SEISMIC DESIGN,
PIPING STRESS ANALYSIS FOR HBR~-2 IS GOVERNED BY THE
USE OF USAS B31.1-1967. THE BURIED CLASS I PIPES ARE
QUALIFIED NOT WITH CRITERIA BASED CALCULATIONS BUT AS
STATED IN THE ANSWER TO AEC QUESTION IIIB1lOc,

SEPT.17,1969, "THE BURIED CLASS I PIPE IS DESIGNED TO

"MOVE WITH THE GROUND AND ASSUME A SINUSOIDAL SHAPE
CORRESPONDING TO THE GROUND WAVE WITHOUT EXCEEDING
ALLOWABLE STRESSES OR OPENING OF JOINTS. THE DESIGN
CRITERIA FOR THE PIANT DOES NOT INCLUDE PROVISIONS
FOR _GROUND FISSURES OR OTHER GROSS PERMANENT GROUND
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DISPLACEMENTS." THIS INCLUDES THE MECHANICAL
COUPLINGS, WHICH ARE INSTALLED TO REDUCE THE LOADS ON
THE INTAKE STRUCTURE AND STRAINERS DUE TO SEISMIC AND
THERMAL CONDITIONS.THESE COUPLINGS BASICALLY ACT AS A
TIED EXPANSION JOINT. A RELATIVE DISPLACEMENT
EVALUATION WAS PERFORMED WHICH DETERMINED THE AMOUNT
OF JOINT DISPLACEMENT REQUIRED TO EXIST UNDER MAXIMUM
EXPECTED GROUND MOVEMENT TO BE NEGLIGIBLE (SEE
ATTACHMENTS I & J). BASICALLY, THE ORIGINAL LICENSING
BASED ASSUMPTION IS8 THAT THE PIPE WOULD FLEX DURING

AN EARTHQUAKE WITH NO LOSS OF FUNCTION.

CODE POSITION: ASME SECTION XTI ALILOWS ANY REPAIRS OR

REPLACEMENTS TO BE PERFORMED IN ACCORDANCE WITH THE
OWNER'S DESIGN SPECIFICATION AND THE ORIGINAL
CONSTRUCTION CODE OF THE COMPONENT OR SYSTEM. LATER
EDITIONS AND ADDENDA OF THE CONSTRUCTION CODE OR OF
SECTION III, EITHER IN THEIR ENTIRETY OR PORTIONS
THEREOF, AND CODE CASES MAY BE USED. REPLACEMENT OF
THE CORRODED STEEL PIPE JOINTS SHALL BE IN ACCORDANCE
WITH THE ORIGINAL PIPE DESIGN, ASA B31.1-1955
EDITION, "CODE FOR PRESSURE PIPING", AND AWWA
STANDARD, ANSI/AWWA C206-88, TITLED "FIELD WELDING OF
STEEL WATER PIPE". THE WELDING PROCEDURES, WELDERS
AND QUALIFICATIONS SHALL BE IN ACCORDANCE WITH THE
CP&L CORPORATE WELDING MANUAL AND WELD JOINT
INSPECTION SHALL BE VISUAL IN ACCORDANCE WITH AWWA
C206-88, SECTION 5.8. UPON COMPLETION OF ALL
NECESSARY REPAIRS/REPLACEMENTS, THE SYSTEM HYDROTEST
- SHALL BE IN ACCORDANCE WITH ASME SECTION XI, IWA-
5000, 1977 EDITION, SUMMER 1978 ADDENDA.

IV. BACKGROUND AND SUMMARY OF MIN. WALL CALCULATIONS: DURING THE

1990 RNP FALL OUTAGE, THE BURIED SW PIPING WAS
INSPECTED AS A RESULT OF THE SCHEDULED ISI PROGRAM.
THIS INSPECTION FOUND AREAS WHERE THE PIPE WALL
THICKNESS HAD DECREASED TO LESS THAN THE MINIMUM
REQUIRED (SEE CALCULATION, ATTACHMENT K) DUE
PRIMARILY TO CORROSION. THE MINIMUM REQUIRED WALL
THICKNESS, BASED ON HOOP STRESS CALCULATIONS, WAS
0.13", AS DETERMINED FROM ASA B31.1-1955. BENDING
STRESS DUE TO SEISMIC CONSIDERATIONS WAS EVALUATED
PER ATTACHMENT J AND FOUND TO BE NEGLIGIBLE.

NRC GENERIC LETTER 90-05 DISCUSSED GUIDANCE FOR
PERFORMING TEMPORARY NON-CODE REPAIRS AND AS STATED
IN THE LETTER FOR OLDER PLANTS, SAFETY RELATED PIPING
IS RECLASSIFIED AS CODE CLASS 1, 2 AND 3 FOR THE

PURPOSE OF INSERVICE INSPECTIONS SPECIFIED IN SECTION

- XTI ACCORDING TO REG. GUIDE 1.26. A TYPICAL EXAMPLE OF
A CODE CLASS 3 PIPING SYSTEM IS THE COOLING WATER
(SERVICE WATER) SYSTEM.




IN ADDITION TO DISCUSSING TEMPORARY NON-CODE REPAIR
RELIEF, THE LETTER ALSO MAKES REFERENCE TO EVALUATION
TECHNIQUES FOR ASSESSING THE STRUCTURAL INTEGRITY OF
FLAWED PIPING BY A FLAW EVALUATION AND ASSESSING THE
OVERALL DEGRADATION OF THE SYSTEM BY AN AUGMENTED
INSPECTION. THE EVALUATION TECHNIQUE, "WALL-THINNING"
APPROACH, ASSUMES WALL THINNING AND EVALUATES THE
STRUCTURAL STRENGTH OF THE FLAWED PIPING BASED ON THE
ACCEPTANCE STANDARDS IN ARTICLE 3000 OF CODE CASE N-
480. ASME CODE CASE N-480 SPECIFICALLY ADDRESSES WALL
THINNING AS A RESULT OF EROSION/CORROSION.

SUBARTICLE 3400 OF ASME CODE CASE N-480 PROVIDES
ACCEPTANCE STANDARDS FOR AN ERODED OR CORRODED PIPING
ITEM FOR CONTINUED SERVICE WITH OR WITHOUT FURTHER
EVALUATION. ALSO, THE MINIMUM WALL THICKNESS AT WHICH
"TIME FURTHER EVALUATION IS NOT PERMITTED IS DEFINED.
THIS VALUE IS .3(Tnom.), AND FOR THIS SITUATION, THIS
VALUE BECOMES .3(.188)=.0564".

SUBARTICLE 3600 OF CODE CASE N-480 DEFINES THE

EVALUATION PROCEDURE AND ACCEPTANCE CRITERIA REQUIRED

TO BE MET IN ORDER FOR PIPING ITEMS TO BE DETERMINED
ACCEPTABLE FOR CONTINUED SERVICE. THE EVALUATION IS A
TWO PART PROCEDURE. COMPLIANCE WITH THE CRITERIA OF
THE FIRST PART DEMONSTRATES ADEQUACY FOR CONTINUED
SERVICE WITHOUT FURTHER EVALUATION. THE FIRST
CRITERION IS THAT NO FURTHER EVALUATION IS REQUIRED
IF Tp (THE MINIMUM PREDICTED WALL THICKNESS) SHALL
NOT BE LESS THAN Tmin.=.13". THE SECOND PART
EVALUATES PIPING WITH WALL DEGRADATION DEEPER THAN
THAT PERMITTED BY SUBSUBARTICLE -3610 FOR CONTINUED
SERVICE, WHERE Tp<Tmin. FOR PURPOSES OF THIS
EVALUATION Tp IS ASSUMED TO EQUAL Tmeasured (ACTUAL
MEASURED WALL THICKNESS) SINCE THE AREAS OF WALL
THINNING WILL BE COATED IN SUCH A MANNER AS TO
INHIBIT FURTHER WALL EROSION/CORROSION (SEE SECTION
v.).

SAMPLING PIAN AND JOINT EVALUATION: ALL STEEL EXPOSED
IN THE BELL & SPIGOT JOINT AREAS WERE VISUALLY
EXAMINED IN BOTH HEADERS. PRELIMINARY INTERNAL U.T.'S
TAKEN ON SELECTED AREAS IN THE NORTH HEADER (AS WELL
AS SOUTH HEADER) SUGGESTED MINIMUM WALL IN ALL CASES
TO EXCEED Tmin (.130).THE NORTH HEADER BELL & SPIGOT
JOINTS WERE THEN GROUTED. UPON CLOSER EXAMINATION OF
FOUR (4) "ATYPICAL" JOINTS (NOT BELL & SPIGOT) NEAR
THE INTAKE ON THE NORTH HEADER REVEALED THE
PRELIMINARY U.T. METHOD TO BE IN ERROR. THE CLOSER
EXAMINATION WAS BASED ON VISUAL SCREENING THAT THE
WATYPICAL" JOINTS WERE MUCH MORE CORRODED THAN THE
BELL & SPIGOT JOINTS, BUT HAD SIMILAR INTERNAL U.T.
READINGS. SUBSEQUENT EXTERNAL U.T.'S SHOWED THE WALL
THICKNESS IN THE WORST LOCATIONS OF THE "ATYPICAL"
JOINTS TO BE <.07"..



THE NORTH HEADER BELL & SPIGOT JOINTS HOWEVER, HAD
VISUALLY LESS CORROSION THAN THE SOUTH HEADER FOR TWO
REASONS:

a. BETTER FIT-UP (ie. REDUCED GAP OF CEMENT LINING @
JOINTS) AND :

‘b. FEWER TURNS (ie.ELBOWS)

IT WAS DETERMINED BY CP&L PERSONNEL THAT MANY JOINTS
IN THE SOUTH HEADER EXHIBITED MORE SEVERE CORROSION
THAN THE WORST CASE JOINT SEEN IN THE NORTH HEADER. A
SAMPLE OF TWELVE (12) SOUTH HEADER JOINTS WERE CHOSEN
TO REPRESENT THE OVERALL SYSTEM WORST CASES. THE
SAMPLING BASIS WAS SUBSUBARTICLE -2220 OF CODE CASE
N-480, WHICH OUTLINES 10% OR 10 ITEMS OF THE TOTAL
POPULATION, WHICHEVER IS LESS. SINCE THE "ATYPICAL"
JOINTS WERE BEING REVIEWED (AND SUBSEQUENTLY
REPLACED), THE TOTAL SAMPLE POPULATION WAS REDUCED TO
FORTY-FOUR (44 NORTH HEADER) PLUS FIFTY-FOUR (54
SOUTH HEADER) FOR A TOTAL OF NINETY-EIGHT (98)
JOINTS. A VISUAL SCREENING WAS MADE TO DETERMINE. THE
WORST CASE JOINTS AND 12 WERE CHOSEN TO BE EXAMINED
(ALL IN THE SOUTH HEADER INCLUDING ONE BUTT-WELDED
JOINT) .THIS CHOSEN POPULATION SATISFIES THE
REQUIREMENT OF N-480. THE WORST PITTED AREAS IN THESE
JOINTS WERE LOCALLY EXAMINED BY CONTOURING WITH
PROXIMITY INFORMATION GATHERED TO INPUT INTO THE CODE
EVALUATION. OF THOSE, JOINTS S-10 AND S-42 EXHIBITED
MIN. WALL BELOW 0.3 (Tnom.). ALL OTHERS ARE EVALUATED
PER CALCULATIONS AND FORMULAS PER CODE CASE N-480.
THE WORST CASE CORRODED AREA. EVALUATED AND ACCEPTED
WAS JOINT #32 IN WHICH THE REDUCED WALL AREA WAS <
1.5" X < 4.5" REDUCED TO A THICKNESS OF .10". IT WAS
CONFIRMED BY SITE PERSONNEL THAT THIS EXTENT OF
CORRODED AREA DID NOT EXIST IN THE NORTH HEADER BELL
& SPIGOT JOINTS.
THIS EVALUATION PROCEDURE IS A FUNCTION OF THE DEPTH
AND THE EXTENT OF THE AFFECTED AREA. AN EROSION-
CORROSION AREA AND THE PARAMETERS WHICH DEFINE THE
DEPTH AND EXTENT OF THINNING ARE ILLUSTRATED IN
FIGURE -3621-1 OF ASME CODE CASE N-480. THE ALLOWABLE
LOCAL WALL THICKNESS, Taloc, IS DETERMINED FROM
SUBSUBARTICLES -3622.1, -3622.2 AND 3622.3 OF THE
SAME REFERENCE, BASED ON THE EXTENT AND SHAPE OF THE
THINNED AREA.
THE CALCULATION, CALC. NUMBER RNP-C/STRS=-1114
(ATTACHMENT K), DETERMINES Tmin. AND PROVIDES AN
EVALUATION OF THE EXISTING EROSION/CORROSION
THICKNESS TO THE ALLOWABLE LOCAL WALL THICKNESS AS
PERMITTED BY ASME CODE CASE N-480.

V. BASIS FOR ACCEPTANCE:
a. NORTH HEADER: THE BELL AND SPIGOT JOINTS
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IN THE NORTH HEADER WERE GROUTED BASED ON INITIAL
INTERNAL UT INFORMATION AND VISUAL INSPECTION.
SUBSEQUENTLY, THE INTERNAL METHOD OF U.T. WAS DEEMED
SUSPECT SO THE JOINTS WERE INSPECTED PRIOR TO
COVERAGE BY TECH SUPPORT PERSONNEL AND FOUND TO BE IN
GOOD SHAPE (NO VISUALLY HIGH CORROSION AREAS). THE
FOUR ATYPICAL JOINTS FROM THE INTAKE STRUCTURE ARE
BEING REPAIRED/REPLACED BASED ON THE SEVERITY OF THE
CORROSION ON THOSE JOINTS. IN ADDITION, A BULGE WAS
FOUND TO EXIST IN LINE 30CW-11, WHERE THE LINE
CROSSES OVER THE 126.0" DIAM. CW DISCHARGE PIPE, AT
APPROXIMATELY N 10+16, E 11+54. THE BULGE HAS
RESTRICTED THE PIPE TO AN OVAL INTERNAL METAL TO
METAL DIAMETER OF 28.75" VERTICAL, 30.5" HORIZONTAL.
SINCE NO CRACKS WERE OBSERVED IN THE PIPING AND IT IS
UNCERTAIN WHEN THIS CONDITION OCCURRED, DURING
CONSTRUCTION OR CREEP OVER TIME, THE CONDITION IS
DEEMED ACCEPTABLE AND WILL BE MONITORED AT THE NEXT
REFUELING OUTAGE. THE FLOW RESTRICTION HAS ALSO BEEN
DETERMINED TO BE ACCEPTABLE TO THE RNP MECHANICAL
GROUP. ' '

b. SOUTH HEADER: THE BELL AND SPIGOT JOINTS S-10 AND S-
42, OF THE SOUTH HEADER ARE BEING REPAIRED/REPLACED
BASED ON THE EVALUATIONS PERFORMED USING THE UT
INFORMATION PROVIDED. OTHER MISC. JOINT REPAIR
INFORMATION IS PROVIDED ON THE PIPING ISOMETRICS,

* ATTACHMENTS "F" AND "“G"“.

C. ACCEPTANCE OF WELDED SLEEVE AS CODE REPAIR: THE BELL
AND SPIGOT JOINTS, WHERE CORROSION HAS REDUCED THE
WALL THICKNESS BELOW ACCEPTABLE LIMITS, SHALL BE
REPLACED USING A BUTT-STRAP DESIGN WELD JOINT IN
ACCORDANCE WITH AWWA C206-88 AND AWWA MANUAL M-11,
CHAPTER 8, PARAGRAPH 8.2, TITLED "WELDED JOINTS". THE
BUTT-STRAP DESIGN PROVIDES 2 NEW PRESSURE BOUNDARIES
TO REPLACE THE CORRODED JOINT. THIS JOINT CHANGE
SHALL BE IN ACCORDANCE WITH ASME SECTION XI, IWA-
7000, WHICH PERMITS WORK TO BE PERFORMED TO THE
REQUIREMENTS OF THE ORIGINAL CONSTRUCTION CODE, ASA
B31.1-1955. :

d. ACCEPTANCE OF EFFECT OF WELDING ON COAIL TAR COATING:
THE SMALL FILLET AND BUTT WELDING OF THE BUTT-STRAP
JOINT WILL REMELT THE PRESENT O.D. COATING, DUE TO
THE HEAT THROUGH THE PIPE WALL, AND WILL RESOLIDIFY
AFTERWARDS WITHOUT DETRIMENTAL LONG TERM EFFECTS.
THIS WILL BE ACCOMPLISHED BY LIMITING THE WELD HEAT
INPUT BY USE OF STRINGER BEADS, LOW HEAT INPUT AND
CONTROL OF THE WELD ROD USED. TO VERIFY THIS EFFECT,
ONE JOINT WILL BE EXCAVATED TO EXAMINE THE O.D. AFTER
WELDING, FOR ASSURANCE THAT THE RESTRICTIONS TO HEAT
INPUT WERE ADEQUATE.

e. ACCEPTANCE OF INTERNAL COATING TO INHIBIT FUTURE
CORROSION: SPEED CRETE BLUE LINE IS AN ACCEPTABLE

6 .



- REPAIR FOR CEMENT LINING, WHICH CURRENTLY MEETS AWWA
PIPE STANDARDS, SINCE IT IS A MORTAR CEMENT MIX
FORMULATED FOR REPAIRS TO CEMENT LINED STEEL PIPING.
THE STEEL SURFACES COVERED WITH CEMENT MORTAR ARE
PROTECTED BY THE ALKALINE CEMENT ENVIRONMENT WHICH
PASSIVATES THE STEEL AND PREVENTS IRON CORROSION IN
MOST NATURAL ENVIRONMENTS. THE SURFACE PASSIVATION
OCCURS QUICKLY IN NEWLY COATED SURFACES AND IS NOT
DESTROYED BY MOISTURE AND OXYGEN ABSORBED THROUGH THE
MORTAR COATING. ANY LEACHED PRODUCTS FROM THE CEMENT
LINING CARRYING SERVICE WATER ARE ANTI-CORROSIVE.
THEREFORE, THE SERVICE WATER JOINTS TO WHICH THE
SPEED CRETE BLUE LINE COATING IS APPLIED WILL BE
PROTECTED FROM FUTURE CORROSION ATTACK BY THE
FORMATION OF A PROTECTIVE PASSIVATED FILM DUE TO THE
ALKALINE CEMENT IN CONTACT WITH THE STEEL SURFACE.
THE PROTECTION PROVIDED BY THIS MECHANISM WAS
ADEQUATELY VERIFIED DURING THIS OUTAGE BY THE REMOVAL
OF EXISTING CEMENT LINING ADJACENT TO THE UNCOATED
JOINTS. UPON REMOVAL OF THE CEMENT, IT WAS SEEN THAT
AFTER OVER 20 YEARS OF SERVICE, THE COATED STEEL PIPE
EXHIBITED NO WALL THINNING DUE TO CORROSION ON THE
INSIDE SURFACE IN CONTACT WITH THE CEMENT.



I.

RNP 8W BURIED PIPE CORROSION INFORMATION,PAPER.
3. WALL THICKNESS MEASUREMENTS AND RESULTS

SEE ATTACHMENT "H" FOR WALL THICKNESS DATA AND RESULTS OF UT

INSPECTIONS.



I.

RNP 8W BURIED PIPE CORROSION INFORMATION PAPER
4. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSION: AS CAN BE SEEN IN THE PREVIOUS EVALUATIONS, THE

BURIED SW PIPE IS ACCEPTABLE FOR CONTINUED SERVICE IN
.THE EXISTING CONDITION WITH THE EXCEPTION OF JOINTS
S-10 AND S-42, SOUTH HEADER, AS WELL AS N-1 THRU N-4
IN THE NORTH HEADER WHICH ARE BEING
REPAIRED/REPLACED. THEREFORE, ALL PIPE IS BEING
RETURNED TO LONG TERM CODE COMPLIANCE IN ACCORDANCE

WITH CODE CASE N-480 AND NRC GENERIC LETTER 90-05. IN

ADDITION TO THE FOREGONE EVALUATION, APPROXIMATELY
FIVE (5) JOINTS WERE EXCAVATED AND NONE OF THESE
AREAS EXHIBITED SIGNS OF SOIL SETTLEMENT UNDER THE
PIPING (i.e. NO VOID AREAS UNDER THE PIPE). ALSO, AS
STATED IN ATTACHMENT L, LIQUEFACTION IS NOT A CONCERN
FOR THE H.B. ROBINSON PLANT.

II. RECOMMENDATIONS: ATTACHMENTS "F" AND "G" TO THIS REPORT

INDICATE THE TYPES OF REPAIRS/REPLACEMENTS WHICH ARE
TO BE PERFORMED TO THE JOINTS REFERENCED IN THE ABOVE
SECTION, "CONCLUSIONS".
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ArvTecament C CASE

SWELTS

N-480

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date: May 10, 1990

See Numerical Index for axpiration
and any resffirmation dates.

Case N-480 »
Examination Requirements for Pipe Wall Thinning
Due to Single Phase Erosion and Corrosion

Section XI, Division 1

Inquiry: What rules may be used for analytical
evaluation, inservice inspection, repair and replace-
ment of Class 1, 2, and 3 carbon and low alloy steel
piping items susceptible to wall thinning as a result
of the single-phase (water) erosion-corrosion phe-
nomena?

Reply: 1t is the opimion of the Committee that the
following rules be used.

TABLE OF CONTENTS
-1000 SCOPE AND RESPONSIBILITY
-1100 . Scope
-1200 Piping Items Subject to Examination

-1210 Examination Requirements

-1220 Systems Susceptible to Wall Thinning
-2000 EXAMINATION AND INSPECTION
-2200 Initial Examination

-2210 Preservice Examination .

-2220 Initial Examinations Conducted During

Commercial Service
-2300 Selection of Examination Areas
-2400 Inspection Schedule
-2410. Inspection Program
-2420 Successive

Inspections
-430 ~ Additional Examinations
-2500 Examination Requirements
-2510 Volumetric Examination ,
-2520 Layout of Examination Areas
-2530 Supplemental Examinations
-3000 ACCEPTANCE STANDARDS
-3100 Initial Examination
-3110 =~ Preservice Examination
-3120 Initial Examination Conducted During

Commercial Service
-3200 Inservice Examination

-3210 Acceptance

-3400 Acceptance Standards
-3410 Evaluation for Repair or Replacement
- -3420 Evaluation for Continued Service
-3600 Analytical Evaluation
-3610 Evaluation Procedure and Acceptance

Criteria — Step 1 -
-3620 Evaluation Procedure and Acceptance
Criteria — Step 2

-3621 Acceptance Criteria
-3622 Evaluation Procedure
-3622.1  Local Thinning (Case 1)
-362.2  Local Thinning (Case 2)
-36223  Local Thinning (Case 3)

<4000 REPAIR PROCEDURES -
4100 - General Requirements 2
-7000 REPLACEMENT PROCEDURES
-7100 General Requirements

TABLE

-2500-1 Examination Categories

FIGURES

-3621-1 Ilustration of Erosion-Corrosion Wall

Thinning
-3622-1 Allowable Depth and Lcngth of Locally
Thinned Area

-1000 SCOPE AND RESPONSIBILITIES
-1100 SCOPE

This Subsection provides the rules and require-
ments for analytical evaluation, inservice inspection,
repair, and replacement of Class 1, 2, and 3 carbon
and low alloy steel piping items susceptible to wall
thinning as a result of the single-phase (water) ero-
sion-corrosion phenomena.

Enmpludpiph;iummpdblewnnthm;melbwn.
mmmdmmwwmam
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-1200 PIPING ITEMS SUBJECT TO
EXAMINATION
-1210 Examination Requirements

The examination requirements of this Subsection
apply to Class 1, 2, and 3 piping items* in single-phase
systems considered susceptible to pipe wall thinning,
in accordance with -2300.

-1220 Systems Susceptible to Wall Thinning

Piping systems shall be evaluated in accordance
with -2300 to determine their susceptibility to wall
thinning as a result of single-phase erosion-corrosion.
Single-phase systems that have experienced wall
thinning as a result of erosion-corrosion include but
are not limited to the following:

Main Feedwater

Auxiliary Feedwater (PWR)

Feedwater Recirculation Lines

Reactor Water Cleanup (BWR)

Steam Generator Blowdown Lines (PWR)

EXAMINATION AND
INSPECTION

-2200 INITIAL EXAMINATION
-2210 Preservice Examination

-2000

(a) Examination of piping items listed in Table - .

2500-1 shall be completed prior to commerical serv-
ice. These examinations shall include at least 10% of
all those piping items identified in Table -2500-1 and
considered susceptible to erosion-corrosion, but not
less than 10 piping items. Determination of suscep-
tibility shall be in accordance with -2300.

(b) Preservice examination may be conducted

prior to field installation provided that examination
records are documented and identified in a form con-
sistent with those required in -6000.

-2220 Initial Examinations Conducted
During Commercial Service

(a) Initial examinations of piping items listed in
Table -2500-1 shall consist of 10% or 10 piping items,
whichever is less, but not less than 3 piping items,
identified as susceptible to erosion-corrosion.

(b) When initial examinations reveal wall thinning,

SUPP. 8 — NC

additional examinations shall be performed in ac-
cordance with -2430.

-2300 SELECTION OF EXAMINATION
AREAS

(a) An analytical evaluation of Class |, 2, and 3
systems subject to single-phase flow shall be con-
ducted to determine susceptibility to wall thinning as
a result of single-phase erosion-corrosion. This eval-
uation shall consider the effects of nominal or actual,
chemical composition, of materials, when available,
system water chemistry, system temperature, system
flow rate and geometry. The method of evaluation
shall be made available to the regulatory and en-
forcement authorities having jurisdiction at the plant
site. Guidance for performing this evaluation is in
the course of preparation.

(b) Piping items shall be ranked both in order of
predicted erosion-corrosion rate and in order of time
remaining to reach minimum acceptable wall thick-
ness..A sample of the most susceptible piping items
shall be selected for examination using the rankings
of -2300(b). :

(c) Computer models may be used in conjunction
with engineering judgment for ranking and sample
selection.

(d) For piping items within a system with identical
configurations and variables, and judged to be of
equal susceptibility of wall thinning, only one of these
items need be included in the required sample.

~2400 INSPECTION SCHEDULE

-2410 Inspection Program

The sample size established for the first inservice
examination following the initial examination (-2200)
shall be in accordance with Table -2500-1. These ex-
aminations shall be conducted within 12 to 24 months
following the initial examination. When an evalua-
tion of the initial examination results predicts that
unacceptable wall thickness will occur prior to the
planned first inservice examination, a shorter time
interval shall be established.

-2420 Successive Inspections

Scheduling successive examinations shall be based
on an evaluation of the results of previous exami-
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nations. The evaluation shall take into consideration
changes in plant operating and design conditions
since the previous evaluation and changes expected
before the next examination. The frequency of ex-
amination shall be based on the predicted erosion-
corrosion rate and the time remaining to reach 70%
of nominal wall thickness or ¢, whichever is greater.

-2430 Additional Examinations

(a) Evaluations that predict the wall thickness at
the next inservice examipation less than 70% of nom-
inal wall thickness or ¢, whichever is greater, shall
require additional examinations. The additional ex-
aminations shall include the following:

(1) Equivalent piping items in other trains when
the system containing the subject piping item consists
of more than one train.

(2) The next two most susceptible piping items
form the ranking of -2300(b) in the same train or
system as the subject piping item.

(b) Evaluations of examinations required by (a)
above that reveal additional piping items with pre-
dicted wall thicknesses at the next inservice exami-
nation of less than 70% of nominal wall thickness or
t.m Whichever is greater, shall require more addi-
tional examinations shall include the next two most
susceptible piping items in the same train or system
as the subject piping items.

(c) When evaluation of the examinations:required
by (b) above reveal a piping item with predicted wail
thickness at the next inservice examination of less
than 70% of the nominal wall thickness or ¢_,,, which-
ever is greater, (b) above shall be repeated until no
additional wall thinning below 70% of nominal wall
thickness or ¢.,,, whichever is greater, is predicted.

-2500 EXAMINATION REQUIREMENTS

Piping items shall be examined as specified in Ta-
ble -2500-1, except when alternative examinations
are nsedv in accordance with -2240.

-2510 . Volumetric Examination

The volumetric examination required by -2500
shall be conducted from either the inside or outside
surface of a piping item. It shall be demonstrated to

816.3

the Inspector and documented that the examination
technique is capable of measuring a wall loss with an
accuracy of +5% of nominal wall thickness of the
piping item to be measured. A range of piping items
is qualified when demonstration is performed using
the minimum and maximum diameters to be exam-
ined. The area of wall loss used for this demonstra-
tion shall have its largest surface dimension (diam-
eter, length, or width) less than VR, where R is the
outside radius and ¢ is the nominal wall thickness of
the piping item. It must also be oriented in the most -
unfavorable direction to be encountered during the
examination. Straight sections of pipe may be used
for this demonstration in lieu of using the actual pip-
ing item configuration to be examined. Alternative
demonstration samples may be used, provided they
can be shown to produce equivalent or better ex-
amination results.

-

-2520 Layout of Examination Areas

A reference system shall be established for each
examination that permits identification and location
of each examination area. Ultrasonic examinations
shall require the use of a grid pattern unless auto-
mated examination methods are applied. The grid
pattern shall permit identification of each examina-
tis;l_point. Grid sizes shall be no greater than
2V Ry, except that grid sizes need not be smaller than
1 in. and shall not be larger than 6 in. Thickness
readings shall be recorded at the grid intersection
points, except for grid sizes 3 in. and larger, when an
additional reading at the approximate center of the
square defined by grid intersection points shall also
be performed. The additional readings need not be
recorded when they are representative of reading re-
corded at the intersecting points.

-2530 Supplemental Examinations

' When an evaluation is performed in accordance
with -3620 supplemental thickness readings shall be
obtained. These thickness readings shall be recorded
to map local wall thickness and the extent of thin-

ning.
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TABLE -2500-1
EXAMINATION CATEGORY
EXAMINATION CATEGORY T-A, WALL THICKNESS IN PIPING ITEMS SUSCEPTIBLE TO EROSION-CORROSION
Frequency of Examination®
ltem Examination Examination Acceptance
No. Piping Items* Requirements Method Standard Extent of Examination® First Successive
Examination Examination
T71.10 | Eilbows, 180° Retumns & Tees Wall Thickness Volumetric -3000 Items and 6 in. Downstream 12-24 Months -2420
Measurement . ’
T71.20 | Curved Pipe Wall Thickness Volumetric -3000 item and 6 in. Downstream of 12-24 Months -2420 E
Measurement : ) Tangent Point &
Q
T1.30 | Reducers, Expanders Reducing Wall Thickness Volumetric -3000 Item and 6 in. Downstream for 12-24 Months -2420 =
ﬁ and Expanding Ethows ° Measurement Reducers and Reducing Elbows.
Item and 6 in. Upstream and
Downstream for Expanders -4
. and Expanding Elbows. E
T71.40 | Valves or Pumps Wall Thickness Volumetric -3000 2 Plpe QIameters Downstream of 12-24 Months -2420
Measurement of Valve or Pump 5
Piping Down- -t
stream of Valve E
or Pump
T1.50 | Orifices Wall Thickness Volumetric -3000 2 Pipe Dlameters Downstream of 12-24 Months -2420 E
Measurement of Orifice é
Piping Down- a
stream of Orifice <]
Q
H T1.60 | Other Walil Thickness Volumetric -3000 Item and 6 in. Downstream 12-24 Months -2420 8
Measurement =
NOTES: :
See Notes at end of Examination Category T-A.
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ACCEPTANCE STANDARDS

<3000
-3100 INITIAL EXAMINATION
-3110 Preservice Examination

A predicted erosion-corrosion rate and the time
remaining before the piping item reaches minimum
acceptable wall thickness shall be calculated upon
completion of preservice examination. A piping item
predicted to be less than minimum acceptable wall
thickness prior to the first examination cycle shall be
evaluated in accordance with -3400.

-3120 Initial Examination Conducted During
Commercial Service

(a) When the initial examination of piping item
reveals a wall thickness less than 87.5% of the nom-

inal wall thickness, that is determined to be a result

of erosion-corrosion, the item shall be repaired or
replaced unless an evaluation shows that an accept-
able safety margin exists. This evaluation shall meet

the requirements of -3400.

(b) When a predicted (calculated) erosion rate in-
dicates that a piping item could reach minimum ac-
ceptabie wall thickness prior to the first inservice ex-
amination, the item shall be repaired, replaced, or
evaluated as acceptable for continued service in ac-
cordance with -3400. ‘

-3200 INSERVICE EXAMINATION

A predicted erosion-corrosion rate and the time
remaining before a piping item reached minimum
acceptable wall thickness shall be calculated upon
completion of the examinations performed during
each outage. The effects of future changes in plant
operating and design conditions that may affect the
susceptibility of the piping item shall be considered
in the calculations. Piping items with wall thinning
shall be dispositioned in accordance with -3210.

-3210

(a) Piping items whose examination reveal a wall
thickness less than 87.5% of the nominal wall thick-
ness determined to be a result of erosion-corrosion,
shall be repaired or replaced unless evaluation is per-
formed which shows that an acceptable safety margin

Acceptance
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exists for continued system operation. This evalua-
tion shall meet the requirements of -3400.

(b) When a predicted (calculated) erosion rate in-
dicates that a piping item could reach minimum ac-
ceptable wall thickness prior to the next inservice
examination, the item shall be repaired, replaced, or
evaluated as acceptable for continued service, in ac-
cordance with -3400,

-3400 ACCEPTANCE STANDARDS

To accept an eroded or corroded piping item for
continued service without further evaluation, the
minimum predicted wall thickness (£,), projected to
the next inservice examination, shall not be less than
0.875 times the nominal thickness of the piping item,
lrom a8 given in the design documentation. When t,
is less than 0.875¢,.., the acceptability of the piping
item for continued service shall be evaluated using
the criteria defined in -3410 and -3420.

-3410 Evaluation for Repair or Replacement

When ¢, is not greater than 0.3¢,__, further evalu-
ation is not permitted, and the piping item shall be
repaired or replaced.

<3420 Evaluation for Continued Service

When ¢, is less than 0.875¢,, but greater than
0.3, the piping item shall be repaired, replaced,
or evaluated for acceptability for continued service.
An acceptable evaluation method and criteria are
given in -3600. Alternative evaluation methods and
criteria may be used. When alternative methods or
criteria are used, the evaluation methods, the crite-
ria, and the evaluation shall be the responsibility of
the Owner and shall be subject to review by the reg-
ulatory and enforcement authorities having jurisdic-
tion at the plant site.

-3600 ANALYTICAL EVALUATION

(a) Piping items with predicted erosion-corrosion
wall thinning exceeding the standards of -3400 may
be evaluated to determine their acceptability for con-
tinued service in accordance with the evaluation pro-
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cedures and acceptance criteria of -3610 and -3620.
The evaluation is a two part procedure. Compliance
with the criteria of the first part demonstrates ade-
quacy for continued service without further evalua-
tion. The second part evaluates piping with deeper
wall degradation.

(b) The analytical evaluation shall be the respon-
sibility of the Owner and shall be subject to review
by the regulatory and enforcement authorities having
jurisdiction at the plant site.

(c) For piping items with predicted erosion-cor-
rosion wall thinning that exceeds the acceptance
standards of -3400, and satisfies the acceptance cri-
teria of -3600, the areas containing the dcgradation
shall be examined during three successive inservice
examinations. The examination frequency shall be
determined by the ptédxcted erosion-corrosion rate
in accordance with -2420. The frequency of further
examinations shall be determined by the erosion-cor-
rosion rate calculated from inservice inspection data.

-3610 Evaluation Procedure and Acceptance

Criteria — Step 1

(a) For acceptance of an affected piping item for
continued service without further evaluation, t, shall
not be less than ¢, where ¢, is the calculated min-
imum wall thickness for the piping item determined
from the primary stress equations of the Construction
Code. Both hoop and axial stress directions shall be
considered and bending load 'shall be included. De-
sign pressure and design mechanical loads shall be
be used at design temperature. When bending loads
are not available, bounding values shall be used. Al-
ternatively, assume ¢, equals 0.875¢,., and proceed
with Step 2, below.

« (b) When 1, is less than 7., an evaluation shall be
performed in accordance with Step 2 below.

-3620 Evaluation Procedure and Acceptance
Criteria — Step 2
-3621 Acceptance Criteria

For acceptance of an eroded or corroded piping
item with degradation deeper than that permitted by
-3610 for continued service, or for which it has been

816.7

assumed that ¢, equal 0.875¢,, ¢, predicted to the
end of the evaluation period shall not be less than
lucey the allowable local wall thickness. The extent of
degradauon as measured by L,,, L,,,, asid L., de-
fined in Fig. -3621-1, shall not exceed the require-
ments of -3622.

3622 Evaluation Procedure

The evaluation procedure is a function of the
depth and the extent of the affected area. An ero-
sion-corrosion area and the parameters which define
the depth and extent of thinning are illustrated in
Fxg. -3621-1. The allowable local wall thickness, 7,
is determined from -3622., -3622.2 and -3622.3,
based on the extent and shape of the thinned area.

-3622.1 Local Thinning (Case 1).When the frans-
verse extent of wall thinning that exceeds /Lo,
is not greater than VRt t,. is determmecﬁfmm
Curve 1 of Fig. -3622-1, whereRuthep:peoumde
radius and L,,,, is defined in Fig. -3621-1. When the
above requirement is not satisfied, -3622.2 shall be
met.

-3622.2 Local Thinning (Case 2).When the maxi-
mum extent of wall thinning that exceeds ¢, L., is
not greater than 2.65VRY,,, and ¢, is greater than
113400, tuces is determined by sat:sfymg both of the
following equations:

foes o 15 VRlpw faom

= = [1 . :,,,,] +10 (1)
fue . 0353L,
e o
. VR 2

When the above requirements are not satisfied, -
3622.3 shall be met.

36223 Local Thinning (Case 3)

When the requirements of both -3622.1 and -
3622.2 are not satisfied, ¢, is determined from
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FIG. -3621-1 ILLUSTRATION OF EROSION-
CORROSION WALL THINNING

Curve 2 of Fig. -3622-1. In addition, t,,,, shall satisfy
the applicable Construction Code equation:
For Section III and B31.7, Class | piping systems
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For Section ITI, Class 2 and 3 piping systems
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LR ' @)
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where P, is the pipe longitudinal bending stress re-

suiting from all primary pipe loadings. The other
terms are defined in the applicable Construction
Code. - -

4000 REPAIR PROCEDURES
4100  GENERAL REQUIREMENTS

Repairs shall be made in accordance with Section
X1, Division 1, IWA-4000 and TWB-4000, [WC-4000
or IWD-4000, as applicable.

7000 REPLACEMENT PROCEDURES
-7100 GENERAL REQUIREMENTS

Replacements shall be made in accordance with
Section XI, Division 1, IWA-7000 and TWB-7000,
IWC-7000 and IWD-7100 as applicable.
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FIG. -3622-1 ALLOWABLE DEPTH AND LENGTH OF LOCALLY THINNED AREA

816.9



—



Arracament D D mA /L/

\"’n l(q%‘ 1_"\' SwaLirs
¢ %, UNITED STATES - / -
wa NUCLEAR REGULATORY COMMISSION ple Lo
| WASHINGTON, D. C. 20685
.\ .
Y, > - June 15, 1990
T0: ALL HOLDERS OF OPERATING LICENSES FOR NUCLEAR POMER PLANTS

SUBJECT: GUIDANCE FOR PERFORMING TEMPORARY NON-CODE REPAIR OF ASME CODE -
CLASS 1, 2, AND 3 PIPING (GENERIC LETTER 90-0s5)

INTRODUCTION

Section XI of the ASME Boiler and Pressure Vesse} Code (hereafter called the
code) specifies code-acceptable repair methods for flaws that exceed code
acceptance 1imits in piping that is in service. A code repair is required to
restore the structural integrity of flawed ASME Code piping, independent of
the operational mode of the plant when the flaw is detected. Those repairs
not in complfance with Section XI of the ASME Code are non-code repairs.
However, the required code repair may be impractical for a flaw detected
during plant operation unless the facility is shut down. Pursuant to

10 CFR 50.55a(g)(6)(1), the Commission will evaluate determinations of

- impracticality, and may grant relief and may impose alternative requirements.
The staff has developed a position on temporary non-code repairs depending on
the ASME Code class of the piping. The staff continues to find temporary
non-code repairs of code Class 1, 2 and 3 p1p1n$ unacceptable without specific
written relief granted by the NRC. However, this generic letter provides
guidance that will be considered by the NRC staff in evaluating reljef

requests submitted by licensees for temporary non-code repairs of code Class 3

piping.

Temporary non-code repairs are applicable until the next scheduled outage
exceeding 30 days, but no later than the next scheduled refueling outage.

This guideline applies when a flaw is detected during plant operation. If a
flaw is detected during a scheduled shutdown, a code repair is required before
plant restart.

Code Repair Versus Temporary Non-Code Repair

Article IWA-4000 of Section XI of the ASME Code describes the code repair
procedures. A code repair requires the removal of the flaw and a subsequent
weld repair, The repair weld is subject to post-repair nondestructive
examination and a post-repair pressure test may also be required. A code
repair is practical during a scheduled shutdown. If a flaw is detected during
plant operation, the plant may have to be shut down to perform a code repair.
To avoid a plant shutdown and to limit the leakage from a through-wall flaw,

some licensees have used temporary non-code repairs such as clamps with rubber

gasketing, encapsulation of leaking pipes in cans using liquid sealants, or
weld overlays. Temporary non-code repairs are not permitted on ASME Code
piping without prior relief from the NRC.

9006120310




STAFF POSITION

This staff guidance on temporary non-code repairs depends on the ASME Code
class of the piping. Safety-related piping for recent plants is classified as
code Class 1, 2, and 3, according to Regulatory Guide 1.26. For older plants,
safety-related piping is reclassified as code Class 1, 2, and 3 for the -
purpose of inservice inspection specified in Section XI according to

- Regulatory Guide 1.26. Piping in the reactor coolant pressure boundary is

code Class 1. Typical examples of code Class 2 piping are those in engineered
safety feature systems connected to the reactor coolant pressure boundary that
are designed for emergency core cooling, residual heat removal, reactor
shutdown, and containment heat removal. Typical examples of code Class 3

. piping are those in the cooling water, seal water, and auxiliary feedwater

systems.
ASME Code Class 1 and 2 Piping

For code Class 1 and 2 piping, a licensee is required to perform code repairs
or request NRC to grant relief for temporary non-code repairs on a
case-by-case basis regardless of pipe size. Temporary non-code repairs of
code Class 1 and 2 piping must have load-bearing capability similar to that
provided by engineered weld overlays or engineered mechanical clamps.
Licensee requests based on repairs such as encapsulation of leaking pipes in
cans using liquid sealants, clamps with rubber. gasketing, or non-engineered
weld overlays (patches) will not be approved by the staff,

Engineered weld overlays or engineered mechanical clamps are designed to meet
the load-bearing requirements of ths piping, assuming that the flaw is
completely through the wall for 360", that is, all around the pipe
circumference, at the location of the flaw. Engineered weld overlays and
engineered mechanical clamps are discussed in Generic Letter 88-01, “"NRC
Position on IGSCC in BWR Austenitic Stainless Steel Piping.”

ASME Code Class 3 Piping

For code Class 3 piping, a licensee is also required to perform code repairs
or request NRC to grant relief for temporary non-code repairs on a
case-by-case basis regardless of pipe size. Because of the rather frequent
instances of small leaks in some Class 3 systems, such as service water
systems, the staff is providing guidance in Enclosure 1 that will be
considered by the staff in evaluating relief requests for temporary non-code
repairs of code Class 3 piping. The guidance for code Class 3 piping in
Enclosure 1 consists of assessing the structural integrity of the flawed
piping by a flaw evaluation and assessing the overall degradation of the
system by an augmented inspection. In addition, licensee evaluation should
consider system interactions such as flooding, spraying water on equipment,
and loss of flow. Furthermore, temporary non-code repairs should be evaluated
for design loading conditions.

Temporary non-code repairs of code Class 3 pipingoin high energy systems, that
is, the maximum operating temperature exceeds 200°F or the maximum operating
pressure exceeds 275 psig, must have load-bearing capability similar to that
provided by engineered weld overlays or engineered mechanical clamps. :

Licensee requests for high energy Class 3 piping based on repairs such as



<3«

encapsulation of leaking pipes in cans using liquid sealants, clamps with
rubber gasketing, or non-engineered weld overlays (patches) will not be
approved by the staff. For temporary non-code repairs of code Class 3 piping
in moderate energy systems, that is, other than high energy systems, the
licensee may consider non-welded repairs. Furthermore, the structural

integrity of the temporary non-code repair of code Class 3 piping should be
assessed periodically,

For code Class 3 piping, two specific flaw evaluation approaches as discussed
in Enclosure 1 should be considered, namely, the "through-wall flaw" and the
"wall thinning" aperoaches. If the flaw is found acceptable by the
“through-wall flaw" approach, a temporary non-code repair may be proposed. If
the flaw is found acceptable by the "wall thinning" approach, immediate repair
is not required but the licensee should comply with the guideline for repair
and monitoring. An augmented inspection is a part of the relief acceptance
criterfa. The extent of the augmented inspection is more stringent for high
energy lines than for moderate energy lines because of the potential for more
severe failure consequences.

CONCLUSIONS

The staff concludes that adherence to the guidance provided in this generic
letter will reasonably assure structura) integrity and protect public health
and safety. The staff has determined that an ASME Code repair s required for
code Class 1, 2 and 3 piping unless specific written relief has been granted
by the NRC. However, the staff has determined that temporary non-code repair
of Class 3 piping that cannot be isolated without a plant shutdown is
Justified in some instances. The rather frequent instances of small leaks in
some Class 3 systems, such as service water systems, could lead to an
excessive number of plant start-up and shutdown cycles with undue and
unnecessary stress on facility systems and components if the facilites were to
perform a code repair when the leakage is identified. For the purpose of this
generic letter, impracticality is defined to exist if the flaw detected .during
plant operation is in a section of Class 3 piping that cannot be isolated for
completing a code repair within the time period permitted by the 1imiting
condition for operation (LCO) of the affected system as specified in the plant
Technical Specifications, and performance of code repair necessitates a plant
shutdown. Pursuant to 10 CFR 50.55a(g)(6)(i), the Commission may grant relief
for temporary non-code repair of code Class 3 piping, where impracticality
exists in performing an ASME Code repair while the facility is operating,
based on a staff evaluation considering the guidance in this generic letter.

Backfit Discussion

The objective of this generic letter is to maintain structural integrity of
repaired ASME Code piping. The staff is not imposing a new or different
position. However, this generic letter provides guidance that will be
considered by the NRC staff in evaluating relief requests submitted by
licensees for temporary non-code repairs of code Class 3 piping. Compliance
with the staff guidance is not required. Because the implementation of the
guidance for Class 3 piping is voluntary, 10 CFR 50.109 does not apply.



This generic letter consists of guidance and does not require a response.
Therefore, an OMB clearance number is not necessary,

If you have any questions about this matter, please contact one of the NRC
technical contacts listed below. ’ :

Sincerely,

e
James G. Partlow

Associate Director for Projects
O0ffice of Nuclear Reactor Regulation

Enclosures:

1. Staff Guidance in Evaluating Relfef Requests
for Temporary Non-Code Repair of ASME Code
Class 3 Piping

2. Listing of Recently Issued Generic Letters

Technical Contacts:
S. Lee, NRR
(301) 492-0771

R. Hermann, NRR
(301) 492-0768

K. Wichman, NRR
(301) 492-0757



Enclosure 1}

STAFF GUIDANCE IN EVALUATING RELIEF REQUESTS
FOR TEMPORARY NON-CODE REPAIR OF ASME CODE CLASS 3 PIPING

A. INTRODUCTION

The guidance provided herein will be considered by the NRC staff in evaluating
relief requests submitted by licensees for temporary non-code repairs of ASME °
Code Class 3 piping. The guidance is restricted in scope and has limitations
and specific considerations. The guidance consists of assessing the

structural integrity of the flawed piping by a flaw evaluation and assessing
the overall degradation of the system by an augmented inspection. For a

relief request prepared according to criteria different from those set out in
this guidance, the staff will evalvate case-by-case the basis provided by the
licensee.

B. SCOPE, LIMITATIONS, AND SPECIFIC CONSIDERATIONS

1. Scope

Only ASHE Code Class 3 piping fabricated from ferritic steel or austenitic
stainless steel are within the scope of this guidance. However, leakage
through a flange gasket is not considered to be a flaw in the piping by
Section XI of the ASME Code and is excluded. Furthermore, pumps, valves, heat
exchangers, and components other than piping are excluded. For materials
other than ferritic steel and austenitic stainless steel, a licensee should
ju§t1fy the material properties used in the flaw evaluation of Section C.3.a
below.

2. Limitations

This guideline for temporary non-code repair of code Class 3 piping applies
when a flaw, which originates in the inner diameter of the pipe, is detected
during plant operation. If a flaw is detected during a scheduled shutdown, a
code repair is required before plant restart. A temporary non-code repair is
applicable until the next scheduled outage exceeding 30 days, but no later
than the next scheduled refueling outage. The temporary non-code repair
should then be replaced with a code repair. .

3. Specific Considerations

System interactions such as the consequences of flooding and spraying water on
equipment should be considered. The potential significance of a loss of flow
to the system should also be considered. Furthermore, temporary non-code
repairs should be evaluated for design loading conditions, such as deadweight,
pressure, thermal expansfon, and seismic loads.

The integrity of the temporary non-code repaif of code Class 3 piping should
be assessed at least every 3 months by a suitable nondestructive examination

(NDE) method. This examination should involve the application of ultrasonic

testing (UT) or radiographic testing (RT). Furthermore, a qualitative
assessment of leakage through the temporary non-code repair should be



performed at least every week during plant walkdown inspections to determine
any degradation of structural integrity. The licensee should perform an
engineering evaluation to assess the rate and extent of the degradation to
determine what remedial measures are required. A temporary non-code repair is
no longer valid if the structural integrity is not assured.

ASME Code Class 3 piping encompasses bothohigh energy systems, that is, the
maximum operating temperature exceeds 200 F or the maximum operating pressure
exceeds 275 psig, and moderate energy systems, that is, other than high energy
systems. Temporary non-code repairs of code Class 3 piping in high energy
systems must have load-bearing capability similar to that provided by

- engineered weld overlays or engineered mechanical clamps. Licensee requests
based on repairs such as encapsulation of leaking pipes in cans using liquid
sealants, clamps with rubber gasketing, or non-engineered weld overlays
(patches) will not be approved by the staff.

Engineered weld overlays or engineered mechanical clamps are designed to meet
the load-bearing requirements of ths piping, assuming that the flaw i{s
completely through the wall for 360, that is, all around the pipe
circumference, at the location of the flaw. The staff position on engineered
weld overlays is provided in Generic Letter 88-01, "NRC Position on IGSCC in
BWR Austenitic Stainless Steel Piping." For engineered weld overlays of
ferritic steel piping, the calculation method described in ASME Code Case
N-463 {is recommended. Furthermore, overlay welding on ferritic piping may be
performed according to the "half bead* technique described in Section XI or
the "temper bead" technique described in ASME Code Case N-432 without the
specified post-weld heat treatment (PWHT) requirements of Article NB-4622 of
Section III of the ASME Code. The staff position on engineered mechanical
clamps is also provided in Generic Letter 88-01, and such devices require
staff review on an individual case basis. -

For temporary non-code repairs of code Class 3 piping in moderate energy
systems, the licensee may consider (1) non-welded repairs, and (2) leaving the
piping as-is if there is no leakage and the flaw is found acceptable by the
"through-wall flaw" approach discussed in Section C.3.2 below.

'C. EVALUATION GUIDELINE

Figure 1 shows a flow chart for the staff evaluation guideline on temporary
non-code repairs of code Class 3 piping. The flow chart consists of (1) flaw
detection during plant operation and impracticality determination, (2) root
cause determination and flaw characterization, (3) flaw evaluation, and (4)
augmented inspection.

1. Flaw Detection During Plant Operation and Impracticality Determination

The initiating event is the detection of a flaw in code Class 3 piping during
plant operation. An example would be the discovery of a leak in a service
water system pipe by maintenance personnel during plant operation. The
licensee should determine the existence of any impracticality in performing a
code repair. If practical, that is, if the affected section of piping can be
isolated for completing a code repair within the time period permitted by the
, 1imiting condition for operation (LCO) without a plant shutdown, the iicensee
is required to perform a code repair.
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2. Root Cause Determination and Flaw Characterization

The root cause of the piping degradation should be determined. The flaw
evaluation criteria in the staff guidance assume a localized flaw. The flaw
geometry should be characterized by a suitable NDE method for subsequent flaw
evaluation. This examination should involve the application of UT or RT -
techniques. The flaw geometry should be suitably bounded to account for NDE
uncertainties and limitations. Figure 2a shows a schematic of a generalized
flaw in a pipe wall ortginating in the inner diameter of the pipe. The flaw
may or may not be through-wall, ' :

3. Flaw Evaluation

" The structural integrity of the flawed Piping should be assessed by a flaw
evaluation. Two specific flaw evaluation approaches as discussed below should
be considered, namely, the "through-wall flaw" and the "wall thinning®
approaches. The flawed piping should satisfy the criteria of efther of these
two approaches. The licensee may select either approach for flaw evaluation,
except that the "wall thinning® approach is not applicable to (1) a
through-wall flaw, including a pinhole leaking flaw, and (2) a crack-1ike
flaw. It is noted that the "through-wall flaw" approach may be applied to a
flaw that is not through-wall,

a. Through-Wall Flaw" Approach

This approach assumes a through-wall flaw and evaluates the flaw
stability by a linear elastic fracture mechanics methodology.
Figure 2b shows some geometric parameters used in the evaluation.
The code-required minimum wall thickness 'tm1n' should be

determined. The maximum length of the portion of the flaw that
extends beyond * .1“'. independent of orientation with respect to

the pipe, is the through-wall flaw length “2a". As shown in Figure
2b, the flaw does not have to be through-wall for the application of
this approach. The length "2a® can be determined according to
Figure 2b for a flaw that may or may not be through-wall,

If the Iengih 22" exceeds either 3 inches or 1§ percent of the
length of the pipe circumference, the flaw is not acceptable by this
approach. _ :

The stress “s® at the flawed location should be determined from the
combination of deadweight, pressure, thermal expansion, and
safe-shutdown earthquake (SSE). For evaluation purposes, the
through-wall flaw length "2a* should be conservatively assumed to be
in the circumferential direction and the stress "s* should be
assumed to be a bending stress. A safety factor of 1.4 should be
applied to the stress as shown in equation (1) below. This safety
factor is consistent with the factor of a square root of two on the
stress intensity for flaw evaluation under faulted loads in Article
IWB-3600 of Section XI of the ASME Code. .



Based on linear elastic fracture mechanics and ‘assuming a pipe
thickness of 'tm1n" the stress intensity factor "X resulting from

the flaw under the applied load is given in Reference 1 as

K =1.4 sF (3.1416 a )05 (1)
where the geometry factor "F* is _ c

Felsa c15ag 25, 3.5 (2)
where .

¢ = a/ (3.1416 R) ‘ ] (3)

R = mean pipe radius | .

A = -3.26543 + 1.52784 r - 0.072698 r + 0.0016011 r°  (4)

B = 11.36322 - 3.91412 r + 0.18619 rZ - 0.004099 r3 (5)

C = -3.18609 + 3.84763 r - 0.18304 r? + 0.00403 r3 2

ro=R/t.. (7)

For flaw stability, linear elastic fracture mechanics nethoddlogy
specifies “K" to be less than the critical stress intensity factor
which represents the fracture toughness of the material.

For ferritic steel, the value of "K* from equation (1) should be

less than 35 ksi(in)o‘s, which is consistent with the lower-bound
fracture toughness property in ASME Code Case N-463.

For austenitic stainless steel; the value of “X" from equation (1)

should be less than 135 ksi(in)o's, which is consistent with the
lower-bound fracture toughness property used in Article IWNB-3640 of
Section XI of the ASME Code.

If the flaw satisfies the criteria of this evaluation approach, a
temporary non-code repair of the code Class 3 piping may be
proposed. It is noted that the rate of degradation is not
considered in this approach because the flaw is assumed to have
grown through the pipe wall and the temporary non-code repair is
applicable, at maximum, until the next scheduled refueling outage.

"Wall Thinning® Approach

This approach assumes wall thinning and evaluates the structural
strength of the flawed piping based on the acceptance standards in
Article 3000 of ASME Code Case N-480. Although ASME Code Case N-48C
addresses wall thinning as a result of erosion/corrosion, the
acceptance standards in ASME Code Case N-480 are extended by- the



c.

staff to all wall thinning mechanisms such as microbiologically
induced corrosion (MIC) for applications within the scope of this
generic letter.

Figure 2¢ shows some geometric parameters used in the evaluation,
The code-required minimum wall thickness .tmin. should be

determined. The minimum measured wall thickness .tﬁeasn should be

determined by NDE. Based on an estimated wall thinning rate and

'.tmeas.' the minimum predicted wall thickness 'tp' projected to the

next inservice examination should be determined. ASME Code Case
N-480 provides rules for determining the allowable local wall
thickness .ta1oc' for the measured length of the flaw. Local wall

thinning is acceptable if “tp' exceeds .taloc.'

If the flaw satisfies the criteria of this evaiuation approach,
immediate repair of the code Class 3 piping is not required.
However, the licensee should comply with the repair and monitoring
guideline in ASME Code Case N-480.

Single Versus Multiple Flaws

. If multiple proximate flaws are detected, they may have to be

considered in the flaw evaluation as a single flaw. The guideline
discussed in this section is based on Article INA-3330 of Section XI
of the ASME Code. '

Figure 3a shows the geometric parameters used in the evaluation for
the "wall thinning" approach. The minimum spacing “S", independent
of orientation relative to the pipe, between two flaws of depths
“dl" and 'd2' are shown. For 'dz“ larger tharn ”dl“, the two flaws

should be treated as a single flaw if "S" is less than or equal to
two times "dz'.

Figure 3b shows the geometric parameters used in the evaluation for
the “through-wall flaw" approach. The difference between Figure 3a
and Figure 3b-is that the parameters are measured from .tmin. in

Figure 3b. The minimum spacing "S*“, independent of orientation

re]étive to the pipe, between two flaws of depths “dl*" and 'dz*' is
*
1

- * *
3s a single flaw if “S " is less than or equal to two times "d2 .

shown. For “dz*“ larger than “d, ", the two flaws should be treated

Augmented Inspection

If the flaw is evaluated and found acceptable by one of the above evaluation
approaches, the licensee should perform an augmented inspection via UT or RT
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to assess the overall degradation of the affected system. The augmented
fnspection, performed within 15 days of detection of the flaw which results in
3 temporary non-code repair, is a part of the relief acceptance criteria of
the temporary non-code repair of code Class 3 piping.

From the root cause determination, the most susceptible locations should be
Identified. The extent of the augmented inspection depends on whether the
line is high energy or moderate energy. The failure of a high energy line may
have more severe consequences than the failure of a moderate energy line
because of the energy content. Thus, a more extensive augmented inspection
should be performed for high energy lines. As shown in Figure 1, the
inspection of at least 10 most susceptible (and accessible) locations for high
energy 1ines and at least 5 most susceptible (and accessible) locations for

-moderate energy lines should be performed. Flaws detected in the augmented

inspection should be characterized and evaluated. If any flaw is detected
having a minimum measured wall thickness 'tmeas' less than the code-required

minimum wall thickness .tmin. in the augmented inspection sample, inspection

of an additional sample of the same size should be performed. This process
should be repeated within 15 days of each other until no flaw having .tmeas'

less than .tmin' is detected in the additional inspection sample or until 100

percent of susceptible (and accessible) locatidns have been inspected.

D. REFERENCES

1. ®NRC Leak-Before-Break (LBB.NRC) Analysis Method for Circumferentially
Through-Wall Cracked Pipes Under Axial Plus Bending Loads,"
NUREG/CR-4572, May 1986. .
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Fig. 2 Schematic of (a) generalized flaw, (b) parameters in "through-wall
’ flaw" approach, and (c) parameters in "wall thinning® approach.



Fig. 3 Schematic indicating parameters in determining single versus multiple

flaws for (a) “wall thinning" approach and (b

through-wall flaw"
approach._
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" Chapter 8

8.1 BELL-AND-SPIGOT JOINT WITH RUBBER GASKET

\\ 9
Arratwment  ©
L Saeexs

AWWA MANUAL

Pipe Joints

The pipe joint selected and the care with which it is installed are important considerations
for the design engineer and inspector. Many kinds of joints are used with steel water pipe.
Common types are bell-and-spigot rubber-gasket joints, field-welded joints (both illustrated
in Figure 8-1), sleeve couplings, grooved-and-shouldered couplings, and flanges. All of
these joints are covered in this chapter. Patented joints obtainable from some pipe
manufacturers include, among others, the integral mechanical-compression gasket of
stuffing-box type and the roll-on gasket type. Recommended use and design data for
patented joints may be obtained from the manufacturer of the joint. _

Several types of rubber-gasket field joints (shown in Figures 8-1E, 8-1F, 8-1G, 8-1H, and
8-11) have been developed for steel water-pipe service. Gasketed joints permit rapid
installation in the field and, when properly manufactured and installed, they provide a
watertight joint that will give long service without maintenance. The design of the joints
allows flexibility in the line, permitting certain angular and longitudinal movement due to
settlement of the ground or other conditions while allowing the joints to remain watertight.
The joints are easy to assemble and oonsequently reduce the cost of laying the pipe. Any type
of coating can be applied to the pipe in the shop and not be damaged at the joint during laying
operations. The joint is self-centering and economical. Because of potential problems in
maintaining joint integrity, caution should be exercised in the manufacture of gasketed
joints to maintain tight clearance between the bell and spigot.

The rubber gasket should conform to AWWA standards. Consideration should be given
to thrust at elbows, tees, laterals, wyes, reducers, valves, and dead ends. Joints should
be restrained by welding (Figure 8-1), by harnessing, by anchors, or by thrust blocks
(Chapter 13). Calculations should consider the anchoring effect of soil friction (Sec. 8.7 and
Sec. 13.8).
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May be welded inside o1 outsude, or both .
inside and outside when required. B. Single-Butt Weld Joint
A. Lap-Welded Slip Joint : BUTT STRAP
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C. Double-Butt Weld Joint

RUBBER GASKET RUBBER GASKET

E. Fabricated Rubber Gasket Joint F. Rolled-Groove Rubber Gasket Joint

ield-welded restraint bar (alternative
typical for joint types G. H, and b

RUBBER GAQKEI
H. Caimnegie-Shape Rubber Gasketl Joint

) ) RUBBER GASKET
For restraint. this weld-on

bar can also be used on joint types E, F, H_ and |

RUBBER GASKET
CARNEGIE SHAPE -

G. Tied Rubber Gaskel Joint
I. Carnegie-Shape Rubber Gasket Joint With Weld-On Bell Ring

Figure 8-1 Welded and Rubber-Gasketed Field Joints
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May be welded inside or outside, or both
inside and outside when required. B. Single-Butt Weid Joint

A. Lap-Welded Slip Joint BUTT STRAP

N

C. Double-Butt Weid Joint D. Butt Strap Joint
i RUBBER GASKET - RUBBER GASKET
E. Fabricated Rubber Gasket Joint F. Rolled-Groove Rubber Gasket Joint

Field-weided restraint bar (alternative
typical for joint types G, H, and I

RUBBER GASKET

H. Camegie-Shape Rubber Gasket Joint

. RUBBER GASKET '
For restraint, this weid-on
bar can also be used on joint types E, F, H, and |
RUBBER GASKET

G. Tied Rubber Gasket Joint CARNEGIE SHAPE
I. Carnegie-Shape Rubber Gasket Joint With Weid-On Bell Ring

Figure 8-1 Welded and Rubber-Gasketed Field joints

‘8.2 WELDED JOINTS

Field welding of joints in steel water pipe 24 in. in diameter and larger is a frequently used
jointing method that results in strong, permanently tight joints. Slip joints for lap welding
having a single fillet weld (Figure 8-1A) have proved satisfactory for most installations.
Single-butt welds (Figure 8-1B) and double-butt welds (Figure 8-1C) should withstand, to
the limit of pipe-wall strength, longitudinal extension loading that may be caused by
settlement, washouts, and other disjointing forces. No other common water-pipe joint will
withstand such loading. Where welded joints are used, the pipe should be left bare a
sufficient distance back from the ends to avoid damaging the protective coatings by the heat
produced during welding. These joints should be field-coated after welding. Field-welding
in the interior of steel pipe with lining is ordinarily limited to 24-in. or larger pipe, because a
worker must enter the pipe after welding to apply lining to the inside at the welded joints.
Forced ventilation must be provided to ensure adequate air exchange when men are working
inside the pipe.

The slip joint is commonly used because of its flexibility, ease in forming and laying,
watertight quality, and simplicity. Small angle changes can be made in this joint. It may be
welded on the outside only, or if the diameter permits, on the inside only. In certain special
conditions, it may be desirable to weld both on the inside and outside, in which case a
method of field testing described in AWWA C206, Standard for Field Welding of Steel
Water Pipe,! may be employed advantageously.

'AWWA C206 fully covers the requirements and techniques for satisfactory field
welding. Where the pipe wall is thicker than Y2 in. and the pipe is subject to temperatures




" 88 STEEL PIPE

8.3 SLEEVE COUPLINGS

below 40°F (4°C), the steel and welding procedures should be carefully selected to
accommodate these adverse conditions. :

Sleeve couplings arc used on pipelines of all diameters and especiallyon lined pipe 100 small
for a person to enter. Very complete technical data have been published.2 A typical sleeve
coupling is shown in Figure 8-2. :
Sleeve couplings provide tightness and strength with flexibility. They relieve
expansion and contraction forces in 3 pipeline and provide sufficient flexibility so that pipe
may be laid on long radius curves and grades without the use of specials. The rubber gaskets
are firmly held between the coupling parts and the pipe, and they join the lengths securely
against high pressure, low pressure, Of vacuum. The completely enclosed rubber gaskets are
protected from damage and decay. These joints have been used successfully since 1891.
Acceptable axial movementin flexible sleeve couplings results from shear displacement
of the rubber gaskets rather than from sliding of the gaskets on the mating surface of the
pipe. If greater displacement is needed, true expansion joints should be provided rather
than sleeve couplings. ]
Sleeve couplings transmit only minor tension or shear stresses across pipe joints, and
they will not permit differential settlement at the joints when used alone. However, adegree
of flexibility is possible when used in conjunction with another adjacent flexible joint.
Sleeve couplings arc suitable for joining buried or exposed anchored pipes that are laid on
curves established using deflections up 10 the maximum permitted at the coupling.
Restrained, harnessed, flanged, or welded joints may be needed to resist the
unbalanced thrustattees, elbows, valves, and fittings, or 10 resist the line pull in underwater .
crossings, if such forces arc not resisted by external forces pro ided by thrust blocks or
anchors. Calculations should consider the anchoring effect of soil friction on buried pipe,
discussed in Sec. 8.7 and Sec. 13.8. Details of joint harness arc given in Chapter 13.

Pipe Layout When Using Sleeve Couplings

When laying sleeve-coupled pipe on curves, the amount of separation measured on the pipe
centerline should be determined using data supplied by the coupling manufacturer.
Extreme accuracy is necessary only in plant layout work and other very special projects:
When these cases occur, the data supplied by the coupling manufacturer will aid layout
technicians and checkers in reaching agreement on dimensions.

Data for Pipe Layouts

The profile and alignment of pipelines is frequently staked on a curve. Itis useful to know
what pipe lengths are peeded to negotiate such curves and to know the offset necessary to

Figure 8-2

Sleeve Coupling




—_—— e — . — . . . . IA.|I|||'|'|»|I'lll"l‘l’lll'l'l'll

= - -
cy g 8
mmmmmmmmmmumBmmmmmmmmmmmmmmmmwmmmmmmmmmmmmmmm@mmmmmmmmmmmmm W
SH, g it |
hmmmmmmmm@m@mmwmmwmmm@wmmwmmmmmmwwmmwwmmmmmmmmmmmmmmwwmmm
Tmmmmmﬁmmmmmmmmmmmmmmmmmmmmmmmmmﬂ@mmmmmmwmmmmmmmmmmmmmmmmm
S e EE F e B R e e H R R B EE e
w.h-mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
o
z ol=y]m|efin|ol~ o= |N|D o =ln|3 Of— - ~ alo|=lnim n e
b B B R A S A B A3
: : 5
T
Q
AN
\ 0
J,M,\\ ul
4&. ./\,\ 4&. N
= M__ Jv \ A,/v N\
s a 4,4»» 7 A
= I ) \
P, Q )\
v
i 5 W4
@ \ 5
£ g LN z
£ Y A <
0 w - v W
N = Y/ . O
Q 1& -
w S\ movn
Pl _.Mn. R \ _.&
N S 2 -\ T
R - PR
- AV 'ﬁ W \M,_ “W_ 2 \ W m
> 0. AV.W /.«V,b\ 7/ onN 417» \ P_u _M_
oy N/ Q . oY oI
=R £ ] N/ N
Ln/w. K4 ...co \& ou Q »\ >
- W N ¥\
uwﬂ,, .qw\ /A AN s R\ ol._
PRV % a
2 7 Vi %4 2
,n\uDL 1.,..,/h. AVJme \ T
r o N\, "R /
’Ww | J//vaﬁ/ﬁ mx W\ \\\\ w
_ > - - - ‘4»
. A TS L ||||wr/,\ ' %
P\ X /a. WA
| SRRy
“ ‘ W
[




AN I

_ \\\ &
N >4 )
(<

30-CW-11 & EL.217.5°"

30-Cw-11 1S0.
NORTH SUPPLY HEADER-SERVICE WATER
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N-16 B/5 | GROUT |NO | NO NO
N-1{7 B/5 | GROUT | NO | NO NO
N-18 B/S | GROUT | NO | NO NO '
N-19 B/S | BROUT | NO | NO NO
N-20 B/S | GROUT | NO | NO NO
N-21 B/S | GROUT | NO | NO NO
N-22 B’/S [ GROUT | NO | NO NO
N-23 B/5 | oRoUT | NO | NO NO
N-24 BsS_| GROUT | ND | NO NO
N-25 /s | GROUT [ NO | NO N
N-26 8,5 | GROUT { NO | NO NO
N-27 B/s | GROUT N0 [ NO NO
N-28 B/S | OROUT Ino [ nD NO
N-29 8/6 |erRouT N0 [ nO NGO
N-30 ass |GROUT {ND | o NO
N-31 8/5 |OROUT [ND | NO NO
N-32 8/5 |OROUT [NO [ NO NO
N-33 B/S |OROUT INO I ND | NO
N-34 Bss |GRAOUT INO | NO NO
N-35 B/S |GROUT [NO | nO NO
N-36 8/5 |GROUT 1nO ND NO
N-37 B/S |BROUT [no | NO NO
N-38 Bss | GROUT INO | nD NO )
N-239 B/S | OROUT NGO | o NO
N-40 B/S |GROUT [NO [ NO NO
N-41 B8sS | GROUT | NO | NO NO
N-42 B/S | GROUT | NO [ NO NO
N-43 B/g | BROUT NO [ NO NO
N-44 B8/S | BAOUT |INC [ ND NO
/ﬁ N-45 B/S [GROUT NO I'no NO
& N-46 B/5 | GROUT |ND | o w T
) N-a7 B/5 |GROUT | N0 [ o NO
§ P> ‘f N-48 8/5 !crout NG WO o
AN
AN
\.‘/ <
A g \)@?,
N (e 2\
4 T alv
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H.B.ROBINSON UNIT 2

SERVICE WATER WALL THICKNESS MEASUREMENTS
28 NOVEMBER 1990

THE ATTACHED INSIDE SURFACE PROFILES WERE OBTAINED FROM

THE SOUTH SERVICE WATER HEADER (DWG 30-CW-12) AT THE BELL AND
SPIGOT JOINTS. A CONTOUR GAUGE WAS USED TO PRODUCE THE
PROFILES.

DATUM FPOINT ZERO DEGREE 1S LOCATED TOP DEAD CENTER OF EACH
JOINT WITH DEGREE PROGRESSION IN A CLOCKWISE DIRECTION FACING

DOWNSTREAM. L e e

THE PIT DEPTHS WERE DETERMINED BY TAKING ULTRASONIC THICKNESS
(UT) MEASUREMENTS ADJACENT TO AND INSIDE THE PITS WHERE
POSSIBLE AND BY SUPERIMPOSING THESE MEASUREMENTS ONTO THE

v
PROFILES (UT MEASUREMENTS ARE INDICATED BY A "’xx " ON THE

—_—

ATTACHED SKETCHES. THE REMAINING WALL THICKNESS DIMENBIONS
WERE EXTRAPOLATED/INTERFOLATED.

FROFILES AT EACH AREA WERE TAKEN ALONG THE X AXIS
(LONGITUDINAL) AND THE VY AXIS (CIRCUMFERENTIAL) AT AREAS
WHERE THE DAMAGE SEEMED MOST SEVERE.

LIFT OFF" AS NOTED ON SOME OF THE ATTACHED SKETCHES INDILATE
AN AREA WHERE THE TRANSDUCER WOULD NOT SEAT FLATLY ABAINST
THE SURFACE OF THE PIPE. THEREFORE,THE GAF BETWEEN THE
TRANSDUCER FACE AND THE I.D. SURFACE WAS SUETRACTED FROM

THE MEASURED THICKNESS.
E.G. transducey
gap
: measured thickness
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APPENDIX A
WALL THICKNESS MEASUREMENT RECORD SHEET

rawr: _H B RoBivson Wity 2
. Y . Pogo_/_ol 4
COMPONENT : S -l _ NOM. SIZE 0.D.: 0 NOM. MALL; MIN, WALL; 20NE ¢
LINEAR SPACING: / RADIAL SPACING; /" STARVING AT: /" Feom LOGE OF ENDING AT: /2" Poxuwsraganm
unu:‘ : a:;;:‘ ' foCK s € BELL - «PSTREAM
INCREMENT | N vy ow p v . 3 '
N MM W L A A A A A A Nk ,
L20 .22 20 2l 2) .21 .2 .22 .22 .22 .20 .20 .20 .22 .2) /
20 20 .20 .2 20 20 .20 .20 .20 .20 20 320 .20 .2)_ .2 /
— \g
20 .20 .20 20 20 .20 20 .20 .20 .A0_ .20 .20 .20 .20 .2i ‘
J6 15 49 20 20 19 .20 .20 .20 20 20 U3 /4 .ap 20 [
20 J9 4@ .20 20 .20 JE 4P |8 .42 -4f 4® .49 20 20 -
/8 /9 20 .20 45 48 20 20 % 20 47 42 Jb 49 .20 /;;A
.20 .2/ .20 20 .20 20 20 20 ./ .20 20 19 18 .20 49 f
2) .22 .22 .22 20 A2 A .20 21 .22 LAl -2 .23 -1 /
U T T Y I L T Y L Y P L T | -2, -4 -2y /

21 .20 2 L2 .2 L2000 L2 20 L2 a2 2l .23 LYy 21 /
2) .2l .2y .20 .20 LAl .20 .2 .22 .2 20 .2 .2 .22 .22
22 .22 .23 23 24 23 23 .23 .23 22 22 23 22 .23 .23 /

) b 0 O 4~ CEITER
LOWEST MEASUREMINT: IS 4 AT LOCATION: (LiIN. _F RAD. 3 ) COMMNIS:™ O 75 7o DEAD CEJT
PERFORMED BY: A ‘- DATE: // s /57 0 ‘ D MeAsOEMERITS INADE EARM oD, SFALE

@ %E e 3 (o2 ID SCHENE
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APPENDIX A
WALL THICKNESS MEASUREMENT RECORD SHEET

PANT: _H B, KoBIMSOo Wit 2

Poge 2 ot 4

CoPONNT: S NOW. SIZE 0.0.5 30" Mom. wALL MIN. WALL: 2088 _
LINEAR SPACING: L RADIAL SPACING: /. STARVING AT; LY Fram £0GE nF.  ENDING AT: (2" Do’ TeEAM
LINEAR RADIAL & CLocKwisE QELL - wPErREAM

INCREMENT  INCREMENT . .

2072018 L8127 BT A5T 1Y T 2 S —ip” -Gt 8% 27 47 -5 -y -3 -2"

A 22 .2 .20 .20 20 .20 .24 .2) 2 .2 .20 /9 .2 .21 -2) .2 .3 .20 .2 AL
B 20 .9 49 20 20 20 .21 20 20 .20 .20 20 -20 4§ 19 A .20 .20 .20 29
< 49 .49 20 20 J9 20 20 .9 49 .20 - M M a0 .14 4§ 20 U9 .49 49 )9
D 72 /9 8 49 3 U8 9 I8 19 18 4@ 13 20 b 16 18 49 )2 72 .19
£ 49 .07 20 3 20 2 U9 49 20 19 & a0 .20 3 43 b 19 8 49 .4
. e A, AL A S L S S St Sy Ry R ) S, B 1 N AT S v Y VI /ST | BT |
& 23 .22 22 .21 .20 .21 .21 .20 .20 2p .20 .20 .94 .19 -8 49 20 ./9 .20 20
H_ AMa 23 .22 .23 .22 .22 .22 .22 A/ .21 .2l .24 .20 20 .20 .21 Al .2l .2/ 2]
z va .2 29 .23 .22 .22 .20 .22 .20 .20 .20 2 22 9.9 20 a0 .2 a2
RV Mo Ma 22 22 22 2) .22 2) 22 . ) -2l .2 - w20 20 200 20 21 ) 21
K Aa Aa ada 21 .22 2! 22 A2 .22 .22 .22 .2) . .20 -2 21 M2 a1 L2
L sda Mo s 22 .2 23 23 23 2) .22 1) .3 .2 -2 -2 .20 A .al -2 21
o P -

LOWEST MEASUIREMINT: /8 9, AT LOCATION: (LIN. £  RAD. 73,77) COMMENTS:

PERFORMED BY: {: DATE: /7 /15 1 99
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APPENDIX A

PACE 4 oF H

THICKNESS CALIERATION SHEET

PLANT/UNIT: HER -2

CCHMPONENT. __SeRy/ca A4 rxe

FRCCEDURE *: LMDEPL - 408 REV. 8.
CALIBRATION BLOCK *1 0L 9. 03  8L0CK THICKNESS 28 “7p .25~
-2 /.3 : BLOCK THICKNESS _#4
INSTRUMENT: _ 5Kk -7 1007
CAL.OUE 0ATE: _/2-/2-P0 % [ | |
SERIAL NUMBER: _222 76 - #/#2 o0
SWEEP: 0.50 "
DELAY: Za 50
”
RANGE: .5 o
. S A <0 |
TRANSDUCER FREGUENCY 2 ©
TRANSDUCER SERIALNO.: _ & /0 ¥3 a0
TRANSDUCER BRAND: X8 _ALROTECH : 9
[ 4
TRANSOUCER SIZE: . 25 et inphioig
TRANSDUCER ELEMENT:  SINGLE OR 0 123 4567585 10
.« O . -
EACH MAJCR SCREEN DIVISION: _ OF
CALIBRATION
VER. / CHECK
ER./ CHEC COMMENTS: _

INITTAL TIME LEE Gau = P0%

Jp lo&:1s )

JP //: 0O

JP /3: 30

JP /8. 45

ADDITIONAL SHEETS:

HoR1200ThE NMNEARITY VERIFIED

EXAMINERS 1 ATE L4 £5-90 \eve, =T
| DATE LEVEL _
REVIEWERS 1 OATE

2. DATE

3 DATE
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APPENDIX A

WALL THICKNESS MEASUREMENT RECORD SHEET

PLANT; /B8 ROB/IM/SOM

UNIT; 2

COMPONE NI S-77 NOM. SIZE 0.D.; NOM. WALL: MIN. WALL:

Pege '

2ONE ;

LINEAR SPACING: ‘ RADIAL SPACING: z STARTING AT: _N"@ ZQ(: ENDING AT:

L INEAR RADIAL 3 DownSTAEAM OF BELL EDCE

- CLOCKkWIsE

lm““' ‘m““' » ' ~ ~ ~ ” »” - ” ””

(07 &+ 1Y Rcum. AND
177 DownITABAM oF BELL EDGE

-10"-9" -¢"-2" -€ AT T M - S NP S A A A L A M T T
A J6 47 (8 IR /& (E M8 18 J® /7 .18 /8 47 Jg M8 1D U7 g & g I8 18
__L AV 07 16 U7 )7 17 J6 1) 16 47 42 g J7 )2 U7 .7 47 .12 -/erz-_/-z 7
C JY a2 43 oy 15 15 )6 5 o Y A 45 S5 43 2 4S5 U5 /S S5 5 e
—l; 92 . g0 Al g2 42 U3 45 45 S S 2 0 45 4 s g3 S
£ 07 9 16 49 JE A8 A% A7 48 J% I8 A8 I§ I8 48 17 1§ 7 A8 46 45 .19
7 20 20 20 .20 .20 20 .20 .20 .20 20 20 .J9 .¢ .20 19 9 /¢ 43 (9 49 .18 .48
G 8 .20 49 .9 1% 49 ua 49 M9 U9 49 49 A9 49 49 49 49 /9 43 49 20 A7
o NIV L T, NVL VL AN AV 2V AL Y. ARV, B A AR RADUA AYs NV AU MU NP ILA A §
—1? J9 49 U9 49 J9 9 49 49 1Y A9 49 /9 49 4 19 4P 49 49 4§ M9 42 IE
A RANGE  FRom |8 7o .20 >
-8 -
s CEToTssoIoo;
-p . ] |
= T
» A/AA/A&A?_A%A?A?M'/F&?.MAL LLA?&_‘Z—.A‘-‘.?
‘f "J‘l‘ilill,lb‘f fi’f‘f‘i’
LA ﬂmﬁ&MAMM&MAA/ﬁA&M_A&LMMM
Loy ‘ 708 DEAD CENTER

B a0, 373 conenis® " 75
Q) mursu

cen TS maps from QD Suegface

A
LowEsT meEasbrEmNg: T 10 AT LOCATION: (LIN.
PERFORMED BY: - - DATE: // 7 /¢/ ?0

QD S Q.\;L Gr Guo schume
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APPENDIX A

, Pace 3 0F 3
THICKNESS CALIBRATION SHEET
PLANT/UNIT: YA KoBinvsos COMPONENT: __SERV/ICE /‘4 TER
PRCCEDURE *#: __AMOEP - 408 REV. _&
CALIBRATION BLOCK ®1 AE 29-03 BLOCK THICKNESS .05 7v .25 "
*2 AA BLOCK THICKNESS A4
INSTRUMENT: __USK - D ' 1002
CAL.DUE DATE: __/2-/2- 90O % l |
SERIAL NUMBER: _ L7278 - 4/#2 o = F
SWEEP: 2. .50 7 )
DELAY: 2.2/ 60
”
40
TRANSDUCER FREQUENCY: S 0 MW & 3
TRANSDUCER SERIAL NO.: 3/043 i
TRANSDUCER BRAND: A8 AEAOTECH : 0
L
TRANSDUCER SIZE: L2585 s
TRANSDUCER ELEMENT:  SINGLE OR QUAL 0" 1.2 3 4356 78 9 10
' EACH MAJOR SCREEN OIVISION: . 05
CALIBRATION . -
VER. 7 CHECK COMMENTS: 5.~
INITIAL TiME
JP Of: /5
JP //: 00
JP 1/3:00
JP 1 /6./5

Hoki12o0TAL  LIvEARITY VERIFIED

7 EXAMINERS M OATE L2490 \ever Z-7_

/ 2 DATE LEVEL
/ REVIEWERS 1 DATE
2 : DATE

3 ‘ DATE

ADDITIONAL SHEETS: YES NO
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ChoCKk wi SE
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APPENDIX A

HB . RoBmwsonw

UNIT:

NOM. SIZE 0.D.; 30

NOM. WALL:

LINEAR SPACING: Z i RADIAL SPACING: 4” - STARVING AT; 1” Dopi s TREAM  ENDING AT; (27 DOWASTREAM

OF BFfLL EDBE.

WALL THICKNESS MEASUREMENT RECORD SHEET

2

PogoLol _’7_

MIN, WALL: ZONE ¢

oOF BELL EDGE.
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APPENDIX A
WALL TRICKNESS MEASUREMENT RECORD SHEET

pant; /B, RoBiNsSON WNIT; 2
Soutd Henabek v Poge 2 ot 1
COPONNT: S - B2 NOM. SI12€ 0.0.; __ 3O NOM, WALL: MIN. WAL T
LINEAR SPACING: [” RADIAL SPACING: [ __ STARVING ATs _3”povs7aeAm OF ENDING AT: 127 PowmwsSTREAM
LINEAR RADIAL _CrockwiISE_ BELL EDGE. OF BEiLl EDGE

INCREMENT  INCREMENT v . . . v . o v w P R P
21022 23 24 25 2% 22 28 29 307 31" 32 33 34 35 36 37 38 39" 4O

N
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EXECUTIVE SUMMARY

A procedura for estimating the response of a buried segmented pipeline is presented
in this report. The procedure is based upon an assumption that the joints connecting
the pipe segments are much softer than the surrounding soil. This assumption is
considered valid even for concrete lined pipe that may have mortared joints becausea
the integrity of the mortar is not essential for prevention of short term loss of
functionality. With this assumption, evaluation of the ability of the pipeline to
respond to ground motions is reduced to a problem of confirming that the play in the
joints is sufficient to accommodate relative motions between adjacent pipe
segments. A procedure is also presented for calculating an upperbound estimate of
the soil loads on individual pipe segments.
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1.0 INTRODUCTION TO PROBLEM

Buried pipelines may be subject to many hazards related to earthquakes. Two
general classification of hazard are appropriate: hazards related to permanent ground
deformation and hazards related to ground shaking. Permanent ground. deformation
can result from a variety of causes including differential fault movement,
liquefaction, lateral spreads, vibratory compaction, and landslides. The amount of
permanent ground deformation can be several feet and thus has a great potential to
cause breaks in the pipeline. The potential for large permanent ground deformations
is extremely low for nuclear power plant sites because of the requirements for siting
and geotechnical stability (Ref. 2).

Relative movements between a buried pipe and the surrounding soil ban result from
seismic wave passage. Also, aboveground structures may be excited by the ground
shaking and produce relative displacements at piping connections. This paper
neglects the impact of relative structural displacements and focuses on the free-field
condition. Furthermore, this paper addresses the impact of seismic wave

propagation on buried jointed pipelines.

Jointed pipelines commonly make up the vast majority of municipal water and
sewage lines and are still in use in many older natural gas distribution systems.
Experience in past earthquakes has demonstrated that jointed pipelines are
susceptible to damage. Available information shows that most observed earthquake
damage has occurred in lines where corrosion was extensive or in lines that
traversed areas of permanent ground deformation. These two conditions are unlikely
in nuclear power plant cases given the requirements for site investigation, pipeline
inspection and maintenance. Seismic wave propagation has been investigated by
many researchers as a mechanism that can impose strains in continuous piping and
piping with intermittant joints (Ref. 3, 5, 16, 17). In addition, several experiments
have attempted to quantify the impact of seismic wave propagation on buried piping
and tunnels (Ref. 4, 6, 8, 13). “Recent design guidelines for buried piping recognize
certain features typical of buried pipeline response to seismic wave propagation:

1) The free-field response of buried pipes and conduits indicates
that they move with the ground.
2) Axial strain is predominant for pipes in the free field.

)
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3) Bending strain is predominant at connections to structures, but
a short distance away axial strain becomes predominant

Wave propagation effects manifest themselves in buried pipelines as a result of
incoherence in the ground displacement field. incoherence results from the
difference in time for a wave to propagate between two points on the pipeline.
Incoherence is affected by changes in local soil conditions, changes in pipeline
orientation with respect to the direction of wave propagation, and connections to
other structures that are responding to the ground motion. Other factors leading to
incoherence in ground motion are the randomness of the excitation, the change in
wave propagation velocity with frequency, and the attenuation of wave amplitude
with distance. The consideration of incoherence in ground motion is a fundamental
difference between the analysis of long continuous systems and buildings.

o)
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2.0 RELATIVE DISPLACEMENTS FROM WAVE PROPAGATION

Relationships for ground strain resulting from the propagation of shear and
compression waves are well established. The following discussion provides a brief
review of the basic equations. Some summary observations of numerical
investigations into the response of jointed pipelines is included. Results of the
numerical studies will be used to estimate requirements for joint displacements and
rotations. Free-field strains will be used to provide upperbound estimates of relative

motion between the pipe and soil.

2.1 COMPONENTS OF GROUND STRAIN FROM SHEAR AND COMPRESSION
WAVES

A common assumption made in analyzing the impact of seismic wave propagation
on buried pipelines is that the deformation in the pipeline is the same as the ground.
The problem then reverts to one of determining the maximum ground strains.
Newmark (Ref. 11, 12) showed that this problem is readily simplified for the
assumption of a compression wave travelling in a particular direction of interest.

€ = Vmax/C (1)
€ = maximum ground strain in direction of propagation
Vmex = maximum ground velocity
c = propagation velocity of seismic wave .

This relationship was developed by considering the case of a a wave travelling
between points two points with a time varying motion in the direction of
propagation. This situation is represented by Figure 1. The basic equations used to
derive equation (1) are provided in Figure 1.

By examining the second derivative of the motions described in Figure 1, maximum
ground curvature for a shear wave can be obtained from the following relation.

a= Amax/gz : (2)

It

a maximum ground curvature

maximum ground acceleration

Amax

Y

)
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Shear waves also produce shear strains normal to the direction of propagation. The

greatest shear strain in the ground is also given by equation (1) with the appropriate

value of propagation velocity.

For waves propagating at some angle, 3, to the direction of interest, relationships for
strains paraliel and perpendicular to the direction can be derived by substituting the
apparent propagation velocity for the actual propagation velocity and the component
of ground velocity in the direction of interest for the maximum ground velocity.

The apparent propagation velocity of the seismic wave is the speed at which a
disturbance moves along the pipeline and is dependent upon the angle between the
pipeline and the direction of wave propagation. For waves travelling normal to the
direction of the pipeline, all points along the line experience motion at the same time.
In this case the apparent propagation velocity is infinite. Wa_ve propagation in the
same direction as the pipeline has an apparent propagation velocity equal to the free-
field wave velocity. It is readily shown that the relationship between apparent and
true wave propagation velocities can be determined from the expression below.

C = c/cosR : | (3)

Cc = true propagation velocity

angle of incidence (0 <R <n/2)

The apparent propagation velocity decreases with increasing angle. For compression
waves it is conservative to assume that propagation is along the pipeline as this
gives the lowest value for C and, hence, highest estimate of ¢.

As an example of the approach above, consider the maximum value for of
longitudinal strain from a shear wave along a line at an angle of B to the direction of
wave propagation. Equation (3) gives.the apparent propagation velocity. The
component of ground motion in the B direction is sinB times the maximum
component. The resulting expression for longitudinal strain is given by equation (4).

€ = (Vmax/C) Sinl cosSB s Vmax/(2 C) (4)

The same expression applies to the shear strain on a segment oriented at an angle of
B to the direction of wave propagation for a compressive wave.

m
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The assumptioh that the pipeline strain is identical to that of the ground implies that
the stiffness of the pipe is negligible compared to the stiffness of the interface bond
between the soil and the surface of the pipe. In reality, strain of the pipe is limited
to what can be developed through friction (Ref. 1, 12). For continuous buried pipe,
the surface friction forces induce strain in the pipe which is restrained at branch
connections or attachments to structures.

The maximum amount of pipe strain is related to the friction at the pipe-soil interface
and the characteristic length of the seismic waves, and the length of the pipe.
Increased friction causes pipe strains to more closely match those in the ground.
Pipe strain also increases as the characteristic wavelength of the seismic wave
increases. Longer wavelengths impose soil friction forces on longer sections of pipe.
Similarly increasing pipe length increases pipe strains for pipe lengths less than half
of the characteristic wavelength.

Jointed pipe differs fundamentally in its response since the much weaker joints can
act as locations of strain relief. If it is assumed that the joints are much softer than
the pipe in both tension and compression, the maximum joint displacement can be
estimated assuming the pipe moves with the soil. Maximum joint displacement is
then estimated as the maximum ground strain multiplied by the length of the pipe
segment. As with continuous pipe, the amount of strain-related displacement is
limited by the friction forces developed along the pipe segment.

Upperbound estimates of the axial and bending forces induced in a pipe segment can
be computed assuming that the pipe is fixed with respect to the ground.
Approximate methods for estimating the magnitude of axial and lateral soil forces on
a buried pipeline are discussed in more detail in Section 3.

°

2.2 USE OF INTERFERENCE RESPONSE SPECTRA

A significant amount of investigation on segmented pipeline response was carried
out by Waeidlinger Associates in the mid to late 1970's (Ref. 7, 9, 10, 14, 15, 18,
19). Their results quantified the response of jointed pipelines subject to wave
propagation effects by performing dynamic analysis of jointed pipeline systems.
Sensitivity studies investigated the impact of varying stiffness and damping ratios
for the pipe, pipe joint and surrounding soil mass. A product of these numaerical
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investigations is the concept of an interference response (IR) spectrum to describe
the relative displacement of joints as a function of a normalized frequency. Relative
stiffness and damping of the pipe, joint, and surrounding soil influence the
normalized frequency value.

Several key conclusions resulted from investigation into the application of IR spectra
to evaluate the dynamic behavior of a buried jointed pipeline:

1 Dynamic response characteristics of a particular pipe joint are
not sensitive to the response of segments more than a few
joints away. As a result, the number of pipe segments, end
conditions or gradual variation in joint displacement do not have
a great impact on the joint under consideration.

2) Utilizing the interference response (IR) spectrum approach at
the lowest antisymmetric frequency correlates well with
rigorous of peak response. IR spectra values at the lower-
bound frequency can be used directly in design for pipe joint
stiffnesses as large as 25% of the surrounding soil stiffness.

Based upon the IR spectrum approach, investigators have proposed a simple
bounding relationship for the relative displacement of two jointed pipe segments.
This relationship is valid for lower-bound frequencies (pipe joint to soil stiffness ratio
less than .25). Numerical analysis of idealized segmented pipelines subjected to
actual earthquake time histories confirmed the bounding nature of the approximate
expression for incoherent displacement (Ref. 10). Calculation of the bounding
relative joint displacement requires estimates for maximum ground velocity,
maximum ground displacement, apparent wave propagation velocity and separation
between pipe segments. The expression for maximum joint displacement is given

below.
Zmax = 2 Dm.x Sin{%(Vmax/Dmax)(I/C)) (5)
Zmax = mMaximum relative joint displacement
Dmax = maximum free-field displacement
Vmex = maximum free-field velocity
I = pipe segment length
c =

apparent wave propagation velocity

)
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For comparison, the relative displacement calculated by assuming the pipe moves
with the free-field can be calculated as the product of the free-field strain and the

pipe segment length as in equation (6).
Zmax = |€ ) (6)

Equatidn (6) is most often used in published approaches to determining relative
displacements. A reason for the preference may be the relatively simple concepts
upon which equation (6) is based. Another reason may be that equation (6)
generally bounds equation (5) and is selected as a conservative value. Calculating
Zmax USINg equation (5) appears reasonable. Selection of an expression for zax

should first compare the two values.

Evaluation of the response of a jointed pipeline system to seismic wave propagation

should focus on two key questions. o

1) Are axial joint displacements and joint rotations within
acceptable limits?
2) Are the axial and lateral soil loads within acceptable limits for

the pipe segments?

These questions are addressed in the approach presented here by applying two
different sets of assumption. In estimating joint displacements and rotations are
assumed to result from rigid motion of adjacent pipe segments. The pipe joints are
assumed to have no strength compared to the pipe and soil. Soil forces are

estimated by assuming that all soil strain along the pipe segment occurs relative to a

fixed pipe.

These assumptions are not self consistent. However, they do provide an
upperbound estimate of the quantities of interest.
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3.0 DESCRIPTION OF METHODOLOGY

The preceding discussion has focused primarily on the mechanics of wave
propagation and approximate means to estimate the maximum relative ground
deformation. This section presents the means to incorporate estimates of the .

effects of wave propagation into an evaluation of a buried pipeline.

3.1 ESTIMATION OF MAXIMUM INCOHERENT MOTION

The first step in evaluating the impact of seismic wave propagation is to determine
the appropriate maximum ground motion parameters, Dnax and Mnax, and the wave
propagation velocity, c. Maximum ground motion values can commonly be found in
the description of the site seismicity. If response spectra are available for the site,
values of Dmax and Amax can be taken to be the response spectra values at very low.
and very high frequencies, respectively. Mnax can then be determined using
approximate relationships for the ratio of Vimax/Amax. In the absence of other
information, a relatively high value of .75 can be used.

. Wave propagation velocity varies with the type of wave, the stiffness and'density of
the soil or rock, and with the frequency of the wave. Site investigations for critical
facilities will generally provide seismic wave velocities for one or more strata of
geologic formation at the site. For buried pipelines, propagation velocities in the
near surface layers (less than 20 feet below grade) are of importance. Compression
and shear wave velocities are generally reported. If these values are only available
for deep deposits, some reduction in propagation velocity should be considered. The
amount of reduction can be estimated by comparing the values of bulk modulus,
shear modulus and density between the depth investigated and the depth of interest.
Assuming elastic wave propagation theory applies, a correction factor can be
calculated using the relationship below.

3.2  SELECTION OF CHARACTERISTIC JOINT LENGTH

Few pipelines are placed in a straight line for their entire length. Bends and branches

are typically necessary to avoid other lines, pkovide service to multiple locations and

connect to surface structures. Selection of the pipe joint length directly affects the
. magnitude of the joint displacements allowed and the estimation of maximum soil

ESE
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forces on the pipe segment. Guidelines are provided below for selection of

appropriate segment lengths for straight runs and at bends.

;2.1 raight Runs of mented Pi

Straight runs of pibe will normally be constructed using standard pipe segments with
a typical length for segments. in the absence of any mechanical joint attachment
that restricts the tensile or compressive movement of one or more joints, the
standard segment length can be used to determine displacements. This approach
assumes that the motion of the pipe segments at the joint is represented by the
relative displacement between the mid-points of the pipe segments.

Conditions that restrain joint movement force 'adjacent joints to accommodate any
relative displacement between pipe segments. The equivalent pipe segment formed
by joint restraint is often longer than the typical pipe segh'\ents. A simple approach
is to treat the resulting distance between free joints as the equivalent pipe segment
length. This is a conservative assumption as long as the pipe segments adjacent to
the segment under consideration are shorter‘than the equivalent pipe segment
containing the restrained joint. If this is not the case, the longest adjacent pipe
segment can be used as the typical pipe segment length. The same approach
applies for cases in which pipe segments of varying length are used. Bounding
displacements for all joints can be estimated by assuming the longest span of pipe
between free joints is the typical pipe segment length. The options for selection of
pipe segment length for displacement calculation are illustrated in Figure 2.

2.2 Pi egments Forming Bend

Relative displacements at pipe bends differ only in the selection of typical pipe
segment length. In the case of a bend, movement of the bend can result in both
axial and rotational components of joint displacement. Axial and rotational
displacement components are determined by the angular change in the bend, the
distance between the midpoint of the bend and the next joint and the assumed
direction of wave propagation. As with straight pipe, mechanical connections that
restrict joint movement eliminate that joint as a location for relief of relative motion.

)\
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The bend is assumed to displace with the corner of the bend rather than the mid-
point of the bend. These are generaily the same unless mechanical joints are used to
facilitate construction. Maximum displacements and rotations at joints adjacent to
bends are estimated by assuming wave propagation along each of the two legs

forming the bend. Rotational displacements are determined by assuming the

calculated axial displacement along one leg of the bend is accommodated by a rigid
rotation of the other leg. The assumed displacement conditions are illustrated in

Figure 3.

3.3 ESTIMATION OF SOIL FORCES ON THE PIPE SEGMENTS

Relative movement between the pipe segment and the surrounding soil leads to
some loading of the pipe. An upperbound estimate of the soil force transmitted to
the pipe can be obtained by assuming the pipe to be fixed and using the relative soil
displacements of the free field to determine soil forces. Axial soil friction and lateral
soil pressure are usually of primary interest for buried pipelines subjected to
horizontally propagating ground motions. The first step in estimating the magnitude
of the soil forces requires calculating an equivaient soil stiffness. A linear soil
stiffness can be obtained by dividing the ultimate soil force by the displacement
necessary to attain that force. Soil forces on the pipe segment can then be
estimated by muitiplying the soil stiffness by the relative free field displacements.
Methods for calculating maximum axial and lateral soil forces for buried pipelines are
well established in the geotechnical field. The approaches described below are
typically used in performing evaluations of pipelines subjected to permanent ground
deformations (Ref. 1).

.3.1_Axial Sqil Friction For

Ultimate axial force can be estimated from the following relationships.

For clay: t, = mDaS, (7a)
For sand: t, = %2nDHde(1 +K,)tand (7b)
ty = ultimate axial soil force (force/length)
D = pipe outside diameter
H = distance from pipe centerline to surface

iy
{@
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a = adhesion coefficient ,
Sy = undrained shear strength
de = effective unit weight of soil
Ko = coefficient of soil pressure at rest
S = interface angle of friction between soil and pipe

Two key parameters in the above relationships are the interface friction angle, 6, and
the adhesion coefficient, a. Values of § may vary from 0.5¢ to 1.0¢, where ¢ is
the internal soil friction angle. Values of 6 recommended for general use are
provided below. '

CONDITION RANGE OF 6
Sand and smooth steel 0.5¢-0.79¢
Sand and rough steel 0.7¢ - 1.09
Plastic 0.6¢
Sand and soft wrapping 1.09

Avdhesion values vary with the undrained shear strength of the clay. Figure 4
presents values for a extracted from Reference 1. Ultimate axial friction force is
developed at relative displacements of approximately .1 to .2 inches in sand and .2
to .4 inches in clay. For greater relative displacements, soil friction force can be
assumed constant at the ultimate value.

3.3.2 Lateral Sqil Forces

The maximum lateral force developed on a buried pipeline can be estimated using the
following relationships.

For clay: py = D N¢p Sy ' (8a)
For sand: py = D de Ngn (8b)
Pu = maximum lateral soil force on pipeline (force/length)

Nch.Ngn = lateral bearing capacity factors

Values for Nch and Ngn vary with pipe depth as shown in Figure 5. Development of
the ultimate lateral force requires substantially more displacement than the axial
force. Values for displacement at ultimate force range from 3% to 10% of the
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depth to the bottom of the pipe. Suggested values for different soil conditions are
listed below (Ref. 1).

Denss Sand .02 t0 .03 (H+D/2)

Medium Sand .03 to .05 (H+D/2)
Soft Sand .07 to .10 (H+D/2)
Clay .03 to .05 (H+D/2)

3.4 SOIL LOAD DISTRIBUTION ON STRAIGHT RUNS AND BENDS

Assuming a rigidly fixed pipe, soil forces will vary linearly from zero at one end of
the pipe segment to the maximum computed value base on soil stiffness. Soil
forces on individual pipe segments will generally be quite small so that it is not
overly conservative to assume a constant soil force distribution.

3.4.1_ Straight Pipe Sections

For straight sections of pipe, axial lateral soil forces produce axial and bending
stresses, respectively in the straight section of pipe. These stresses are typically

~less than 5 ksi for common lengths and diameters of pipe segments (less than 20

feet long and less than 30 inches in diameter). The process for computing
upperbound axial and bending stresses is illustrated in Figure 6 and listed below.

Step 1.  Calculate the ultimate values for axial and lateral soil force.
Step 2.  Using the length of the pipe segment, calculate a free-field
' displacement along the axis of the pipe. The largest
displacement will normally occur for the assumption of a
compressive wave travelling along the axis of the pipe.

Step 3. Calculate the relative free-field displacement normal to the pipe
axis.

Step 4.  Scale the ultimate axial and lateral forces by the ratio of the
calculated free-field displacements to the displacements
necessary to develop the uitimate soil force. These are the
forces to be applied to the pipe segment.

o
o)
nl
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Step 5. Assume the axial soil force is constant over the length of the
element and calculate the axial stress as the total soil force
divided by the pipe cross-sectional area.

Step 6. Assume the lateral force is constant over the length of the pipe
segment and that simply supported end conditions apply.
Calculate the bending stress as the bending moment divided by
the section modulus of the pipe.

3.4.2 Bends

Evaluation of bends for soil forces is treated by examining each leg of the bend and
determining the displacements for subsequent computation of axial force and
bending moment in the bend. Bending stresses are computed using equation (10)

Op = iM/Z (9)

Ob bending stress in bend

i stress intensification factor
M

Z

bending moment

section modulus of bend

Several lateral load cases for the leg of bend are estimated based upon a series of |
separate assumptions. The assumptions deal with the direction of wave propagation |
and the wave type. Compression waves and shear waves are assumed to be ‘
spatially separated so that they act as separate load conditions. Wave propagation

is assumed to act on only one leg at a time.

The process for determining maximum bending moment is shown in Figure 7 for leg
1. Free-field longitudinal displacement along leg 1 of the bend is assumed to act as
a rigid relative displacement of leg 2. The bending moment can be calculated by
assuming a constant lateral load on leg 2. For a 90° bend, the lateral displacement
used to estimate the lateral load on leg 2 is equal to the axial free-field displacement
in Ieg‘ 1. For bend angles less than 905 the lateral displacement will be

éLa = 8A1 cos© (10)

) ﬁ\]
D)
i
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oL, = relative lateral displacement of leg 2 for computing soil
forces
6A, = free-field displacement along axis of leg 1
(<] = bend angle

Lateral displacements resuiting from a shear wave travelling along leg 1 can be used
to estimate bending of leg 1. The procedure for calculating the moment is the same
as that for a straight segment of pipe.

If the legs of the bend are different in length, each leg needs to be examined to
determine the largest moment in the bend. Mechanical connections at bend joints
can conservatively be treated as extensions of the legs of the bend. This can be
overly conservative if several joints are mechanically connected in series.

The above discussion focusses on the lateral load on leg 2 as a result of
compression or shear waves travelling along leg 1. These motions are predominant.
Note that axial displacements in leg 2 are also generated by wave passage along leg
1. These axial components are shown in Figure 7 for completeness.

In general, the seismic waves can be travelling in an arbitrary direction relative to leg
1. In this general case, each types of wave produces axial and lateral ground
deformations relative to the orientation of leg 1 and leg 2. This case is of little
practical importance as the greatest components of displacement arise from
considering wave propagation along one of the legs of the bend.
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FIGURE 2. SELECTION OF STRAIGHT PIPE SEGMENT LENGTH AND

CALCULATION OF JOINT DISPLACEMENT AND ROTATION
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CHARACTERISTIC LENGTH FOR o\Zmax
CALULATING 6x IS %(Ly + Lj) B R { }\

B = tam'(zmax sin©/R)

FIGURE 3'. SELECTION OF PIPE SEGMENT LENGTH AND CALCULATION OF
JOINT DISPLACEMENT AND ROTATIONS AT BENDS
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1.0 PURPOSE

This calculation package presents the investigation of the effect
of seismic ground displacement on the underground service water
piping used at the H. B. Robinson Steam Electric Plant. A finite
element model is used to determine the maximum pipe joint
rotation due to a four-inch vertical ground displacement peaking
at the mid span of the piping run. The joint rotations are
determined for different joint stiffness assumptions that range
from a pinned condition to a stiffness equal to that of the pipe.
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2.0 REFERENCES

H. B. Robinson Final Safety Analysis Report, Unit 2,
Carolina Power and Light Company.

Special Procedure SP-968, Cement Lining Repairs Using "Speed
Crete Blue Line, Revision 0, H. B. Robinson SEG Plant,
Carolina Power and Light Company.

AWWA Standard C602-83, Cement-Mortar Lining of Water
Pipelines - 4 In. (100 mm) and Larger - In Place.
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EZHANG Users Manual, CCL Report C-018-84-09, Corporate
Consulting and Development Company, Ltd., 1988.
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3.0 ASSUMPTIONS

1. The end of the piping run at the radwaste facility is
modeled as free due to the presence of an expansion joint.

2. The end 6f the piping run at the service water intake
structure is modeled as fixed for all six degrees-of-
freedom.

3. Vertical displacements are applied using a one-half sine

wave shape, peaking at four inches at the mid span of the
piping run.

4. Piping segment joints are modeled with 19.5-foot spacing.
5. Piping run number CW-11 is modeled as being representative
I of both service water piping runs.
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4.0 SUMMARY OF RESULTS
Modeled Stiffness Model Results Modeled
(Maximums) Joint
K, Kg e s Condition
(1b,/in) (in-1lb,/rad) (radians) (inches)
1.0E+02 1.0E+02 6.8E-04 0.0107 pinned
1.0E+07 1.0E+09 2.0E-04 0.0031 -
1.5E+08 2.0E+10 1.4E-05 0.0002 -
3.0E+08 4.0E+10 7.1E-06 0.0001 -
6.3E+08 7.6E+10 3.7E-06 - “pipe

= Translational spring constant of each pipe joint (used
in the axial direction), '

= Rotational spring constant of each point joint (used in
torsional and about both bending directions),

= Maximum relative rotation between pipe segments (SRSS
of the two principal-direction 6's at the pipe joint),

and

= Gap created by 6 at the surface of the pipe along the

axis of the pipe.

The translational and rotational spring constants are
modeled onto both ends of the pipe joint, resulting in
two springs arranged in series between each pipe

segment.
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5.0 DESIGN INPUT

CP&L Drawings:

Yard Piping - Sheet 1, Ebasco Drawing Number
Revision 11, and

Yard Piping - Sheet 2, Ebasco Drawing Number
Revision 4.

Coefficient of horizontal subsocil reaction:
H. B. Robinson, Unit 2, Updated Final Safety
Report, Section 3.8.5.3, Design and Analysis

Ground movement:
H. B. Robinson, Unit 2, Initial Final Safety
Report, Question IIIBl10c, Page 1.

Patching material strength:
Tammstech Speed Crete Blue Line Fast Setting
Patching Material, Technical Data Sheet.

Pipe yield strength:

G-190778,

G-1%90779,

Analysis

Procedures.

Analysis

Underwater

ASTM A211 - Spiral-Welded Steel or Iron Pipe, and

ASTM A570 - Steel, Sheet and Strip, Carbon,
Structural Quality.

Hot Rolled,
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6.0 CALCULATIONS

Pertinent information and various calculations pertaining to the
finite element model are presented in the following sections.

6.1 EZHANG Model

The finite element model was constructed and analyzed with the
EZHANG program. The EZHANG model is shown in Figure 6.1. Node
43 represents the piping/pump connection in the service water
intake structure, and is modeled as a fully -fixed end. Node 1
represents the first identified expansion joint in the piping
run, and is modeled as a free end.

6.2 Ground Springs

The piping model is supported by ground springs at every node.
The ground springs provide stiffness in the pipe-transverse
directions (perpendicular to the cross-section of the pipe). The
stiffness value of each ground spring is based on information
obtained from the updated FSAR, which indicates that the K-value,
or coefficient of horizontal sub5011 reaction, is equal to 140
klp/ft3 When used in combination with the profile area of the
piping (19.5 feet long by 2.5 feet tall), an equivalent spring
stiffness is:

Kyrouna = (K-value) (profile aree) |
Kirouna = (140,000 1b,/ft?)[(19.5 ft) (2.5 ft)](1 ft/12 in)
Kyrouna ® 5.7E+05 1lb,/in

The ground springs are included in the model through the use of
the EZHANG baseplate option.
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EZHANG Model of the CW-11 Service Water Piping Run

Figure 6.1
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6.3 Pipe Properties

The thsical properties of the piping run are calculated to take
into account participation of both the steel pipe and concrete

liner.
The area moment of inertia for a hollow circular section'is:
I =m[(D,)¢ - (D;)?]/64,

where D, and D; are the outside and inside diameters,

respectively. The steel pipe has an outside diameter of
31.375 inches, with a 0.188 inch thick wall. The concrete

liner is nominally 1/2 inch thick. Therefore:

T,eeer = W[(31.375)% - (30.999)%]/64 = 2240 in‘, and

Teoncrete = M[(30.999)% = (29.999)‘]/64 5572 in‘.

The product of I (area moment of inertia) and E (modulus of
elasticity) for both the steel and concrete portions of the
piping is used to determine an equivalent value for I:

(EI)total = (EI)ateel + (EI)concrete

(EI) tormy = (29E+06) (2240) + (2E+06) (5572) = 7.61E+10 lb,-in?

When E is input with a value of 29E+06, I,.,, is:
Iiotar = 7.61E+10/29E+06 = 2624 in°.
The area for a hollow circular section is:
A =nm[(D,)? - (D;)?]/4, therefore:
Ajer = 7[(31.375)% - (30.999)2]/4 = 18.4 in?, and

Aloncrete = M[(30.999)% - (29.999)%]/4 47.9 in?.
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The product of A (area) and E (modulus of elasticity) for both
the steel and concrete portions of the piping is used to
determine an equivalent value for A:

(EA)total = (EA) steel + (EA)

concrete
(EA) orar = (29E+06) (18.4) + (2E+06) (47.9) = 6.29E+08 1b,

When E is input with a value of 29E+06, A, is:

Aioeas = 6.29E+08/29E+06 = 21.6 in?.

6.4 Joint Properties

The EZHANG joint properties were adjusted to reflect the various
joint configurations being analyzed with this model.

The shear translational springs were set to a rigid value,

The pipe-axial direction spring was varied, depending upon
joint configuration,

The rotational springs were varied, depending upon joint
configuration,

The joint weight was set to zero, and
Interaction equation number 10 was used.

The joint allowable values were also adjusted to reflect the
goals of the analysis:

. Joint allowable values for bending moments were set to a
value such that the EZHANG failure coefficient reported in
the summary table is equal to the actual rotation:

Just as F = K;6, M = K.0, by setting the rotational
joint allowable value to K, the resulting coefficient
is: M/K; = 6.
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¢ The joint allowable values for all other degrees of freedom
other than bending moments were set to high values, so that
when interaction equation number 10 was used the failure
coefficient would be:

F.C. = [( Mchtual/MZallwable ) : + (M:!actual/MJAllowable ) 3 1/2 ’
and if Mzallowable = MSallounble = KRI then

F.C. = [(92)2 + (93)2]1/2-

6.5 Spring Stiffness Limits

A variety of both translational and rotational spring constants
were used to evaluate the model. The values used in the analysis
are summarized in Section 4.0 of this calculation. The first set
of spring constants used were chosen to be arbitrarily low,

“ representing a pinned end condition between each piping segment.

- Another set of spring constants were used to simulate the
condition of continuous pipe stiffness. The spring constants
used for this condition are:

. Rotational: K = EI/L, and assuming a 1 inch length,
Ki = (29.0E+06 1b,/in?)(2624 in‘)/(1 inch)
K, = 7.6E+10 in-1lb,/rad
i . Translational: K; = AE/L, and assuming a 1 inch length,
‘ K, = (21.6 in?)(29.0E+06 1b,/in?)/(1 inch)
K, = 6.3E+08 1lb,/in

Other translational and rotational spring constants were selected
to represent conditions that are in-between the pinned-end
condition and the continuous-end condition.
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7.0 ANALYSIS RESULTS

The results of the EZHANG analyses with vérying joint stiffness
properties are presented as Attachment A to this calculation
package. Included are:

. Attachment Al - All piping segments are joined with weak
springs in the axial, torsion, and both bending directions.

Attachment A2 - All piping segments begin and end with axial
spring constants of 1.0E+07 1lb,/in, and torsional and
bending spring constants of 1.0E+09 in-1lb,/rad.

. Attachment A3 - All piping segments begin and end with axial
spring constants of 1.5E+08 1lb,/in, and torsional and
bending spring constants of 2.0E+10 in-1b,/rad.

. . Attachment A4 - All piping segments begin and end with axial
spring constants of 3.0E+08 1lb,/in, and torsional and
bending spring constants of 4.0E+10 in-lb,/rad.

. Attachment A5 - All piping segments begin and end with axial
spring constants of 6.3E+08 1lb,/in, and torsional and
bending spring constants of 7.6E+10 in-lb,/rad.
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ATTACHMENT A

EZHANG ANALYSIS RESULTS
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ATTACHMENT Al

All piping segments are joined with weak springs in the
axial, torsional, and both bending directions.
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"12/03/1990 18:54:30

SYSTEM 2000000

EZHANG REL 8.1 BASE 2000000 REV 1.0

INPUT ECHO

I 386.4 1 1.33 100000 100000 100000

IDF .9 .6 1

N 1 0
N 2 0
N 3 0
N 4 0
N 5 0
"N 6 0
N 7 0
N 8 0
N 9 0
N 10 0
N 11 0
N 12 108
N 13 274
N 14 439
N 15 605
N 16 770
N 17 900
N- 18 1134
N 19 1368
N 20 1602
N 21 1836
N 22 2070
N 23 2304
N 24 2538
N 25 2772
N 26 3006
N 27 3240
N 28 3474
N 29 3708
N 30 3942
N 31 4176
N 32 4410
N 33 4644
N 34 4878
N 35 5112
N 36 5346
N 37 5580
N 38 5814
N 39 6048
N 40 6282
N 41 6348
N 42 6582
N 43 6816
N’ 44 500
M 1 1
M 2 2
M 3 3
M 4 4
M 5 5
M 6 6
M 7 7

1

XN N

15
81

0
288
414
648
732
966

1200
1434
1668
1902
2016
2124
2290
2455
2621
2786
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2864
2864
2864 -1 -1 -1 -1 -1 -1
500 -1 -1 -1 -1 -1 -1
44
44
44
44
44
44
44

eNoNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeNeNoNoNoNeNeNoNoNoNoNoNoNeoNeNo oo oo oo/
eNoNoNoNeNoNoNoNoNoNoRoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoNoNooNoloNoloNe o ojoNo oo o Ro]
eNeoNoNoNoNeoNoNoNoNoNoNoNeNoNoNoNoNoNeNeoNoNoNoNoNeNeoNoNoNoNoNoNeNeNeNo oo oo o oo
[eNeNeoNeoNeoNoloNeoNoNoNoNoNoNoNoNoNoNoNeNoNeNeNooNeNolle NolNeoNojoNo e NojojoNoNoloNoNo N o)
[cNoNeNoeNeNoNoNoNoNoNeNoNoNoNeNoNolloNoNoloNeoNeleoNoNoNeJojoNojNoNoNojoNojojoRoRoNoNoNao)
e oNeNeNeNoNoNoNoNoNoNoNoNoNaoNoNeNoNoNoNoNeNoNoNoNoReNoloNeoNoNoNojeo oo oo oo Rolo]

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
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123
123
123
123
123
123
123
123
123
123
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12/03/1990 18:54:30 EZHANG REL 8.1 BASE 2000000 REV 1.0

NP KX KXKXOMO I REREIIIIIIRIIRIRRIRRRRRR AR AR RRRRERRR

vooooHd

8 8 9 1 44
9 9 10 1 44
10 10 11 1 44
11 11 12 1 44
12 12 13 1 44
13 13 14 1 44
14 14 .15 1 44
15 15 16 1 44
16 16 17 1 44
17 17 18 1 44
18 18 19 1 44
19 19 20 1 44
20 20 21 1 44
21 21 22 1 44
22 22 23 1 44
23 23 24 1 44
24 24 25 1 44
25 25 26 1 44
26 26 27 1 44
27 27 28 1 44
28 28 29 1 44
29 29 30 1 44
30 30 31 1 44
31 31 32 1 44
32 32 33 1 44
33 33 34 1 44
34 34 35 1 44
35 35 36 1 44
36 36 37 1 44
37 37 38 1 44
38 38 39 1. 44
39 39 40 1 44
40 40 41 1 44
41 41 42 1 44
42 42 43 2 44

1 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
1 -5 11E6 6E-6 .44 .44 2.27 2.27 30E1lS5
2 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6

2 0 11E6 6E-6 .44 .44 2.27 2.27 30E15

-2 0 5.7E5 5.7E5 10 10 10 10

-2 0 10 10 10 10 10 10 O

-3 0 5.7E5 5.7E5 5.7E5 10 10 10

-3 0 10 10 10 10 10 10 O

-4 0 0 5.7E5 5.7E5 10 10 10

-4 0 10 10 10 10 10 10 O

-5 0 100 -1 -1 100 100 100

-5 2 10E12 10E12 10E12 10El2 100 100 10

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
END GEOM

TATIC
VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN
1l .00 .00 .00
2 .00 .00 .00
3 .00 .00 .00
4 .00 .00 .00
5 .00 .00 .00

CCL-CA-355

SN560000 PAGE

2
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D 6 .00 .00 .00
D 7 .00 .00 .00
D 8 .00 .00 .00
D 9 .00 .00 .00
D 10 .00 .00 .00
D 11 .00 .00 .00
D 12 .00 .20 .00
D 13 .00 .50 .00
D 14 .00 .80 .00
D 15 .00 1.10 .00
D 16 .00 1.39 .00
D 17 .00 1.61 .00
D 18 .00 2.00 .00
D 19 .00 2.36 .00
D 20 .00  2.69 .00
D 21 .00 3.00 .00
D 22 .00 3.26 .00
D 23 .00 3.49 .00
D 24 .00 3.68 .00
D 25 .00 3.83 .00
D 26 .00 3.93 .00
D 27 .00 3.99 .00
D 28 .00 4.00 .00
D 29 .00 3.96 .00
D 30 .00 3.88 .00
D 31 .00 3.75 ;00
D 32 .00 3.58 .00
D 33 .00 3.37 .00
D 34 .00 3.12 .00
D

D 36 .00 2.51 .00
D 37 .00 2.16 .00
D 38 .00 1.78 .00
D 39 .00 1.39 .00
D 40 .00 .97 .00 )
D 41 .00 .86 .00
D 42 .00 .43 .00
E END CASE

E END STATIC

COMBINE

T VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
O OUTPUT

CCASE 1110

E END OUTPUT

REPORT 1

A CPL :

B H.B.ROBINSON

J VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

K JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

L JOINT HAS WEAK SPRINGS IN AXIAL,TORSION,AND BOTH BENDING DIRECTIONS
M....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN.
M....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.
M....JOINT KTRANS=100 LB/IN JOINT KROT=100 IN-LB

E END REPORT

\
\
\
\
_ : |
35 .00 2.83 .00 :
ENDRUN

|

|
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NODAL DATA TABLE

4

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

NODE

A AR R AR AR A A A A R A A A A A R R A R R A A A A A A A e R e 4
(N}
[\S)

-—- NODAL COORDINATES ---

X
0.0000EOQ
0.0000EQ
0.0000EQ
0.0000EO
0.0000EO
0.0000EQ
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
1.0800E2
2.7400E2
4.3900E2
6.0500E2
7.7000E2
9.0000E2
1.1340E3
1.3680E3
1.6020E3
1.8360E3
2.0700E3
2.3040E3
2.5380E3
2.7720E3
3.0060E3
3.2400E3
3.4740E3
3.7080E3
3.9420E3
4.1760E3
4.4100E3
4.6440E3
4.8780E3
5.1120E3
5.3460E3
5.5800E3
5.8140E3
6.0480E3
6.2820E3
6.3480E3
6.5820E3
6.8160E3
5.0000E2

Y

.1.5000E1

8.1000E1
8.1000E1
8.1000E1
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
8.7000E1
8.7000E1
8.7000E1
2.1000E1

~-NODAL CONSTRAINTS--

Z
0.0000EO
2.8800E2
.1400E2
.4800E2
.3200E2
.6600E2
.2000E3
.4340E3
.6680E3
1.9020E3
2.0160E3
2.1240E3
2.2900E3
2.4550E3
2.6210E3
2.7860E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.8640E3
2.8640E3
2.8640E3
5.0000E2

WV I s Y

--- NODAL WEIGHTS ---

XWT
5.138E3

7.328E3

6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BASEPLATE DATA

NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC

YWT
5.138E3
7.328E3
6.260E3
6.098E3

6.098E3

8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3

8.138E3

8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BANDWIDTH:

ZWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3

4.663E3

6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230ES5

AR AR AR AR R AR R RN R R R R - R A A R R A R R A A R R A R A R A A e A A e e - A
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N 'NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC BANDWIDTH: 12 N
.,J 1 0 o0 0 0 0 0 =2 Bl23 0 N
N 2 0 0 0 0 0 0 -2 B123 0 N
N 3 0 0 0 0 0 0 -2 B123 0 N
N 4 0 0 0 0 0 0 -2 B123 0 N
N 5 0 0 0 0 0 0 -2 B123 0 N
N 6 0 0 0 0 0 0 -2 B123 0 N
N 7 0 0 0 0 0 0 -2 B123 0 N
N 8 0 0 0 0 0 0 -2 B123 0 N
N 9 0 0 0 0 0 0 -2 B123 0 N
N 10 0 0 0 0 0 0 -2 B123 0 N
N 11 0 0 0 0 0 0 -2 B123 0 N
N 12 0 0 © 0 0 0 -3 B1l23 0 N
N 13 0 0 0 0 0 0 -3 B1l23 0 N
N 14 0 0 0 0 0 0 -3 B123 0 N
N 15 0 0 0 0 0 0 -3 B123 0 N
N 16 0 0 0 0 0 0 -3 B123 0 N
N 17 0 0 0 0 0 0 -4 B123 0 N
N 18 0 0 0 0 0 0 -4 B123 0 N
N 19 0 0 0 0 0 0 -4 B123 0 N
N 20 0 0 o} 0 0 0 -4 B123 0 N
N 21 0 0 0 0 0 0 -4 B123 0 N
N 22 0 0 o} 0 0 0 -4 B123 0 N
N 23 0 0 0 0 0 0 -4 B123 0 N
N 24 0 0 0 0 0 0 -4 B123 0 N
N 25 0 0 0 0 0 0 -4 B123 0 N
J 26 0 0 0 0 0 0 -4 Bl123 0 N
. N 27 0 0 0 0 0 0 -4 B123 0 N
N 28 0 0 0 0 0 0 -4 B123 0 N
N- 29 0 0 0 0 0 0 -4 B123 0 N.
N 30 0 0 0 0 0 0 -4 Bl123 0 N
N 31 0 0 0 0 0 0 -4 B123 0 N
N 32 0 0 o} 0 0 0 -4 B123 0 N
N 33 0 0 0 0 0 0 -4 B123 0 N
N 34 0 0 0 0 0 0 -4 B123 0 N
N 35 0 0 0 0 0 0 -4 B123 0 N
N 36 0 0 0 0 0 0 -4 B123 0 N
N 37 0 0 0 0 0 0 -4 B123 0 N
N 38 0 0 0 0 0 0 -4 B123 0 N
N 39 0 0 0 0 0 0 -4 B123 0 N
N 40 0 0 0 0 0 0 -4 B123 0 N
N 41 0 0 0 0 0 0 -4 B123 0 N
N 42 0 0 0 0 0 0 -4 B123 0 N
N 43 -1 -1 -1 =1 -1 -1 0 B O 0 N
N 44 -1 -1 -1 -1 -1 -1 0O B O 0 N
N N
N===== e e =N
J=========s===================s==================================== J
J=== JOINT AND SPRING DATA TABLE ===

Je=======cs=ssssssssossssosssoossssosssssssss==s===== J
J J
‘ J H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE J
J J
J -—=— JOINT SPRING RATES --- J
J JTYPE K1 K2 K3 K4 \ KS . K6 J
J

J =5 1.000E2 -1.000E0 -1.000EO 1.000E2 1.000E2 1.000E2
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T JTYPE K1 K2 K3 K4 K5 K6 J
. -4  0.000EO 5.700ES 5.700E5 1.000E1 1.000E1 1.000E1 J
J -3 5.700E5 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 J
J -2 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
J -~- JOINT ALLOWABLE LOADS ~--- J
J JTYPE Al A2 A3 A4 A5 A6 J
J -5 1.000E13 1.000E13 1.000E13 1.000E13 1.000E2 1.000E2 J
J -4 1.000E1l 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -3 1.000El 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -2 1.000El 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
J -—-=- JOINT WEIGHT AND CALC X VALUE ---- J
J JTYPE JOINT WT. X VALUE J
J -5 0.000EQ 2.000EO J
J -4 0.000EO 0.000EOQ J
J -3 0.000EO 0.000EO J
J -2 0.000EO 0.000EO J
J J
J====== =J

M===========s====cis=c=cco==coomos=—===s=====s=s=so=s=========== M

=== MEMBER DATA TABLE ===
M M
M M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
o M
. M ~-- PRIMARY MEMBER DATA --- M
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH M
M 1 1 2 1 44 0.00EO 0.00EO 1.00EO0 2.955E2 M
M 2 2 3 1 44 0.00EO 0.00EO 1.00EO 1.260E2 M
M 3 3 4 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 4 4 5 1 44 0.00EO 0.00EO 1.00EO 1.167E2 M
M 5 5 6 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 6 6 7 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 7 7 8 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 8 8 9 1 44 0.00EO 0.00EO 1.00EOQ 2.340E2 M
M 9 9 10 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 10 10 11 1 44 0.00EQ 0.00EO 1.00EO 1.140E2 M
M 11 11 12 1 44 0.00EOQ 0.00EO 1.00EO 1.542E2 M
M 12 12 13 1 44 0.00EO 0.00EO 1.00EO 2.348E2 M
M 13 13 14 1 44 0.00EO 0.00EO 1.00EO 2.333E2 M
M 14 14 15 1 44 0.00EO 0.00E0 1.00EO 2.348E2 M
M 15 15 16 1 44 0.00EOQ 0.00EO 1.00EO 2.333E2 M
M 16 16 17 1 44 0.00EO 0.00EO 1.00EO 1.838E2 M
M 17 17 18 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 18 18 19 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 19 19 20 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 20 20 21 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 21 21 22 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 22 22 23 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 23 23 24 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
‘ 1 24 24 25 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 25 25 26 1 44 0.00EO 0.00EOQ 1.00EO 2.340E2 M
M 26 26 27 1 44 0.00EO 0.00EOQ 1.00EO 2.340E2 M
M 27 27 28 1 44 0.00EO 0.00EOQ 1.00EO 2.340E2 M
M . 28 28 29 1 44 0.00EO 0.00EO 1.00EQ 2.340E2 M



MEM
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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=
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FROM TO PTYPE RNODE
29 30 1 44
30 31 1 44
31 32 1 a4
32 33 1 44
33 34 1 44
34 35 1 a4
35 36 1 44
36 37 1 a4
37 38 1 a4

38 39 1 a4
39 40 1 a4
40 41 1 44
41 42 1 44
42 43 2 44

--- FROM JOINT DATA ---
TYPE HINGE  CALC
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 = 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10

BANK
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EOQ
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO

KFAC
0.00EO
0.00EO
0.00EO
0.00EOQ
0.00EO
0.00EO
0.00EOQ
0.00EO
0.00EOQ
0.00EOQ
0.00EO
0.00EO
0.00EOQ
0.00EOQ
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LENGTH

2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
1.068E2
2.340E2
2.340E2

QFAC
1.00EO
1.00E0
1.00E0
1.00E0
1.00E0
1.00EO0
1.00E0
1.00E0
1.00E0
1.00E0
1.00EO
1.00E0
1.00E0
1.00EO0

JOINT DATA ---
HINGE CALC
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10

R R RR R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R Rl R B R BRI B3R

~
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M MEM TYPE HINGE CALC TYPE HINGE CALC M
4 40 -5 111111 10 -5 111111 10 M
M 41 -5 111111 10 -5 111111 10 M
M ' M
M _ --— MEMBER PROPERTY DATA --- M
M PTYPE AREA J 12 I3 H2 H3 M
M 1 2.160El 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M 2 2.160El 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M M
M --- MEMBER PROPERTY DATA --- M
M PTYPE JRADIUS SHAPE2 SHAPE3 STRESSF2 STRESSF3 DJPROP M.
M1 '1.570E1 4.400E-1 4.400E-1 2.270EO 2.270E0 -5 M
M2 1.570E1 4.400E-1 4.400E-1 2.270EO 2.270E0 0 M
M M
M -—— MEMBER PROPERTY DATA —-—-- M
M PTYPE EMOD SMOD YIELD DENSITY ALPHA M
M 1 2.900E7 1.100E7 3.000E16 1.610EO 6.000E-6 M
M 2 2.900E7 1.100E7 3.000E16 1.610EO 6.000E-6 M
M M
M =M
D=====================c======= == D |
=== DESIGN PARAMETERS === |
D =D
D | . D
D H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE D }
D . D
. D MEMBER DESIGN FACTOR:9.000E-1 ALLOWABLE X DISPLACEMENT:1.0000ES5 D
D D
D BPLATE DESIGN FACTOR:1.000EOQ ALLOWABLE Y DISPLACEMENT:1.0000E5 D
D - D
D JOINT DESIGN FACTOR:1.000EO ALLOWABLE Z DISPLACEMENT:1.0000ES5 D
D D
D SHEAR DESIGN FACTOR:6.000E-1 BUCKLING FACTOR:1.3300EO D
D D
D GRAVITATIONAL CONSTANT:3.864E2 DIR. PENDULUM PIVOT: D
.D D
D === === =D
C====== == c
——= APPLIED LOADS FOR STAT CASE 1 ===
C====================s======ss=c=s===================== c
c c
C H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE c
C VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN c
c c
c | ---GENERIC LOADS--- c
C GX= 0.00EO GY= 0.00EO GZ= 0.00EO GRAV=3.86E2 TDEL= 0.00E0 C
c C
c —~—-IMPOSED GROUND DISPLACEMENTS--~- C
C NODE XT YT 2T XR YR ZR C
c 1 OEO 0EO OEO OEO OEO OEO C
c 2 0EO OEO OEO OEO 0EO OEO c
c 3 OEO 0EO 0EO OEO OEO OEO c
c 4 OEO OEO OEO 0EO 0EO OEO c
cC 5 OEO OEO 0EO 0EO 0EO OEO c
cC 6 OEO OEO OEO 0EO OEO OEO c
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> NODE XT YT ZT XR YR ZR c
c 7 OEO OEO OEO OEO OEO OEO c
c =8 OEO OEO OEO 0EO OEO OEO c
c 9 OEO OEO OEO 0EO OEO OEO C
c 10 0EO 0EO 0EO OEO OEO OEO c
c 11 OEO OEO OEO OEO OEO OEO c
c 12 OEO 2E-1 OEO OEO OEO OEO c
c 13 OEO 5E-1 OEO OEO OEO OEO c
c 14 OEO 8E-1 OEO OEO OEO OEO c
c 15 OEO 1EO OEO OEO OEO OEO C
C 16 . OEO 1EO OEO OEO 0EO 0EO C
c 17 OEO 2E0 OEO OEO OEO OEO C
c 18 OEO 2E0 OEO OEO OEO OEO C
c 19 OEO 2EO OEO OEO 0EO OEO c
c 20 OE0 3E0 OEO OEO 0EO 0EO C
c 21 OEO 3EO 0EO OEO OEO 0EO C
c 22 0EO 3EO 0EO OEO OEO 0EO C
c 23 0EO 3E0 OEO OEO OEO OEO C
c 24 0EO 4E0 OEO OEO OEO OEO c
c 25 OEO 4EO 0EO OEO 0EO OEO C
c 26 0EO 4EO 0EO 0EO OEO OEO c
c 27 0EO 4EO OEO OEO OEO 0EO C
c 28 0EO 4EO 0EO OEO OEO OEO c
c 29 OEO 4E0 OEO OEO OEO OEO C
c 30 OEO 4EO OEO OEO OE0 OEO C
c 31 OEO 4EO OEO 0EO OEO OEO C
c 32 OEO 4EO OEO 0EO OEO 0EO c
c 33 OEO 3EO OEO OEO OEO OEO C
c 34 OEO 3EO OEO OEO OEO 0EO c
c 35 OEO 3EO OEO OEO OEO OEO c
c 36 OEO 3E0 OEO OEO OEO OEO C
c 37 OEO 2E0 OEO OEO 0EO OEO c
c 38 0EO 2E0 OEO OEO OEO 0EO c
c 39 OEO 1EO OEO OEO 0EO 0EO C
C 40 OEO 1E0 OEO OEO OEO 0EO C
c 41 OEO 9E-1 OEO OEO 0E0 0EO c
c 42 OEO 4E-1 OEO OEO OEO 0EO C
c c
C======== =C
A=======ss==s=ss=========s=========sssssssss=================== ===
—== ANCHOR ANALYSIS OF COMBINED CASE 1 ===
A == =A
A o A
A H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE A
A VERTICAL SEISMIC (1/2 SINE WAVE END TO END) A
A A
A ---NODAL DEFLECTIONS--- , A
A NODE XT YT 2T XR YR ZR A
‘A 1 4.637E-13 1.180E-9 2.935E-4 4.248E-8 1.126E-6 4.912E-6 A
A 2 -1.285E-12 -1.180E-9 3.553E-4 2.225E-8 5.897E-7 6.069E-6 A
A 3  6.434E-12 -1.544E-12 4.851E-4 5.911E-11 9.718E-14 8.615E-6 A
A 4 -4.002E-11 -3.122E-8 7.119E-4 -2.018E-6 -7.487E-6 1.288E-5 A
A 5 4.002E-11 3.122E-8 1.424E-3 -2.018E-6 -7.487E-6 3.561E-5 A
A 6 -5.613E-12 . 1.513E-12 2.078E-3 6.357E-11 8.672E-14 8.135E-5 A
A 7 2.905E-20 -4.765E-17 3.148E-3  3.078E-15 1.142E-14 1.433E-4 A
A 8 A

1.572E-~19 7.429E-19 4.848E-3 9.950E-19 -5.673E-18 2.340E-4
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NODE

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

NODE
43
44

XT
-2.790E-15
-9.739E-11
8.906E-7
-8.905E-7
-4.464E-11
-9.442E-15
-2.208E-11
-3.371E-7
-7.687E-3
-1.153E-2
-1.537E-2
-1.922E-2
-2.306E-2
-2.690E-2
-3.075E-2
-3.459E-2
-3.843E-2
-4.228E-2
-4.612E-2
-4.997E-2
-5.381E-2
-5.765E-2
-6.150E-2
-6.534E-2
-6.918E-2
-7.303E-2
-7.687E-2
-8.071E-2
-8.456E-2
-8.840E-2
-9.224E-2
-9.609E-2
3.843E-3
7.179E-8
0.000EO
0.000EO

XF
-1.922E-1
0.000EO

XF
2.643E-7
-7.323E~7
3.668E-6
-2.281E-5
2.281E-5
-3.200E-6
1.656E-14
8.961E-14
-1.590E-9
-5.551E-5
5.077E~-1
=-5.076E-1

EZHANG REL 8.1 BASE 2000000 REV 1.0
YT ZT XR YR
-5.476E-16 7.517E-3 9.939E-13 -1.983E-13
-4.884E-10 1.169E-2 -7.262E-10 3.720E-~9
1.742E-7 1.820E-2 -3.174E-4 6.330E-5
2.000E-1 -8.902E-7 -6.499E-4 6.330E-5
5.000E-1 -1.115E-10 -6.695E~-4 =-1.007E-~12
8.000E-1 -9.441E-15 -6.540E-4 -7.506E-~-14
1.100E0 -3.705E-11 -5.822E-4 2.331E-13
1.390E0 -3.371E~7 -4.442E-4 ~-1.408E-5
1.610E0 3.371E-7 =-2.938E-4 -1.408E-5
2.000EO 1.056E~-11 -1.886E-4 6.863E-10
2.360E0 -5.145E-16 ~1.210E-4 2.147E-14
2.690E0 -1.610E-20 -7.766E-5 -1.047E-18
3.000E0 7.852E-25 ~4.984E-5 =3.274E-23
3.260E0 2.455E-29 -3.198E-5 1.599E-27
3.490E0 -1.198E-33 -2.052E-5 4.993E-32
3.680E0 =-3.744E-38 -1.317E-5 -2.440E-36
3.830E0 1.829E-42 -B.450E-6 -7.614E-41
3.930E0 5.709E-47 -5.420E-6 3.724E-45
3.990E0 =2.791E-51 -3.473E-6 1.161E-49
4.000E0 -8.706E-56 -2.222E-6 -5.683E-54
3.960E0 -1.446E-55 -1.415E-6 4.486E-54
3.880E0 -2.202E-51 -8.905E-7 =-1.929E-49
3.750E0 9.482E~47 -5.444E~-7 -2.938E-45
3.580E0 1.442E-42 -3.072E-7 1.265E-40
3.370E0 -6.216E-38 -1.314E-7 1.925E-36
3.120E0 -9.448E-34 1.816E-8 -8.290E-32
2.830E0 - 4.075E-29 1.713E-7 -1.261E-27
2.510E0 6.188E-25 3.587E-7 5.435E-23
2.160E0 -2.672E-20 6.17%E-7 8.256E-19
1.780E0 -4.053E~16 1.001E-6 -3.563E-14
1.390E0 1.751E-11 1.583E-6 -5.408E-10
9.700E-1 2.655E-7 2.483E-6 2.336E-5
8.600E-1 -2.655E-7 1.988E-6 2.336E-5
4.175E-1 -1.700E-11 4.030E-13 -1.049E-13
0.000EO 0.000EO 0.000EO 0.000EO
0.000EO 0.000EO 0.000EO 0.000EO
-=--REACTION LOADS AT FIXED DEGREES OF FREEDOM~---
YF ZF XM YM
-7.153E3 2.907E-7 -9.941E-5 6.813E-5
0.000EO 0.000EO 0.000EO 0.000EO
---BASEPLATE LOADS---
YF ZF XM YM
6.727E-4 2.935E-3 4.248E-7 1.126E-5
-6.727E-4 3.553E-3 2.225E-7 5.897E-6
-8.803E-7 4.851E-3 5.911E-10 9.718E-13
-1.779E-2 7.119E-3 -2.018E-5 -7.487E-5
1.779E-2 1.424E-2 -2.018E-5 -7.487E-5
8.626E-7 2.078E-2 6.357E-10 8.672E-13
-2.716E-11 3.148E-2 3.078E~14 1.142E-13
4.234E-13 4.848E-2 9.950E-18 -5.673E-17
-3.121E-10 7.517E-2 9.939E-12 -1.983E-12
-2.784E-4 1.169E-1 -7.262E-9 3.720E-8
9.929E-2 1.820E~1 -3.174E-3 6.330E-4
-9.897E-2 ~-5.074E-1 -6.499E-3 6.330E-4

CeL-CA-352
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ZR
3.715E-4
5.833E-4
9.117E-4
1.084E-3
1.057E-3
1.072E-3
1.115E-3
1.199E-3
1.421E-3
1.526E-3
1.404E-3
1.302E-3
1.160E-3
9.972E-4
8.547E~4
6.919E~-4
5.088E-4
3.256E-4
1.425E-4

~6.105E-5
-2.442E-4
-4.274E-4
~-6.105E-4
-7.733E-4
-9.361E-4
-1.099E-3
-1.241E-3
-1.363E-3

-1.486E-3

-1.567E-3
-1.648E-3
-1.622E-3
-1.668E-3
-2.573E-3
0.000EO
0.000EO

M
1.674E6
0.000EOQ

ZM
4.912E-5
6.069E-5
8.615E-5
1.288E-4
3.561E-4
8.135E-4
1.433E-3
2.340E-3
3.715E-3
5.833E-3
9.117E-3
1.084E-2

=
o
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A NODE XF YF ZF XM - YM M

\ 13 =2.544E-5 9.140E-6 -6.357E-5 <-6.695E-3 -1.007E-11 1.057E-2
A 14 -5.38B2E-9 1.760E-6 -5.381E-9 -6.540E-3 -7.506E-13 1.072E-2
A 15 -1.258E-5 -4.416E-6 -2.112E-5 -5.822E-3 2.331E~12 1.115E-2
A 16 =-1.922E-1 -4.242E-5 -1.921E-1 -4.442E-3 -1.408E-4 1.199E-2
A 17 0.000EO 1.546E-4 1.921E-1 -2.938E-3 -1.408E-4 1.421E-2
A 18 0.000EO -1.026E-4 6.018E-6 -1.886E-3 6.863E-9 1.526E-2
A 19 0.000E0 -1.391E-5 -2.932E-10 -1.210E-3 2.147E-13 1.404E-2

A 20 0.000EO 3.131E-5 -9.177E-15 -7.766E-4 -1.047E-17 1.302E-2
A 21 0.000EO -5.218E-5 4.476E-19 -4.984E-4 -3.274E-22 1.160E-2
A 22 0.000EO 2.087E-5 1.399E-23 -3.198E-4 1.599E-26 9.972E-3
A 23 0.000EO -1.565E~5 -6.831E-28 -2.052E-4 4.993E-31 8.547E-3
A 24 0.000EOQ 1.740E-6 -2.134E-32 -1.317E-4 -2.440E-35 6.919E-3
A 25 0.000EO -2.609E~5 1.043E-36 -8.450E-5 -7.614E-40 5.088E-3
A 26 0.000EO 1.044E-5 3.254E-41 -5.420E~-5 3.724E-44 3.256E-3
A 27 0.000E0  -1.739E-5 -1.591E-45 -3.473E-5 1.161E-48 1.425E-3
A 28 0.000EO -1.739E-5 -4.962E-50 -2.222E-5 -5.683E-53 -6.105E-4
A 29 0.000EQ 1.044E-5 -8.243E-50 =-1.415E-5 4.486E-53 -2.442E-3
A 30 0.000EO -2.609E-5 -1.255E-45 -8.905E-6 =-1.929E-48 -4.274E-3
A 31 0.000EO 1.740E-6 5.404E-41 -5.444E-6 -2.938E-44 -6.105E-3
A 32 0.000EO -6.957E-6 8.222E-37 -3.072E-6 1.265E-39 -7.733E-3
A 33 0.000EO -6.957E-6 -3.543E-32 -1.314E-6 1.925E-35 -9.361E-3
A 34 0.000EO -1.565E-5 ~5.385E-28 1.816E-7 -8.290E-31 -1.099E-2
A 35 0.000EO 3.479E-6 2.323E-23 1.713E-6 -1.261E-26 -1.241E-2
A 36 0.000EO ~-5.218E-6 3.527E-19 3.587E-6 5.435E-22 -1.363E-2
A 37 0.000EOQ -2.261E-5 -1.523E-14 6.179E-6 8.256E-18 -1.486E-2
A 38 0.000EO 3.305E-5 -2.310E-10 1.001E-5 -3.563E-13 -1.567E-2
‘A 39 0.000EO -8.613E-5 9.983E-6 1.583E-5 -5.408E-9 -1.648E-2
A 40 0.000EO -1.919E-1 1.513E-1 2.483E-5 2.336E-4 -1.622E-2
A 41 0.000EO 1.923E-1 -1.513E-1 1.988E-5 2.336E-4 -1.668E-2
A 42 0.000EO -7.153E3 -9.693E-6 4.030E-12 -1.049E-12 -2.573E-2
A
A

L

I=== MEMBER LOADS OF COMBINED CASE 1 ===
L —
L
L H.B. ROBINSON 30 CW=-11 UNDERGROUND WATER PIPE

L VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

L

L ---I0CAL MEMBER END LOADS---

L M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM
L 1 1 -3.012E-3 -2.606E-7 =-4.523E-8 -5.040E-5 -4.156E-7 -8.797E-8
L 1 2 3.012E-3 2.606E-7 4.523E-8 5.040E-5 1.378E-5 -7.691E-5
L 2 2 -6.489E-3 4.668E~7 3.817E-8 -1.273E-4 -4.816E-6 5.881E-5
L 2 3 6.489E-3 -4.668E-7 -3.817E-8 1.273E-4 6.798E-9 8.205E-10
L 3 3 -1.134E-2 -3.280E-6 4.752E-7 =-2.134E-4 -7.384E-9 -8.919E-10
L 3 4 1.134E-2 3.280E-6 -4.752E-7 2.134E-4 -1.112E-4 -7.674E-4
L 4 4 -2.564E-2 1.989E-~5 1.841E-6 -8.180E-4 1.136E-4 4.033E-4
L 4 5 2.564E-2 -1.989E-5 -1.841E-6 8.180E-4 -3.284E-4 1.918E-3
L 5 5 -3.270E-2 -3.161lE-6 9.961E-7 -2.287E-3 -2.331E-4. -7.396E-4
L 5 6 3.270E-2 3.161E-6 =9.961E-7 2.287E-3 -6.986E~9 2.863E-10
L 6 6 -5.349E-2 -1.118E-12 =-2.714E-11 -3.100E-3 6.351E-9 -2.605E-10
L 6 7 5.349E-2 1.118E-12 2.714E-11 3.100E-3 -3.910E-13 -1.241E-12
L 7 7 -8.497E-2 4.820E-15 -1.520E~15 -4.534E-3 3.555E-13 1.128E-12
L 7 8 8.497E-2 -4.820E-15 1.520E-15 4.534E-3 9.628E-17 -5.718E-16

(N ol ol ol al ol ol ol ol ol ol ool ol ol ol el ol ol el o
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M
8
8
9
9
10
10
11
11
12
12
13
13

‘14

14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35

N

8

9

9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36

AXIAL
-1.334E-1

1.334E-1

-2.086E-1
2.086E-1
-3.255E-1
3.255E-1
-7.246E-1
7.246E-1
-6.295E-5
6.295E-5
-5.521E-9
5.521E-9
2.090E-9
-2.090E-9
2.383E-5
-2.383E-5
2.717E-1
-2.717E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1
1.922E-1
-1.922E-1

EZHANG REL 8.1 BASE

X2SHEAR
-1.025E-13
1.025E-13
1.602E-9
-1.602E-9
6.715E-5
-6.715E-5
-1.177E-4
1.177E-4
2.696E-5
-2.696E-5
-2.900E-13
2.900E-13
2.892E-14
-2.892E-14
-6.034E-6
6.034E-6
1.685E-5
-1.685E-5
-6.018E-6
6.018E-6
2.933E-10
-2.933E-10
9.177E-15
~9.177E-15
-4.476E-19
4.476E-19
-1.399E-23
1.399E-23
6.831E-28
-6.831E-28
2.134E-32
-2.134E-32
-1.043E-36
1.043E-36
~3.254E-41
3.254E-41
1.591E-45
-1.591E-45
4.962E-50
-4.962E-50
-5.117E-55
5.117E-55
~8.243E-50
8.243E-50
-1.255E-45
1.255E-45
5.404E-41
-5.404E-41
8.223E-37
-8.223E-37
-3.543E-32
3.543E-32
-5.386E-28
5.386E-28
2.323E-23
-2.323E-23

X3SHEAR
-4.208E-13
4.208E-13
2.447E-10
~2.447E-10
2.758E-4
-2.758E-4
-3.144E-4
3.144E-4
-4.649E-5
4.649E-5
-5.563E-5
5.563E-5
-5.739E-5
5.739E-5
-5.298E-5
5.298E-5
-1.055E-5
1.055E-5
-1.652E-4
1.652E-4
-6.262E-5
6.262E-5
-4.870E-5
4.870E-5
-8.001E-5
8.001E-5
-2.783E-5
2.783E-5
-4.870E-5
4.870E-5
-3.305E-5
3.305E-5
-3.479E-5
3.479E-5
-8.697E-6
8.697E-6
-1.913E-5
1.913E-5
-1.739E-6
1.739E-6
1.565E-5
-1.565E-5
5.218E-6
-5.218E-6
3.131E-5
-3.131E-5
2.957E-5
-2.957E-5
3.653E-5
-3.653E-5
4.348E-5
~4.348E-5
5.914E-5
-5.914E-5
5.566E-5
-5.566E-5

2000000 REV 1.0

TORSN
-6.874E-3
6.874E~-3
-1.059E-2
1.059E-2
-1.642E-2
1.642E-2
5.617E-3
-5.617E-3
1.644E-3
-1.644E-3
-1.096E-3

1.096E-3 .

-4.055E-3
4.055E-3
-7.825E-3
7.825E-3
-1.316E-2
1.316E-2
-5.264E-3
5.264E-3
~-3.378E-3
3.378E-3
-2.168E-3
2.168E-3
~1.391E-3
1.391E-3
-8.928E-4
8.928E-4
-5.729E-4
5.729E-4
-3.677E-4
3.677E-4
-2.360E-4
2.360E-4
-1.515E-4
1.515E-4
-9.731E-5
9.731E-5
-6.258E-5
6.258E-5
-4.036E-5
4.036E-5
-2.621E-5
2.621E-5
-1.731E-5
1.731E-5
-1.186E-5

1.186E-5

-8.790E-6
8.790E-6
~-7.476E-6
7.476E-6

=7.658E~6

7.658E-6
-9.371E-6
9.371E-6

fee-
SN560000 PAGE

X2MOM
-1.038E~-16
9.847E-11
-1.083E-10
-5.715E-8
6.285E-8
-3.144E-2
4.195E-2
6.518E-3
5.198E-3
5.716E-3
6.491E-3
6.491E-3
5.716E-3
7.757E-3
4.246E-3
8:116E-3
3.501E-3
-1.560E-3
2.461E-2
1.404E-2
1.221E-3
1.343E-2
6.105E-4
1.079E=-2
2.239E-3
1.648E-2
-4.884E-3
1.140E-2
-1.425E-3
1.282E-2
-4.274E-3
1.201E-2
-5.088E-3
1.323E-2
-8.140E-3
1.018E-2
-6.919E-3
1.140E-2
-9.972E-3
1.038E-2
-1.099E-2
7.326E-3
-9.768E-3
8.547E-3
-1.282E-2
5.495E-3
-1.160E-2
4.681E-3
-1.241E-2
3.867E-3
-1.323E-2
3.053E-3
-1.404E-2
2.035E-4
-1.262E-2
-4.070E-4

CA-352.

X3MOM
6.289E-16
-2.398E-11
2.638E-11
3.748E-7
-4.122E-7
7.655E-3
-1.132E-2
-6.820E-3
6.330E-3
9.051E-11
-8.044E-11
1.277E-11
-1.201E-11
1.880E-11
-2.113E-11
-1.408E-3
1.549E-3
1.549E-3
-1.408E-3
-7.549E-8
6.862E-8
-2.362E-12
2.147E-12
1.152E-16
-1.047E-16
3.602E-21
-3.274E-21
-1.758E-25
1.598E-25
-5.492E-30
4.993E-30
2.684E-34
-2.440E-34
8.376E=-39
-7.614E-39
-4.096E-43
3.723E-43
~1.277E-47
1.161E-47
6.251E-52
-5.683E-52
4.486E-52
-4.934E-52
~1.929E-47
2.122E-47
-2.938E-43
3.232E-43
1.265E-38
-1.391E-38
1.924E-34
-2.117E-34
-8.290E-30
9.119E-30
-1.260E-25
1.386E-25
5.435E-21

12
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CLL-CA-258

H“t“t“[“t;“t“["t“t‘t‘t“t“t“t"t-- (o

EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 13.
M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM
36 36 1.922E-1 3.527E-19 6.088E-5 ~-1.296E-5 ~-1.323E-2 -5.97%9E-21
36 37 -1.922E-1 -3.527E-19 -6.088E-5 1.296E-5 -1.018E-3 8.255E~17
37 37 1.922E-1 -1.523E-14 8.349E-5 -1.914E-5 -1.384E-2 -9.081lE-17
37 38 -1.922E-1 1.523E-14 -8.349E-5 1.914E-5 -5.698E-3 -3.563E-12
38 38 1.922E-1 -2.310E-10 5.044E-5 -2.914E-5 -9.972E-3 3.920E~12
38 39 -1.922E-1 2.310E-10 =-5.044E-5 2.914E-5 -1.831E-3 -5.407E-8
39 39 1.922E-1 9.983E-6 1.366E-4 -4.498E-5 -1.465E-2 5.948E-8
39 40 -1.922E-1 -9.983E-6 -1.366E-4 4.498E-5 -1.731E-2 2.336E-3
40 40 3.110E-1 -7.436E~-5 -2.818E-5 -~1.101E-3 6.764E-5 -2.564E-3
40 41 -3.110E-1 7.436E-5 2.818E-5 1.101E-3 2.943E-3 -5.381E-3
41 41 1.922E-1 1.545E~-5 =-1.956E-4 9.941E-5 <-2.241E-2 1.711E-3
41 42 -1.922E-1 -1.545E-5 1.956E-4 -9.941E-5 6.818E-2 1.904E-3
42 42 1.922E-1 -1.996E2 7.150E3 9.941E-5 ~-9.391E-2 -2.622E-3
42 43 -1.922E-1 1.996E2 -7.150E3 -9.941E-5 -1.673E6 -4.671E4
S=== S
=== MEMBER STRESSES OF COMBINED CASE 1 ===
S
S
H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE S
VERTICAL SEISMIC (1/2 SINE WAVE END TO END) S
S
---LOCAL MEMBER END STRESSES--- S
M N AXIAL X2SHEAR X3SHEAR TORSN X2BEND X3BEND S
1 1 1.394E-4 -2.739E-8 =-4.753E-9 1.508E-7 2.486E-9 -5.263E-10 S
1 2 1.394E-4 -2.73%E-8 -4.753E-9 1.508E-7 8.244E-8 4.602E-7 S
2 2 3.004E-4 4.906E-8 4.011E-9 3.807E-7 2.882E-8 3.519E-7 S
2 3 3.004E-4 4.906E-8 4.011E-9 3.807E-7 4.067E-11 -4.909E-12 S
3 3 5.250E-4 -3.447E-7 4 .994E-8 6.384E~7 4.418E-11 -5.337E-12 S
3 4 5.250E-4 =-3.447E-7 4.994E-8 6.384E-7 -6.652E-7 4.592E-6 S
4 4 1.187E-3 2.090E-6 1.935E-7 2.447E-6 -6.796E-7 2.413E-6 S
4 5 1.187E-3 2.090E-6 1.935E-7 2.447E-6 ~1,965E-6 -1.147E-5 S
5 5 1.514E-3 =3.322E-7 1.047E-7 6.841E-6 1.395E-6 -4.425E-6 S
5 6 1.514E-3 =3.322E-7 1.047E-7 6.841E-6 -4.180E-11 -1.713E-1l2 S
6 6 2.476E-3 -1.175E-13 -2.852E-12 9.274E-6 -3.800E-11 -1.558E-12 S
6 7 2.476E-3 <-1.175E-13 -2.852E-12 9.274E-6 -2.340E-15 7.427E-15 S
7 7 3.934E-3 5.065E~16 -1.597E-16 1.356E-5 =-2.127E-15  6.752E-15 S
7 8 3.934E-3 5.065E-16 -1.597E-16 1.356E-5 5.761E-19 3.421E-18 S
8 8 6.178E-3 =-1.077E-14 -4.423E-14 2.056E-5 6.213E-19 3.763E-18 S
8 9 6.178E-3 -1.077E-14 -4.423E-14 2.056E-5 5.892E-13 1.435E-13 S
9 9 9.658E-3 1.683E-10 2.572E-11 3.168E-5 6.481E-13 1.578E-13 S
9 10 9.658E-3 1.683E-10 2.572E-11 3.168E-5 =3.420E-10 -2.242E-9 S
10 10 1.507E-2 7.057E-6 2.899E-5 4.913E-5 =-3.760E-10 -2.467E-9 S
10 11 1.507E-2 7.057E-6 2.899E-5 4.913E-5 -1.881E-4 -4.580E-5 S
11 11 3.355E-2 -1.236E-5 -3.304E-5 -1.680E-5 =-2.510E-4 -6.772E-5 S
11 12 3.355E-2 -1.236E-5 -3.304E-5 -1.680E-5 3.900E-5 4.080E-5 S
12 12 2.914E-6 2.833E-6 -4.886E-6 -4.918E-6 <=3.110E-5 3.787E-5 S
12 13 2.914E-6 2.833E-6 -4.886E-6 -4.918E-6 3.420E-5 -5.416E-13 S
13 13 2.556E-10 -3.048E-14.-5.847E-6 3.278E-6 =~3.884E-5 -4.813E-13 S
13 14 2.556E-10 -3.048E-14 -5.847E-6 3.278E-6 3.884E-5 -7.638E-14 S
14 14 -9.675E-11 3.039E-15 -~6.032E-6 1.213E-5 =-3.420E-5 -7.189E-14 S
14 15 -9.675E-11 3.039E-15 -6.032E-6 1.213E-5 4.641E-5 -1.125E-13 S
15 15 -1.103E-6 -6.341E-7 -5.567E-6 2.341E-5 -2.541E-5 -1.265E-13 S
15 16 -1.103E-6 =-6.341E-7 -5.567E-6 2.341E-5 4 .856E-5 8.424E-6 S

nunnnunununnnnnunuunnnrununnnunnnunuununuuunnhunhhnhnnnnn
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S

3
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
s
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S=

M
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31

31

32
32
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42

N
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42
43

AXTIAL
-1.258E-2

-1.258E-2.

-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3

=-8.897E-3

-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3
-1.440E-2
-1.440E-2
-8.897E-3
-8.897E-3
-8.897E-3
-8.897E-3

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
1.771E-6
1.771E-6

-6.324E-7

-6.324E-7
3.082E-11
3.082E-11
9.644E-16
9.644E-16

-4.704E-20

-4.704E-20

-1.471E-24

-1.471E-24
7.179E-29
7.179E-29
2.243E-33
2.243E-33

-1.096E-37

-1.096E-37

-3.420E-42

-3.420E-42

1.672E-46
1.672E-46
5.215E-51
5.215E-51
-5.378E-56
-5.378E-56
-8.663E-51
-8.663E-51
-1.319E~-46
-1.319E~-46
5.68B0E-42
5.680E-42
8.641E-38
8.641E-38
-3.723E-33
-3.723E-33
-5.660E-29
-5.660E-29
2.441E-24
2.441E-24
3.707E-20
3.707E-20
-1.600E-15
-1.600E-15
-2.428E-11
-2.428E-11
1.049E-6
1.049E-6
-7.814E-6
-7.814E-6
1.624E-6
1.624E-6
-2.098E1
-2.098El

X3SHEAR
-1.109E-6
-1.10%E-6
-1.736E-5
-1.736E~-5
-6.580E~6
-6.580E-6
-5.118E-6
-5.118E-6
-8.408E-6
-8.408E-~6
-2.925E-6
-2.925E-6

—-5.118E-6

-5.118E-6
-3.473E-6
-3.473E-6
-3.656E~6
-3.656E-6
-9.13%E-7
-9.139E-7
-2.011E-6
-2.011E-6
-1.828E-7
-1.828E-7

1.645E~6

1.645E-6"

5.484E=-7
5.484E-7
3.290E-6
3.290E-6
3.107E-6
3.107E-6
3.839E-6
3.839E-6
4.570E-6
4.570E-6
6.215E-6
6.215E-6
5.849E-6
5.849E-6
6.398E-6
6.398E-6
8.774E-6
8.774E-6
5.301E-6
5.301E-6
1.435E-5
1.435E-5
-2.961E-6
-2.961E-6
-2.056E-5
-2.056E-5
7.514E2
7.514E2

TORSN
3.937E-5
3.937E-5
1.575E-5
1.575E-5
1.011E-5
1.011E-5
6.485E~6
6.485E-6
4.162E-6

4.162E-6

2.671E~-6
2.671E-6
1.714E-6
1.714E-6
1.100E-6
1.100E-6
7.060E-7
7.060E-7
4 .532E-7
4,532E-7
2.911E-7
2.911E-7
1.872E-7
1.872E-7
I.207E-7
1.207E-7
7.841E-8
7.841E-8
5.177E-8
5.177E-8
3.548E-8
3.548E-8
2.630E-8
2.630E-8
2.237E-8
2.237E-8

2.291E-8

2.291E-8
2.803E-8
2.803E-8
3.877E-8
3.877E-8
5.725E-8
5.725E-8
8.719E-8
8.719E-8
1.346E-7
1.346E-7
3.295E-6
3.295E-6
-2.974E-7
-2.974E-7
-2.974E-7
-2.974E-7

CoL-CA 32

X2BEND
-2.094E-5
-9.335E-6
-1.473E-4
8.401E-5
-7.306E-6
8.036E-5
-3.653E-6
6.453E-5
-1.339E-5
9.862E-5
2.922E-5
6.818E-5
8.523E-6
7.671E-5
2.557E-5
7.184E-5
3.044E-5
7.914E-5
4.870E-5
6.088E-5
4.140E-5
6.818E-5
5.966E-5
6.210E-5
6.575E-5
4.383E-5
5.844E-5
5.114E-5
7.671E-5
3.287E-5
6.940E-5
2.800E-5
7.427E-5
2.313E-5
7.914E-5
1.826E-5
8.401E-5
1.218E-6
7.549E-5
-2.435E-6
7.914E-5
-6.088E-6
8.280E-5
-3.409E-5
5.966E-5
-1.096E-5
8.767E-5
-1.035E-4
-4.047E-7
1.761E-5
1.341E-4
4.080E-4
5.619E-4
-1.001E4

SN560000 PAGE

X3BEND
9.267E-6
~9.267E-6
-8.425E-6

4.517E-10

4.106E-10
1.413E-14
1.285E-14

'-6.893E-19

-6.267E-19
-2.155E-23
-1.959E-23
1.052E-27
9.564E-28
3.286E-32
2.988E-32
-1.606E-36
-1.460E-36
-5.011E-41
-4 .556E-41
2.451E-45
2.228E-45
7.642E-50
6.947E-50
-3.740E-54
-3.400E~-54
-2.684E-54
-2.952E-54
1.154E-49
1.270E-49
1.758E-45
1.934E-45
-7.566E-41
-8.323E-41
-1.151E-36

"=1.266E-36

4.960E-32
5.456E-32
7.541E-28
8.295E~-28
-3.252E-23

-3.577E-23

-4.939E-19
-5.433E-19
2.132E-14
2.345E-14
3.235E-10
3.559E-10
-1.398E-5
-1.534E-5
3.220E-5
1.024E-5
-1.139E-5
-1.569E-5
2.795E2
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FRACTION OF SYSTEM NODE ALLOWABLES: COMBINED CASE 1

XX B E LA T T AL LA B AR A AR A LRI R AR R R R R R R R A R e A R R R 2

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

WONAU B WN -

~---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH NODE---

0.000EO

DISPLACEMENT
. X Y
4.637E-18 1.180E-14
1.285E-17 1.180E-14
6.434E-17 1.544E-17
4.002E-16 3.122E-13
4.002E-16 3.122E-13
5.613E-17 1.513E-17
2.905E-25 4.765E=-22
1.572E-24 7.429E-24
2.790E-20 5.476E-21
9.739E-16 4.884E-15
8.906E-12 1.742E-12
8.905E~12 2.000E-6
4.464E-16 5.000E-6
9.442E-20 8.000E-6
2.208E-16 1.100E-5
3.371E-12 1.390E-5
.7.687E-8 1.610E-5
1.153E-7 2.000E-5
1.537E-7 2.360E-5
1.922E-7 2.690E-5
2.306E-7 3.000E-5
2.690E-7 3.260E-5
3.075E-7 3.490E-5
'3,459E-7 3.680E-5
3.843E-7 3.830E-5
4.228E-7 3.930E-5
4.612E-7 3.990E-5
4.997E-7 4.000E-5
5.381E-7 3.960E-5
5.765E-7 3.880E-5
6.150E-7 3.750E~-5
6.534E-7 - 3.580E-5
6.918E-7 3.370E-5
7.303E-7 3.120E-5
7.687E-7 2.830E-5
8.071E-7 2.510E-5
8.456E-7 2.160E-5
8.840E-7 1.780E-5
9.224E-7 1.390E-5
9.609E-7 9.700E-6
3.843E-8 8.600E-6
7.179E-13 4.175E-6
0.000EO 0.000EO

0.000EO

Z
2.935E-9
3.553E-9
4.851E-9
7.119E-9
1.424E-8
2.078E~8
3.148E-8
4.848E-8
7.517E~8
1.169E-7
1.820E~-7
8.902E-12
1.115E-15
9.441E-20
3.705E~16
3.371E-12
3.371E-12
1.056E-16
5.145E-21
1.610E-25
7.852E-30
2.455E~-34
1.198E-38
3.744E-43
1.829E-47
5.709E-52
2.791E-56
8.706E-61
1.446E-60
2.202E-56
9.482E-52
1.442E-47

6.216E-43

9.448E-39
4.075E-34
6.188E-30
2.672E-25
4.053E-21
1.751E-16
2.655E-12
2.655E-12
1.700E-16
0.000EO

0.000EO

BASEPLATE

COEFFICIENT

0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EOQ
0.000EO
0.000EO0"
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
. 0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
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FRACTION OF SYSTEM MEMBER ALLOWABLES:

COMBINED CASE 1

16

WO WP

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

~==SUMMARY OF FRACTION OF ALLOWABLE FOR EACH MEMBER---

STRESS
START END

'5.164E-21 5.184E-21
1.114E-20 1.113E-20
1.944E-20 1.964E-20
4.408E-20 4.446E-20
5.629E-20 5.607E=~20
9.171E-20 9.171E-20
1.457E-19 1.457E-19
2.288E-19 2.288E-~19
3.577E-19 3.577E-19
5.581E-19 5.668E-19
1.254E-18 1.245E-18
2.663E-21 1.375E-21
1.438E-21 1.438E-21
1.267E-21 1.719E-21
1.612E-21 2.151E-21
4.671E-19 4.667E-19
3.353E-19 3.326E-19
3.298E-19 3.325E-19
3.296E-19 3.319E-19
3.300E-19 3.332E-19
'3.306E-19 3.320E-19
3.298E-19 3.323E-19
3.305E-19 3.322E-19
3.306E-19 3.324E-19
3.313E-19 3.318E-19
3.310E-19 3.320E-19
3.317E-19 3.318E-19
3.319E-19 3.311E-19
3.317E-19 3.314E-19
3.323E-19 3.307E-19
3.321E-19 3.305E-19
3.323E-19 3.304E-19
3.324E-19 3.302E-19
3.326E-19 3.296E-19
3.323E~19 3.296E-19
3.324E-19 3.297E-19
3.326E-19 3.308E-19
3.317E-19 3.299E-19
3.328E-19 3.339E-19
5.338E-19 5.351E-19
3.349E-19 3.450E-19
4.176E-14 3.811E-13

BUCKLING
START END
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EOQ -0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO0 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.00CEOQ
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO0 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO0 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO0 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO

JOINT COEF.

START END
4.248E-9 7.814E-7
5.901E-7 6.847E-11
7.438E-11 7.754E-6
4.190E-6 1.946E-5
7.754E-6 6.992E-11
6.357E-11 1.407E-14
1.457E-14 8.509E-15
1.336E-14 1.014E-12
1.115E-12 3.791E-9
4.170E-9 3.236E-4
4.345E-4 9.433E-5
8.191E-5 5.716E-5
6.491E-5 6.491E-5
5.716E-5 7.757E-5
4.246E-5 8.237E-5
3.828E-5 2.198E-5
2.465E-4 1.404E-4
1.221E-5 1.343E-4
6.105E-6 1.079E-4
2.239E-5 1.648E-4
4.884E-5 1.140E-4
1.425E-5 1.282E-4
4.274E-5 1.201E-4
5.088E-5 1.323E-4
8.140E-5 1.018E-4
6.919E-5 1.140E-4
9.972E-5 1.038E-4
1.099E-4 7.326E-5
9.768E-5 8.547E-5
1.282E-4 5.495E-5
1.160E-4 4.681E-5
1.241E-4 3.867E~5
1.323E-4 3.053E-5
1.404E-4 2.035E-6
1.262E-4 4.070E-6
1.323E-4 1.018E-5
1.384E-4 5.698E-5
9.972E-5 1.831E-5
1.465E-4 1.746E-4
2.565E-5 6.133E-5
2.247E-4 6.821E-4
0.000EO

0.000EO
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=== QUALIFICATION SUMMARY REPORT ===%

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

--—PLANT IDENTIFICATION---

UTILITY: CPL : PLANT: H.B.ROBINSON PWR
NSSS: o A/E: BWR

W W % % W % % ok N Ok % Ok % B N o % % ok N W A N N o % % X ¥ N W ¥ ¥ F ¥ X * F * X %

-==EQUIPMENT IDENTIFICATION---

SYSTEM: ] DRAWING NO.:
BUILDING: ELEVATION:
ADDITIONAL IDENTIFICATION:

---APPLIED LOADS---

DEADWEIGHT: THERMAL: RELATIVE DISP.:
SEISMIC: HYDRODYNAMIC:

---LOAD COMBINATION---~

VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

---SUMMARY OF RESULTS=---

---MAXIMUM FRACTION OF ALLOWABLE---
COMPONENT "FATILURE MODE ALLOWABLE MAX. FRACTION PASS/FAIL
SYSTEM JOINT 1.000EO 6.821E-4 PASS

COMMENTS :

JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

JOINT HAS WEAK SPRINGS IN AXIAL,TORSION,AND BOTH BENDING DIRECTIONS
....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN.
...DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.
«+..JOINT KTRANS=100 LB/IN JOINT KROT=100 IN-LB '

co: Ccl DATE:]2-4-90

VERIFIED BY: m ;39..& co: ¢cclL DATE: 1L-1-29
khkhkhhkhhkkkdkkhhkhkhk AR hkkhkkkhhkkhhhhkk kR khdhrhhhhhhhkhkhdhhhhkhkkhkhrkkkhdhkhk
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Calculation Number: CCL-CA-352

ATTACHMENT A2

All piping segfnents begin and end with axial spring
constants of 1.0E+07 1lb,/in, and torsional and bending
spring constants of 1.0E+09 in-lb,/rad.
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‘ SYSTEM 2000000

< Jc Jc Jic i< Jic B - AR R e R R R R A R AR R R AR AR

1

EZHANG REL 8.1 BASE 2000000 REV 1.0

INPUT ECHO

I 386.4 1 1.33 10E12 10E12 10E1l2

IDF

1

.9 .6 1
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
11 0
12 108
13 274
14 439
15 605
16 770
17 900
18 1134
19 1368
20 1602
21 1836
22 2070
23 2304
24 2538
25 2772
26 3006
27 3240
28 3474
29 3708
30 3942
31 4176
32 4410
33 4644
34 4878
35 5112
36 5346
37 5580
38 5814
39 6048
40 6282
41 6348
42 6582
43 6816
44 500
1 1

2 2

3 3

4 4

5 5

6 6

7 7

VAN WN

15
81

- 2916

0
288
414
648
732
966

1200
1434
1668
1902
2016
2124
2290
2455
2621
2786
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916

2916
2916
2916
2916
2864
2864 ,
2864 -1 -1 -1 -1 -1 -1
500 -1 -1 -1 -1 -1 -1
44
44
44
44
44
44
44

ejojoRoleNeooNeNooNoNoeNolloNoNoNoNoNeNoNoNoNoNoNoNoNoNoNoNoNoNo o NoNoRe RoNoRe Ne)
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(olle o NoloeoNeNojoNeoNoNoNoloReNoNoNoNoNoNoNoNoNoRNeoNoRoNoNoNoRoNoNoNoRoRoRoNoNoReo N e)

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
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M 8 8 9 1 44

M 9 9 10 1 44

M 10 10 11 1l 44

M- 11 11 12 1 44

M 12 12 13 1l 44

M 13 13 14 1 44

M 14 14 15 1 44

M 15 15 16 1 44

M 16 16 17 1 44

M 17 17 18 1 44

M 18 18 19 1 44

M 19 19 20 1 44

M 20 20 21 1 44

M 21 21 22 1 44

M 22 22 23 1 44 -

M 23 23 24 1 44

M 24 24 25 1 44

M 25 25 26 . 1 44

M 26 26 27 1 44 .

M 27 27 28 1 44

M 28 28 29 1l 44

M 29 29 30 1 44

M 30 30 31 1 44

M 31 31 32 1 44

M 32 32 33 1 44

M 33 33 34 1 44

M 34 34 35 1 44

M 35 35 36 1 44

M 36 36 37 1 44

M 37 37 38 1 44

M 38 38 39 1 44

M 39 39 40 1 44

M 40 40 41 1 44

M 41 41 42 1 44

M 42 42 43 2 44 :
P 1l 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q1 -5 11E6 6E-6 .44 .44 2.27 2.27 30E15
P 2 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q2 0 11E6 6E-6 .44 .44 2.27 2.27 30E1S
X -2 0 5.7E5 5.7E5 10 10 10 10

Y -2 0 10 10 10 10 10 10 O

X -3 0 5.7E5 5.7E5 5.7E5 10 10 10

Y -3 0 10 10 10 10 10 10 ©

X -4 00 5.7E5 5.7E5 10 10 10

Y -4 0 10 10 10 10 10 10 O

X -5 0 1E7 -1 -1 1E9 1E9 1E9

Y -5 2 10E18 10El12 10El12 10E18 1E9 1E9 10
T H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
E END GEOM

STATIC

T VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN
D 1l .00 .00 .00 :

D 2 .00 .00 .00

D 3 .00 .00 .00

D 4 .00 .00 .00

D 5 .00 .00 .00

Ce L-CA-3S
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D 6 .00 .00 .00
‘ D 7 .00 .00 .00
D 8 .00 .00 .00
D 9 .00 .00 .00
D 10 © .00 .00 .00
D 11 .00 .00 .00
D 12 .00 .20 .00
D 13 .00 .50 .00
D 14 .00 .80 .00
D 15 .00 1.10 .00
D 16 .00 1.39 .00
D 17 .00 1.61 .00
D 18 .00 2.00 .00
D 19 .00 2.36 .00
D 20 .00 2.69 .00
D 21 .00~ 3.00 .00
D 22 .00 3.26 .00
D 23 .00 3.49 .00
D 24 .00 3.68 ° .00
D 25 .00 3.83 .00
D 26 .00 3.93 .00
D 27 .00 3.99 .00
D 28 .00 4.00 .00
D 29 .00 3.96 .00
D 30 .00 3.88 .00
D 31 .00 3.75 .00
ah D 32 .00 3.58 .00
‘ D 33 .00 3.37 .00
D 34 .00 3.12 .00
-D 35 .00 2.83 .00
D 36 .00 2.51 .00
D 37 .00 2.16 .00
D 38 .00 1.78 .00
D 39 .00 1.39 .00
D 40 .00 .97 .00
D 41 .00 .86 .00
D 42 .00 .43 .00
E END CASE
"E END STATIC
COMBINE
T VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
O OUTPUT

CCASE 1110

E END OUTPUT

REPORT 1

A CPL :

B H.B.ROBINSON

J VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

K JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

L JOINT KAXIAL~=1E7 LB/IN JOINT KTORS,KROT2,KROT3=1E9 IN-LB.
M....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7ES5 LB/IN.
M....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.

E END REPORT
ENDRUN
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NODAL DATA TABLE

N N
N N
N H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE N
N N
N -—- NODAL COORDINATES --- --- NODAL WEIGHTS —-—- N
N NODE X y A XWT YWT ZWT N
N 1 0.0000EO 1.5000E1 0.0000E0 5.138E3 5.138E3 5.138E3 N
N 2  0.0000EO 8.1000E1  2.8800E2 7.328E3 7.328E3  7.328E3 N
N 3  0.0000EO 8.1000E1  4.1400E2 6.260E3 6.260E3  6.260E3 N
N 4 0.0000EO 8.1000E1  6.4800E2 6.098E3 6.098E3  6.098E3 N
N 5 0.0000EO 0.0000EC  7.3200E2 6.098E3 6.098E3  6.098E3 N
N 6 0.0000E0 0.0000E0  9.6600E2 8.138E3 8.138E3 8.138E3 N
N 7 0.0000EO 0.0000E0 1.2000E3 8.138E3 8.138E3 8.138E3 N
N 8 0.0000EQ 0.0000EO 1.4340E3 8.138E3 8.138E3 8.138E3 N
N 9 0.0000EO 0.0000E0 1.6680E3 8.138E3 8.138E3 8.138E3 N
N 10 0.0000EO 0.0000E0 1.9020E3 6.051E3 6.051E3 . 6.051E3 N
N 11  0.0000EO 0.0000E0  2.0160E3 4.663E3 4.663E3 4.663E3 N
N 12 1.0800E2 2.1000E1 . 2.1240E3 6.763E3 6.763E3  6.763E3 N
N 13  2.7400E2 2.1000E1  2.2900E3 8.139E3 8.139E3 8.139E3 N
N 14  4.3900E2 2.1000E1  2.4550E3 8.139E3 8.139E3 8.139E3 N
N 15 6.0500E2 2.1000E1  2.6210E3 8.139E3 8.139E3 8.139E3 N
N 16 7.7000E2 2.1000E1  2.7860E3 7.254E3 7.254E3  7.254E3 N
N 17 9.0000E2 2.1000E1  2.9160E3 7.266E3 7.266E3  7.266E3 N
N 18  1.1340E3 2.1000E1  2.9160E3 8.138E3 §.138E3 8.138E3 N
N 19 1.3680E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 20 1.6020E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 21 1.8360E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 22 2.0700E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 23  2.3040E3 2.1000E1 = 2.9160E3 8.138E3 8.138E3 8.138E3 N
N 24 2.5380E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 25 2.7720E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 26 3.0060E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 27  3.2400E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 28 3.4740E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 29 3.7080E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 30 3.9420E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 31 4.1760E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 32 4.4100E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 33  4.6440E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 34 4.8780E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 35 5.1120E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 36 5.3460E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 37 5.5800E3 2.1000E1  2.9160E3 8.138E3  8.138E3  8.138E3 N
N 38 5.8140E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 39 6.0480E3 2.1000E1  2.9160E3 8.138E3 8.138E3 8.138E3 N
N 40 6.2820E3 2.1000E1  2.9160E3 5.927E3 5.927E3 5.927E3 N
N 41  6.3480E3 8.7000E1  2.8640E3 5.927E3 5.927E3 5.927E3 N
N 42 6.5820E3 8.7000E1  2.8640E3 8.138E3 8.138E3 8.138E3 N
N 43  6.8160E3 8.7000E1  2.8640E3 4.069E3 4.069E3  4.069E3 N
N 44 5.0000E2 2.1000E1  5.0000E2 0.000E0  0.000E0 0.000E0 N

. N 3.230E5 3.230E5 3.230E5 N

"N --NODAL CONSTRAINTS-- BASEPLATE DATA N
N NODE XT YT ZT XR YR ZR JTYPE BXYZ CALC BANDWIDTH: 12 N
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- A A A A A P A A A A A A A A A A A A e o A A A A A A A A A R A e e Ao R A A A A A B A A A 4

N NODE XT YT ZT XR YR 2R JTYPE BXYZ CALC BANDWIDTH: 12

N 1 (0} 0 0 0 0 0 -2 B123 0 '

N 2 0 0 0 0 0 0 -2 B123 0

N 3 0 0 0 0 0 0 -2 B123 0

N 4 0 0 0 0 0 0 -2 B123 0

N 5 0 0 0 0 0 0 -2 B1l23 0

N 6 0 0 0 0 0 0 -2 B123 0

N 7 0 0 0 0 0 0 -2 B123 0

N 8 0 0 0 0 0 0 -2 B1l23 0

N 9 0 0 0 0 0 0 -2 B1l23 0

N 10 0 0 0 0 0 0 -2 B123 0

N 11 0 0 0 0 0 0 -2 B123 0

N 12 0 0 0 0 0 0 -3 B123 0

N 13 0 0 0 0 0 0 -3 B1l23 0

N 14 0 0 0 0 0 0 -3 Bl123 0

N 15 0 0o .0 0 0 0 -3 B123 0

N 16 0 0 0 0 0 0 -3 B1l23 0

N 17 0 0 0 0 0 0 -4 B123 0

N 18 0 0 0 0 0 0 -4 B123 0

N 19 0 0 0 0 0 0 -4 B123 0

N 20 0 0 0 o} 0 0 -4 B123 0

N 21 0 0 0O O 0 0 -4 B123 0

N 22 0 0 0 0 0 0 -4 B123 0

N 23 0 0 0 0 0 0 -4 B123 0

N 24 0 0 0 0 0 0 -4 B123 0

N 25 0 0 0 0 0 0 -4 Bl123 0

N 26 0 0 0 0 0 0 -4 B123 0

N 27 0 0 0 0 0 0 -4 B123 0

N 28 0 0 o 0 0 0 -4 Bl23 0

N 29 0 0 0 0 0 0 -4 B123 0

N 30 0 0 0 0 0 0 -4 B123 0

N 31 0 0 0 0 0 0 -4 B123 0

N 32 0 0 0 0 0 0 -4 B123 0

N 33 0 0 0 0 0 0 -4 B1l23 0

N 34 0 0 0 0 0 0 -4 B123 0

N 35 0 0 0 0 0 0 -4 B123 0

N 36 0 0 0 0 0 0 -4 B123 0

N 37 0 0 0 0 0 0 -4 B123 0

N 38 0 0 0 0 0 0 -4 B123 0

N 39 0 0 0 0 0 0 -4 B123 0

N 40 0 0 0 0 0 0 -4 B123 0

N 41 0 0 0 0 0 0 -4 B123 0

N 42 0 0 0 0 0 0 -4 B123 0

N 43 -1 -1 -1 -1 -1 =1 0 B O© 0

N 44 -1 -1 -1 -1 -1 -1 0O B O 0

N .

N= ===========z=====

Je====mmmsssssssssssssss===s====ccosmsxsssssssoos===== J

: === JOINT AND SPRING DATA TABLE ===J
J=======sssssssssssososooosss=sssss===zszo==coo==== === ==J
J J
J H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE J
J J
J === JOINT SPRING RATES ==~ J
J JTYPE K1 K2 K3 K4 K5 K6 J
J -5 1.000E7 -1.000E0 -1.000E0 1.000E9 1.000E9 1.000E9 J
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T JTYPE K1 K2 K3 K4 - K5 K6 J
J -4 0.000EO 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 J
J -3 5.700E5 5.700E5 5.700ES 1.000E1 1.000E1 1.000E1 J
J -2 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 1.000E1 J
J | J
J ~—- JOINT ALLOWABLE LOADS --- J
J JTYPE Al A2 A3 Ad AS A6 J
J -5 1.000E19 1.000E13 1.000E13 1.000E19 1.000E9 1.000E9 J
J -4 1.000El 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -3 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -2 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
T ———- JOINT WEIGHT AND CALC X VALUE ---- J
J JTYPE JOINT WT. X VALUE J
J -5 0.000EO 2.000E0 J
J -4 0.000EO 0.000EO J
J -3 0.000EO 0.000EOQ J
J -2 0.000EO 0.000EO J
J J
J R —— =J

M======= M

S— MEMBER DATA TABLE ===M
M M
M M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
M g M

. M -—- PRIMARY MEMBER DATA --- M
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH M
M 1 1 2 1 44 0.00EQ 0.00EO 1.00EO 2.955E2 M
M 2 2 3 1 44 0.00EO 0.00EO 1.00E0 1.260E2 M
M 3 3 4 1 44 0.00EOQ 0.00EO 1.00EO 2.340E2 M
M 4 4 5 1 44 0.00EO 0.00EO 1.00EO 1.167E2 M
M 5 5 6 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 6 6 7 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 7 7 8 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 8 8 9 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 9 9 10 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 10 10 11 1 44 0.00EO 0.00EO 1.00E0 1.140E2 M
M 11 11 12 1 44 0.00EO 0.00EO 1.00EO 1.542E2 M
M 12 12 13 1 44 0.00EO 0.00EO 1.00EO 2.348E2 M
M 13 13 14 1 44 0.00EQ 0.00EO 1.00E0 2.333E2 M
M 14 14 15 1 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 15 15 16 1 44 0.00EQ 0.00EO 1.00EO 2.333E2 M
M 16 16 17 1 44 0.00EO 0.00EO 1.00EO 1.838E2 M
M 17 17 18 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 18 18 19 1 44 0.00EQ 0.00EO 1.00E0 2.340E2 M
M 19 19 20 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 20 20 21 1 44 0.00E0  0.00EO 1.00EO 2.340E2 M
M 21 21 22 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 22 22 23 1 44 0.00EOQ 0.00EO 1.00E0 2.340E2 M

M 23 23 24 1 44 0.00E0  0.00EO 1.00E0 2.340E2 M

‘ M 24 24 25 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 25 25 26 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 26 26 27 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 27 27 28 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 28 28 29 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
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M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH
. M 29 29 30 1 44 0.00EO 0.00EO 1.00E0 2.340E2
M 30 30 31 1 44 0.00EO 0.00EO 1.00E0 2.340E2
M 31 31 32 1 44 0.00EO 0.00EOQ 1.00E0 2.340E2
M 32 32 33 1 44 0.00EO 0.00EOQ 1.00E0 2.340E2
M 33 33 34 1 44 0.00EO 0.00EO 1.00E0 2.340E2
M 34 34 35 1 44 0.00EO 0.00E0  1.00EO 2.340E2
M 35 35 36 1 44 0.00EO 0.00EOQ 1.00EO 2.340E2
M 36 36 37 1 44 0.00EOQ 0.00EO 1.00EO 2.340E2
M 37 37 38 1 44 0.00EO 0.00EO 1.00EO 2.340E2
M 38 38 39 1 44 0.00EO 0.00EO 1.00EO0 2.340E2
M 39 39 40 1 44 0.00EO 0.00EO 1.00EO0 2.340E2
M 40 40 41 1 44 0.00EO 0.00EOQ 1.00EO 1.068E2
M 41 41 42 1 44 0.00EO 0.00EQ 1.00E0 2.340E2
M 42 42 43 2 44 0.00EO 0.00EOQ 1.00EOQ 2.340E2
M
M --- FROM JOINT DATA --- ~=— TO JOINT DATA ---
M MEM TYPE HINGE CALC TYPE = HINGE CALC
M 1 -5 111111 10 -5 111111 10
M 2 -5 111111 10 -5 111111 10
M 3 -5 111111 10 -5 111111 10
M 4 -5 111111 10 -5 111111 10
M 5 -5 111111 10 -5 111111 10
M 6 -5 111111 10 -5 111111 10
M 7 -5 111111 10 -5 111111 10
M 8 -5 111111 10 -5 111111 10
M 9 -5 111111 10 -5 111111 10
. M 10 -5 111111 10 -5 111111 10
T M 11 -5 111111 10 . -5 111111 10
M 12 -5 111111 10 -5 111111 10
M 13 -5 111111 10 -5 111111 10
M 14 -5 111111 10 ‘ -5 111111 10
M 15 -5 111111 10 -5 111111 10
M 16 -5 111111 10 -5 111111 10
M 17 -5 111111 10 -5 111111 10
M 18 -5 111111 10 -5 111111 10
M 19 -5 111111 10 -5 111111 10
M 20 -5 111111 10 -5 111111 10
M 21 -5 111111 10 -5 111111 10
M 22 -5 111111 10 -5 111111 10
M 23 -5 111111 10 -5 111111 10
M 24 -5 111111 10 -5 111111 10
M 25 -5 111111 10 -5 111111 10
M 26 -5 111111 10 -5 111111 10
M 27 -5 111111 10 -5 111111 10
M 28 . -5 111111 10 -5 111111 10
M 29 -5 111111 10 -5 111111 10
M 30 -5 111111 10 -5 111111 10
M 31 -5 111111 10 -5 111111 ° 10
M 32 -5 111111 10 -5 111111 10
M 33 -5 111111 10 -5 111111 10
M 34 -5 111111 10 - -5 111111 10
‘ M 35 -5 111111 10 -5 111111 10
M 36 -5 111111 10 -5 111111 10
M 37 -5 111111 10 -5 111111 10
M 38 -5 111111 10 -5 111111 10
M 39 -5 111111 10 -5 111111 10

~

fc i< JicJic S Jic S Jic Jc Jic ic Jic i Jic JicJicJic Jic Jic i i Sic Sic Jic JicJic JicJic Jic Jic Jic Jic Jic < Jic Jic Jic Jic JicJic i Jic JicJic Jc Jrcfic Jic Sic Sic Jic Jic Jic Jic e Sic Jic 4
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M MEM TYPE HINGE CALC TYPE HINGE CALC M
M 40 -5 111111 10 ' -5 111111 10 M
M 41 -5 111111 10 -5 111111 10 M
M M
M --- MEMBER PROPERTY DATA =--- M
M PTYPE AREA J I2 I3 H2 H3 M
M 1 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M 2 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1. M
M M
M -=-- MEMBER PROPERTY DATA --- M
M PTYPE JRADIUS SHAPE2 SHAPE3 STRESSF2 STRESSF3 DJPROP M
M 1 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 -5 M
M 2 "1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 0 M
M : M
M --- MEMBER PROPERTY DATA --- M
M PTYPE EMOD SMOD YIELD DENSITY ALPHA M
M 1 2.900E7° 1.100E7 3.000E16 1.610E0 6.000E-6 M
M 2 2.900E7 1.100E7 3.000E16 1.610E0 6.000E-6 M
M ' M
M==== = M
D ====]
D=== DESIGN PARAMETERS ===D
D =D
D D
D H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE D
D D
D MEMBER DESIGN FACTOR:9.000E-1 ALLOWABLE X DISPLACEMENT:1.0000E13 D
D D
D BPLATE DESIGN FACTOR:1.000EO ALLOWABLE Y DISPLACEMENT:1.0000E13 D
D : D
D JOINT DESIGN FACTOR:1.000EO ALLOWABLE Z DISPLACEMENT:1.0000E13 D
D D
D SHEAR DESIGN FACTOR:6.000E-1 BUCKLING FACTOR:1.3300EO D
D . D
D GRAVITATIONAL CONSTANT:3.864E2 DIR. PENDULUM PIVOT: D
D ' D
D D
C== Cc
=== APPLIED LOADS FOR STAT CASE ===
C======================== === Cc
c c
C H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE cC
C VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN c
Cc Cc
C : -=-<-GENERIC LOADS--- C
C GX= 0.00EO GY= 0.00E0 GZ2= 0.00EO GRAV=3.86E2 TDEL= 0.00EO C
C Cc
Cc --=IMPOSED GROUND DISPLACEMENTS=--- C
C NODE XT YT 2T XR YR ZR C
Cc 1 OEO 0EO OEO OEO OEO OEO c
C 2 OEO OEO 0EO OEO OEO OEO C
C 3 OEO OEO OEO OEO OEO OEO C
Cc 4 OEO OEO OEO OEO OEO OEO Cc
cC 5 OEO OEO OEO OEO OEO OEO cC
C 6 0EO OEO OEO OEO OEO OEO C
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C NODE XT YT ZT XR YR ZR c
c 7 0EO OEO 0EO 0EO 0EO 0EO c
> 8 0EO 0EO 0EO 0EO 0EO 0EO c
‘ c 9 0EO 0EO 0EO 0EO 0EO 0EO c
c 10 0EO 0EO 0EO 0EO 0EO 0EO C
c 11 0EO 0EO 0EO 0E0 OEO 0EO c
c 12 0EO 2E-1 0EO ° OEO 0EO 0EO C
c 13 0EO S5E-1 OEO 0EO 0EO . OEO C
c 14 0EO 8E-1 0EO 0EO 0EO 0EO c
c 15 0EO 1E0 ~ 0EO 0EO OEO 0EO c
c 16 0EO 1E0 OEO 0EO OEO 0EO C
c 17 0EO 2E0 OEO 0EO 0EO 0EO C.
c 18 ' OEO 2E0 0EO 0EO 0EO OEO c
c 19 0E0 2E0 0EO 0EO 0E0 0EO c
c 20 0EO 3E0 0EO 0EO 0EO OEO c
c 21 0EO 3E0 0EO OEO 0EO 0EO c
c 22 0E0 - 3E0 0EO 0EO 0EO . 0EO c
c 23 0EO 3E0 0EO 0EO 0EO 0EO c
c 24 0EO 4E0 0EO 0EO 0EO 0EO C
c 25 0EO 4E0 0EO 0EO 0EO OEO c
c 26 OEO 4E0 0EO 0EO 0EO OEO c
c 27 0EO 4E0 0EO 0EO 0EO OEO C
c 28 0EO 4E0 0EO 0EO 0EO OEO c
c 29 0EO 4E0 0EO . OEO 0EO OEO C
c 30 0EO 4E0 0EO 0EO 0E0 0EO C
c 31 0EO 4E0 0EO 0EO 0EO OEO C
c 32 0EO 4E0 0EO 0EO 0EO OEO c
c 33 OEO 3E0 0EO 0EO 0EO 0EO C
' c 34 0EO 3E0 0EO 0EO 0EO OEO c
c 35 OEO 3E0 OEO OEO 0EO 0EO c
c 36 0EO 3E0 OEO 0EO 0EO OEO c
c 37 0EO 2E0 0EO 0EO 0EO OEO c
c 38 0EO 2E0 0EO 0EO 0EO OEO c
c 39 0EO 1E0 OEO 0EO 0EO 0EO C
c 40 0EO 1E0 0E0 0EO OEO 0EO c
c a1 0EO 9E-1 0EO 0EO 0EO 0EO c
c 42 OEO 4E-1 0EO 0EO OEO 0EO c
c c
e ==C
S — A
=== ANCHOR ANALYSIS OF COMBINED CASE 1 ===A

A======== ==s============= A
A , V A
A H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE A
A VERTICAL SEISMIC (1/2 SINE WAVE END TO END) A
A A
A ---NODAL DEFLECTIONS--- A
A NODE XT YT 2T XR YR ZR A
A 1 2.423E-5 1.281E-7 3.218E-2 1.030E-9 2.046E-5 7.977E-5 A
A 2 -8.872E-5 -8.236E-8 3.218E-2 4.230E-10 8.762E-6 8.245E-5 A
A 3 2.159E-4 -1.710E-7 3.218E-2 5.675E-9 2.687E-6 8.626E-5 A
A 4 -9.953E-4 -1.484E-6 3.218E-2 -2.108E-8 -4.523E-5 9.178E-5 A
s A S5 1.008E-3 1.493E-6 3.218E-2 -2.117E-8 -4.769E-5 . 1.688E-4 A
. A 6 -1.705E-4 9.947E-8 3.218E-2 8.300E-9 2.797E-6 4.102E-4 A
A 7 5.578E-6 -4.252E-7 3.219E-2 -7.441E-9 1.451E-7 6.516E-4 A
A 8 1.422E-5 1.034E-5 3.219E-2 -1.786E-7 1.798E-7 8.930E-4 A
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A

Y I I R R R A A O A A

NODE
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44

NODE
43
44

XT
-8.489E-5
-8.985E-4

3.256E-3
-2.630E-3
-6.726E~4
-1.454E-3
-2.063E-3
-4.366E-3
-1.993E-2
-2.284E-2
~2.575E-2
-2.866E-2
-3.157E-2
~3.448E-2
-3.739E-2
-4.030E-2
-4.321E-2
-4.612E~2
-4.902E-2
-5.193E-2
-5.484E-2
-5,775E=-2
-6.066E=-2
-6.357E-2
-6.648E-2
-6.939E-2
-7.230E-2
-7.521E-2
-7.812E-2
-8.103E-2
-8.394E=-2
-8.685E-2
4.805E-3
1.895E-3
0.000EO
0.000EO

XF
-5.073E3
0.000EO

XF
1.381E1
-5.057E1
1.231E2
-5.673E2
5.744E2

-9.720E1

3.179E0
8.106E0
-4.839E1
-5.122E2
1.856E3
-1.499E3

YT 2T XR YR
-5.605E-5 3.219E-2 2.851E-6 -3.800E-6
-7.905E-4 3.219E-2 -6.387E-6 1.212E-5

1.942E-3 3.219E-2 -1.186E-4 1.501E-4
1.988E-1 4.298E-4 -2.222E-4 1.531E-4
5.001E-1 -1.497E-3 -1.888E-4 -1.195E-5
8.000E-1 -1.393E-3 -1.654E-4 -1.205E-7
1.100E0 -2.398E~-3 -1.262E-4 4.959E-6
1.390E0 -3.159E-3 -7.072E-5 -6.212E-5
1.610E0 7.646E-3 -4.107E-5 =-4.156E-5
2.000E0 4.545E-4 -3.633E-5 2.525E~-5
2.360E0 -9.308E-5 =-3.159E-5 -1.694E-6
2.690E0 3.996E-6 -2.685E-5 -5.390E-8
3.000EO 3.770E-7 -2.211E-5 l.691E-8
3.260E0 -5.971E~-8 -1.737E-5 -9.394E-10
3.490E0 1.927E-9 -1.263E-5 -5.152E-11
3.680E0 2.924E-10 -7.886E-6 1.109E-11
3.830E0 -3.757E-11 -3.146E-6 -4.960E-13
3.930E0 8.005E-13 1.595E-6 -4.336E-14
3.990E0 2.168E~13 6.335E-6 7.136E-15
4.000EO -2.350E-14 1.108E-5 -2.078E-16
3.960E0 -1.502E-14 1.582E-5 1.360E-17
3.880E0 2.081E-13 2.056E-5 -5.,236E-15
3.750E0 -1.686E-13 2.530E-5 4.939E-14
3.580E0 -2.609E-11 3.004E-5 1.773E-13
3.370E0 3.002E-10 3.478E-5 -8.509E-12
3.120E0 3.043E-10 3.952E-5 6.677E-11
2.830E0 -4 .350E-8 4.426E-5 4.306E-10
2.510E0 4.221E-7 4.900E-5 -~1.354E-8
2.160E0 1.342E-6 5.374E-5 8.629E-8
1.780E0 ~7.089E-5 5.848E-5 8.971E-7
1.388E0 5.743E-4 6.322E-5 -2.112E-5
9.662E-1 3.396E-3 6.796E-5 1.044E-4
8.656E-1 =-3.371E-3 5.904E-5 1.037E-4
4.144E-1 -6.417E-4 2.368E-5 -1.432E-5
0.000EO 0.000EO 0.000EO 0.000EO
0.000EO 0.000EO 0.000EOQ 0.000EO
---REACTION LOADS AT FIXED DEGREES OF FREEDOM---
YF 2F XM M
-8.343E3 -6.356E1 -5.842E3 -2.779E3
0.000EO 0.000EO 0.000EOQ 0.000EO
---BASEPLATE LOADS---
YF ZF XM YM
7.303E-2 3.218E-1 1.030E-8 2.046E-4
-4 .695E-2 3.218E-1 4.230E-9 8.762E-5
=9.746E-2 3.218E-1 5.675E-8 2.687E-5
-8.460E-1 3.218E-1 -2.108E-7 -4.523E-4
8.509E-1 3.218E-1 =-2.117E-7 -4.769E-4
5.670E-2 3.218E-1 8.300E-8 2.797E-5
-2.424E-1 3.219E-1 -7.441E-8 1.451E-6
5.896E0 3.219E-1 -1.786E-6 1.798E-6
-3.195E1 3.219E-1 2.851E-5 -3.800E-~5S
-4.506E2 3.219E-1 -6.387E-5 1.212E-4
1.107E3 3.219E-1 -1.186E-3 1.501E-3
-6.645E2 2.450E2 ~2.222E-3 1.531E-3

EZHANG REL 8.1 BASE 2000000 REV 1.0

cLL-CA-B35

SN560000 PAGE

ZR
1.134E-3
1.376E-3
1.534E-3
1.611E-3
1.626E-3
1.650E-3
1.659E-3
1.651E-3
1.662E-3
1.609E-3
1.472E-3
1.372E-3
1.220E-3
1.045E-3
8.994E-4
7.285E-4
5.342E-4
3.419E-4
1.516E-~-4

-6.612E-5
-2.564E-4
-4.487E-4
-6.430E-4
-8.120E-4
-9.829E-4
-1.156E-3
-1.305E-3
-1.432E-3
-1.564E-3
-1.644E-3
-1.75%9E-3
-1.665E-3
-1.669E-3
-2.382E-3
0.000EO
0.000EO

ZM
1.751E6
0.000EO

ZM
7.977E-4
8.245E-4
8.626E-4
9.178E-4
1.688E-3
4.102E-3
6.516E-3
8.930E-3
1.134E-2
1.376E-2
1.534E-2
1.611E-2

=
o

PRI PRPPPPPRPPRPPPPPPPPPPIRPDPDP PP RPN DD DD
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EZHANG REL 8.1 BASE 2000000 REV 1.0

CCL-CA-352

SN560000 PAGE

11

PP PPPP PP PP PP PP PPN

[l a N ol ol ol ol ol ol o o F 2l ol ol ol ol ol ol o o al

NODE XF YF ZF XM YM ZM

13 -3.834E2 4.594E1 ~8.534E2 -1.888E-3 -1.195E-4 1.626E-2
14 -8.290E2 1.463E1 ~-7.942E2 -1.654E~-3 -1.205E-6 1.650E-2
15 =1.176E3 -1.274E1 -1.367E3 -1.262E~3 4.959E-~5 1.659E-2
16 -2.489E3 -9.385E1 -1.801E3 -7.072E-4 -6.212E-4 1.651E-2
17 0.000EO 2.305E2 4.358E3 ~-4.107E-4 -4.156E-4 1.662E-2
18 0.000EQ -1.580E2 2.591E2 -3.633E~-4 2.525E-4 1.609E-2
19 0.000EO -4.484E1 -5.306E1 -3.159E-4 -~1.694E-5 1.472E-2
20 0.000EO 1.914E2 2.278E0 -2.685E-4 -5.390E-7 1.372E-2
21 0.000EO ~2.374E2 2.149E-1 -2.211E-4 1.691E-7 1.220E-2
22 0.000EO 1.482E2 =3.404E-2 -1.737E-4 -9.394E-9 1.045E-2
23 0.000EO -5.570E1 1.098E-3 -1.263E-4 -5.152E-10 8.994E-3
24 0.000EO 5.244E1 1.667E-4 -7.886E-5 1.109E-10 7.285E-3
25 ‘0.000EOQ ~9.548E1 =2.141E-5 -3.146E-5 =-4.960E-12 5.342E-3
26 0.000EOQ . 9.568E1 4.563E-7 1.595E~5 =-4.336E-13 3.419E-3
27 0.000EQ -4.617E1 1.235E~7 6.335E-5 7.136E~14 1.516E-3
28 0.000EOQ -4.617E1 -1.339E-8 1.108E-4 -2.078E-15 -6.612E-4
29 0.000EO 9.571E1 -8.561E-9 1.582E-4 1.360E~-16 -2.564E-3
30 0.000EO -9.563E1 1.186E-7 2.056E-4 -5.236E-14 -4.487E-3
31 0.000EO 4.935E1 -9.607E-8 2.530E-4 4.939E-13 -6.430E-3
32 0.000EO -3.124E0 -1.487E-5 3.004E-4 1.773E-12 -8.120E-3
33 0.000EO 3.206E0 1.711E-4 3.478E-4 -8.509E-11 -9.829E-3
34 0.000EO -4.617E1 1.734E-4 3.952E-4 6.677E-10 -1.156E-2
35 0.000EO 4.640E1 ~-2.480E-2 4.426E-4 4.306E-9 -1.305E-2
36 0.000EO 2.755E0 2.406E-1 4.900E-4 -1.354E-7 -1.432E-2
37 0.000EO -9.965E1 7.652E-1 5.374E~-4 8.629E-7 -1.564E-2
38 0.000EO 2.451E2 -4.041E1 5.848E-4 8.971E-6 -1.644E-2
39 0.000EQ -6.556E2 3.273E2 6.322E-4 ~2.112E-4 -1.759E-2
40 0.000EO -2.191E3 1.936E3 6.796E~-4 1.044E-3 -1.665E-2
41 0.000EQ 3.216E3 -1.921E3 5.904E-4 1.037E-3 -1.669E-2
42 0.000EO ~8.865E3 -3.658E2 2.368E-4 -1.432E-4 -2.382E-2
L:__ _____

=== MEMBER LOADS OF COMBINED CASE 1 ===]

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

: --=-LOCAL MEMBER END LOADS---

M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM
1 1 -3.300E-1 -1.351E1 -2.860E0 ~-8.232E-4 4.394E-6 -2.081lE-5
1 2 3.300E-1 1.351E1 2.860E0 8.232E-4 8.449E2 -3.992E3
2 2 -6.436E-1 3.650E1 4.354E0 -9.115E2 -4.737E2 3.949E3
2 3 6.436E-1 -3.650E1 -4 .354E0 9.115E2 -7.490E1 6.500E2
3 3 -9.654E-1 -8.568El -1.021E1 -9.116E2 7.490E1 -6.500E2
3 4 9.654E-1 8.568E1 1.021E1 9.116E2 2.314E3 -1.940E4
4 4 -1.563E0 4.618E2 1.345E2 -1.422E4 -3.750E3 1.290E4
4 5 1.563E0 ~-4.618E2 =1.345E2 1.422E4 ~1.195E4 4.100E4
5 5 <1.609E0 =-9.326E1 3.983E0 -3.988E4 -8.893E2 -2.085E4
5 6 1.609E0 9.326E1 -3.983E0 3.988E4 -4.280E1 -9.723E2
6 6 -1.931E0 3.849E0 -1.519E~-1 -3.988E4 4.280E1 9.723E2
6 7 1.931EO0 -3.849E0 1.519E-~-1 3.988E4 -7.251E0 -7.163E1
7 7 -2.253E0 6.827E~-1 2.236E-1 -3.988E4 7.251E0 7.163E1
7 8 2.253E0 -6.827E-1 -2.236E-1 3.988E4 -5.958E1 8.812E1
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N

8

9

9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
13
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28

- 28

29
29
30
30
31
31
32
32
33
33
34
34
35
35
36

AXIAL

-2.575E0.

2.575E0
-2.896E0
2.896E0
-3.218E0
3.218E0
-1.001E3
1.001E3
-3.713E1
3.713E1

.8.374E2"

-8.374E2
1.985E3
-1.985E3
3.783E3
-3.783E3
6.816E3
-6.816E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3
5.073E3
-5.073E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
-7.664E0
7.664EQ
4.202E1
-4.202E1
5.726E2
-5.726E2
-9.570E2
9.570E2
3.143E2
-3.143E2
-1.803E1
1.803E1
6.542E0
-6.542E0
-1.286E2
1.286E2
3.579E2
-3.579E2
-2.085E2
2.085E2
5.060E1
-5.060E1
-2.460E0
2.460E0
-1.821E-1
1.821E-1
3.279E-2
-3.279E-2
-1.244E-3
1.244E-3
-1.458E-4
1.458E-4
2.085E-5
-2.085E-5
-5.668E-7
5.668E-7
-1.105E-7
1.105E-7

1.307E-8

-1.307E-8

-3.264E-10
3.264E-10

-8.887E-9
8.887E-9
1.097E-7

-1.097E-7
1.365E-8

-1.365E-8

-1.486E-5
1.486E-5
1.563E-4

-1.563E-4
3.297E-4

-3.297E-4

-2.447E-2
2.447E-2

X3SHEAR
-5.327E0
5.327E0
2.456E1
-2.456E1
4.533E2
-4.533E2

-4.202E2

4.202E2
3.466E1
=3.466E1
-1.128E1
1.128E1
-2.591E1
2.591E1
-1.318E1
1.318E1
8.067E1.
-8.067E1
-1.499E2
1.499E2
8.126E0
-8.126E0
5.297E1

' -5.297E1

-1.385E2
1.385E2
9.894E1

-9.894E1

-4.924E1
4.924E1
6.463E0

~-6.463E0

-4.597E1
4.597E1
4.951E1

-4.951E1

-4.617E1
4.617E1
1.038E~-4

-1.038E-4
4.617E1

-4 ,617E1

-4 .954E1
4.954E1
4.609E1

-4.609E1

-3.258E0
3.258E0

=-1.346E-1
1.346E-1

-3.341E0
3.341E0
4.283E1

-4 .283E1

-3.567E0
3.567E0

TORSN
-3.988E4
3.988E4
-3.988E4
3.988E4
-3.988E4
3.988E4
3.914E3
-3.914E3
-5.584E3
5.584E3
-5.584E3
5.584E3
-5.584E3
5.584E3
-5.584E3
5.584E3
-5.584E3
5.584E3
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2
-7.831E2
7.831E2

CeL-CA-BSA

X2MOM
5.958E1
1.187E3

-1.187E3
-4.561E3
4.561E3
-5.624E4
6.387E4
9.141E2
-6.700E3
-1.436E3
1.436E3
1.196E3
-1.196E3
7.280E3
-7.280E3
1.035E4
-1.035E4
-4.477E3
7.114E3
2.796E4
-2.796E4
2.606E4
~2.605E4

- 1.366E4

-1.366E4
4.606E4
-4.606E4
2.291E4
-2.291E4
3.443E4
-3.443E4
3.292E4
-3.292E4
4.368E4

=4 ,368E4

3.209E4
-3.209E4
4.290E4
-4.290E4
4.290E4
-4.290E4
3.209E4
-3.209E4
4.369E4
-4.369E4
3.290E4
-3.290E4
3.366E4
-3.366E4
3.369E4
-3.369E4
3.448E4
-3.448E4
2.445E4
-2.445E4
2.529E4

SN560000 PAGE

X3MOM
-8.812E1
-1.705E3

1.705E3
8.128E3
-8.128E3
7.341E4
=-7.776E4
-6.978E4
6.935E4
4.439E3
-4 .439E3
2.309E2
-2.309E2
1.767E3
-1.767E3
-2.825E4
2.825E4
3.756E4
-3.756E4
-1.123E4
1.123E4
6.109E2
-6.109E2
3.526E1
-3.526E1
-7.353E0
7.353E0
3.205E-1
-3.205E-1
2.940E-2
-2.940E-2
-4.723E-3
4.723E-3
1.555E-4
-1.555E-4
2.288E-5
-2.288E-5
-2.976E-6
2.976E-6
8.182E-8
-8.182E-8
5.442E-9
-5.442E-9
-2.074E-6
2.074E-6
2.360E-5
-2.360E-5
2.679E-5
-2.679E-5
-3.450E-3
3.450E-3
3.312E-2
-3.312E-2
1.103E-1
-1.103E-1
-5.615E0

[
N
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COL-CA -BSX

"12/03/1990 19:20:47 EZHANG REL 8.1 BASE 2000000 REV 1.0 SNS560000 PAGE 13
L M N AXTIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
L 36 36 5.073E3 2.161E-1 -6.322E0 ~-7.831E2 ~2.529E4 5.615E0 L
L 36 37 -5.073E3 -2.161E-1 6.322E0 7.831E2 2.677E4 4.496E1 L
L 37 37 5.073E3 9.813E-1 9.333E1 -7.831E2 -2.677E4 -4.496E1 L
L 37 38 -5.073E3 -9.813E-1 -9.333E1l 7.831E2 4.930E3 2.746E2 L
L 38 38 5.073E3 -3.942E1 -1.518E2 -7.831E2 -4.930E3 -2.746E2 L
L 38 39 -5.073E3 3.942E1 1.518E2 7.831E2 4.046E4 -8.951E3 L
L 39 39 5.073E3 2.879E2 5.038E2 -7.831E2 ~4.046E4 8.951E3 L
L 39 40 -5.073E3 -2.879E2 -5.038E2 7.831E2 ~7.743E4 5.842E4 L
L 40 40 5.880E3 =1.705E3 -6.749E2 1.116E3 3.355E4 -9.101E4 L
L 40 41 -5.880E3 1.705E3 6.749E2 -1.116E3 3.856E4 -9.115E4 L.
L 41 41 5.073E3 3.167E2 -5.128E2 5.842E3 -8.114E4 5.638E4 L
L 41 42 -5.073E3 =-3.167E2 5.128E2 -5.842E3 2.011E5 1.772E4 L
L 42 42 5.073E3 ~2.964E2 8.338E3 5.842E3 -2.011ES -1.772E4 L
L 42 43 -5.073E3 2.964E2 -8.338E3 -5.842E3 -1.750E6 ~5.164E4 L
L ’ L
L= L

S_____—_
=== MEMBER STRESSES OF COMBINED CASE 1 ===

S ]
S S
S H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE S
S VERTICAL SEISMIC (1/2 SINE WAVE END TO END) S
S S
S ---LOCAL MEMBER END STRESSES--- S
S M N AXTAL X2SHEAR X3SHEAR TORSN X2BEND X3BEND S
S 1 1 1.528E-2 -1.420E0 -3.005E-1 2.463E-6 -2.629E-8 -1.245E-7 S
S 1 2 1.528E-2 -1.420EO0 -3.005E-1 2.463E-6 5.055E0 2.389E1 S
S 2 2 2.979E-2 3.836E0 4.576E-1 2.727E0 2.834E0 2.363E1 S
S 2 3 2.979E-2 3.836E0 4.576E-1 2.727E0 -4.481E-1 -3.889E0 S
S 3 3 4.469E-2 -9.005E0 -1.073E0 2.727E0 -4.481E-1 -3.889E0 S
S 3 4 4.469E-2 -9.005E0_ ~-1.073EO 2.727E0 1.385E1 1.161E2 S
S 4 4 7.238E-2 4.854E1 1.414E1 4.253E1 2.244E1 7.717E1 S
S 4 5 7.238E-2 4.854E1 1.414E1 4.253E1 -7.150E1 -2.453E2 S
S 5 5 7.449E-2 -9.801E0 4.186E-1 1.193E2 5.321E0 -1.248E2 S
S 5 6 7.449E-2 -9.801E0 4.186E-1 1.193E2 -2.561E-1 5.818E0 S
S 6 6 8.939E-2 4.045E-1 -1.597E-2 1.193E2 -2.561E-1 5.818E0 S
S 6 7 8.939E-2 4.045E-1 -1.597E-2 1.193E2 -4.338E-2 4.286E-1 S
S 7 7 1.043E-1 7.175E-2 2.350E-2 1.193E2 -4 .338E-2 4.286E-1 S
S 7 8 1.043E-1 7.175E-2 2.350E-2 1.193E2 -3.565E-1 -=5.272E-1] S
S 8 8 1.192E-1 -8.054E-1 -5.598E-1 1.193E2 ~-3.565E-1 -5.272E-1 S
S 8 9 1.192E-1 -8.054E-1 -5.598E-1 1.193E2 7.101E0 1.020E1 S
S 9 9 1.341E-1 4.416E0 2.581E0 1.193E2 7.101E0 1.020E1 S
S 9 10 1.341E-1 4.416E0 2.581E0 1.193E2 -2.729E1 -4.863E1 S
S 10 10 1.490E-1 6.018E1 4.764E1 1.193E2 -2.729E1 -4.863E1 S
S 10 11 1.490E-1 6.018E1 4.764E1 1.193E2 -3.365E2 -4.392E2 S
S 11 11 4.634El -1.006E2 -4.416E1 -1.171E1 -3.822E2 -4 ,652E2 S
S 11 12 4.634E1l -1.006E2 -4.416E1 -1.171E1 5.469E0 4.175E2 S
S 12 12 1.719E0 3.303E1 3.642E0 1.671E1 4.009E1 4.149E2 S
S 12 13 1.719E0 3.303E1 3.642E0 1.671E1 -8.592E0 -2.656E1 S
S 13 13 -3.877El -1.895E0 -1.185E0 1.671E1 -8.592E0 -2.656E1 S
3 13 14 -3.877E1 -1.895E0 -1.185E0 1.671E1 =~ 7.157EO0 -1.382E0 S
S 14 14 -9.191E1 6.875E-1 =-2.723E0 1.671E1 7.157E0 -1.382E0 S
S 14 15 -9.191E1 6.875E-1 -2.723EO0 1.671E1 4.356E1 -1.057E1 S
S 15 15 -1.752E2 -1.352E1 -1.385E0 1.671E1 4.356E1 -1.057E1 S
S 15 16 -1.752E2 -1.352E1 -1.385E0 1.671E1 6.195E1 1.690E2 S
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M
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42

N
16
17
17
18
18
19
19
20
20
21
21
22
22

23

23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32

.33

33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42
43

AXIAL
-3.156E2
-3.156E2
-2.349E2
—-2.349E2
-2.349E2
-2.349E2
-2.349E2
=2.349E2
-2.349E2
-2.349E2

-2.349E2
-2.349E2

=-2.349E2

~-2.349E2.

-2.349E2
-2.34%E2
-2.349E2
=2.349E2
=2.349E2
-2.349E2
—-2.349E2
-2.349E2
=-2.349E2
-2.349E2
=2.349E2
=-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
=2.349E2
~2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
-2.349E2
~-2.349E2
=-2.349E2
-2.349E2
-2.349E2
-2.722E2
~-2.722E2
-2.349E2
=2.349E2
-2.349E2
-2.349E2

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR

3.761E1
3.761E1

-2.191E1
-2.191E1

5.317E0
5.317E0

-2.585E~-1
-2.585E-1
-1.914E-2
=1.914E-2

3.446E-3
3.446E-3

-1.307E-4
-1.307E-4
-1.532E-5
-1.532E-5

2.191E-6
2.191E-6

-5.957E-8
-5.957E-8
-1.161E-8
-1.161E~8

1.373E-9
1.373E-9

-3.430E-11
-3.430E-11
-9.340E-10
-9.340E-10

1.153E-8
1.153E-8
1.434E-9
1.434E-9

-1.561E-6
-1.561E~6

1.642E-5
1.642E~5
3.465E-5
3.465E-5

-2.571E-3
-2.571E~-3

2.271E-2
2.271E-2
1.031E-1
1.031E-1

~-4.143E0
-4.143E0

3.026E1
3.026E1

=-1.792E2
-1.792E2

3.328E1
3.328E1

-3.115E1
=-3.115E1

X3SHEAR
8.478E0
8.478E0
-1.575E1
~-1.575E1
8.540E-1
8.540E-1
5.566E0
5.566E0
-1.455E1
-1.455E1
1.040E1
1.040E1
~5.175E0
-5.175E0
6.792E-1
6.792E-1
-4 .832E0
-4.832E0
5.203E0
5.203E0
-4.852E0
-4.852E0
1.091E-5
1.091E-5
4.852E0
4.852E0
-5.206E0
-5.206E0
4.844E0
4.844E0
=3.424E-1
-3.424E-1
=1.415E-2
-1.415E-2
-3.511E-1
-3.511E-1
4.501E0
4.501E0
~-3.748E-1
-3.748E-1
-6.644E-1
-6.644E-1
9.808E0
9.808E0
=-1.596E1
-1.596E1
5.295E1
5.295E1
-7.092E1
-7.092E1
-5.389E1
-5.389E1
8.763E2

8.763E2

TORSN
1.671E1
1.671E1
2.343E0
2.343E0

2.343E0.

2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
2.343E0
-3.337E0
-3.337E0
-1.748E1
-1.748E1
-1.748E1

-1.748E1-

CeL-CA-35a

X2BEND
6.195E1
-2.679E1
-4.257E1
1.673E2
1.673E2
1.559E2
1.559E2
8.174E1
8.174E1
2.756E2
2.756E2
1.371E2
1.371E2
2.060E2
2.060E2
1.970E2
1.970E2
2.613E2
2.613E2
1.920E2
1.920E2
2.567E2
2.567E2
2.567E2
2.567E2
1.920E2

1.920E2 .

2.614E2
2.614E2
1.969E2
1.969E2
2.014E2
2.014E2
2.016E2
2.016E2
2.063E2
2.063E2
1.463E2
1.463E2
1.513E2
1.513E2
1.602E2
1.602E2

2.950E1.

2.950E1
2.421E2
2.421E2
-4.633E2
-2.007E2

2.307E2

4 .855E2
1.203E3
1.203E3
-1.047E4

SN560000 PAGE

- 5.355E1

H
NS

X3BEND
1.690E2
-2.247E2
-2.247E2
6.718E1
6.718E1
-3.655E0
-3.655E0
-2.110E-1
-2.110E-1
4.399E-2
4.399E-2
-1.918E-3
-1.918E-3
-1.759E-4
-1.759E-4
2.826E-5
2.826E-5
=9.304E-7
~-9.304E-7
-1.369E-7
-1.369E-7
1.781E-8
1.781E-8
-4.895E-10
-4 .895E-10
-3.256E-11
-3.256E-11
1.241E-8
1.241E-8
-1.412E-7
~1.412E-7
-1.603E-7
-1.603E-7
2.064E-5
2.064E-5
~-1.982E-4
-1.982E-4
-6.598E~-4
-6.598E-4
3.359E-2
3.359E-2
-2.690E-1
-2.690E-1
-1.643E0
-1.643E0
5.355E1

-3.495E2
-5.445E2
5.454E2
3.373E2
-1.060E2
-1.060E2
3.090E2
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EZHANG REL 8.1 BASE 2000000 REV 1.0

CCL-CA-8sx
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FRACTION OF SYSTEM NODE ALLOWABLES:

COMBINED CASE 1

1

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

VOO & WX

---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH NODE---

DISPLACEMENT
X Y

2.423E-18 1.281E-20
8.872E-18 8.236E-21
2.15%E-17 1.710E-20
9.953E~17 1.484E-19
1.008E~-16 1.493E-19
1.705E-17 9.947E-21
5.578E-19 4.252E-20
1.422E-18 1.034E-18
8.489E-18 5.605E-18
8.985E-17 7.905E-17
3.256E-16 1.942E-16
2.630E-16 1.988E-14
6.726E-17 5.001E-14
1.454E-16 8.000E-14
2.063E-16 1.100E-13
4.366E-16 1.390E-13
1.993E-15 1.610E-13
2.284E-15 2.000E-13
2.575E-15 2.360E-13
2.866E-15 2.690E-13
3.157E-15 3.000E-13
3.448E-15 3.260E-13
3.739E-15 3.490E-13
4.030E-15 3.680E-13
4.321E-15 3.830E-13
4.612E-15 3.930E-13
4.902E-15 3.990E-13
5.193E-15 4.000E-13
5.484E-15 3.960E-13
5.775E~-15 3.880E-13
6.066E-15 3.750E-13
6.357E-15 3.580E-13
6.648E-15 3.370E-13
6.939E-15 3.120E-13
7.230E-15 2.830E-13
7.521E-15 2.510E-13
7.812E-15 2.160E-13
8.103E-15 1.780E-13
8.394E-15 1.389E-13
8.685E-15 9.662E-14
4.805E-16 8.656E-14
1.895E~16 4.144E-14
0.000EO 0.000EO
0.000EO 0.000EO

Z
3.218E-15
3.218E-15
3.218E-15
3.218E~-15
3.218E-15

'3.218E-15

3.219E-15
3.219E~15
3.219E~15
3.219E-15
3.219E-15
4.298E-17
1.497E-16
1.393E-16
2.398E-16
3.159E-16
7.646E-16
4 .545E-17
9.308E~18
3.996E-19
3.770E-20
5.971E-21
1.927E-22
2.924E-23
3.757E-24
8.005E-26
2.168E-26
2.350E-27
1.502E-27
2.081E-26
1.686E-26
2.609E-24
3.002E-23
3.043E-23
4.350E-21
4.221E-20
1.342E-19
7.089E-18
5.743E-17
3.396E-16
3.371E-16
6.417E~-17
0.000EO

0.000EO

BASEPLATE

COEFFICIENT

0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000E0
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EQ
0.000EO
0.000EO
0.000EO
0.000E0
0.000EO
0.000EOQ
0.000E0
0.000EO
0.000EO
0.000E0
0.000E0
0.000EO
0.000EO
0.000E0
0.000E0
0.000EO
0.000EO
0.000EQ
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EQ
0.000EO
0.000EO
0.000EO
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: M
FRACTION OF SYSTEM MEMBER ALLOWABLES: COMBINED CASE 1 ===
M M
M M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
M VERTICAL SEISMIC (1/2 SINE WAVE END TO END) M
M M
M —===-SUMMARY OF FRACTION OF ALLOWABLE FOR EACH MEMBER--- M
M STRESS BUCKLING JOINT COEF. M
M M . START END START END START END M’
M 1 8.064E-17 1.073E-15 O0.00CEO 0.000EO 1.381E-12 4.081E-6 M
M 2 9.813E~-16 3.661E-16 0.000QEO 0.000EQ 3.978E-6 6.543E-7 M
M 3 6.553E-16 4.814E-15 0.000EO0 0.000EO 6.543E-7 1.954E-5 M
M 4 5.172E-15 1.174E-14 0.00OEO 0.000EO 1.343E-5 4.270E-5 M
M 5 7.172E-15 7.172E-15 0.00CEO 0.000EOQ 2.087E-5 9.733E-7 M
M 6 6.650E-15 6.650E~15 0.000EO 0.000EO 9.733E-7 7.200E-8 M
M 7 6.632E-15 6.632E-15 0.000EO 0.000EO 7.200E-8 1.064E-7 M
M 8 6.682E~-15 6.682E-15 0.000EO 0.000EO 1.064E-7 2.078E-6 M
M 9 6.912E-15 6.912E-15 0..000EO0 0.000EO 2.078E-6 9.320E-6 M
M 10 1.089E-14 2.873E-14 0.000EO 0.000EO 9.320E-6 9.247E-5 M
M 11 3.310E-14 1.738E-14 0.000EO 0.000EO 1.006E-4 6.979E-5 M
M 12 1.692E-14 2.774E-15 0.000EO 0.000EO 6.967E-5 4.665E-6 M
M 13 2.738E-15 1.752E-15 0.000EO 0.000EOQ 4.665E-6 1.218E-6 M
M 14 3.720E-15 5.409E-15 0.000EO 0.000EO 1.218E-6 7.491E-6 M
M 15 8.492E-15 1.504E-14 O0.000EO 0.000EO 7.491E-6 3.008E-5 M
M 16 2.024E-14 2.100E-14 0.000EO 0.000EO 3.008E-5 3.782E-5 M
M 17 1.860E-14 1.738E-14 0.000EO 0.000EO 3.822E-5 3.013E-5 M
M 18 1.738E-14 1.461E-14 0.000EO 0.000EO 3.013E-5 2.606E-5 M
M 19 1.461E-14 1.173E-14 0.000EO 0.000EO 2.606E-5 1.366E-5 M
M 20 1.173E-14 1.891E-14 0.000EO 0.000EO 1.366E-5 4.606E-5 M
M 21 1.891E-14 1.378E-14 0.000EO 0.000EO 4.606E-5 2.291E-5 M
M 22 1.378E-14 1.633E-14 0.000EO 0.000EO 2.291E-5 3.443E-5 M
M 23 1.633E-14 1.599E-14 0.000EO 0.000EOQ 3.443E-5 3.292E-5 M
M 24 1.599E-14 1.838E-14 0.000EO 0.000EO 3.292E-5 4.368E-5 M
M 25 1.838E-14 1.581E-14 0.000EO 0.000EO 4.368E-5 3.209E-5 M
M 26 1.581E-14 1.820E-14 0.000EO 0.000EO 3.209E-5 4.290E-5 M
M 27 1.820E-14 1.820E-14 0.000EO0 0.000EO 4.290E-5 4.290E-5 M
M 28 1.820E-14 1.581E-14 0.000EO - 0.000EO 4.290E-5 3.209E-5 M
M 29 1.581E-14 1.838E-14 ' 0.000EO 0.000EO- 3.209E-5 4.369E-5 M
M 30 1.838E~14 1.599E-14 0.000EO 0.000EO 4.369E-5 3.290E-5 M
M 31 1.599E-14 1.616E-14 0.000EO 0.000EO ' 3.290E-5 3.366E-5 M
M 32 1.616E-14 1.617E-14 0.000EO 0.000EO 3.366E-5 3.369E-5 M
M 33 1.617E-14 1.634E-14 0.000EO 0.000EO 3.369E-5 3.448E-5 M
M 34 1.634E-14 1.412E-14 0.000EO 0.000EO 3.448E-5 2.445E-5 M
M 35 1.412E-14 1.430E-14 0.000EO 0.000EO 2.445E-5 2.529E-5 M
M 36 1.430E-14 1.464E-14 0.000EO 0.000EO 2.529E-5 2.677E-5 M
M 37 1.464E-14 9.852E-15 0.000EO 0.000EO 2.677E-5 4.937E-6 M
"M 38 9.852E-15 1.965E-14 0.000EO 0.000EO 4.937E-6 4.143E-5 M
M 39 1.965E-14 3.880E-14 0.000EO 0.000EO 4.143E-5 9.700E-5 M
M 40 3.768E-14 3.883E-14 0.000EO 0.000EO 9.699E-5 9.897E-5 M
M 41 3.917E-14 5.719E-14 0.000EO0 0.000EO 9.880E~5 2.019E-4 M
M 42 5.719E-14 4.080E-13 0.000EO 0.000EO 0.000EO 0.000EO M
M M
M ==M
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* cm==——=—zco=sS=s=====S==================——=—z=——====== *
. h===x QUALIFICATION SUMMARY REPORT : ===

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

—-—~PLANT IDENTIFICATION=---

UTILITY: CPL PLANT: H.B.ROBINSON PWR
NSSS: A/E: : BWR

-==EQUIPMENT IDENTIFICATION---
SYSTEM: ’ DRAWING NO.:
BUILDING: ELEVATION:
ADDITIONAL IDENTIFICATION:

--=-APPLIED LOADS---

DEADWEIGHT: THERMAL: RELATIVE DISP.:
SEISMIC: HYDRODYNAMIC:

-=--LOAD COMBINATION---

VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

W % o % N % % % % % k% % X Ok ¥ ¥ ¥ N * * ¥ * ¥ * W

*»
[
N % W K N N % N ok N % ¥ % o N F o % % A H ¥ % ¥ X ¥ ¥ % ¥ F ¥ ¥ F F ¥ ¥ * F * *

* ---SUMMARY OF RESULTS---

*

* ---MAXIMUM FRACTION OF ALLOWABLE=---

* COMPONENT FAILURE MODE ALLOWABLE MAX. FRACTION PASS/FAIL

*  SYSTEM JOINT 1.000EO 2.019E-4 PASS

*

K = em am e e e em en e e e e e e e e G Gs R M em e e e e E e em e em e e s e e -

*  COMMENTS: |

* JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

* JOINT KAXIAL=1E7 LB/IN JOINT KTORS,KROT2,KROT3=1E9 IN-LB.

*....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN.
*....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.

K = o= e e e o\ = e e e ‘- e e ws am em ew ar e wr em e er e e me wr em wm e ws  es  mm wm

* PREPARED BY:fEB : CO:g ¢y DATE: [2-4-9p *
KR o = wm ar w e e e wm e om e wm e e e m e e e e e e e e Em e e e e o = o - *
* VERIFIED BY: «€.d co: ccL DATE: |1-]-90 *
khkkkhkkkkkkhhkkkk * ****************************************************
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Calculation Number: CCL-CA-352

ATTACHMENT A3

All piping segments begin and end with axial spring
constants of 1.5E+08 1lb,/in, and torsional and bending
spring constants of 2.0E+10 in-1lb,/rad.
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‘ SYSTEM 2000000

EZHANG REL 8.1 BASE 2000000 REV 1.0

INPUT ECHO

I 386.4 1 1.33 10E12 10E1l2 10El2

IDF .9 .6 1
N 1 0
N 2 0
N 3 0
N 4 0
N 5 0
N 6 0
N 7 0
N 8 0
N 9 0
N 10 0
N 11 0
N 12 108
N 13 274
N 14 439
N 15 605
N 16 770
N 17 900
N 18 1134
N 19 1368
N 20 1602
N 21 1836

. N 22 2070

W N 23 2304
N 24 2538
N 25 2772
N 26 3006
N 27 3240
N 28 3474
N 29 3708
N 30 3942
N 31 4176
N 32 4410
N 33 4644
N 34 4878
N 35 5112
N 36 5346
N 37 5580
N 38 5814
N 39 6048
N 40 6282
N 41 6348
N 42 6582
N 43 6816
N 44 500
M 1 1
M 2 2
M 3 3

‘ M 4 4
M 5 5
M 6 6
M 7 7

1

O~ WN

15
81

0
288
414
648
732
966

1200

1434

1668

1902

2016

2124

2290

2455

2621

2786

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2864

2864

2864 -1 -1 -1 -1 -1 -1
500 -1 -1 -1 -1 -1 -1

44

44

44

44

leleRekoRe ko ReReReReReRo RN ReR=NoloNcNollecNeNoNeNoNoNeo oo o NoloNoNo oo NojoNoNee R e)
feReReXoReXeReRe e ke ReReRe R ReReRolocNeNoNecNoNeNoNoNoNooNo o oo Ne NoloNe oo NoRole N o)
eleXeXeReReReReReRoReReReNoNoNoNeNeNoNoNaoNeNaooNoloNoNoNeoNe oo oo No oo NojeloloRe)
eX=X-XeReReReReReReReRoNeNoNoNoNoNoNoNoNoNoNeNe Naollo No oo e o NolfoNojo Nojie e oo o
oleleReReReReXeReReReReReoNeNoNoNoNeNeoNoNoNoNoNeoNoNoeoNooNe oo NolojeNojojo e RojeRe)
leR=ReXeRekeReXoReReReReReNeReoNeNeNeoNoNeNoNoNoNoNoNaeNoNoleNeNo oo ool oo N ojoNeNo o)

44

44
44

123
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123
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123
123
123
123
123
123
123
123
123
123
123
123
123

123

123
123
123
123
123
123
123
123
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1 12/03/1990 19:42:12 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE

"I' M 8 8 9 1 44
M 9 9 10 1 44
M 10 10 11 1 44
M 11 11 12 1 44
M 12 12 13 1 44
M 13 13 14 1 44
M 14 14 15 1 44
M 15 15 16 1 44
M 16 16 17 1 44
M 17 17 18 1 44
M 18 18 19 1 44
M 19 19 20 1 44
M 20 20 21 1 44
M 21 21 22 1 44
M 22 22 23 1 44
M 23 23 24 1 44
M 24 24 25 1 44
M 25 25 26 1 44
M 26 26 27 1 44
M 27 27 28 1 44
M 28 28 29 1 44 .
M 29 29 30 1 44
M 30 30 31 1 44
M 31 31 32 1 44
M 32 32 33 1 44
' 33 33 34 1 44
. 34 34 35 1 44
35 35 36 1 44
‘M 36 36 37 1 44
37 37 38 1 44
38 38 39 1 44
39 39 40 1 44
40 40 41 1 44
41 41 42 1 44
42 42 43 2 44

1 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
11E6 6E-6 .44 .44 2.27 2.27 30E15
2 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6

-
[
[§))

Do UHHEKXKKKXKKXOYOUYUIIZIIIRRIRRAR
: |
[ 3V

2 0 11E6 6E-6 .44 .44 2.27 2.27 30E15
0 5.7E5 5.7E5 10 10 10 10
-2 0 10 10 10 10 10 10 O
-3 0 5.7E5 5.7E5 5.7E5 10 10 10
-3 0 10 10 10 10 10 10 ©
-4 00 5.7E5 5.7E5 10 10 10
-4 0 1010 10 10 10 10 ©
-5 0 1.5E8 -1 -1 2E10 2E10 2E10°
-5 2 10E18 10E12 10E12 10E18 2E10 2E10 10
H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
END GEOM
TATIC
VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN
. 1 .00 .00 .00

2 .00 .00 .00

3 .00 .00 .00

4 .00 .00 .00

5 .00 .00 .00

2
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12/03/1990 19:42:12 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 3

D 6 .00 .00 .00
D 7 .00 .00 .00
D 8 .00 .00 .00
D 9 .00 .00 .00
D 10 .00 .00 .00
D 11 .00 .00 .00 '
D 12 .00 .20 .00
D 13 .00 .50 .00
D 14 .00 .80 .00
D 15 .00 1.10 .00
D 16 .00 1.39 .00
D 17 .00 1.61 .00
D 18 .00 2.00 .00
D 19 .00 2.36 .00
D 20 .00 ~ 2.69 .00
D 21 .00 3.00 .00
D 22 .00 3.26 .00
D 23 .00 3.49 .00
D 24 - .00 3.68 .00
D 25 .00 3.83 .00
D 26 .00 3.93 .00
D 27 .00 3.99 .00
D 28 .00 4.00 .00
D 29 .00 3.96 .00
D 30 .00 3.88 .00
D 31 .00 3.75 .00
D 32 .00 3.58 .00
D 33 .00 3.37 .00
D 34 .00 3.12 .00
D 35 .00 2.83 .00
D 36 .00 2.51 .00
D 37 .00 2.16 .00
D 38 .00 1.78 .00
D 39 .00 1.39 .00
D 40 .00 .97 .00
D 41 .00 .86 .00
D 42 .00 .43 .00
E END CASE

E END STATIC

COMBINE

T VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
O OUTPUT

CCASE 1110
E END OUTPUT

REPORT 1

A CPL

B H.B.ROBINSON

J VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

K JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

L, JOINT KTRANS=1.5E8 LB/IN JOINT KTORS,KROTZ2,KROT3=2E10 IN-LB.
M....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN.

M....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.
E END REPORT '
ENDRUN
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EZHANG REL 8.1 BASE 2000000 REV 1.0

ccl-CA-3Sa

SN560000 PAGE

NODAL DATA TABLE

4

R R R R AR AR AR R AR R R R AR A AR R A2 AR AL A A Z A2 2222222222222

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

NODE

--- NODAL COORDINATES =---

X
0.0000EO
0.0000E0O
0..00COEO
0.0000EO
0.0000EO
0.0000EO

0.0000EOQ,

0.0000EO
0.0000EO
0.0000EO
0.0000EOQ
1.0800E2
2.7400E2
4.3900E2
6.0500E2
7.7000E2
9.0000E2
1.1340E3
1.3680E3
1.6020E3
1.8360E3
2.0700E3
2.3040E3
2.5380E3
2.7720E3
3.0060E3
3.2400E3
3.4740E3
3.7080E3
3.9420E3
4.1760E3
4.4100E3
4.6440E3
4.8780E3
5.1120E3
5.3460E3
5.5800E3
5.8140E3
6.0480E3
6.2820E3
6.3480E3
6.5820E3
6.8160E3
5.0000E2

Y

1.5000E1
8.1000E1
8.1000E1
8.1000E1
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000E0
0.0000EQ
0.0000EO
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
8.7000E1
8.7000E1
8.7000E1
2.1000E1

--NODAL CONSTRAINTS--

Z
0.0000EO
2.8800E2
4.1400E2
6.4800E2
7.3200E2
9.6600E2

1.2000E3

1.4340E3
1.6680E3
1.9020E3
2.0160E3
2.1240E3
2.2900E3
2.4550E3
2.6210E3
2.7860E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.8640E3
2.8640E3
2.8640E3

5.0000E2

--- NODAL WEIGHTS =---

XWT

5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BASEPLATE DATA

NODE XT YT 2ZT XR YR ZR JTYPE BXYZ CAILC

YWT
5.138E3
7.328E3

6.260E3

6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3

7.254E3

7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EOQ
3.230E5

BANDWIDTH:

12

ZWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

z:z::z:z::2:2:zzzz:z:ﬁz:z::z:z::z:zz:z:z::z:z::z:z::z:z::z:zz:z:z::z:z::z:z::z:z::z:z::z
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N NODE XT

2222222222222 222 22222222222
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1
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I
1
(NS eNoRoNeNoNoNeNoNoNoNoNoeNoNoNeNoNoNeoNoNoNoNooNooNoNoNojoNojoloRo R
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EZHANG REL 8.1 BASE 2000000 REV 1.0

ZR JTYPE BXYZ CALC

B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
Bl123
B123
B123
Bl123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B123
B O

0 B O

JOINT AND SPRING DATA TABLE

CCL-CA-3S>

SN560000 PAGﬁ

(&)}

BANDWIDTH:

2R R R AR R R A A A A R R 2R Z2 222222222 Z2Z2Z2227

eXeReReRe ko ReReReReReReoReleRoNoNoNoNoNoNoNoNoNoNeNoloNeNeoNoNo oo o Nojo ool eNeo No oo R o

ZZ2Z22Z222Z

H.B. ROBINSON 30

1.500E8 -1.000EO

CW-11 UNDERGROUND WATER PIPE

—=—= JOINT SPRING RATES =---

-1.000EO0

auuugUuyg

2.000E10 2.000E10 2.000E10



EZHANG REL 8.1 BASE 2000000 REV 1.0

CCL-CA-3S

12/03/1990 19:42:12 SN560000 PAGE 6
T JTYPE K1 K2 K3 K4 K5 K6 J
' -4 0.000EO 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 J
J -3 5.700E5 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 J
J -2 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
J ~== JOINT ALLOWABLE LOADS --- J
J JTYPE Al A2 A3 A4 A5 A6 J
J -5 1.000E19 1.000E13 1.000E13 1.000E19 2.000E10 2.000E10 J
J -4 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -3 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -2 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J ' J
J -=== JOINT WEIGHT AND CALC X VALUE ---- J
J JTYPE JOINT WT. X VALUE J
J -5 0.000EO 2.000E0 J
J -4 0.000EO 0.000EO J
J -3 0.000EO 0.000EO0 J
J =2 0.000EO 0.000EO J
J J
J ==J
M M
=== MEMBER DATA TABLE ===M
M====s=s=sssss==s=== == M
M _ M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
M M
M —=--~ PRIMARY MEMBER DATA --- M
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH M
M 1 1 2 1 44 0.00EO 0.00EO 1.00E0 2.955E2 M
M 2 2 3 1 44 0.00EO 0.00EO 1.00E0 1.260E2 M
M 3 3 4 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 4 4 5 1l 44 0.00EO 0.00EO 1.00EO0 l1.167E2 M
M 5 5 6 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 6 6 7 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 7 7 8 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 8 8 9 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 9 9 10 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 10 10 11 1 44 0.00EO 0.00EO 1.00E0 1.140E2 M
M 11 11 12 1l 44 0.00E0 0.00EO 1.00E0 1.542E2 M
M 12 12 13 1 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 13 13 14 1l 44 0.00EO 0.00EO 1.00EO0 2.333E2 M
M 14 14 15 1l 44 0.00EO 0.00EO 1.00EO 2.348E2 M
M 15 15 16 1 44 0.00EO 0.00EO 1.00E0 2.333E2 M
M 16 16 17 1l 44 0.00EO 0.00EO 1.00E0 1.838E2 M
M 17 17 18 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 18 18 19 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 19 19 20 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 20 20 21 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 21 21 22 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 22 22 23 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 23 23 24 1l 44 0.00EO 0.00EO 1.00EO 2.340E2 M
A 24 24 25 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 25 25 26 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 26 26 27 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 27 27 28 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 28 28 29 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M



ceL-ca- 362
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~

|
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC ~ LENGTH M
M 29 29 30 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
.M 30 30 31 1 44 0.00EO 0.00EOQ 1.00E0 2.340E2 M
M 31 31 32 1 44 0.00EO 0.00E0 1.00EO 2.340E2 M
M 32 32 33 1 44 0.00EO0 0.00E0 1.00E0 2.340E2 M
M 33 33 34 1 44 0.00EO0 0.00EO0 1.00EO0 2.340E2 M
M 34 34 35 1 44 0.00EO 0.00EO0 1.00E0 2.340E2 M
M 35 35 36 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 36 36 37 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 37 37 38 1 44 0.00EO 0.00E0 1.00E0 2.340E2 M
M 38 38 39 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 39 . 39 40 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 40 40 41 1 44 0.00EO 0.00EO 1.00EQ0 1.068E2 M
M 41 41 42 1 44 0.00EO 0.00EO0 1.00E0 2.340E2 M
M 42 42 43 2 44 0.00EO 0.00EO 1.00E0 2.340E2 M 1
M , M
M ~~-- FROM JOINT DATA --- --- TO JOINT DATA --- M
M MEM TYPE HINGE CALC TYPE HINGE CALC M
M 1 -5 111111 10 -5 111111 10 M
M 2 -5 111111 10 -5 111111 10 M
M 3 -5 111111 10 -5 111111 10 M
M 4 -5 111111 10 -5 111111 10 M
M 5 -5 111111 10 -5 111111 10 M
M 6 -5 111111 10 -5 111111 10 M
M 7 -5 111111 10 ~ -5 111111 10 M
M 8 -5 111111 10 -5 111111 10 M
M 9 -5 111111 10 -5 111111 10 M
. M 10 -5 111111 10 -5 111111 10 M |
M 11 -5 111111 10 -5 111111 10 M
M 12 -5 111111 10 -5 111111 10 M
M 13 =5 111111 10 » -5 111111 10 M
M 14 -5 111111 10 -5 111111 10 M
M 15 -5 111111 10 -5 111111 10 M
M 16 -5 111111 10 -5 111111 10 M
M 17 -5 111111 10 . =5 111111 10 M
M 18 -5 111111 10 -5 111111 10 M
M 19 -5 111111 10 -5 111111 10 M
M 20 -5 111111 10 -5 111111 10 M
M 21 -5 111111 10 -5 111111 10 M
M 22 -5 111111 10 -5 111111 10 M
M 23 -5 111111 10 -5 111111 10 M
M 24 -5 111111 10 -5 111111 10 M
M 25 -5 111111 10 -5 111111 10 M
M 26 -5 111111 10 -5 111111 10 M
M 27 -5 111111 10 -5 111111 10 M
M 28 -5 111111 10 -5 111111 10 M
M 29 -5 111111 10 -5 111111 10 M
M 30 -5 111111 10 -5 111111 10 M
M 31 -5 111111 10 -5 111111 10 M
M 32 -5 111111 10 ' -5 111111 10 M
M 33 -5 111111 10 -5 111111 10 M
M 34 -5 111111 10 -5 111111 10 M
M 35 -5 111111 10 -5 111111 10 - M
‘ M 36 -5 111111 10 -5 111111 10 M
M 37 -5 111111 10 -5 111111 10 M
M 38 -5 111111 10 -5 111111 10 M
M 39 -5 111111 10 -5 111111 10 M
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M ' MEM TYPE HINGE CALC TYPE HINGE CALC M
it 40 =5 111111 10 -5 111111 10 M
A 41 -5 111111 10 -5 111111 10 M
M : M
M —---~ MEMBER PROPERTY DATA --- : M
M PTYPE AREA J I2 I3 H2 H3 M
M 1 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M 2 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M M
M --—- MEMBER PROPERTY DATA --- M
M PTYPE JRADIUS SHAPE2 SHAPE3 o STRESSF2 STRESSF3 DJPROP M
M 1 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 ~5 M
M 2 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 0 M
M ' M
M o —=-- MEMBER PROPERTY DATA --- ' M
M PTYPE EMOD | SMOD YIELD DENSITY ALPHA M
M 1 2.900E7 1.100E7 3.000E1l6 1.610E0 6.000E-6 M
M 2 2.900E7 1.100E7 3.000El6 1.610E0 6.000E-6 M
M M
M M
D D
=== DESIGN PARAMETERS ===
D ==D
D D
D H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE D
D D
D MEMBER DESIGN FACTOR:9.000E-1l ALLOWABLE X DISPLACEMENT:1.0000E1l3 D
D D
D BPLATE DESIGN FACTOR:1.000EO ALLOWABLE ‘Y DISPLACEMENT:1.0000E13 D
D D
D JOINT DESIGN FACTOR:1.000EO ALLOWABLE Z DISPLACEMENT:1.0000E13 D
D D
D SHEAR DESIGN FACTOR:6.000E-1 BUCKLING FACTOR:1.3300EO D
D D
D GRAVITATIONAL CONSTANT:3.864E2 DIR. PENDULUM PIVOT: D
D D
De======ss=s==== D
C c
C=== APPLIED LOADS FOR STAT CASE 1 ===
C= === c
C c
C H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE c
C VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN C
C c
C ~=-=~GENERIC LOADS-~- C
C GX= 0.00EO GY= 0.00EO GZ= 0.00EO GRAV=3.86E2 TDEL= 0.00EOQ C
C C
C =-=IMPOSED GROUND DISPLACEMENTS--- C
C NODE XT YT ZT XR YR ZR Cc
C 1 OEO OEO OEO OEO OEO OEO Cc
C 2 OEO OEO OEO OEO OEO OEO C
C 3 OEO OEO OEO OEO OEO OEO Cc
C 4 OEO 0EO OEO OEO OEO OEO C
C 5 OEO OEO OEO OEO OEO OEO C
Cc 6 OEO 0EO OEO OEO OEO OEO Cc
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OO0 NO0LOCOO000000000000000000000CC 00

EZHANG REL 8.1 BASE 2000000 REV 1.0

CCL-tA-3SS~

SN560000 PAGE

NODE XT YT 2T XR YR ZR
7 OEO OEO 0EO OEO OEO OEO
8 OEO OEO OEO 0EO OEO OEO
9 OEO OEO OEO OEO OEO OEO
10 OEO OEO OEO OEO OEO OEO
11 OEO OEO OEO OEO OEO OEO
12 OEO 2E-1 OEO OEO OEO OEO
13 OEO 5E-1 OEO OEO OEO OEO
14 OEO 8E-1 OEO OEO OEO 0EO
15 OEO 1E0 OEO OEO OEO 0EO
16 OEO 1E0 OEO OEO OEO OEO
17 OEO 2E0 OEO OEO OEO OEO
18 CEO 2EO OEO OEO OEO CEO
19 0EO 2EO OEO CEO OEO OEO
20 OEO 3EO OEO OEO OEO OEO
21 OEO 3EO OEO OEO OEO OEO
22 OEO 3EO 0EO OEO OEO OEO
23 OEO 3EO OEO OEO . 0EO OEO
24 OEO 4EO OEO OEO OEO OEO
25 ‘0EO 4E0 OEO 0EO OEO OEO
26 0EO 4EO OEO OEO OEO OEO
27 CEO 4E0 OEO OEO OEO OEO
28 OEO 4E0 OEO OEO OEO OEO
29 OEO 4E0 OEO OEO OEO OEO
30 OEO 4E0 OEO OEO OEO OEO
31 OEO 4E0 OEO OEO OEO OEO
32 OEO 4E0 OEO OEO OEO OEO
33 OEO 3EO OEO OEO OEO Q0EO
34 OEO 3EO OEO OEO OEO OEO
35 OEO 3EO 0EO OEO OEO OEO
36 OEO 3EO OEO OEO OEO OEO
37 OEO 2EO OEO OEO OEO OEO
38 OEO 2EO OEO OEO OEO OEO
39 OEO 1EO OEO OEO OEO OEO
40 0EO 1EO0 OEO OEO OEO OEO
41 0OEO 9E-1 OEO OEO OEO OEO
42 0EO 4E-1 OEO OEO OEO OEO
A .
=== ANCHOR ANALYSIS OF COMBINED CASE 1 ===
A___ s s e S s e s S et S S et S e S S S s e
A
A H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
A VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
A ,
A -==-NODAL DEFLECTIONS---
A NODE XT YT T XR YR . ZR
A 1 3.674E-5 1.115E-7 2.769E-2 5.941E-10 1.964E-5 7.142E-5
A 2 -1.454E-4 -3.459E-8 2.769E~2 6.593E-10 7.625E-6 7.417E-5
A 3 3.449E-4 -2.606E-7 2.769E-2 5.568E-9 3.888E-6 7.732E-5
A 4 -1.564E-3 -9.251E-7 2.769E-2 -1.567E-8 =-4.050E-5 8.306E-5
A 5 1.603E-3 9.846E-7 2.769E~2 -1.668E-8 =-4.,449E-5 1.430E-4
A 6 -2.968E-4 1.396E-7 2.769E-2 1.323E-8 4.594E-6 4.033E-4
A 7 1.600E-5 -3.609E-6 2.769E-2 2.014E-8 ~7.646E-8 6.636E-4
A 8 6.389E-5 4.338E-5 2.770E-2 -7.305E-7 9.557E-7 9.239E-4

Vo]

B Dl B B

OO0 000O0N00O000000000000000000000000000
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NODE

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

NODE
43
44

XT
-3.162E-4
-1.319E-3

5.702E-3
-4.702E-3
-1.071E-3
-2.382E-3
-2.685E-3
-6.230E-3
-2.331E-2
-2.617E-2
-2.902E-2
-3.188E-2
-3.473E-2
=-3.759E-2
-4.044E-2
-4.330E-2
~4.615E-2
-4.900E-2
-5.186E-2
-5.471E-2
=5.757E-2
-6.042E-2
-6.328E-2
-6.613E-2
~-6.899E-2
-7.184E-2
-7.470E-2
-7.755E<2
-8.041E-2
-8.326E-2
-8.612E-2
-8.897E-2
5.611E~-3
2.756E-3
0.000EO
0.000EO

XF
-7.379E3
0.000EO

XF
2.094E1
-8.289E1
1.966E2
-8.913E2
9.136E2
-1.692E2
9.118E0
3.642E1
-1.802E2
-7.517E2
3.250E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

YT ZT XR
-1.945E-4 2.770E-2 6.183E-6
-1.158E-3 2.770E-2 =«1.124E-5

3.175E-3 2.770E~-2 -1.047E-4
1.980E-1 8.766E-4 -2.021E-4
5.001E-1 -2.687E-3 -~1.691E-4
8.001E-1 =-2.136E-3 =-1.474E-4
1.100E0 -3.596E-3 -1.097E-4
1.390EO -3.186E-3 =5.365E-5
1.611E0 9.756E-3 <-2.532E-5
2.000E0 1.251E-3 -2.123E-5
2.360E0 -3.101E-4 ~1.713E-5
2.691E0 2.737E-5 -1.303E-5
2.999E0 2.782E-7 -8.936E-6
3.261E0 -4.089E-7 -~4.839E-6
3.490E0 5.459E-8 -7.423E-7
3.680E0 -2.273E-9 3.354E-6
3.830E0 -4.120E-10 7.451E-6
3.930E0 8.945E-11 1.155E-5
3.990E0 -7.214E-12 1.564E-5
4.000E0Q -8.284E-14 1.974E-5
3.960E0 -2.103E-13 2.384E-5
3.880E0 -3.595E-12 2.793E-5
3.750E0  6.255E-11 3.203E-5
3.580E0 -3.962E-10 3.613E-5
3.370E0 -4.462E-10 4.023E-5
3.120E0 3.409E-8 4.432E-5
2.830E0 =3.275E-7 4.842E-5
2.510E0 9.370E-7 5.252E-5
2.160E0 1.437E-5 5.661E-5
1.781E0 -2.215E-4 6.071E-5
1.387E0 1.277E-3 6.481E-5
9.671E-1 2.908E-3 6.890E-5
8.658E-1 -2.901E-3 6.220E-5
4.136E~-1 -1.332E-3 3.072E-5
0.000EO 0.000EOQ 0.000EO
0.000EO 0.000EO 0.000EO
--~REACTION LOADS AT FIXED DEGREES

YF ZF XM

-8.800E3 =-1.444E2 -7.579E3
0.000EO 0.000EO 0.000EO
---BASEPLATE LOADS---
YF ZF M

6.357E-2 2.769E-1 5.941E-9
-1.972E-2 2.769E~1 6.593E-9
-1.485E-~1 2.769E-1 5.568E-8
-5.273E-1 2.769E~-1 -1.567E-~7
5.612E-1 2.769E-1 ~1.668E-7
7.960E-2 2.769E-1 1.323E-7
-2.057E0 2.769E-1 2.014E-7
2.473E1 2.770E-1 -7.305E-6
-1.109E2 2.770E-1 6.183E-5
-6.603E2 2.770E-1 -1.124E-4
1.810E3 2.770E-1 -1.047E-3
4.997E2 -2.021E-3

-2.680E3

-1.118E3

QCL-CA-3S2

YR
-9.224E-6
2.281lE-5
1.483E-4
1.536E-4
-2.114E-5
3.984E-7
1.198E-5
-8.571E~5
=5.362E-5
4.307E-5
-5.423E-6
1.927E-7
4.566E-8
-9.113E-9
6.844E-10
2.528E-11
=-1.284E-~-11
1.491E-12
-3.946E-14

-1.622E-14

1.547E-14
-6.448E-15
~8.878E-13
9.855E-12
~-3.843E-11
=-3.241E-10
6.277E-9 -
-4.237E-8
-1.720E-8
3.323E-6
-3.387E-5

~1.119E-4

1.107E-4
-3.146E-5

0.000EO

0.000EO

OF FREEDOM=---

YM
-6.665E3
0.000EO

YM
1.964E-4
7.625E-5
3.888E-5

-4.050E-4
-4.449E-4
4.594E-5
=7.646E-7
9.557E-6
~9,.224E-5
2.281E-4
1.483E-3
1.536E-3

SN560000 PAGE

ZR
1.184E-3
1.444E-3
1.574E-3
1.634E-3
1.646E-3
1.670E-3
1.677E-3
1.666E-3
1.673E-3
1.613E-3
1.469E-3
1.375E-3
1.221E-3
1.043E-3
9.011E-4
7.300E-4
5.339E-4
3.417E-4
1.535E-4

-6.800E-~5
-2.562E-4

-4 .485E-4

~6.447E-4
-8.117E~-4
~-9.826E-4
-1.157E-3
-1.307E-3
-1.431E-3
-1.567E-3
=1.640E-3
-1.778E-3
-1.655E-3
-1.640E-3
-2.311E-3
0.000EO
0.000EO

ZM
1.781E6
0.000EO

ZM
7.142E-4
7.417E-4
7.732E-4
8.306E-4
1.430E-3
4.033E-3
6.636E-3
9.239E-3
1.184E-2
1.444E-2
1.574E-2
1.634E-2

et
o
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A NODE XF YF ZF XM YM M A
A 13 -6.107E2 7.142E1 -1.532E3 =1.691E-3 =-2.114E-4 1.646E-2 A
A 14 -1.357E3 3.022E1 -1.218E3 ~-1.474E-3 3.984E-6 1.670E-2 A
A 15 -1.531E3 -1.851E1 -2.050E3 -1.097E-3 1.198E-4 1.677E-2 A
A 16 -3.551E3 -1.590E2 -1.816E3 ~-5.365E-4 -8.571E-4 1.666E-2 A
A 17 0.000EO 3.786E2 5.561E3 -2.532E-4 -5.362E-4 1.673E-2 A
A 18 0.000EOQ -2.670E2 7.133E2 -2.123E-4 4.307E-4 1.613E-2 A
A 19 0.000EO0 -9.018E1l -1.768E2 -1.713E-4 -5.423E-5 1.469E-2 A
A 20 0.000EO 3.804E2 1.560E1 -1.303E-4 1.927E-6 1.375E-2 A
A 21 0.000EO -4.708E2 1.586E-1 -8.936E-5 4 .566E-7 1.221E-2 A
A 22 0.000EO0 3.040E2 -2.331E-1 -4.839E-5 -9.113E-8 1.043E-2 A
A 23 0.000EO0 -1.258E2 3.112E-2 -7.423E-~-6 6.844E-9 9.011E-3 A
A 24 0.000EO 1.137E2 =1.296E-3 3.354E-5 2.528E-10 7.300E-3 A
A 25 0.000EO -1.909E2 -2.349E-4 7.451E~-5 -1.284E-10 5.339E-3 A
A 26 0.000EO- 1.901E2 5.099E-5 1.155E-4 1.491E-11 3.417E-3 A
A 27 0.000EO -8.957E1 -4.112E-6 1.564E-4 -3.946E-13 1.535E-3 A
A 28 0.000EO -8.960E1 -4.722E-8 1.974E-4 -1.622E-13 -6.800E-4 A
A 29 0.000EO 1.902E2 -1.198E-7 2.384E-4  1.547E-13 -2.562E-3 A
A 30 0.000EO0 -1.907E2 -2.049E-6 2.793E-4 -6.448E-~14 -4.485E-3 A
A 31 0.000EO 1.014E2 3.565E-5 3.203E-4 -8.878E-12 -6.447E-3 A
A 32 0.000EO -1.236E1 -2.258E-4 3.613E-4 9.855E-11 -8.117E-3 A
A 33 0.000EO 1.193E1 -2.543E-4 4.023E-4 -3.843E-10 -9.826E-3 A
A 34 0.000EO0 -8.964E1 1.943E-2 4.432E-4 -3.241E-9 -1.157E-2 A
A 35 0.000EO 8.908E1 -1.867E-1 4.842E~-4 6.277E-8 -1.307E-2 A
A 36 0.000EO 1.145E1 5.341E-1 5.252E-4 -4.237E-7 =-1.431E-2 A
A 37 0.000EO -2.133E2 8.191E0 5.661lE-4 ~-1.720E~7 -1.567E-2 A
A 38 0.000EO 5.556E2 -1.262E2 6.071E-4 3.323E-5 =-1.640E-2 A
A 39 0.000EO -1.428E3 7.280E2 6.481E-4 -3.387E-4 -1.778E-2 A
A 40 0.000EO -1.650E3 1.658E3 6.890E-4 1.119E-3 -1.655E-2 A
A 41 0.000EO 3.284E3 -1.653E3 6.220E-4 1.107E-3 -1.640E-2 A
A 42 0.000EO -9.370E3 -7.590E2 3.072E-4 -3.146E-4 -2.311E-~2 A
A A
As=== s s s s s s s s s s s s s s s s S S S S S S s s s TS SS S S=s=====cz==ss========= A
L=
I=== MEMBER LOADS OF COMBINED CASE 1 ===L
I ================= i e e e L
L L
L H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE L
L VERTICAL SEISMIC (1/2 SINE WAVE END TO END) L
L : L
L -==-LOCAL MEMBER END LOADS--- L
L M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
L 1 1 -2.841E-1 <-2.049E1l -4.337E0 ~7.400E-4 6.595E~6 -3.119E-5 L
L 1 2 2.841E-1 2.049E1 4.337E0 7.400E-4 1.281E3 -6.054E3 L
L 2 2 -5.538E-1 6.151E1 7.338E0 -1.382E3 -7.187E2 5.989E3 L
L 2 3 b5.538E~1 -6.151E1 -7.338E0 1.382E3 -2.059E2 1.762E3 L
L 3 3 -8.307E-1 -1.337E2 -1.594E1 -1.382E3 2.059E2 -1.762E3 L
L 3 4 8.307E-1 1.337E2 1.594E1 1.382E3 3.524E3 -2.952E4 L
L 4 4 -1.236E0 7.264E2 2.117E2 -2.163E4 -5.710E3 1.963E4 L
L 4 5 1.236E0 -7.264E2 -2.117E2 2.163E4 -1.899E4 6.513E4 L
L 5 5 «1.385E0 -1.568E2 6.656E0 -6.267E4 -1.437E3 -3.379E4 L
L 5 6 1.385E0 1.568E2 -6.656E0 6.267E4 -1.207E2 -2.900E3 L
L 6 6 -1.662E0 1.222E1 -5.223E-1 -6.267E4 1.207E2 2.900E3 L
L 6 7 1.662E0 -1.222E1 5.223E-1 6.267E4 1.545E0 -3.971E1 L
L 7 7 -1.938E0 3.200E0 1.916E0 -6.267E4 -1.545E0 3.971E1 L
L 7 8 1.938E0 -3.200E0 6.267E4 ~-4.467E2 7.092E2 L

-1.916E0
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M

8

8

9

9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35

N

8

9

9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
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AXIAL

~2.215E0
2.215E0
-2.492E0
2.492E0
-2.769E0
2.769E0
=1.794E3
1.794E3
-1.229E2
-1.229E2
1.392E3
-1.392E3
3.213E3
-3.213E3
5.745E3
-5.745E3
9.540E3
-9.540E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.37%9E3
7.379E3
=7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
~7.379E3
7.379E3
-7.379E3

°7.379E3

-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3
7.379E3
-7.379E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
=-3.422E1
3.422E1
1.505E2
-1.505E2
9.293E2
-9.293E2
=-1.723E3
1.723E3
5.881E2
-5.881E2
-6.307E1
6.307E1
3.573E1
-3.573E1
=-3.316E2
3.316E2
8.952E2
-8.952E2
-5.521E2
5.521E2
1.612E2
-1.612E2
-1.556E1
1.556E1

- 4.485E-2

-4 .485E-2
2.034E-1
-2.034E-1
-2.963E-2
2.963E-2
1.484E-3
-1.484E-3
1.880E-4
-1.880E-4
-4.684E-5
4.684E-5
4.147E-6
-4.147E-6
3.499E-8
~3.499E-8
-1.223E-8
‘1.223E-8
=-1.321E-7
1.321E-7
-2.181E-6
2.181E-6
3.347E-5
=3.347E-5
-1.924E-4
1.924E-4
~4.467E-4
4.467E-4
1.899E-2
-1.899%E-2
-1.677E-1
1.677E-1

X3SHEAR
-2.126E1
2.126E1
8.194E1
-8.194E1
7.101E2
-7.101E2
-6.839E2
6.839E2
5.674E1
-5.674E1
-1.469E1
1.469E1
-4.490E1
4.490E1
-2.640E1
2.640E1
1.326E2
-1.326E2
-2.461E2
2.461E2
2.093E1
-2.093E1
1.111E2
-1.111E2
-2.693E2
2.693E2
2.016E2
~2.016E2
~1.025E2
1.025E2
2.333E1
-2.333E1
-9.035E1
9.035E1
1.005E2
-1.005E2
-8.957E1
8.957E1
-1.418E-3
1.418E-3
8.960E1
-8.960E1
-1.006E2
1.006E2
9.002E1
-9.002E1
-1.141E1
1.141E1
9.451E-1
-9.451E-1
-1.099E1
1.099E1
7.865E1
-7.865E1
-1.043E1
1.043E1

TORSN
-6.267E4
6.267E4
-6.267E4
6.267E4
-6.267E4
6.267E4
9.276E3
-9.276E3
-7.673E3
7.673E3
-7.673E3
7.673E3
-7.673E3
7.673E3
-7.673E3
7.673E3
-7.673E3
7.673E3
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2

~9.863E2

9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2
-9.863E2
9.863E2

ceL-CA-3s2

SN560000 PAGE

X2MOM
4.467E2
4.528E3

-4.528E3
-1.465E4
1.465E4
-9.560E4
1.045E5
9.756E2
-1.128E4
-2.035E3
2.035E3
1.392E3
-1.392E3
1.193E4
-1.193E4
1.809E4
-1.809E4
-6.278E3
9.864E3
4.772E4
-4.772E4
4.282E4
-4 .282E4
1.682E4
-1.682E4
7.982E4
~7.982E4
3.266E4
~3.266E4
5.663E4
-5.663E4
5.117E4
-5.117E4
7.231E4
-7.231E4
4.879E4
-4 .879E4
6.975E4
-6.975E4
6.975E4
-6.975E4
4.879E4
-4.879E4
7.234E4
=-7.234E4
5.127E4
=-5.127E4
5.394E4
-5.394E4
5.372E4
-5.372E4
5.629E4
-5.629E4
3.789E4
-3.789E4
4.033E4

X3MOM
-7.092E2
-7.299E3
7.299E3
2.792E4
-2.792E4
1.339E5
-1.414E5
-1.243E5
1.239E5
1.416E4
-1.416E4
~5.568E2
5.568E2
7.832E3
-7.832E3
-6.954E4
6.954E4
9.504E4
-9.504E4
-3.414E4
3.414E4
3.589E3
-3.589E3
-5.155E1
5.155E1
-4.105E1
4.10SE1
6.553E0
-6.553E0
-3.812E-1
3.812E-1
-3.400E-2
3.400E-2
9.994E-3
-9.994E-3
-9.672E-4
9.672E-4
3.224E-6
-3.224E-6
1.141E-5
-1.141E-5
8.550E-6
-8.550E~6
-2.235E-5

2.235E-5

-5.328E-4
5.328E-4
7.300E-3

-7.300E-3

-3.771E-2
3.771E-2

-1.422E-1
1.422E-1
4.300E0

-4 .300EO

=-3.494E1

-]
[\
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CL-CA-35

SN560000 PAGE

12/03/1990 19:42:12 EZHANG REL 8.1 BASE 2000000 REV 1.0 13
L M N AXTAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
L 36 36 7.379E3 3.664E-1 -2.188E1 -9.863E2 -4.033E4 3.494E1 L
L 36 37 -7.379E3 ~3.664E-1 2.188E1 .9.863E2 4.545E4 5.080E1 L
L 37 37 7.379E3 8.557E0 1.915E2 -9.863E2 -4.545E4 -5.080E1 L
L 37 38 -7.379E3 -8.557E0 -1.915E2 9.863E2 6.471E2 2.053E3 L
L 38 38 7.37%E3 -1.177E2 -3.642E2 -9.863E2 -6.471E2 -2.053E3 L
L 38 39 -7.37%E3 1.177E2 3.642E2 9.863E2 8.586E4 -2.548E4 L
L 39 39 7.379E3 6.103E2 1.064E3 ~-9.863E2 ~-8.586E4 2.548E4 L
L 39 40 -7.379E3 ~-6.103E2 ~-1.064E3 9.863E2 -1.631E5 1.173E5 L
L 40 40 7.338E3 -3.386E3 -1.282E3 6.305E3 7.166E4 -1.876E5 L
L 40 41 ~7.338E3 3.386E3 1.282E3 -6.305E3 6.536E4 ~-1.741E5 L
L 41 41 7.379E3 6.302E2 -5.523E2 7.579E3 -1.480ES 1.126E5 L
L 41 42 -7.379E3 -6.302E2 5.523E2 -7.579E3 2.772E5 3.488E4 L
L 42 42 7.379E3 -3.899E2 8.792E3 7.579E3 -2.772E5 -3.488E4 L
L 42 43 -7.379E3 3.899E2 -8.792E3 -7.579E3 -1.780E®6 -5.637E4 L
L L
L= L
S S
=== MEMBER STRESSES OF COMBINED CASE 1 ===
S ==5
S S
S H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE S
S VERTICAL SEISMIC (1/2 SINE WAVE END TO END) S
S S
S ---LOCAL MEMBER END STRESSES--- S
S M N AXIAL X2SHEAR X3SHEAR TORSN X2BEND X3BEND S
S 1 1 1.315E-2 -=2.153E0 -4.558E-1 2.214E-6 -3.946E-8 ~-1.866E-7 S
S 1 2 1.315E-2 -2.153E0 -4.558E-1 2.214E-6 7.667E0 3.622E1 S
S 2 2 2.564E-2 6.465E0 7.711E-1 4.135E0 4.300E0 3.583E1 S
S 2 3 2.564E-2 6.465E0 7.711E-1 4.135E0 -1.232E0 -1.054E1 S
S 3 3, 3.846E-2 -~1.405E1 -1.675E0 4.135E0 =-1.232E0 -1.054E1 S
S 3 4 3.846E-2 -1.405E1 -1.675E0 4.135E0 2.108E1 1.767E2 S
S 4 4 5.722E-2 7.634E1 2.225E1 6.472E1 3.416E1 1.175E2 S
S 4 5 5.722E-2 7.634E1 2.225E1- 6.472E1 -1.136E2 -3.897E2 S
S 5 5 6.410E-2 -1.648E1l 6.995E-1 1.875E2 - 8.597EO0 -2.022E2 S
S 5 6 6.410E-2 -1.648E1 6.995E-1 1.875E2 =7.220E-1 1.735E1 S
S 6 6 7.692E-2 1.285E0 ~5.489E-2 1.875E2 ~-7.220E-1 1.735E1 S
S 6 7 7.692E-2 1.285E0 -5.489E-2 1.875E2 9.243E-3 2.376E-1 S
S 7 7 8.974E-2 3.363E-1 2.013E-1 1.875E2 9.243E-3 2.376E-1 S
S 7 8 8.974E-2 3.363E-1 2.013E-1 1.875E2 =-2.673E0 -4.243E0 S
S 8 8 1.026E-1 -3.596E0 =-2.234E0 1.875E2 ~-2.673E0 -4 .243E0 S
S 8 9 1.026E-1 -3.596E0 -2.234E0 1.875E2 2.709E1 4.367E1 S
S 9 9 1.154E-1 1.582E1 8.611E0 1.875E2 2.709E1 4.367E1 S
S 9 10 1.154E-1 1.582E1 8.611E0 1.875E2 -8.762E1 -1.670E2 S
S 10 10 1.282E-1 9.766E1 7.463E1 1.875E2 -8.762E1 -1.670E2 S
S 10 11 1.282E-1 9.766E1 7.463E1 1.875E2 -5.720E2 -8.009E2 S
S 11 11 8.305E1 -1.811E2 -7.187E1 -2.775E1 -6.250E2 -8.459E2 S
S 11 12 8.305E1 -1.811E2 -7.187E1 -2.775E1 5.837E0 7.437E2 S
S 12 12 5.688E0 6.181E1 5.962E0 2.295E1 6.751E1 7.413E2 S
S 12 13 5.688E0 6.181E1 5.962E0 2.295E1 -1.218E1 -8.473E1 S
S 13 13 -6.444E1 -6.629E0 -1.543E0 2.295E1 -1.218E1 -8.473E1 S
S 13 14 -6.444E1 -6.629E0 -1.543E0 2.295E1 8.327E0 3.332E0 S
S 14 14 -1.487E2 3.755E0 -4.719E0 2.295E1 8.326E0 3.332E0 S
S 14 15 -1.487E2 3.755E0 -4.719E0 2.295E1 7.140E1 -4.686E1 S
S 15 15 -2.660E2 -3.484E1 =-2.774E0 2.295E1 7.140E1 -4.686E1 S
S 15 16 -2.660E2 -3.484E1 =-2.774E0 2.295E1 1.083E2 4.161E2 S
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23
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29
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30
31
31
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32
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33
34
34
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35
36
36
37
37
38
38
39
39
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40
41
41
42
42

M N

16
17
17
18
18
19
19
20
20
21
21

22

22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42
43

AXIAL
-4.417E2
-4.417E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-=3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2
-3.397E2
-3.397E2
-3.416E2
-3.416E2
-3.416E2
-3.416E2

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
9.408E1
9.408E1
-5.802E1
-5.802E1
1.694E1
1.694E1
-1.635E0
-1.635E0
4.714E-3
4.714E-3
2.138E-2
2.138E-2
=3.114E-3
=3.114E-3
1.559E~-4
1.559E-4
1.976E-5
1.976E-5
-4.923E-6
-4.923E-6
4.358E-7
4.358E-7
3.677E-9
3.677E-9
-1.285E-9
-1.285E-9
-1.388E-8
-1.388E-8
~-2.292E-7
~-2.292E-7
3.518E-6
3.518E~-6
~-2.022E-5
-2.022E-5
-4.694E-5
-4.694E-5
1.995E-3
1.995E-3
-1.762E-2
=1.762E-2
3.851E-2
3.851E-2
8.993E-1
8.993E-1
-1.237E1
=-1.237E1
6.414E1
6.414E1
-3.558E2
-3.558E2
6.623E1
6.623E1
-4.098E1
-4.098E1

X3SHEAR
1.393E1
1.393E1

-2.586E1

-2.586E1
2.200E0
2.200E0Q
1.168E1
1.168E1

-2.830E1

-2.830E1
2.118E1
2.118E1

-1.077E1

-1.077E1
2.451E0
2.451E0

-9.495E0

-9.495E0
1.056E1
1.056E1

-9.414E0

-9.414E0

~1.490E-4

-1.490E-4
9.416E0
9.416E0

-1.058E1

-1.058E1
9.461E0
9.461E0

-1.200E0

-1.200E0
9.932E-2
9.932E-2

-1.155E0

-1.155E0
8.266E0
8.266E0

=1.096E0

-1.096E0
-2.299E0
-2.299E0
2.012E1
2.012E1
-3.827E1
-3.827E1
1.118E2
1.118E2
-1.348E2
-1.348E2
-5.804E1
-5.804E1
9.240E2
9.240E2

TORSN
2.295E1
2.295E1
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951FE0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0
2.951E0

-1.886E1
-1.886E1
-2.267E1
-2.267E1
-2.267E1
-2.267E1

CCL-CA-BSA

SN560000 PAGE

X2BEND
1.083E2
-3.756E1
-5.902E1
2.855E2
2.855E2
2.562E2
2.562E2
1.006E2
1.006E2
4.776E2
4.776E2
1.954E2
1.954E2
3.388E2
3.388E2
3.062E2
3.062E2
4.327E2
4.327E2
2.919E2
2.919E2
4.173E2
4.173E2
4.173E2
4.173E2
2.919E2
2.919E2
4.328E2
4.328E2
3.068E2
3.068E2
3.227E2
3.227E2
3.214E2
3.214E2
3.368E2
3.368E2
2.267E2
2.267E2
2.413E2
2.413E2
2.719E2
2.719E2
3.872E0
3.872E0
5.137E2
5.137E2
-9.760E2
~-4.287E2
3.910E2
8.852E2
1.658E3
1.658E3
-1.065E4

X3BEND
4.161E2
-5.687E2
-5.687E2
2.043E2
2.043E2
-2.147E1
=2.147E1
3.084E-1
3.084E-1
2.456E-1
2.456E-1
-3.921E-2
-3.921E-2
2.281E-3
2.281E-3
2.035E~4
2.035E-4
-5.979E-5
-5.979E-5
5.787E-6
5.787E-6
-1.929E-8
-1.929E-8
-6.828E-8
-6.828E-8
-5.116E-8
-5.116E-8
1.338E~-7
1.338E-7
3.188E-6
3.188E-6
-4.368E-5
-4 .368E-5
2.257E-4
2.257E-4
8.511E-4
8.511E-4
=-2.573E-2
-2.573E-2
2.091E-1
2.091E-1
=-3.039E-1
-3.039E-1
-1.228E1
-1.228E1
1.525E2
1.525E2
-7.020E2
-1.123E3
1.042E3
6.737E2
-2.087E2
-2.087E2
3.373E2

[
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ccL-CA-3S5
12/03/1990 19:42:12 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 15

N - N
=== FRACTION OF SYSTEM NODE ALLOWABLES: COMBINED CASE 1 ===

‘N ============= N
N N
N H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE N
N VERTICAL SEISMIC (1/2 SINE WAVE END TO END) N
N ' N
N ~-=-=-SUMMARY OF FRACTION OF ALLOWABLE FOR EACH NODE--- N
N DISPLACEMENT BASEPLATE "N
N N X Y Z COEFFICIENT N
N 1 3.674E-18 1.115E-20 2.769E-15 0.000EO N
N 2 1.454E-17 3.459E-21 2.769E-15 0.000EO N
N 3 3.449E-17 2.606E-20 2.76%9E-15 0.000EO N
N 4 1.564E-16 9.251E-20 2.769E-15 0.000EO N
N 5 1.603E-16 9.846E-20 2.769E-15 0.000EO N
N 6 2.968E-17 1.396E-20 2.769E-15 0.000EO N
N 7 1.600E-18 3.609E-19 2.769E-15 0.000EO N
N 8 6.389E~18 4.338E-18 2.770E-15 0.000EO N
N 9 3.162E-17 1.945E-17 2.770E-15 0.000EO N
N 10 1.319E-16 1.158E-16 2.770E-15 0.000EO N
N 11 5.702E-16 3.175E-16 2.770E-15 0.000EO N
N 12 4.702E-16 . 1.980E-14 8.766E-17 0.000EO N
N 13 1.071E-16 5.00l1E-14 2.687E-16 0.000EO N
N 14 2.382E-16 8.001E-14 2.136E-16 0.000EO N
N 15 2.685E-16 1.100E-13 3.596E-16 0.000EO N
N 16 6.230E-16 1.390E-13 3.186E-16 0.000EO N
N 17 2.331E-15 1.611E-13 9.756E-16 0.000EO N
N 18 2.617E-15 2.000E-13 1.251E-16 0.000EO N
N 19 2.902E-15 2.360E-13 3.101E-17 0.000EO N
N 20 3.188E-15 2.691E-13 2.737E-18 0.000EO N
N 21 3.473E-15 2.999E-13 2.782E-20 0.000EO N
N 22 3.759E-15 3.261E-13 4.089E-20 0.000EO N
N 23 4.044E-15 3.490E-13 5.459E-21 0.000EO N
N 24 - 4.330E-15 3.680E-13 2.273E-22 0.000EO N
N 25 4.615E-15 3.830E-13 4.120E-23 0.000EO N
N 26 4.900E-15 3.930E-13 8.945E-24 0.000EO N
N 27 5.186E-15 3.990E-13 7.214E-25 - 0.000EO N
N 28 5.471E-15 4.000E-13 8.284E-27 0.000EO N
N 29 5.757E-15 3.960E-13 2.103E-26 0.000EO N
‘N 30 6.042E-15 3.880E-13 3.595E-25 0.000EO N
N 31 6.328E-15 3.750E-13 6.255E-24 0.000EO N
N 32 6.613E-15 3.580E-13 3.962E-23 ) 0.000EO N
N 33 6.899E-15 3.370E-13 4.462E-23 0.000EO N
N 34 7.184E-15 3.120E-13 3.409E-21 0.000EO N
N 35 7.470E-15 2.830E-13 3.275E-20 0.000EO N
N 36 7.755E-15 2.510E-13 9.370E-20 0.000EO N
N 37 8.041E-15 2.160E-13 1.437E-18: 0.000EO N
N 38 8.326E-15 1.781E-13 2.215E-17 0.000EO N
N 39 8.612E~15 1.387E-13 1.277E-16 0.000EO N
N 40 8.897E-15 9.671E-14 2.908E-16 0.000EO N
N 41 5.611E-16 8.658E-14 2.901E-16 : 0.000EO N
N 42 2.756E-16 4.136E-14 1.332E-16 . - 0.000EO N
N 43 0.000EO 0.000EO 0.000EO 0.000EO N
N 44 0.000EO 0.000EO 0.000EO 0.000EO N
N ' N
N= == =====z==s======= N
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FRACTION OF SYSTEM MEMBER ALLOWABLES:

COMBINED CASE 1

H.B. ROBINSON 30 CW-11l UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

WO WP R

---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH MEMBER---

STRESS

START END

1.223E-16 1.626E-15
1.487E-15 5.914E-16
1.016E-15 7.325E-~-15
8.013E-15 1.864E-14
1.133E-14 1.133E-14
1.049E-14 1.049E-14
1.044E-14 1.044E-14
1.065E-14 1.065E-14
1.142E-14 1.142E-14
1.724E-14 5.085E-14
5.755E-14 3.084E-14
3.017E-14 4.725E-15
5.976E-15 2.819E-15
5.941E-15 9.889E-15
1.423E-14 2.927E-14
3.578E-14 3.881E-14
3.590E-14 3.079E-14
3.079E-14 2.294E-14
2.294E-14 1.639E-14
1.639E-14 3.035E-14
3.035E-14 1.989E-14
1.989E-14 2.520E-14
2.520E-14 2.399E-14
2.399E-14 2.868E-14
2.868E-14 2.346E-14
2.346E-14 2.811E-14
2.811E-14 2.811E-14
2.811E-14 2.346E-14
2.346E-14 2.868E-14
2.868E-14 2.401E-14
2.401E-14 2.461E-14
2.461E-14 2.456E-14
2.456E-14 2.513E-14
2.513E-14 2.105E-14
2.105E-14 2.160E-14
2.160E-14 2.273E-14
2.273E-14 1.325E-14
1.325E-14 3.733E-14
3.733E-14 7.480E-14
7.004E-14 6.565E-14
7.039E-14 8.181E-14
8.181E-14 4.196E-13

BUCKLING
START END
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000E0
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000E0
0.000EO0 0.000EO

0.000EO

0.000EO

JOINT COEF.
START END
2.094E-12 3.094E-7
3.016E-7 8.871E-8
8.871E-8 1.487E-6
1.022E-6 3.392E-6
1.691E-6 1.451E-7
1.451E-7 1.987E-9
1.987E-9 4.191E-8
4.191E-8 4.295E-7
4 ,295E-7 1.576E-6
1.576E-6 8.224E-6
8.789E~-6 6.215E-6
6.221E-6 . 7.153E-7
7.153E-7 7.495E-8
7.495E-8 7.137E-7
7.137E-7 3.593E-6
3.593E-6 4.763E-6
4.778E-6 2.934E-6
2.934E-6 2.149E-6
2.149E-6 8.410E-7
8.410E-7 3.991E-6
3.991E-6 1.633E-6
1.633E-6 2.832E-6
2.832E-6 2.559E-6
2.559E-6 3.616E-6
3.616E-6 2.440E-6
2.440E-6 3.488E-6 .
3.488E-6 3.488E-6
3.488E-6 2.439E-6
2.439E-6 3.617E-6
3.617E-6 2.564E-6
2.564E-6 2.697E-6
2.697E-6 2.686E-6
2.686E-6 2.815E-6
2.815E-6 1.894E-6
1.894E-6 2.016E-6
2.016E-6 2.272E-6
2.272E-6 1.076E-7
1.076E-7 4.478E-6
4.478E-6 1.005E-5
1.004E-5 9.298E-6
9.296E-6 1.397E-5
0.000EO 0.000EO

fcJic Jic Jic Jic Jic JicJicficfic Jic icJicficficfic Jic JcJicJicJic Jcgicic JicJic Jic Jic i cJic JEcJicJic Jic S Jic Jic

fc Jic Jic JicJic Jic Jic S JicJic Jic i JRc Jic
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cclL-CA-a52

U S S
=== QUALIFICATION SUMMARY REPORT

I *
*

|
*

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

=~=PLANT IDENTIFICATION=---

UTILITY: CPL PLANT: H.B.ROBINSON PWR
NSSS: _ A/E: BWR

---EQUIPMENT IDENTIFICATION---
SYSTEM: DRAWING NO.:
BUILDING: ELEVATION:
ADDITIONAL IDENTIFICATION:

---APPLIED LOADS---

DEADWEIGHT: THERMAL: RELATIVE DISP.:
SEISMIC: HYDRODYNAMIC:

-=--LOAD COMBINATION---

VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

---SUMMARY OF RESULTS---

--=-MAXTMUM FRACTION OF ALLOWABLE---

COMPONENT FAILURE MODE ALLOWABLE MAX. FRACTION PASS/FAIL
SYSTEM JOINT 1.000EO 1.397E-5 PASS

K o e = e e e e e o o e e E em e m ar e e e e e en er er e o e e e e e o = - *
*  COMMENTS: *
* JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.) *
* JOINT KTRANS=1.5E8 LB/IN JOINT KTORS,KROT2,KROT3=2E10 IN-LB. *
*....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7ES LB/IN. *
*,...DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS. *
KR = = = = = - = e e am Py w e w e e @ e o e e e e e e am e = e e e e *
* PREPARED BY:f&S Cco: rel DATE: /7-4--90 *
R o= = = e e ) i S R e L %*
* VERIFIED BY: m [ CO: ccL DATE: I1-]-50 *
I E XTI EXEXXTEEIXXE R E X * kkkkkkhkkhhkhkhhkkkhhkhkhkhkhhkhkhkkhkhhkhkhkkhkhhhkhkkhkhkhhhkkhkkhkikik

¥ * % W Ok N * % Ok * F  F ¥ N N H H N ¥ ¥ % * ¥ ¥ ¥ ¥ F H* ¥ ¥



Job Number: 90-2271
Sheet: - of: -

. Calculated By: OwZ Date: 12-4-79
Checked By: P Date: 12-1-9%0

Calculation Number: CCL-CA-352

ATTACHMENT A4

All piping segments begin and end with axial spring
constants of 3.0E+08 1lb,/in, and torsional and bending
spring constants of 4.0E+10 in-lb,/rad.
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SYSTEM 2000000

cCce-CAa-3s54

EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 1

INPUT ECHO

I 386.4 1 1.33 10E12 10E1l2 10E1l2

IDF .9 .6 1
N 1 0
N 2 0
N 3 0
N 4 0
N 5 0
N 6 0
N 7 0
N 8 0
N 9 0
N 10 0
N 11 0
N 12 108
N 13 274
N 14 439
N 15 605
N 16 770
N 17 900
N 18 1134
‘N 19 1368
N 20 1602
N 21 1836
N 22 2070
N 23 2304
N 24 2538
N 25 2772
N 26 3006
N 27 3240
N 28 3474
N 29 3708
N 30 3942
N 31 4176
N 32 4410
N 33 4644
N 34 4878
N 35 5112
N 36 5346
N 37 5580
N 38 5814
N 39 6048
N 40 6282
N 41 6348
N 42 6582
N 43 6816
N 44 500
M 1 1

M 2 2

M 3 3

M 4 4

M 5 5

M 6 6

M 7 7

1

OO WN

15
81

NOO OO MNNNNNDNNNNNNNODNMNDNNDNNNNNNDNDNDNNDNDNDNDNDNDNDNDN * o ™
FPRRREBRRNNNR R R RER R R R R R R R R RRRRRRRRPRRRERRREROO0O00000R R

0
288
414
648
732
966

1200

1434

1668

1902

2016

2124

2290

2455

2621

2786

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2916

2864

2864

2864 -1 -1 -1 -1 -1 -1
500 -1 -1 -1 -1 -1 -1

44

44

44

44

44

44

44

[eBeoNeoNeoNeoNoNoNoNeoNoleNooRoloNooNeNoNoloNoNeNoNoNoNoNoNoNoNoNoNoNeNoNoNoNoNoNoNo el
0000000000000 OO00O0O00000000000000O0000O0O0
(oo NeoNeoNeoNoNeNeoReo oo o NoNoloRojlloNe oo NoNoNeNoNoNeNoleoNeolNoloNeoNoNoNoNoNoNoNoNoNoNe)
[eNoleNoNeojoNoNeNoNoNooeeNeNoNeoNoNoNeoNeNoNoloNoNoNoNeeNoNoNoNeNeNoNoNoNeoNoNoNeNoNe)
[eNolejeojoReloloojojeojoNeNoNoNoNoNoNeNoNoNoNoNoNoNoeoloNeNoNoNoNoNoNoNeoNeNoNoNoNeNo)
oo NeoNoNeoNolNeNoNo oo oo RoloNojoNeoNoNeNeNoNoNoloNeNoloNoloNeNeNoNoNoNoNoNoNoNoNoNe)

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
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'I' M 8 8 9 1 44
M 9 9 10 1 44
M 10 10 11 1 44
M 11 11 12 1 44
M 12 12 13 1 44
M 13 13 14 1 44
M 14 14 15 1 44
M 15 15 16 1 44
M 16 16 17 1 44
M 17 17 18 1 44
M 18 18 19 1 44
M 19 19 20 1 44
M 20 20 21 1 44
M 21 21 22 .1 44
M 22 22 23 1 44
M 23 23 24 1 44
M 24 24 25 1 44
M 25 25 26 1 44
M 26 26 27 1 44
M 27 27 28 1 44
M 28 28 29 1 44
M 29 29 30 1 44
M 30 30 31 1 44
M 31 31 32 1 44
M 32 32 33 1 44
M 33 33 34 1 44
. M 34 34 35 1 44
M 35 35 36 1 44
M 36 36 37 1 44 ~
M 37 37 38 1 44
M 38 38 39 1 44
M 39 39 40 1 44
M 40 40 41 1 44
M 41 41 42 1 44
M 42 42 43 2 44
P121.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q 1 -5 11E6 6E-6 .44 .44 2.27 2.27 30E15
P 2 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q2 0 11E6 6E-6 .44 .44 2.27 2.27 30E15
X -2 0 5.7E5 5.7E5 10 10 10 10
Y -2 0 10 10 10 10 10 10 0
X -3 0 5.7E5 5.7ES 5.7E5 10 10 10
Y -3°0 10 10 10 10 10 10 0
X -4 0 0 5.7E5 5.7E5 10 10 10
Y -4 0 10 10 10 10 10 10 0
X -5 0 3E8 -1 -1 4E10 4E10 4E10
Y -5 2 10E18 10E12 10E12 10E18 4E10 4E10 10
T H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
E END GEOM
STATIC

VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN

T

‘ D 1 .00 .00 .00
D 2 .00 .00 .00
D 3 .00 .00 .00
D 4 .00 .00 .00
D 5

.00 .00 .00
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12/03/1990 19:27:11 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE

D 6 .00 .00 .00 \
D 7 .00 .00 .00
D 8 .00 .00 .00
D 9 .00 .00 .00
D 10 .00 .00 .00
D 11 .00 .00 .00
D 12 .00 .20 .00
D 13 .00 .50 .00
D 14 .00 .80 .00
D 15 .00 1.10 .00
D 16 .00 1.39 .00
D 17 .00 1.61 .00
D 18 .00 2.00 .00
D 19 .00 2.36 .00
D 20 .00~ 2.69 .00
D 21 .00 3.00 .00
D 22 .00 3.26 .00
D 23 .00 3.49 .00
D 24 .00 3.68 .00
D 25 .00 3.83 .00
D 26 .00 3.93 .00
D 27 .00 3.99 .00
D 28 .00 4.00 .00
D 29 .00 3.96 .00
D 30 .00 3.88 .00
D 31 .00 3.75 .00
D 32 .00 3.58 .00
D 33 .00 3.37 .00
D 34 .00 3.12 .00
D 35 .00 2.83 .00
D 36 .00 2.51 .00
D 37 .00 2.16 .00
"D 38 .00 1.78 .00
D 39 .00 1.39 .00
D 40 .00 .97 .00
D 41 .00 .86 .00
D 42 .00 .43 .00
E END CASE
E END STATIC
COMBINE
T VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
O OUTPUT -

CCASE 1110

E END OUTPUT

REPORT 1

A CPL

B H.B.ROBINSON

J VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

K JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

L JOINT KTRANS=3E8 LB/IN JOINT KTORS,KROTZ2,KROT3=4E10 IN-LB.
M....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN.
M....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.
E END REPORT

ENDRUN

3
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NODAL DATA TABLE

4

z
o

VONODd W=D

2 M A2 2 2 2 R R L 2 AL 2 A 222222 2w AR A2 222 ZZAZ 222222222222

4

—=—~ NODAL COORDINATES ---

X
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO

0.0000EO,

0.0000EO
0.0000EO
0.0000EQ
0.0000EO
0.0000EO
1.0800E2
2.7400E2
4.3900E2
6.0500E2
7.7000E2
9.0000E2
1.1340E3
1.3680E3
1.6020E3
1.8360E3
2.0700E3
2.3040E3
2.5380E3
2.7720E3
3.0060E3
3.2400E3
3.4740E3
3.7080E3
3.9420E3
4.1760E3
4.4100E3
4.6440E3
4.8780E3
5.1120E3
5.3460E3
5.5800E3
5.8140E3
6.0480E3
6.2820E3
6.3480E3
6.5820E3
6.8160E3
5.0000E2

Y
1.5000E1
8.1000E1
8.1000E1
8.1000E1
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
0.0000EO
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1

- 2.1000E1

2.1000E1
2.1000E1
2.1000E1
2.1000E1
8.7000E1
8.7000E1
8.7000E1
2.1000E1

=-=NODAL CONSTRAINTS--

Z
0.0000EO
2.8800E2
4.1400E2
6.4800E2
7.3200E2
9.6600E2
1.2000E3
1.4340E3
1.6680E3
1.9020E3
2.0160E3
2.1240E3
2.2900E3
2.4550E3
2.6210E3
2.7860E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.8640E3
2.8640E3
2.8640E3
5.0000E2

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

~-- NODAL WEIGHTS ---

XWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3

‘8.138E3

8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BASEPLATE DATA

N NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC

YWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3

8.138E3

8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3

8.138E3

8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BANDWIDTH:

12

ZWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

A A A A A A A A A A A A A A A A A A A A A A A A A e A A Ar R A A A A A e Y A A R A A A A A A A A B A -
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EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE

(6]

1'NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC BANDWIDTH: 12 N
‘N 1 o 0 0 0 0 0 -2 B123 0 N
N 2 o0 o0 0 0 o0 0 -2 B123 0 N

N 3 o o 0 ©O0 ©0 0 -2 Bl23 0 N

N 4 ©0 0 O O ©O0 ©0 =2 Bl23 0 N

N 5 o o0 o0 ©0 0 0 -2 Bl23 0 N

N 6 0 0 0 O 0 0 -2 Bl23 0 N

N 7 o o0 0 ©O0 0 0 -2 Bl23 O N

N 8 O O O O ©0 ©0 -2 Bl23 0 N

N 9 ©0 o0 ©0O O ©O0 0 -2 Bl23 0 N

N 10 o 0 O ©O0O ©0 O -2 Bl123 0 N

N 11 0 0 0 0 0 0 -2 Bl23 0 N

N 12 0o 0 ©0 ©0 ©0 0 -3 Bl123 0 N

N 13 0 0 ©0 ©0 ©0 0 -3 B123 0 N

N 14 0 0 O ©0 ©0 0 -3 Bl23 0 N

N 15 o o 0o ©o0 ©0 O -3 Bl23 0 N

N 16 0o o0 O O O O -3 Bl23 0 N

N 17 0 0 O O ©Oo ©0 -4 B123 0 N

N 18 0 O0o O O O O -4 Bl23 0 N

N 19 0 ©0 ©O0 ©O0 o0 0 -4 Bl23 0 N

N 20 0 0 O O O O -4 Bi23 0 N

N 21 _ 0 0 -0 O O O -4 Bl23 0 N

N 22 0 0 O O 0 O -4 Bl23 0 N

N 23 0 0 0 ©0 O O -4 B123 0 N

N 24 0 0 0 O ©0 O -4 Bl23 0 N
N 25 0 0 O O O 0 -4 Bl23 O N
. i 26 0 0 0 0 0 0 -4 B123 0 N
'N 27 0o 0o 0 ©0 O O -4 B123 0 N

N 28 0 0 0 0 0 0 -4 B123 0 "N

N 29 0 0 O O ©O0 ©0 -4 B123 0 N

N 30 0 0 ©O0 ©O0 O O -4 Bl23 0 N

N 331. 0 0 O ©0 ©0 0 -4 Bl23 0 N

N 32 0 0 0 ©0 O 0 -4 Bl23 0 N

N 33 0 0 O 0 ©O0 0 -4 B123 0 N

N 3 0 0 O O0 ©O0 0 -4 B123 0 N

N 35 0 0 ©O0 ©O0 0 0 -4 B123 0 N

N 3 0 ©0 O O 0 O -4 Bl23 0 N

N 37 0 0 0 0 O O -4 B123 0 N

N 38 0 ©0 O O O 0 -4 B123 0 N

N 33 0 0 O 0 O 0 -4 Bl23 0 N

N 40 O O0 ©O O ©O0 O -4 B123 0 N

N 41 0 O ©O ©0 0 ©0 -4 B123 O N

N 42 0 0 O ©O0 0 ©0 -4 B123 O N

N 43 -1 -1 -1 -1 =1 =1 O B O 0 N

N 44 -1 -1 -1 -1 -1 -1 O B 0O o0 N

N N
S — N

J == J
—— JOINT AND SPRING DATA TABLE ===

J=s================== === J

_ 3 J
‘ J H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE J
J J

J --- JOINT SPRING RATES --- J

J JTYPE K1 K2 K3 K4 K5 K6 J

J -5 3.000E8 ~-1.000E0 -1.000EO 4.000E10 4.000E10 4.000E10 J
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EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 6
T JTYPE K1l K2 K3 K4 K5 K6 J
J -4 0.000EO 5.700E5 5.700ES 1.000E1 1.000E1 1.000E1 J
J -3 5.700E5 5.700E5 5.700ES 1.000E1 1.000E1 1.000E1 J
J -2 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
J -=== JOINT ALLOWABLE LOADS --- J
J JTYPE Al A2 A3 A4 A5 A6 J
J =5 1.000E19 1.000E13 1.000E13 1.000E19 4.000E10 4.000E10 J
J -4 1.000E1 1.000EL . 1.000E1 1.000E1 - 1.000E1 1.000E1 J
J =3 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J =2 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J-
J J
J -===- JOINT WEIGHT AND CALC X VALUE ---- J
J JTYPE JOINT WT. X VALUE J
J -5 0.000EO 2.000E0 J
J -4 0.000EO 0.000EO J
J =3 0.000EO 0.000EO J
J =2 0.000EO 0.000EO J
J J
J J

M M

M=== MEMBER DATA TABLE o ===M
M M
M M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
/! M
M -—= PRIMARY MEMBER DATA --- M
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH M
M 1 1 2 1 44 0.00EO 0.00EOQ 1.00E0 2.955E2 M
M 2 2 3 1 44 0.00EOQ 0.00EO 1.00EO0 1.260E2 M
M 3 3 4 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 4 4 5 1 44 0.00EO 0.00EO 1.00EOQ 1.167E2 M
M 5 5 6 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 6 6 7 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 7 7 8 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 8 8 9 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 9 9 10 1l 44 0.00EO 0.00EO 1.00E0O 2.340E2 M
M 10 10 11 1 44 0.00EO 0.00EO 1.00E0 1.140E2 M
M 11 11 12 1 44 0.00EO 0.00EO 1.00E0 1.542E2 M
M 12 12 13 1l 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 13 13 14 1l 44 0.00EO 0.00EO 1.00E0 2.333E2 M
M 14 14 15 1l 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 15 15 16 1 44 0.00EO 0.00EO 1.00E0 2.333E2 M
M 16 16 17 1l 44 0.00EO 0.00EO 1.00EO 1.838E2 M
M 17 17 18 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 18 18 19 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 19 19 20 1 44 0.00EO0 0.00EO 1.00EO 2.340E2 M
M 20 20 21 1l 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 21 21 22 1 44 0.00EOQ 0.00EO0 1.00EO 2.340E2 M
M 22 22 23 1l 44 0.00EOQ 0.00EO 1.00E0 2.340E2 M
M 23 23 24 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 24 24 25 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 25 25 26 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 26 26 27 1l 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 27 27 28 1l 44 0.00EO 0.00EO0 1.00E0 2.340E2 M
M 28 28 1l 44 0.00EO . 0.00EO 1.00E0 2.340E2 M
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M

MEM
29
30
31
32
33
34
35
36
37
38
39
40
41
42

<
td
=2

WONOAOH WP

FRO
29
30
31
32
33
34
35
36
37

. 38
39
40
41
42

M TO PTYPE RNODE
30 1 44
31 1 44
32 1 44
33 1 44
34 1 44
35 1 44
36 1 44
37 1 44
38 1 44
39 1 44
40 1 44
41 1 44
42 1 44
43 2 44

--- FROM JOINT DATA ---
TYPE HINGE CALC
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10

BANK
0.00EO
0.00EOQ
0.00EO

0.00E0

0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO

KFAC
0.00EO
0.00EOQ
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00E0Q

LENGTH

2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
1.068E2
2.340E2
2.340E2

QFAC
1.00E0
1.00EO
1.00EO
1.00EO
1.00E0
1.00EO
1.00E0
1.00E0
1.00EO0
1.00E0
1.00EO
1.00E0
1.00EO0
1.00E0

JOINT DATA ---
HINGE CALC
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10

3:!3:!35!3:!3:!3:!3:!3:!3:{3:!3:!3:Z3:!3:23:!3:!3:!2:!3:!3:ZZ:ZZ::ZZZZ:ZZ:!Z:!ZZ!Z:ZZ

~
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I MEM TYPE HINGE CALC TYPE HINGE CALC M
o 40 -5 111111 10 -5 111111 10 M
M 41 -5 111111 10 -5 111111 10 M
M M
M -=~ MEMBER PROPERTY DATA --- M
M PTYPE AREA J I2 I3 H2 H3 M
M 1 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M 2 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1 M
M M
M -== MEMBER PROPERTY DATA --- M
M PTYPE JRADIUS SHAPE2 SHAPE3 STRESSF2 STRESSF3 DJPROP M
M 1l 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 =5 M
M 2 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 0 M
M M
M --- MEMBER PROPERTY DATA --- M
M PTYPE EMOD SMOD YIELD DENSITY ALPHA M
M 1 2.900E7 1.100E7 3.000El6 1.610E0 6.000E-6 M
M 2 2.900E7 1.100E7 3.000E1l6 1.610E0 6.000E-6 M
M M
M========= M
D D
=== DESIGN PARAMETERS ===D
D =D
D : D
D H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE D
J D
D MEMBER DESIGN FACTOR:9.000E-1 ALLOWABLE X DISPLACEMENT:1.0000E13 D
D : D
D BPLATE DESIGN FACTOR:1.000EO ALLOWABLE Y DISPLACEMENT:1.0000E13 D
D : D
D JOINT DESIGN FACTOR:1.000EO -ALLOWABLE Z DISPLACEMENT:1.0000E13 D
D D
D SHEAR DESIGN FACTOR:6.000E-1 BUCKLING FACTOR:1.3300EO D
D D
D GRAVITATIONAL CONSTANT:3.864E2 DIR. PENDULUM PIVOT: D
D D
D == =D
Cemmmsmomemss s s s S eSsss S ssss =SS m === == c
=== APPLIED LOADS FOR STAT CASE ===C
C========= == C
C
H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE Cc
VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN C
' C
==-GENERIC LOADS--- C
GX= 0.00EO GY= 0.00EO0 GZ= 0.00EO GRAV=3.86E2 TDEL= 0.00EO C
C
--=IMPOSED GROUND DISPLACEMENTS--- C
NODE XT YT 2T XR YR ZR c
1l OEO 0EO OEO OEO OEO OEO Cc
2 0EO 0EO OEO OEO OEO OEO Cc
3 OEO OEO OEO OEO OEO OEO c
4 OEO OEO OEO OEO OEO OEO C
5 OEO OEO OEO OEO OEO OEO C
6 OEO OEO OEO 0OEO OEO OEO Cc

NOOOQOONNNONOO000
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0

NDOQOOQOONOOO0O0NO0O0N0O0O0O00000000000000N0000NN

C NODE XT YT 2T XR YR ZR
) 7 OEO OEO OEO OEO OEO OEO
C 8 OEO OEO OEO OEO OEO OEO
C 9 OEO OEO OEO OEO OEO OEO
Cc 10 OEO OEO OEO OEO OEO OEO
c 11 OEO OEO OEO OEO OEO OEO
c 12 OEO 2E-1 OEO OEO OEO OEO
Cc 13 OEO 5E-1 OEO OEO0 0EO OEO
C 14 OEO 8E-1 0EO OEO OEO OEO
Cc 15 OEO 1E0 0EO 0EO OEO OEO
C 16 ~ OEO 1EO CEO OEO OEO OEO
c 17 OEO 2EO OEO OEO OEO OEO
Cc 18 OEO 2E0 OEO OEO OEO OEO
c 19 OEO 2EO0 OEO CEO OEO OEO
c 20 OEO 3EO OEO OEO OEO OEO
c 21 _ OEO 3EO OEO 0EO OEO OEO
c 22 OEO 3EO OEO 0EO OEO OEO
c 23 OEO 3EO OEO OEO OEO OEO
C 24 OEO 4EOQ OEO OEO OEO OEO
c 25 OEO 4E0 OEO OEO OEQO OEOQ
c 26 OEO 4EQ OEO OEO OEO OEO
c 27 0EO 4EOQ 0E0 o OEO OEO OEO
c 28 OEO 4E0 OEO OEO OEO OEO
c 29 OEO 4E0 0EO OEO OEO OEO
c 30 OEO 4E0 0EO OEO OEO OEO
c 31 OEO 4EQ OEO OEO OEO OEO
c 32 OEO 4E0 OEO OEO OEO OEO
c 33 OEO 3EO OEO OEO OEO OEO
C 34 OEO 3EO OEO OEO OEO OEO
C 35 OEO 3EO OEO 0OEO OEO OEO
Cc 36 OEO 3EO OEO OEO OEO OEO
c 37 OEO 2EO OEO OEO OEO OEO
Cc 38 OEO 2E0 OEO OEO OEO ' OEO
Cc 39 OEO 1E0 OEO OEO OEO OEO
C 40 OEO 1E0 OEO OEO OEO OEO
Cc 41 OEO 9E-1 OEO OEO OEO OEO
C 42 OEO 4E-1 " OEO OEO 0EO OEO
c
C ————— s
A========= === A
=== ANCHOR ANALYSIS OF COMBINED CASE 1 ===
A======== A
A A
A H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE A
A VERTICAL SEISMIC (1/2 SINE WAVE END TO END) A
A - A
A ---NODAL DEFLECTIONS--- A
A NODE XT YT AN XR YR t ZR A
A 1 3.724E-5 1.108E-7 2.748E-2 5.704E-10 1.960E-5 7.107E-5 A
A 2 =-1.479E-4 -3.244E-8 2.748E-2 6.711E-10 7.579E-6 7.383E-5 A
A 3 3.504E-4 -2.643E-7 2.748E-2 5.557E-9 3.930E-6 7.695E-5 A
A 4 -1,588E-3 -9.030E-7 2.748E-2 -1.546E-8 -4.029E-5 8.270E-5 ' A
A 5 1.628E-3 9.664E-7 2.748E-2 -1.655E-8 =-4.435E-5 1.419E-4 A
A 6 -3.029E-4 1.515E-7 2.748E-2 1.339E-8 4.675E-6 4.030E-4 A
A 7 1.653E~-5 =3.918E-6 2.748E~-2 2.377E-8 -9.611E-8 6.641E-4 A
A 8 6.775E-5 4 .584E-5 2.748E-2 -=7.703E-7 1.017E-6 9.252E-4 A



A
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NODE

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

NODE
43
44

XT
-3.323E-4
-1.331E-3

5.818E-3
-4.807E-3
-1.092E-3
-2.432E-3
-2.713E-3
-6.335E-3
=2.347E-2
-2.633E-2
-2.918E-2
-3.203E-2
-3.488E-2
=3.774E-2
-4 .059E-2
~-4.344E-2
-4.630E-2
~4.915E-2
-5.200E-2
-5.485E-2
=-5.771E-2
-6.056E-2
-6.341E-2

-6.627E-2

-6.912E-2
=7.197E-2
-7.482E-2

'-7.768E-2

~-8.053E-2
-8.338E-2
-8.624E-2
~8.909E-2
5.656E-3
2.803E-3
0.000EO
0.000EO

XF
-7.503E3
0.000EO

XF
2.123E1
-8.431E1
1.997E2
-9.049E2
9.281E2
-1.726E2
9.422E0
3.862E1
-1.894E2

-7.589E2

3.316E3
-2.740E3

YT 2T XR
-2.037E-4 2.748E-2 6.369E-6
-1.171E-3 2.748E-2 -1.147E-5

3.229E-3 2.748E-2 -1.040E-4
1.980E-1 8.971E-4. -2.012E-4
5.001E-1 -2.750E-3 -1.682E-4
8.001E-1 -2.173E-3 -1.466E-4
1.100E0 -3.662E-3 -1.090E-4
1.390E0 =-3.176E-3 -5.292E-5
1.611E0 9.852E-3 =2.464E-5
2.000E0 1.304E-3 -2.057E-5
2.360E0 -3.259E-4 -1.650E-5
2.691E0 2.953E-5 -=1.243E-5
2.999E0 1.879E-7 <-8.364E-6
3.261E0 -4.345E-7 -4.295E-6
3.490E0 6.074E-8 -2.250E-7
3.680E0 -2.865E~9 3.845E-6
3.830E0 -4.197E-10 7.914E-6
3.930E0 1.007E-10 1.198E-5
3.990E0 -8.901E-12 1.605E-5
4.000E0 1.654E-14 2.012E-5
3.960E0 -1.696E-13 2.419E-S
3.880E0 -4.657E~-12 2.826E-5
3.750E0 7.121E-11 3.233E-S
3.580E0 -4.166E-10 3.640E-5
3.370E0 =-7.609E-10" 4.047E-S
3.120E0 3.826E-8 4.454E-5
2.830E0 =3.494E-7 4.861E-5
2.510E0 9.191E-7 5.268E-5
2.160E0 1.563E-5 5.675E-5
1.781E0 -2.319E~4 6.082E~5
1.387E0 1.319E-3 6.489E-5
9.672E-1 2.878E-3 6.896E~5
8.658E-1 -2.873E-3 6.230E-5
4.,135E-1 -1.369E-3 3.096E-5
0.000EO 0.000EO 0.000EO0
0.000EO 0.000EO 0.000EO
---REACTION LOADS AT FIXED DEGREES

YF ZF XM

-8.816E3 =-1.490E2 -7.637E3

0.000EO 0.000EO 0.000EO
---BASEPLATE LOADS---

YF ZF XM

6.314E-2 2.748E-1 5.704E-9
~1.849E-2 2.748E-1 6.711E-9
-1.507E-1 2.748E-1 5.557E-8
~-5.147E-1 2.748E-1 -1.546E-7
5.508E-1 2.748E-1 -1.655E-7
8.633E-2 2.748E-1 1.339E-7
-2.233E0 2.748E-1 2.377E-7
2.613E1 2.748E-1 -7.703E-6
-1.161E2 2.748E-1 6.369E-5
-6.673E2 2.748E-1 -1.147E-4
1.840E3 2.748E-1 -1.040E-3
-1.139E3 5.114E2 -2.012E-3

CCL-CA-3s

YR
-9.549E-6
2.335E-5
1.481E-4
1.536E-4
-2.157E-5
4.256E~7
1.241E-5
-8.700E-5
-5.425E-5
4.410E-5
-5.681E-6
2.202E-7
4.622E-8
-9.773E-9
7.874E-10
1.994E-11
-1.376E-11
1.731E-12
~-6.253E-14
-1.681E-14
1.665E~-14
5.944E-15
-1.055E~12
1.071E-~-11
-3.669E-11
-3.886E~-10
6.771E-9
-4.340E-8
-3.218E-8
3.489E-6
-3.456E-5
1.123E-4
1.111E-4
-3.242E-5
0.000EO
0.000EO

OF FREEDOM=---

YM
-6.887E3
0.000EO

YM
1.960E-4
7.579E-5
3.930E-5

-4.029E-4

~-4.435E-4
4.675E-5

-9.611E~-7
1.017E-5

-9.549E-5
2.335E~4
1.481E-3
1.536E-3

ZR
1.186E-3
1.447E-3
1.576E-3
1.635E-3
1.647E-3
1.670E-3
1.678E-3
1.667E-3
1.674E-3
1.613E-3
1.469E-3
1.375E-3
1.221E-3
1.043E-3
9.012E-4
7.300E-4

5.339E-4 .

3.416E-4

1.536E-4
-6.810E-5
-2.562E-4
~4.484E-4
-6.448E-4
-8.117E-4
-9.826E-4
-1.157E-3

-1.307E-3

-1.431E-3
-1.567E-3
-1.640E-3
-1.779E-3
-1.654E-3
-1.639E-3
-2.309E-3
0.000EO
0.000EO

ZM
1.782E6
0.000EO

M
7.107E-4
7.383E-4
7.695E-4
8.270E-4
1.419E-3
4.030E-3
6.641E-3
9.252E-3
1.186E-2
1.447E-2
1.576E-2
1.635E-2
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12/03/1990 19:27:11 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE
NODE XF YF ZF XM ™M ZM
13 =-6.226E2 7.241E1 -1.567E3 -1.682E~-3 -2.157E-4 1.647E-2
14 -1.386E3 3.106E1 -1.239E3 ~1.466E-3 4.256E-6 1.670E-2
15 =-1.546E3 -1.870E1 -2.087E3 -1.090E-3 1.241E-4 1.678E-2
16 -3.611E3 -1.620E2 -1.810E3 -5.292E-4 -8.700E-4 1.667E-2
17 0.000EOQ 3.852E2 5.615E3 -2.464E~-4 -5.425E-4 1.674E-2
18 0.000EO -2.719E2 7.432E2 -2.057E-4 4.410E-4 1.613E-2
19 0.000EQ -9.276E1 -1.857E2 -1.650E-4 -5.681E-5 1.469E-2
20 0.000EO 3.905E2 1.683E1 -1.243E-4 2.202E-6 1.375E-2
21 0.000EO -4 .834E2 1.071E-1 -8.364E-5 4.622E-7 1.221E-2
22 0.000EO 3.127E2 -2.476E-1 -4.295E-5 -9.773E-8 1.043E-2
23 0.000EO -1.300E2 3.462E-2 -2.250E-6 7.874E-9 9.012E-3
24 0.000EO 1.172E2 -1.633E-3 3.845E-5 1.994E-10 7.300E-3
25 0.000EO -1.961E2 -2.392E-4 7.914E-5 -1.376E-10 5.339E-3
26 0.000EO. 1.952E2 5.738E-5 1.198E-4 1.731E-11 3.416E-3
27 0.000EO -9.186E1 -5.074E-6 1.605E-4 -6.253E-13 1.536E-3
28 0.000EO -9.18%E1 9.429E-9 2.012E-4 -~1.681E-13 -6.810E-4
29 0.000EO 1.953E2 -9.667E-8 2.419E-4 1.665E~-13 -2.562E-3
30 0.000CEO -1.958E2 -2.654E-6 2.826E-4 5.944E~-14 -4.484E-3
31 0.000EO 1.043E2 4.059E~-5 3.233E-4 -1.055E-11 =-6.448E-3
32 0.000EOQ -1.303E1 -2.374E-4 3.640E-4 1.071E-10 -8.117E-3
33 0.000EO 1.255E1 -4.337E-4 4.047E-4 -3.669E-10 -9.826E-3
34 0.000EO -9.194E1 2.181E-2 4.454E-4 -3.886E~-9 -1.157E-2
35 0.000EO 9.128E1 =-1.992E-1 4.861E-4 6.771E-8 -~1.307E-2
36 0.000EO 1.212E1 5.239E-1 5.268E-4 ~-4.340E-7 =-1.431E-2
37 0.000EO -2.201E2 8.908EQ 5.675E-4 -3.218E-7 -1.567E-2
38 0.000EOQ 5.744E2 -1.322E2 6.082E-4 3.489E~-5 ~-1.640E-2
39 0.000EO -1.473E3 7.517E2 6.489E-4 -3.456E-4 -1.779E-2
40 0.000EO -1.619E3 1.641E3 6.896E-4 1.123E-3 -1.654E-2
41 0.000EO 3.281E3 -1.638E3 6.230E-4 1.111E-3 ~1.639E-2
42 0.000EO -9.382E3 ~-7.805E2 3.096E-4 -3.242E-4 -2.309E-2
L= E======ssssS=s= L
=== MEMBER LOADS OF COMBINED CASE 1 ===
=== s s s SR TSR SRS S SRR S S SRS ==L
L
H.B. ROBINSON 30 CW=11 UNDERGROUND WATER PIPE L
VERTICAL SEISMIC (1/2 SINE WAVE END TO END) L
‘ L
---LOCAL MEMBER END LOADS--- L
M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
1 1 -2.819E-1 =2.077E1 -4.396E0 ~-7.365E-4 6.681E-6 -3.159E-5 L
1 2 2.819E-1 2.077E1 4.396E0 7.365E-4 1.299E3 -6.136E3 L
2 2 =5,495E-1 6.264E1 7.472E0 -1.401E3 -7.284E2 6.070E3 L
2 3 5.495E-1 -6.264E1 -7.472E0 1.401E3 -2.130E2 1.823E3 L
3 3 -8.243E-1 -1.357E2 -1.617E1 -1.401E3 2.130E2 -1.823E3 L
3 4 8.243E-1 1.357E2 1.617E1 1.401E3 3.572E3 -2.993E4 L
4 4 -1.222E0 7.376E2 2.149E2 -2.193E4 -5.787E3 1.990E4 L
4 5 1.222E0 -7.376E2 -2.149E2 2.193E4 -1.929E4 6.617E4 L
5 5 =1.374E0 -1.597E2 6.779E0 -6.363E4 -1.461E3 -3.436E4 L
5 6 1.374E0 1.597E2 -6.779E0 6.363E4 -1.253E2 -3.017E3 L
6 6 -1.649E0 1.275E1 -5.518E-1 -6.363E4 1.253E2 3.017E3 L
6 7 1.649E0 -1.275E1 5.518E-1 6.363E4 3.815E0 -3.422E1 L
7 7 =1.923E0 3.426E0 2.075E0 -6.363E4 -3.815E0 3.422E1 L
7 8 1.923E0 -3.426E0 -2.075E0 6.363E4 -4.816E2 7.675E2 L

nlalalaliololalialiolslslalolalol ol ol ol ol o
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M N
8 8
8 9
9 9
9 10
10 10
10 11
11 11
11 12
12 12
12 13
13 13
13 14
14 14
14 15
15 15
15 16
16 16
16 17
17 17
17 18
18 18
18 19
19 19
19 20
20 20
20 21
21 21
21 22
22
22 23
23 23
23 24
24 24
24 25
25 25
25 26
26 26
26 27
27 27
27 28
28 28
28 29
29 29
29 30
30 30
30 31
31 31
31 32
32 32
32 33
33 33
33 34
34 34
34 35
35 35
35 36
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N
[\%

AXTAL

-2.198E0
2.198E0
-2.473E0
2.473E0
-2.748E0
2.748E0
-1.833E3
1.833E3
-1.254E2
‘1.254E2
1.423E3
~-1.423E3
3.279E3
~3.279E3
5.849E3
-5.849E3
9.682E3
~9.682E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
~-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3
7.503E3
-7.503E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
-3.625E1
3.625E1
'1.579E2
-1.579E2
9.442E2
-9.442E2
-1.761E3
1.761E3
6.020E2
-6.020E2
-6.612E1
6.612E1
3.814E1
-3.814E1
-3.445E2
3.445E2
9.287E2
-9.287E2
-5.742E2
5.742E2
1.690E2
-1.690E2
-1.672E1
1.672E1
1.077E-1
-1.077E-1
2.148E-1
-2.148E-1
-3.280E-2
3.280E-2
1.820E-3
-1.820E-3
1.869E-4
-1.869E-4
-5.233E-5
5.233E-5
5.052E-6
-5.052E-6
-2.149E-8
2.149E-8
-1.206E-8
1.206E-8
-1.087E-7
1.087E-7
-2.763E-6
2.763E-6
3.783E-5
-3.783E-5
-1.996E-4
1.996E-4
-6.333E-4
6.333E-4
2.118E-2
-2.118E-2
-1.780E-1
1.780E-1

X3SHEAR
-2.241E1
2.241E1
8.567E1
-8.567E1
7.205E2
-7.205E2

-6.955E2

6.955E2
5.768E1
-5.768E1
-1.473E1
1.473E1
-4 .579E1
4.57%E1
-2.709E1
2.709E1
1.349E2
-1.349E2
-2.503E2
2.503E2
2.158E1
-2.158E1
1.143E2
-1.143E2
-2.762E2
2.762E2
2.072E2
-2.072E2
-1.055E2
1.055E2
2.449E1
-2.449E1
-9.275E1
9.275E1
1.033E2
~-1.033E2
-9.186E1
9.186E1
-1.646E-3
1.646E-3
9.188E1
-9.188E1
-1.034E2
1.034E2
9.237E1
-9.237E1
-1.197E1
1.197E1
1.061E0
-1.061E0Q
-1.149E1
1.149E1
8.045E1
-8.045E1
-1.082E1
1.082E1

TORSN
-6.363E4
6.363E4
~-6.363E4
6.363E4
-6.363E4
6.363E4
9.567E3
-9.567E3
-7.743E3
7.743E3
-7.743E3
7.743E3
-7.743E3
7.743E3
-7.743E3
7.743E3
-7.743E3
7.743E3
~9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9.918E2
9.918E2
-9,918E2
9.918E2
-9.918E2
9.918E2
~-9.918E2
9.918E2
-9.918E2
9.918E2

CCL-CA-3sa

SN560000 PAGE

X2MOM
4.816E2
4.763E3

~4.763E3
~-1.528E4
1.528E4
-9.742E4
1.063E5
9.637E2
-1.149E4
-2.051E3
2.051E3
1.386E3
-1.386E3
1.214E4
-1.214E4
1.846E4
-1.846E4
-6.340E3
9.958E3
4.862E4
-4.862E4
4.357E4
-4.357E4
1.681E4
-1.681E4
8.144E4
-8.144E4
3.295E4
-3.295E4
5.763E4
-5.763E4
5.190E4
~-5.190E4

7.361E4

-7.361E4
4.943E4
-4.943E4
7.093E4
-7.093E4
7.093E4
-7.093E4
4.943E4
-4.943E4
7.363E4
-7.363E4
5.202E4
-5.202E4
5.482E4
-5.482E4
5.457E4
-5.457E4
5.726E4
-5.726E4
3.843E4
-3.843E4
4.096E4

X3MOM
~-7.675E2
-7.716E3

7.716E3
2.923E4
-2.923E4
1.369E5
-1.445ES5
-1.269E5
1.266E5
1.477E4
-1.477E4
-6.544E2
6.544E2
8.299E3
~8.299E3
-7.209E4
7.209E4
9.865E4
-9.865E4
-3.571E4
3.571E4
3.845E3
-3.845E3
-6.827E1
6.827E1
-4.305E1
4.305E1
7.217E0
-7.217E0
-4 .585E-1
4.585E~-1
-3.265E-2
3.265E-2
1.108E-2
~-1.108E-2
-1.165E-3
1.165E-3
1.714E-5
-1.714E-5
1.212E-5
-1.212E-5
9.296E-6
-9.296E-6

'=1.615E-5

1.615E-5
-6.627E-4
6.627E-4
8.189E-3
-8.189E-3
-3.852E~2
3.852E-2
-1.867E-1
1.867E-1
4.769E0
-4,.769E0
-3.688E1

12

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
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"12/03/1990 19:27:11 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 13
L M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
L 36 36 7.503E3 3.459E-1 =-2.295E1 -9.918E2 -4 .096E4 3.688E1 L
L 36 37 -7.503E3 -3.459E-1 2.295E1l 9.918E2 4.633E4 4.406E1 L
L 37 37 7.503E3 9.253E0 1.971E2 -9.918E2 -4.633E4 -4.406E1 L
L 37 38 -7.503E3 -9,253E0 -1.971E2 9.918E2 2.095E2 2.209E3 L
L 38 38 7.503E3 -1.229E2 -3.772E2 -9.918E2 -2.095E2 -2.209E3 L
L 38 39 -7.503E3 1.229E2 3.772E2 9.918E2 8.848E4 -2.656E4 L
L 39 39 7.503E3 6.288E2 1.096E3 -9.918E2 -8.848E4 2.656E4 L
L 39 40 -7.503E3 -6.288E2 -1.096E3 9.918E2 -1.679ES 1.206E5 L
L 40 40 7.416E3 -3.477E3 -1.315E3 6.644E3 7.381E4 -1.930E5 L
L 40 41 -7.416E3 3.477E3 1.315E3 -6.644E3 6.667E4 -1.785E5 L
L 41 41 7.503E3 6.471E2 -5.488E2 7.637E3 -1.514E5 1.156E5 L
L 41 42 -7.503E3 -6.471E2 5.488E2 -7.637E3 2.798E5 3.579E4 L
L 42 42 7.503E3 -3.949E2 8.808E3 7.637E3 -2.798E5 -3.579E4 L
L 42 43 -7.503E3 3.949E2 -8.808E3 -7.637E3 -1.781E6 -5.662E4 L
L ' L
L= =L

S S
=== MEMBER STRESSES OF COMBINED CASE 1 ===§
S ==8
S S
S H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE S
S VERTICAL SEISMIC (1/2 SINE WAVE END TO END) S
[ : S
S ---LOCAL MEMBER END STRESSES--- S
S M N AXIAL X2SHEAR X3SHEAR TORSN X2BEND X3BEND S
S 1 1 1.305E-2 =~2.182E0 -4.620E-1 2.203E-6 -3.997E-8 -1.890E-7 S
S 1 2 1.305E-2 =-2.182E0 -4.620E-1 2.203E-6 7.771E0 3.671E1 S
S 2 2 2.544E-2 6.583E0 7.852E-1 4.191EO0 4.358E0 3.632E1 S
S 2 3 2.544E-2 6.583E0 7.852E-1  4.191E0 -1.275E0 -1.091E1 S
S 3 3 3.816E-2 -1.426E1 -1.700EO0 4.191E0 -1.275E0 -1.091E1 S
S 3 4 3.816E-2 -1.426E1 -1.700E0 4.191E0 2.137E1 1.791E2 S
S 4 4 5.657E-2 7.751E1 2.259E1 6.560E1 3.463E1 1.191E2 S
S 4 5 5,657E-2 7.751E1 2.259E1 6.560E1 -1.154E2 -3.959E2 S
S 5 5 6.360E-2 -1.679E1 7.124E-1 1.904E2 8.742E0 -2.056E2 S
S 5 6 6.360E-2 -1.679El 7.124E-1 1.904E2 -7.497E-1 1.805E1 S
S 6 6 7.633E-2 1.339E0 -5.799E-2 1.904E2 -7.497E-1 1.805E1 S
S 6 7 7.633E-2 1.339E0 -5.799E-2 1.904E2 2.283E-2 2.047E-1 S
S 7 7 8.905E-2 3.601E-1 2.180E-1 1.904E2 2.283E-2 2.047E-1 S
S 7 8 8.905E-2 3.601E-1  2.180E-1 1.904E2 -2.882E0 -4.592E0 S
S 8 8 1.018E-1 -3.810E0 -2.355E0 1.904E2 -2.882E0 -4.592E0 S
S 8 9 1.018E-1 -3.810E0 -2.355E0 1.904E2 2.850E1 4.617E1 S
S 9 9 1.145E-1 1.659E1 9.004E0 1.904E2 2.850E1 4.617E1 S
S 9 10 1.145E-1 1.659E1 9.004E0 1.904E2 -9.145E1 -1.749E2 S
S 10 10 1.272E-1 9.922E1 7.572E1 1.904E2 -9.145E1 -1.749E2 S
S 10 11 1.272E-1  9.922El 7.572E1 1.904E2 -5.829E2 -8.189E2 S
S 11 11 8.485El -1.851E2 -7.309E1 -2.862E1 -6.358E2 -8.648E2 S
S 11 12 8.485E1 -1.851E2 -7.309E1 -2.862E1 5.766E0 7.595E2 S
S 12 12 5.808E0 6.327E1 6.062E0 2.316E1 6.875E1 7.572E2 S
S 12 13 5.808E0 6.327E1 6.062E0 2.316E1 =-1.227E1 -8.839E1 S
S 13 13 -6.589E1 -6.948E0 -1.548E0 2.316E1 -1.227E1 -8.839E1 S
S 13 14 -6.589E1 ~6.948E0 ~-1.548E0 2.316E1 8.293E0 3.916E0 S
S 14 14 -1.518E2 4.008E0 -4.812EO0 2.316E1 8.293E0 3.916E0 S
S 14 15 -1.518E2 4.008E0 -4.812EO0 2.316E1 7.261E1 -4.966E1 S
S 15 15 =-2.708E2 -3.621E1 -2.847E0 2.316E1 7.261E1 -4.966E1 S
S 15 16 -2.708E2 -3.621E1 -2.847E0 2.316E1 1.104E2 4.314E2 S
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M
16
lé6
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42

N
16
17
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37

37

38
38
39
39
40
40
41
41
42
42
43

AXIAL
-4.482E2
-4.482E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2

"=3.474E2

-3.474E2
-3.474E2
-3.474E2
=3.474E2
-3.474E2
=-3.474E2
-3.474E2
=3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2
=3.474E2
-3.474E2
=3.474E2
-3.474E2
=-3.474E2
=3.474E2
~3.474E2
=-3.474E2
~-3.474E2
-3.474E2
~3.433E2
~3.433E2
-3.474E2
-3.474E2
-3.474E2
-3.474E2

X2SHEAR

9.760E1

9.760E1
-6.034E1
-6.034E1
1.776E1
1.776E1
-1.758E0
-1.758E0
1.132E-2
1.132E-2
2.258E~-2
2.258E-2
~-3.447E-3
-3.447E-3
1.913E-4
1.913E-4
1.964E-5
1.964E-5
-5.500E-6
-5.500E-6
5.310E-7
5.310E-7
-2.258E-9
-2.258E-9
-1.267E-9
-1.267E-9
-1.143E-8
-1.143E-8
=2.904E-7
=-2.904E-7
3.975E-6
3.975E-6
-2.098E-5
-2.098E-5
-6.656E~-5
-6.656E-5
2.226E-3
2.226E-3
-1.871E-2
-1.871E-2
3.635E-2
3.635E~-2
9.725E-1
9.725E-1
-1.292E1

-1.292E1

6.608E1
6.608E1
-3.654E2
~-3.654E2
6.800E1
6.800E1
-4.150E1
~-4.150E1

X3SHEAR
"1.418E1
1.418E1
-2.631E1
-2.631E1
2.268E0
2.268E0
1.202E1
1.202E1
-2.902E1
-2.902E1
2.177E1
2.177E1
-1.108E1
-1.108E1
2.573E0
2.573E0
-9.748E0
-9.748E0
1.086E1
1.086E1
-9.654E0
-9.654E0

-1.730E-4
~-1.730E-4

9.656E0
9.656E0
-1.087E1
-1.087E1
9.707E0
9.707E0
-1.258E0
-1.258E0

1.115E-1
1.115E-1

-1.207E0
=-1.207E0
8.455E0
8.455E0
-1.138E0
-1.138E0
-2.411E0
~2.411E0
2.071E1
2.071E1
-3.965E1
-3.965E1
1.152E2
1.152E2
-1.382E2
-1.382E2
=-5.768E1
-5.768E1
9.257E2
9.257E2

TORSN
2.316E1l
2.316E1
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0

2.967E0

2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
2.967E0
-1.988E1
-1.988E1
~-2.285E1
-2.285E1
-2.285E1
-2.285E1

ccL-CA-852

X2BEND
1.104E2
=-3.793E1
-5.958E1
2.909E2
2.909E2
2.607E2
2.607E2
1.006E2
1.006E2
4.873E2
4.873E2
1.972E2
1.972E2
3.448E2
3.448E2
3.106E2
3.106E2
4.404E2
4.404E2
2.958E2
2.958E2
4.244E2
4.244E2

4.244E2

4.244E2
2.957E2
2.957E2
4.405E2
4.405E2
3.112E2
3.112E2
3.280E2
3.280E2
3.265E2
3.265E2
3.426E2
3.426E2
2.299E2
2.299E2
2.451E2
2.451E2
2.772E2
2.772E2
1.253E0
1.253E0
5.294E2
5.294E2
-1.005E3
-4.416E2
3.989E2
9.058E2
1.674E3
1.674E3
-1.066E4

" 12/03/1990 19:27:11 EZHANG REL 8.1 BASE 2000000 REV 1.0 SNS560000 PAGE

X3BEND
4.314E2
-5.903E2
-5.903E2
2.136E2
2.136E2
-2.301E1
-2.301E1
4.085E-1
4.085E-1
2.576E-1
2.576E-1
-4.318E-2
-4.318E-2
2.744E-3
2.744E-3
1.954E-4
1.954E-4
-6.630E-5
-6.630E-5
6.971E-6
6.971E-6
-1.026E-7
-1.026E-7
-7.250E-8
-7.250E-8
-5.562E-8
-5.562E-8
9.661E-8
9.661E-8
3.965E-6
3.965E~-6
~-4.900E-5
-4.900E-5
2.305E-4
2.305E-4
1.117E-3
1.117E-3
-2.853E-2
-2.853E-2
2.207E-1
2.207E-1
-2.636E-1
-2.636E~-1
-1.322E1
-1.322E1
1.589E2
1.589E2
-7.214E2
-1.155E3
1.068E3
6.918E2
-2.142E2
-2.142E2
3.388E2

=
o>
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FRACTION OF SYSTEM NODE ALLOWABLES: COMBINED CASE 1

15

z

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

VOO WD PR A

---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH NODE---

DISPLACEMENT
i X Y
3.724E-18 1.108E-20
1.479E-17 3.244E-21
3.504E-17 2.643E-20
1.588E-16 9.030E-20
1.628E-16 9.664E-20
3.029E-17 1.515E-20
1.653E~-18 3.918E-19
6.775E-18 4.584E-18
3.323E-17 2.037E-17
1.331E-16 1.171E-16
5.818E-16 3.229E-16
4.807E-16 1.980E-14
1.092E-16 5.001E-14
2.432E-16 8.001E-14
2.713E-16 1.100E-13
6.335E~-16 1.390E-13.
2.347E-15 1.611E-13
2.633E-15 2.000E-13
2.918E-15 2.360E-13
3.203E-15 2.691E-13
3.488E-15 2.999E-13
3.774E-15 3.261E-13
4.059E-15 3.490E-13
4.344E-15 3.680E-13
4.630E-15 3.830E-13
4.915E-15 3.930E-13
5.200E-15 3.990E-13
5.485E-15 4.000E-13
5.771E-15 3.960E-13
6.056E-15 3.880E-13
6.341E-15 3.750E-13
6.627E-15 3.580E-13
6.912E-15 3.370E-13
7.197E-15 3.120E-13
7.482E-15 2.830E-13
7.768E-15 2.510E-13
8.053E-15 2.160E-13
8.338E-15 1.781E-13
8.624E~-15 1.387E-13
8.909E-15 9.672E-14
5.656E-16 8.658E-14
2.803E-16 4.135E-14
0.000EO 0.000EO
0.000EO 0.000EO

z
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
2.748E-15
8.971E-17
2.750E-16
2.173E-16
3.662E~16
3.176E-16
9.852E-16
1.304E-16
3.259E-17
2.953E-18
1.879E-20
4.345E-20
6.074E-21
2.865E~22
4.197E-23
1.007E-23
8.901E-25
1.654E-27
1.696E-26
4.657E-25
7.121E-24
4.166E-23
7.609E-23
3.826E-21
3.494E-20
9.191E-20
1.563E-18
2.319E-17
1.319E-16
2.878E-16
2.873E-16
1.369E-16
0.000EOQ

0.000EO

BASEPLATE
COEFFICIENT

0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EOQ
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000E0
0.000EO
0.000EO
0.000E0Q
0.000E0O
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO

0.000EO-

0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO
0.000EO

|
|
A2 X2 2 2222222222222 22222222272

R R R R A A A A A A A A 2 AR A R A A A AR A AR AL L2222 A2 22222222222

22222222 Z2Z2Z2 2222222222222 Z2Z222
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H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

VWONOAUIE W R

= ==M

---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH MEMBER---

STRESS

. START END

1.239E-16 1.648E-15
1.507E-15 6.012E-16
1.031E-15 7.424E-15
8.130E-15 1.894E-14
1.151E-14 1.151E-14
1.065E-14 1.065E-14
1.060E-14 1.060E-14
1.082E-14 1.082E-14
1.162E-14 1.162E-14
1.751E-14 5.192E-14
5.872E-14 3.149E-14
3.081E-14 4.818E-15
6.169E-15 2.892E-15
6.075E-15 1.015E-~14
1.456E-14 3.010E-14
3.667E-14 3.987E-14
3.693E-14 3.155E-14
3.155E-14 2.337E-14
2.337E-14 1.661E-14
1.661E-14 3.092E-14
3.092E-14 2.017E-14
2.017E-14 2.564E-14
2.564E-14 2.437E-14
2.437E-14 2.918E-14
2.918E-14 2.382E-14
2.382E-14 2.858E-14
2.858E-14 2.858E-14
2.858E-14 2.382E-14
2.382E-14 2.918E-14
2.918E-14 2.439E-14
2.439E-14 2.501E-~-14
2.501E-14 2.496E-14
2.496E-14 2.555E-14
2.555E-14 2.138E-14
2.138E-14 2.195E-14
2.195E-14 2.314E-14
2.314E-14 1.340E-14
1.340E-14 3.836E-14
3.836E-14 7.680E-14
7.184E-14 6.704E-14
7.203E-14 8.280E-14
8.280E-14 4.202E-13

BUCKLING
START END
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO0

JOINT COEF.
START END
2.123E-12 1.568E-7
1.528E-7 4.589E-8
4.589E-8 7.534E-7
5.181E-7 1.723E-6
8.599E-7 7.548E-8
7.548E-8 8.608E-10
8.608E-10 2.265E-8
2.265E-8 2.267E-7
2.267E-7 8.246E-7
8.246E-7 4.200E-6
4.485E-6 3.174E-6
3.177E-6 3.729E-7
3.729E-7 3.832E-8
3.832E-8 3.676E-7
3.676E-7 1.860E-6
1.860E-6 2.471E-6
2.479E-6 1.508E-6
1.508E-6 1.094E-6
1.094E-6 4.204E-7
4.204E-7 2.036E-6
2.036E-6 8.239E-7
8.239E-7 1.441E-6
1.441E-6 1.298E-6
1.298E-6 1.840E-6
1.840E-6 1.236E-6
1.236E-6 1.773E-6
1.773E-6 1.773E-6
1.773E-6 1.236E-6
1.236E-6 1.841E-6
1.841E-6 1.300E-6
1.300E-6 1.370E-6
1.370E-6 1.364E-6
1.364E-6 1.431E-6
1.431E-6 9.608E-7
9.608E-7 1.024E-6
1.024E-6 1.158E-6
1.158E-6 5.548E-8
5.548E-8 2.310E-6
2.310E-6 5.169E-6
5.166E~-6 4.763E-6
4.762E-6 7.052E-6
- 0.000EOQ 0.000EO

»-
s
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k=== QUALIFICATION SUMMARY REPORT ===

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

-=—-—PLANT IDENTIFICATION---

UTILITY: CPL PLANT: H.B.ROBINSON PWR
NSSS: A/E: BWR

~--EQUIPMENT IDENTIFICATION=--—-
SYSTEM: ’ DRAWING NO.:
BUILDING: ELEVATION:
ADDITIONAL IDENTIFICATION:
---APPLIED LOADS---

DEADWEIGHT: THERMAL: RELATIVE DISP.:
SEISMIC: HYDRODYNAMIC:

---LOAD COMBINATION---

VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

---SUMMARY OF RESULTS---

-=-MAXIMUM FRACTION OF ALLOWABLE---

* % % o % % % % % % % % %k %k % % % ok %k %k % %k ¥ ¥ K * H F ¥ % % * %
W X % % % %k % % N N Ok F ¥ N % % F % A N N ¥ ¥ ¥ F N ¥ N ¥ ¥ ¥ ¥ %

COMPONENT FAILURE MODE ALLOWABLE MAX. FRACTION  PASS/FAIL

SYSTEM JOINT 1.000E0 7.052E-6 PASS
L I R R TR T B R I S A e . *
*  COMMENTS: *
* JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.) *
* JOINT KTRANS=3E8 LB/IN JOINT KTORS,KROT2,KROT3=4E10 IN-LB. *
*,...GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7E5 LB/IN. *
*....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.  +*
L I et U S Ty s it et T T T *
* PREPARED BY: % Co: Cc DATE:|Z -4-9p *

*
|
I
I
|
[
1
|
1
!
|
!
!
|
!
|
!
1
|
|
|
t
|
I
|
|
1
!
|
|
1
1
|
'
|
1
|
*

* VERIFIED BY: §7i$2u2:& 2. , Co: ccu DATE: 11-7-99
khkhkkhhkkhkhkhkkkkkkkd * khhkhhhhkhhhkhkhhkhhhkhkhkhhkhhhkhhkdkkhkhhkhkhhhkhdkhkhhhkdhkikhdkkkik
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EZHANG REL 8.1 BASE 2000000 REV 1.0

>
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SN560000 PAGE

m

N NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC . BANDWIDTH: 12 N
N 1 o o o ©O0 ©0 0 =2 B123 0 N
N 2 0 o O ©0 ©0 O0 =2 Bl23 0 N
N 3 o o O ©o0 ©o0 ©0 =2 Bl23 0 N
N 4 O O O O O0O 0 =2 B123 0 N
N 5 0 0 O 0 0 0 -2 B123 0 N
N 6 O O O ©O0 ©o0 O0 -2 Bl123 0 N
N 7 O O O O O ©0 -2 B123 © N
N 8 O O O O 0 ©0 =2 Bl23 O N
N 9 o o0 0O O 0 0 =2 Bl23 0 N
N 10 o O O O Oo0 ©O0 =2 Bl23 0 N
N.11 ©O0o O ©O0O ©O0 O0 0 =2 Bl23 0 N
N 12 0 o ©O0o ©0 ©o0 0 -3 Bl23 0 N
N 13 0 ©o o0 ©O0 0 ©0 -=3 B123 o0 N
N 14 0 O 0 O 0 0 =3 B123 0 N
N 15 O O O ©0 O0 ©0 =3 Bl23 © N
N 16 0 O O O O O =3 B1l23 0 N
N 17 O O O O O O -4 B123 O N
N 18 O O O O O O -4 Bl23 O© N
N 19 0o O ©O0O O0 O0 O0 -4 Bl23 O© N
N 20 0 O O O O O =4 B123 0 N
N 21 0 O O O O O -4 B123 O N
N 22 0 O ©O0 O 0 O =4 B123 O N
N 23 0 O O O O O -4 B123 O N
N 24 0 0o O ‘0 O O -4 B123 o0 N
N 25 0 O O O O O =4 B1l23 0 ~ N
N 26 0 O O O O O -4 Bi23 0O N
N 27 .0 0o O O O O -4 B123 O N
N 28 0 O O O O O -4 Bl23 0 N
N 29 0 0 O O O O =4 Bl23 O N
N 30 0 o0 O O O O0 =4 B123 O N
N 31 0 0 O0 o0 O O0 -4 Bl23 O N
N 32 0 o0 o0 o0 0 O0 -4 B123 O N
N 33 0 0O O O O ©0 =4 Bl23 0 N
N 33 0 o0 O 0 O ©O0 -4 B123 O N
N 3 o0 0 ©O0O O ©O0O 0 =4 B123 0 N
N 3 ©0 0 O O 0 0 -4 B123 O© N
N 37 0 O O O O O =4 Bl23 0 N
N 38 ©0 o0 O O0O 0 O0 -4 B123 O N
N 39 0 0 O O O O -4 B1l23 0 N
N 40 O O O O O 0 =4 B123 O N
N 41 O O O O O O0 =4 B123 o0 N
N 42 0 O O OoO ©O0 0 =4 B123 O N
N 43 -1 -1 =1 -1 =1 -1 0 B 0O O N
N 44 -1 -1 -1 =1 =1 ~-1 0O B O O N
N N
N N

J _________

—— JOINT AND SPRING DATA TABLE ===J
J= =====zzs======================== J
J J
J H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE J
J J
J : ——~ JOINT SPRING RATES --- J
'J JTYPE K1 K2 K3 K4 K5 K6 J
J -5 6.300E8 -1.000E0 -1.000EO 7.600E10 7.600E10 7.600E10 J
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J JTYPE K1 K2 K3 K4 K5 K6 J
J -4 0.000EO 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 J
J -3 5.700E5 5.700E5 5.700ES 1.000E1 1.000E1 1.000E1 J
J -2 5.700E5 5.700E5 1.000E1 1.000E1 1.000E1 1.000E1 J
J ' J
J - === JOINT ALLOWABLE ILOADS =--- J
J JTYPE Al A2~ A3 A4 AS A6 J
J -5 1.000E19 1.000E13 1.000E13 1.000E19 7.600E10 7.600E10 J
J -4 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J -3 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J =2 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 1.000E1 J
J J
J ==== JOINT WEIGHT AND CALC X VALUE ---- J
J JTYPE JOINT WT. X VALUE J
J -5 0.000EO 2.000E0 J
J -4 0.000EO 0.000EOQ J
J =3 0.000EO 0.000EO J
J -2 0.000EO 0.000EO J
J J
J========= J
M
=== MEMBER DATA TABLE ===
M M
M M
M H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE M
M M
M —-~ PRIMARY MEMBER DATA --- M
M MEM FROM TO PTYPE RNODE BANK KFAC QFAC LENGTH M
M- 1 1 2 1 44 0.00EO 0.00EO 1.00E0 2.955E2 M
M 2 2 3 1l 44 0.00EO 0.00EO 1.00EO 1.260E2 M
M 3 3 4 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 4 4 5 1 44 0.00EO 0.00EO 1.00EO0 1.167E2 M
M 5 5 6 1l 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 6 6 7 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 7 7 8 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 8 8 9 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 9 9 10 1l 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 10 10 11 1l 44 0.00EOQ 0.00EO 1.00EO 1.140E2 M
M 11 11 12 1 44 0.00EO 0.00EO 1.00EO 1.542E2 M
M 12 12 13 1 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 13 13 14 1l 44 0.00EO 0.00EO 1.00EO0 2.333E2 M
M 14 14 15 1l 44 0.00EO 0.00EO 1.00E0 2.348E2 M
M 15 15 16 1 44 0.00EO 0.00EO 1.00EO0 2.333E2 M
M 16 16 17 1 44 0.00EO 0.00EO 1.00E0 1.838E2 M
M 17 17 18 1l 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 18 18 19 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 19 19 20 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 20 20 21 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 21 21 22 1l 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 22 22 23 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 23 23 24 1 44 0.00EO 0.00EO 1.00EO0 2.340E2 M
M 24 24 25 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 25 25 26 1l 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 26 26 27 1 44 0.00EO 0.00EO 1.00EO 2.340E2 M
M 27 27 28 1 44 0.00EO 0.00EO 1.00E0 2.340E2 M
M 28 28 29 1l 44 0.00EO 1.00E0 2.340E2 M

0.00EO
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e Ji< S Ji< - i Jic JicJic Jic Jic Jic Jic Jicficficfic fc S Jc ScJicJic fic Jcfic Jic fic fic Jiciic fic Jic Jic Jic Jic Sic JicJic Jicfic icfhc Jic Jic Jic Jhc Jic Jac Jic Jic Jic Jic Jic Jrc SN

MEM
29
30
31
32
33
34
35
36
37
38
39
40
41
42

=
o
2

COoONOMTE WP

EZHANG REL 8.1 BASE 2000000 REV 1.0

FROM TO PTYPE RNODE
29 30 1 a4
30 31 1 44
31 32 1 44
32 33 1 44
33 34 1 44
34 35 1 44
35 36 1 a4
36 37 1 44
37 38 1 44
38 39 1 a4

39 40 1 44
a0 41 1 44
a1 42 1 a4
a2 43 2 a4

--- FROM JOINT DATA ---
TYPE  HINGE .CALC
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10
-5 111111 10

-5 111111

10

BANK
0.00EO
0.00EO
0.00EO
0.00EO
0.00E0
0.00EO
0.00E0O
0.00EO
0.00EO
0.00EO
0.00EO

0.00EO .

0.00EOQ
C.00EO

KFAC
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO
0.00EO

CLL-CAR-3Sa

SN560000 PAGE

LENGTH

2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
2.340E2
1.068E2
2.340E2
2.340E2

QFAC
1.00EO
1.00E0
1.00EO0
1.00EO0
1.00EO
1.00EO
1.00EO
1.00EO
1.00E0
1.00EO
1.00E0
1.00E0
1.00EO0
1.00E0

JOINT DATA ---
HINGE CALC
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
2111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10
111111 10

~

3:!3I!Zf!3:!3253:!3:!3:23:!3:ZZ:ZZ:ZZI!ZZ!Z:ZZ!!ZIZZ:ZZ:KZ:ZZI!ZCZS:ZZ:EZIZZIEZCZZIZZ
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EZHANG REL 8.1 BASE 2000000 REV 1.0

ceL-CA-asa -

SN560000 PAGE

[o2]

c Jpc Jicqc JrcJic JycJic JicJic JicJiciciic JicJic Jic Jic Jic S

vBololBvivivivivivlviviviviele)

M MEM TYPE HINGE CALC TYPE HINGE CALC
A 40 =5 111111 10 -5 111111 10
M 41 =5 111111 10 -5 111111 10
M
M --- MEMBER PROPERTY DATA ---
M PTYPE AREA J 12 I3 H2 H3
M 1 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1
M 2 2.160E1 5.248E3 2.624E3 2.624E3 3.140E1 3.140E1
M .
M --- MEMBER PROPERTY DATA ---
M PTYPE JRADIUS SHAPE2 SHAPE3 STRESSF2 STRESSF3 DJPROP
M 1 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 -5
M 2 1.570E1 4.400E-1 4.400E-1 2.270E0 2.270E0 0
M
M --- MEMBER PROPERTY DATA ---
M PTYPE EMOD SMOD YIELD DENSITY ALPHA
M 1 2.900E7 1.100E7 3.000E16 1.610E0 6.000E-6
M 2 2.900E7 1.100E7 3.000E16 1.610E0 6.000E-6
M
M e e
D ——————
D=== DESIGN PARAMETERS ' ===
D
D :
D H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
D ' .
D MEMBER DESIGN FACTOR:9.000E-1 ALLOWABLE X DISPLACEMENT:1.0000E13
D :
D BPLATE DESIGN FACTOR:1.000EO ALLOWABLE Y DISPLACEMENT:1.0000E13
D
D JOINT DESIGN FACTOR:1.000EO ALLOWABLE Z DISPLACEMENT:1.0000E13
D :
D SHEAR DESIGN FACTOR:6.000E-1 BUCKLING FACTOR:1.3300EO
D :
D GRAVITATIONAL CONSTANT:3.864E2 DIR. PENDULUM PIVOT:
D '
D o e s e e —— e St st S —— —— —
C——— ———————————————————————
=== APPLIED LOADS FOR STAT CASE 1 : CoE==
Cc
c
C H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
C VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN
c
C -===GENERIC LOADS---
C GX= 0.00EO GY= 0.00EO GZ= 0.00EO GRAV=3.86E2 TDEL= 0.00EO
o
C —---IMPOSED GROUND DISPLACEMENTS---
C NODE XT YT Z7T XR : YR ZR
c 1 OEO OEOQ OEO OEO OEO OEO
c 2 0EO OEO OEO OEO OEO OEO
C 3 OEO OEO 0EO 0EO OEO OEO
o 4 0OEO OEO OEO OEO 0EO OEO
c 5 OEO 0EO OEO OEO OEO OEO
C 6 0EO OEO OEO OEO OEO OEO

nnoonononOOO0OO0nNO00n
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‘12/03/1990 19:34:07 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE
~ NODE XT YT ZT XR YR ZR
7 OEO OEO OEO OEO OEO OEO

c 8 OEO OEO OEO OEO OEO OEO
c 9 OEO OEO OEO OEO OEO OEO
c 10 OEO OEO OEO OEO OEO OEO
c 11 OEO OEO OEO OEO OEO OEO
c 12 OEO 2E-1 OEO OEO OEO OEO
c 13 0EO 5E-1 OEO OEO OEO OEO
c 14 0EO 8E-1 0EO CEO OEO OEO
Cc 15 OEO 1EO OEO OEO OEO OEO
C 16 OEO 1E0 OEO OEO OEO OEO
c 17 OEO 2E0 CEO 0EO OEO OEO
c 18 OEO 2EO0 OEO OEO OEO OEO
c 19 OEO 2EO OEO OEO OEO OEO
c 20 OEO 3EO OEO OEO OEO OEO
c 21 OEO 3EO OEO OEO OEO OEO
c 22 OEO 3EO OEO OEO OEO OEO
c 23 OEO 3EO OEO OEO 0EO OEO
c 24 0EO 4EO OEO OEO OEO OEO
cC 25 OEO 4EO OEO OEO OEO OEO
c 26 OEO 4E0 OEO OEO 0EO OEO
c 27 OEO 4E0 OEO OEO OEO OEO
c 28 OEO 4E0 OEO OEO CEO OEO
c 29 OEO 4EO OEO OEO OEO OEO
Cc 30 OEO 4E0 OEO OEO OEO OEO
c 31 OEO 4E0 OEO OEO OEO OEO
T 32 OEO 4E0 OEO OEO OEO OEO
S 33 OEO 3EO OEO OEO OEO OEO
Cc 34 OEO 3EO OEO OEO OEO OEO
Cc 35 OEO 3EO OEO OEO OEO OEO
C 36 OEO 3EO 0EO OEO OEO OEO
c 37 OEO 2E0 OEO OEO OEO OEO
c 38 OEO 2E0 OEO OEO 0EO OEO,
Cc 39 0EO 1EO OEO OEO OEO OEO
C 40 OEO 1E0 OEO OEO OEO OEO
Cc 41 OEO 9E-1 OEO OEO OEO OEO
C 42 OEO 4E-1 OEO OEO OEO OEO
o
C ———————————— —

A ______ — ki S S S — — i S— i S S S S sfobior P S S —— T —— At s ——

=== ANCHOR ANALYSIS OF COMBINED CASE 1 ===
N —
A
A H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
A VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
A
A ~-==-NODAL DEFLECTIONS---
A NODE XT YT ZT XR YR ZR
A 1 3.748E-5 1.104E-7 2.737E-2 5.586E-10 1.958E-5 7.090E-5
A 2 -1.491E-4 -3.139E-8 2.737E-2 6.768E-10 7.556E~-6 7.366E-5
a 3 3.530E-4 -2.661E-7 2.737E-2 5.552E-9 3.950E-6 7.677E-5
A 4 -1.599E-3 -8.923E-7 2.737E-2 -1.536E-8 -4.019E-5 8.253E-5
A 5 1.641E-3 9.576E-7 2.737E-2 ~1.649E-8 -4.428E-5 1.414E-4
A 6 -3.059E-4 1.580E-7 2.737E-2 1.345E-8 4.714E-6 4.029E-4
A 7 1.679E-5 -4.076E-6 2.737E-2 2.566E-8 -1.061E-7 6.644E-4
A 8 6.970E-5 4.708E-5 2.738E~2 -=7.902E-7 1.048E-6 9.258E~-4

D PP D
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A NODE
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

NODE
43
44

PP PP RPRPRPRPPP PP RPRPERPD RPN PD YYD >

XT
-3.404E-4
-1.337E-3

5.874E-3
-4 .859E-3
-1.104E-3
-2.458E-3
-2.727E-3
-6.389E-3
-2.356E-2
-2.641E~2
-2.926E-2
-3.211E-2
-3.496E-2

-3.781E-2

-4.067E-2
-4.352E-2
~4.637E-2
-4.922E-2
-5.207E-2
-5.492E-2
-5.777E-2
~6.062E-2
-6.348E-2
-6.633E-2
~6.918E-2
-7.203E-2
-7.488E-2
-7.773E-2
-8.058E-2
-8.344E-2
-8.629E-2
-8.914E-2
5.679E-3
2.827E-3
0.000EQ
0.000ED

XF
-7.568E3
0.000EO

 XF
2.136E1
-8.500E1
2.012E2
-9.115E2
9.352E2
-1.743E2
9.569E0
3.973E1
-1.940E2
-7.623E2
3.348E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

YT ZT XR
~2.084E-4 2.738E-2 '6.461E-6
-1.176E-3 2.738E-2 -1.158E-5

3.255E-3 2.738E-2 -1.037E-4
1.980E-1 9.060E-4 -2.008E-4
5.001E-1 -2.782E-3 -1.678E-4
8.001E-1 -2.193E-3 -1.462E-4
1.100E0 -3.696E-3 -1.087E-4
1.390E0 -3.171E-3 -5,256E-5
1.611E0 9.904E-3 -2.431E-5
2.000EO 1.331E-3 -2.026E-5
2.360E0 ~3.340E-4 -1.620E-5
2.691E0 3.065E-5 =-1.214E-5
2.999E0 1.381E-7 -8.087E-6
3.261E0 ~4.473E-7 -4.030E-6
3.490E0 6.395E-8 2.651E-8
3.680E0 -3.189E-9 4.083E-6
3.830E0 -4.213E-10 8.140E-6
3.930E0 1.065E-10 1.220E-5
3.990E0 -9.825E-12 1.625E-5
4.000E0 7.685E-14 2.031E-5
3.960E0 -1.432E-13 2.437E-5
3.880E0 -5.244E-12 2.842E-5
" 3.750E0 7.573E-11 3.248E-5
3.580E0 -4.256E-10 3.654E-5
3.370E0 -9.360E-10 4.059E-5
3.120E0 4.045E-8 4.465E-5
2.830E0 ~3.605E-7 4.871E-5
2.510E0 9.076E-7 5.276E-5
2.160E0 1.628E-5 5.682E-5
1.781E0 -2.373E-4 6.088E-5
1.387E0 1.340E-3 6.493E-5
9.672E-1 2.866E-3 6.899E-5
8.658E-1 -2.862E-3 6.234E-5
4.135E~-1 -1.388E-3 3.107E-5
0.000EO 0.000EO 0.000EO
0.000EO 0.000EO 0.000EO
~=-REACTION LOADS AT.FIXED DEGREES

YF ZF XM

~-8.823E3 -1.513E2 -7.665E3
0.000EO 0.000EO 0.000EO
--~BASEPLATE LOADS---
YF ZF XM
6.293E-2 2.737E-1 5.586E-9
-1.789E-2 2.737E-1 6.768E-9
-1.517E-1 2.737E-1 5.552E-8
~-5.086E-1 2.737E-1 -1.536E-7
" 5.458E-1 2.737E-1 -1.649E-7
9.003E-2 2.737E-1 1.345E-7
-2.323E0 2.737E-1 2.566E-7
2.684E1 2.738E-1 -7.902E-6
-1.188E2 2.738E-1 6.461E-5
-6.706E2 2.738E-1 -1.158E-4
1.855E3 2.738E-1 -1.037E-3
-1.149E3 5.164E2 -2.008E-3

-2.770E3

CCL-CA-DSA

SN560000 PAGE

YR
-9.710E-6
2.361E-5
1.481E-4
1.536E-4
-2.179E-5
4.386E-7
1.262E~5
-8.767E-5
~5.458E-5
4.464E-5
~5.814E-6
2.345E-7
4.645E-8
-1.011E-8
8.417E-10
1.685E-11
-1.421E-11
1.858E~-12
~7.556E-14
-1.697E-14
1.718E-14
1.315E~-14
-1.143E-12

1.113E-11
-3.555E~-11
-4.228E~-10

7.022E-9
~4.389E-8
-4.001E-8
3.574E-6
=3.491E-5
1.126E-4
1.113E-4
=-3.291E-5
0.000EO
0.000EO

OF FREEDOM---

YM
-7.000E3
0.000EQ

YM
1.958E-4
7.556E-5
3.950E~-5

-4.019E-4
-4.428E-4
4.714E-5

-1.061E-6
1.048E-5
-9.710E-5
2.361E-4
1.481E-3
1.536E~3

ZR
1.187E-3
1.449E-3
1.577E-3
1.636E-3
1.648E-3
1.671E-3
1.678E-3
1.667E-3
1.674E-3
1.613E-3
1.469E-3
1.375E-3
1.221E-3
1.043E-3
9.012E-4
7.300E-4
5.339E-4
3.416E-4
1.536E-4

-6.814E-5
~2.562E-4
-4.484E-4
-6.448E-4
-8.117E-4
-9.826E-4
-1.157E-3
-1.307E-3
-1.431E-3
-1.567E-3
-1.640E-3
-1.779E-3
-1.654E-3
-1.638E-3
-2.307E-3
0.000EO
0.000EO

- ZM
1.783E6
0.000EO

ZM
7.090E-4
7.366E-4
7.677E-4
8.253E-4
1.414E-3
4.029E-3
6.644E-3
9.258E-3
1.187E-2
1.449E-2
1.577E-2
1.636E-2

PRP PP PP PP PPPPPPPPRP PP PP PP PP PP PP PP DD DD DD DD
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PRPREPPPYPPPPPREPEPDEIPDPD DD YYD

223334232 3 A A A 22 T R 2 2 T Y

A NODE XF YF ZF XM YM ZM

13 =-6.292E2 7.289E1 -1.586E3 ~-1.678E-3 -2,179E-4 1.648E-2
14 -1.401E3 3.148E1 -1.250E3 ~-1.462E-3 4.386E-6 1.671E-2
15 -1.555E3 -1.879E1 -2.107E3 -1.087E-3 1.262E-4 1.678E-2
16 =3.642E3 -1.634E2 ~1.808E3 -5.256E-4 -8.767E-4 1.667E-2
17 0.000EQ 3.884E2 5.645E3 -2.431E~-4 -5.458E-4 1.674E-2
18 0.000EO -2.743E2 7.585E2 -2.026E-4 4.464E-4 1.613E-2
19 0.000EO -9.404E1 -1.904E2 -1.620E-4 -5.814E-5 1.469E-2
20 0.000EO 3.955E2 1.747E1 -1.214E-4 2.345E-6 1.375E-2
21 0.000EOQ ~4 .895E2 7.870E-2 -8.087E-5 4.645E-7 1.221E-2
22 Q.000EOQ 3.169E2 ° ~2.550E-1 =-4.030E-5 -1.011E-7 1.043E-2
23 0.000EO =-1.320E2 3.645E-2 2.651E-7 8.417E-9 9.012E-3
24 0.000EO 1.190E2 -1.817E-3 4.083E-5 1.685E~10 7.300E-3
25 0.000EO0 -1.986E2 -2.401E-4 8.140E-5 -1.421E-10 5.339E-3
26 0.000EOQ 1.977E2 6.069E-5 1.220E-4 1.858E-11 3.416E-3
27 0.000EO -9.299E1 -5.600E-6 1.625E-4 -7.556E-13 1.536E-3
28 0.000EO -9.301E1 4.38B0E-8 2.031E~-4 ~1.697E-13 -6.814E-4
29 0.000EO 1.978E2 -8.162E-8 2.437E-4 1.718E-13 -2.562E-3
30 0.000EO -1.983E2 -2.989E-6 2.842E~4 1.315E-13 -4.484E-3
31 0.000EO 1.058E2 4.316E-5 3.248E-4 -1.143E-11 -6.448E-3
32 0.000EO -1.336E1 -2.426E-4 3.654E-4 1.113E~10 -8.117E-3
33 0.000EO 1.285E1 -5.335E-4 4.059E-4 -3.555E-10 -9.826E-3
34 0.000EOQ -9.306E1 2.306E-2 4.465E-4 -4.228E~-9 -1.157E-2
35 0.000EO 9.235E1 -2.055E-1 4.871E-4 7.022E-8 -1.307E-2
36 0.000EO 1.246E1 5.173E-1 5.276E-4 -4.389E-7 -1.431E-2
37 0.000EO -2.234E2 9.280E0 5.682E~4 -4.001E-7 -1.567E-2
38 0.000EO 5.838E2 -1.353E2 6.088E-4 3.574E-5 -1.640E-2
39 0.000EO -1.496E3 7.638E2 6.493E~4 -3.491E-4 -1.779E-2 _
40 0.000EO -1.605E3 1.634E3 6.899E-4 1.126E-3 -1.654E-2
41 0.000EO 3.282E3 -1.632E3 6.234E-4 1.113E-3 -1.638E-2
42 0.000EO -9.388E3 =7.914E2 3.107E-4 -3.291E-4 -2.307E-2

L L

L=== MEMBER LOADS OF COMBINED CASE 1 ===

H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

. ===LOCAL MEMBER END LOADS---

M N AXTIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM
1 1 -2.808E-1 -2.090E1l ~4.424E0 =7.349E-4 6.723E~-6 -3.179E-5
1 2 2.808E-1 2.090E1 4.424E0 7.349E-4 1.307E3 -6.175E3
2 2 =5.474E-1 6.319E1 7.537E0 -1.410E3 =-7.331E2 6.109E3
2 3 5.474E-1 -6.319E1 ~-7.537E0 1.410E3 -2.166E2 1.853E3
3 3 -8.211E-1 -1.366E2 -1.629E1 -1.410E3 2.166E2 -1.853E3
3 -4 8.211E-1 1.366E2 1.629E1 1.410E3 3.595E3 -3.012E4
4 4 -1.215E0 7.430E2 2.165E2 '-2.207E4 -5.825E3 2.003E4
4 5 1.215E0 -7.430E2 -2.165E2 2.207E4 -1.944E4 6.667E4
5 5 =-1.369E0 -1.612E2 6.839E0 ~-6.409E4 -1.473E3 -3.464E4
5 6 1.369E0 1.612E2 -6.839E0 6.409E4 -1.276E2 -3.075E3
6 6 -1.642EO0 1.300E1 -5.668E~1 -6.409E4 1.276E2 3.075E3
6 7 1.642E0 -1.300El 5.668E-1 6.409E4 5.034E0 ~3.142E1
7 7 ~1.916E0 3.542E0 2.156E0 -6.409E4 -5.034E0 3.142E1
7 8 1.916E0 =-3.542E0 -2.156E0 6.409E4 -4.995E2 7.973E2

ﬁt*t‘ﬁt*f‘bt*t‘bt*t‘ﬁt*t‘ﬁt*t‘ﬁt*F

ol ol ol ol ol ol ol 2l ol ol ol ol ol ol ol ol ol o8 o 8 o N o
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K

N

8

9

9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
1%
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31
32
32
33
33
34
34
35
35
36

AXTIAL
-2.190E0
2.190E0
-2.464E0
2.464E0
-2.737E0
2.737E0
-1.852E3
1.852E3
-1.258E2
1.258E2
1.440E3
-1.440E3
3.315E3
-3.315E3

5.904E3"

-5.904E3
9.757E3
-9.757E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
~-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
~7.568E3
7.568E3
~7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3
7.568E3
-7.568E3

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
-3.728E1
3.728E1
1.616E2
-1.616E2
9.514E2
~9.514E2
-1.779E3
1.779E3
6.088E2
-6.088E2
-6.763E1
6.763E1
3.937E1
-3.937E1
-3.511E2
3.511E2
9.458E2
-9.458E2
-5.855E2
5.855E2
1.730E2
-1.730E2
-1.733E1
1.733E1
1.418E-1
-1.418E-1
2.205E-1
-2.205E-1
-3.445E=-2
3.445E-2
2.002E-3
~-2.002E-3
1.850E-4
-1.850E-4
-5.514E-5
5.514E-5
5.545E-6
-5.545E-6
-5.559E-8
5.559E-8
-1.179E-8
1.179E-8
-9.341E-8
9.341E-8
-3.083E-6
3.083E-6
4.008E-5
-4.008E-5
-2.025E-4
2.025E-4

-7.360E-4

7.360E-4
2.232E-2
-2.232E-2
-1.831E-1
1.831E-1

'X3SHEAR
-2.299E1
2.299E1
8.753E1
-8.753E1
7.255E2
-7.255E2
-7.011E2
7.011E2
5.814E1
-5.814E1
-1.474E1
1.474E1
-4.622E1
4.622E1
-2.744E1
2.744E1
1.360E2
~1.360E2
-2.524E2
2.524E2
2.190E1
-2.190E1
1.159E2
-1.159E2
-2.796E2
2.796E2
2.100E2
-2.100E2
-1.070E2
1.070E2
2.507E1
-2.507E1
-9.394E1
9.394E1
1.047E2
=-1.047E2
-9.299E1
9.299E1
~1.766E-3
1.766E-3
9.301E1
-9.301E1
-1.048E2
1.048E2
9.352E1
-9.352E1
=1.224E1
1.224E1
1.120E0
-1.120E0
-1.173E1
1.173E1
8.133E1
-8.133E1
-1.102E1
1.102E1

TORSN
-6.409E4
6.409E4
-6.409E4
6.409E4
-6.409E4

6.409E4

9.710E3
-9.710E3
-7.776E3
7.776E3
-7.776E3
7.776E3
-7.776E3
7.776E3
-7.776E3
7.776E3
-7.776E3
7.776E3
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
~-9.943E2
9.943E2
~-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2
-9.943E2
9.943E2

ccL-CA-352
SN560000 PAGE

X2MOM
4.995E2
4.880E3

-4 .880E3

-1.560E4
1.560E4

-9.831E4
1.071E5
9.579E2

-1.159E4

-2.058E3
2.058E3
1.383E3

-1.383E3
1.223E4

-1.223E4
1.864E4

-1.864E4

-6.370E3
1.000E4
4.906E4

-4.906E4
4.394E4

-4.394E4
1.681E4

-1.681E4
8.223E4

-8.223E4
3.310E4

-3.310E4
5.812E4

~-5.812E4
5.226E4

-5.226E4
7.424E4

-7.424E4
4.974E4

-4.974E4
7.150E4

-7.150E4
7.150E4

-7.150E4
4.974E4

-4.974E4
7.426E4

-7.426E4
5.238E4

-5.238E4
5.524E4

-5.524E4
5.498E4

-5.498E4
5.772E4

-5.772E4
3.869E4

-3.869E4
4.127E4

X3MOM
-7.973E2
-7.925E3
7.925E3
2.988E4
-2.988E4
1.383E5
-1.461E5
-1.282E5
1.278ES
1.508E4
-1.508E4
-7.050E2
7.050E2
8.538E3
-8.538E3
~7.340E4
7.340E4
1.005E5
-1.005E5
-3.651E4
3.651E4
3.978E3
-3.978E3
-7.722E1
7.722E1
-4.404E1
4.404E1
7.561E0
-7.561E0
-5.002E-1
5.002E-1
-3.166E-2
3.166E-2
1.163E-2
-1.163E-2
-1.272E-3
1.272E-3
2.540E-5
-2.540E-5
1.239E-5

-1.239E-5

9.630E-6
-9.630E-6
-1.223E-5
1.223E-5
-7.336E-4
7.336E-4
8.645E~-3
-8.645E-3
-3.874E-2
3.874E-2
-2.110E-1
2.110E-1
5.012EO
-5.012E0
-3.785E1

=
]
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CoL-CA-3S2-

12/03/1990 19:34:07 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 13
L M N AXIAL X2SHEAR X3SHEAR TORSN X2MOM X3MOM L
L 36 36 7.568E3 3.342E-1 -2.348E1 =-9.943E2 -4.127E4 3.785E1 L
L 36 37 -7.568E3  -3.342E-1  2.348E1l 9.943E2 4.677E4 4.035E1 L
L 37 37 7.568E3 9.615E0 1.999E2 -9.943E2 -4.677E4 -4.035E1 L
L 37 38 -7.568E3 -9.615E0 -1.999E2 9.943E2 -1.505E1 2.290E3 L
L 38 38 7.568E3 -1.256E2 -3.838E2 -9.943E2 1.503E1 -2.290E3 L
L 38 39 -7.568E3 1.256E2 3.838E2 9.943E2 8.980E4 -2.711E4 L
L 39 39 7.568E3 6.382E2 1.112E3 -9.943E2 -8.980E4 2.711E4 L
L 39 40 -7.568E3 -6.382E2 ~1.112E3 9.943E2  -1.704E5 1.222E5 L
L 40 40 7.459E3  -3.523E3  -1.331E3 6.813E3 7.491E4 -1.957E5 L
L 40 41 -7.459E3 3.523E3 1.331E3 -6.813E3 6.734E4 -1.807E5 L
L 41 41 7.568E3 6.557E2 -5.466E2 7.665E3  ~1.531ES5 1.172E5 L
L 41 42 -7.568E3 -6.557E2 5.466E2 ~7.665E3 2.810E5 3.626E4 L
L 42 42 7.568E3  -3.975E2 8.816E3 7.665E3 -2.810E5 -3.626E4 L
L 42 43 -7.568E3 3.975E2 -8.816E3 -7.665E3. =-1.782E6 -5.675E4 L
L L
L= == = L
S .
S=== MEMBER STRESSES OF COMBINED CASE 1. ===
S ' S
S S,
S H.B. ROBINSON 30 CW-11.UNDERGROUND WATER PIPE S
S VERTICAL SEISMIC (1/2 SINE WAVE END TO END) S
S. S
S ---LOCAL MEMBER END STRESSES--- S
S M N AXIAL X2SHEAR X3SHEAR TORSN X2BEND X3BEND S
S 1 1 1.300E-2 =-2.196E0 =-4.650E-1 2.198E-6 -4.022E-8 -1.902E-7 S
S 1 2 1.300E-2 -2.196E0 -4.650E-1 2.198E-6 7.821E0 3.695E1 S
S 2 2 2.534E-2  6.641EO0 7.921E-1  4.218E0 4.386E0 3.655E1 S
S 2 3 2.534E-2  6.641EO0 7.921E-1 4.218E0 -1.296E0 -1.109E1 S
S 3 3 3.801E-2 -1.436E1 -1.712EO0 4.218E0 -1.296E0 -1.109E1 S
S 3 4 3.801E-2 -1.436E1 -1.712EO0 4.218E0 2.151E1 1.802E2 S
S 4 4 5.626E-2 7.808El 2.275E1 6.602E1 3.485E1 1.198E2 S
S 4 5 5.626E-2 7.808E1l 2.275E1 6.602E1 -1.163E2 -3.989E2 S
S 5 5 6.336E-2 ~-1.694E1l 7.187E-1  1.917E2 8.812E0 -2.073E2 S
S 5 6 6.336E-2 -1.694El 7.187E-1 1.917E2 -7.635E-1 1.840E1 S
S 6 6 7.603E-2 1.367E0 -5.957E-2 1.917E2 -7.635E-1 1.840E1 S
S 6 7 7.603E-2 1.367E0 ~-5.957E-2  1.917E2 3.012E-2 1.880E-1 S
S 7 7 8.871E-2 3.722E-1 2.266E-1 1.917E2 3.012E-2 1.880E-1 S
S 7 8 8.871E-2 3.722E-1 2.266E-1 1.917E2 -2.988E0 -4.771E0 S
S 8 8 1.014E-1 -3.918E0 -2.416E0 1.917E2 -2.988E0 =-4.771E0 S
S 8 9 1.014E-1 -3.918E0 -2.416E0 1.917E2 2.920E1 4.742E1 S
S 9 9 1.141E-1 1.698El 9.199E0 1.917E2 2.920E1 4.742E1 S
S 910 1.141E-1 1.698E1 9.199E0 1.917E2 -9.336E1 -1.788E2 S
S 10 10 1.267E-1  9.998El 7.625E1 1.917E2 -9.336E1 -1.788E2 S
S 10 11 1.267E-1  9.998E1 7.625E1 1.917E2 -5.882E2 -8.277E2 S
S.11 11 8.573El1 -1.870E2 -7.368El1 =-2.905E1 =~6.410E2 -8.740E2 S
S 11 12 8.573E1 -1.870E2 -7.368El1 -2.905E1l 5.731E0 7.672E2 S
S 12 12 5.825E0 6.398E1 6.110E0 2.326E1 6.936E1 7.649E2 S
S 12 13 5.825E0 6.398E1 6.110E0°  2.326E1  ~-1.231E1 -9.021E1 S
S 13 13 -6.669E1 -7.108E0 =-1.550EO0 2.326E1 -1.231E1  -9.021E1 S
S 13 14 -6.669E1 -7.108E0 -1.550E0 2.326E1 8.273E0 4.218E0 S
S 14 14 -1.535E2 4.138E0 -4.858E0 2.326E1 8.273E0 4.218E0 S
S 14 15 -1.535E2 4.138E0 -4.858E0 2.326E1 7.320E1  ~-5.109E1 S
S 15 15 -2.733E2 -3.690E1  -2.883E0 2.326E1 7.320E1 -5.109E1 S
S 15 16 -2.733E2 -3.690E1  -2,883E0 2.326E1 1.115E2 4.391E2 S




.
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S M N
16 16
l6 17
17 17
17 18
18 18
18 19
19 19
19 20
20 20
20 21
21 21
21 22
22 22
22 23
23 23
23 24
24 24
24 25
25 25
25 26
26 26
26 27
27 27
27 28
28 28
28 29
29 29
29 30
30 30
30 31
31 31
31 32
232 32
32 33
33 33
33 34
34 34
34 35
35 35
35 36
36 36
36 37
37 37
37 38
38 38
38 39
39 39
39 40
40 40
40 41
41 41
41 42
42 42
42 43

AXIAL
-4.517E2
-4.517E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
~3.504E2
=3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
~-3.504E2
-3.504E2
-3.504E2
-3.504E2
~-3.504E2
~3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
~3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
~3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2
~3.504E2
-3.504E2
-3.504E2
-3.504E2
=3.504E2
-3.504E2
-3.453E2
-3.453E2
-3.504E2
-3.504E2
-3.504E2
-3.504E2

EZHANG REL 8.1 BASE 2000000 REV 1.0

X2SHEAR
9.940E1
9.940E1

-6.153E1

-6.153E1
1.818E1
1.818E1

-1.821E0

-1.821E0
1.490E-2
1.490E-2
2.317E-2
2.317E-2

~3.621E-3

-3.621E-3
2.104E-4
2.104E-4
1.944E-5
1.944E-5

-5.795E-6

-5.795E-6
5.827E-7
5.827E-7

-5.842E-9

~5.842E-9

~1.239E-9

-1.239E-9

-9.817E-9

-9.817E-9

-3.240E-7

-3.240E-7
4.212E-6
4.212E-6

-2.128E-5

-2.128E-5

=-7.735E-5
-7.735E~5
2.346E-3
2.346E-3
-1.925E-2
-1.925E-2
3.512E-2
3.512E-2
1.010E0
1.010E0
-1.320E1
-1.320E1
6.707E1
6.707E1
~3.703E2
-3.703E2
6.891E1
6.891E1
-4.177E1
-4.177E1

X3SHEAR
1.429E1
1.429E1
-2.653E1
~2.653E1
2.302E0
2.302E0
1.218E1
1.218E1
-2.938E1
-2.938E1
2.207E1
2.207E1
-1.124E1
=1.124E1
2.635E0
2.635E0
-9.872E0
-9.872E0
1.100E1
1.100E1
-9.772E0Q
~-9.772E0
-1.856E-4
-1.856E-4
9.775E0
9.775E0

,~1.101E1

-1.101E1
9.829E0
9.829E0

-1.287E0

-1.287E0
1.177E-1
1.177E-1

-1.233E0

-1.233E0
8.547E0
8.547E0

-1.158E0

-1.158E0

-2.468E0

-2.468E0
2.101E1
2.101E1

-4.034E1

-4.034E1
1.169E2
1.169E2

-1.399E2

-1.399E2

-5.745E1

-5.745E1
9.265E2
9.265E2

TORSN
2.326E1
2.326E1
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0
2.975E0

-2.038E1
-2.038E1
-2.293E1
-2.293E1

-2.293E1

-2.293E1

CLL-CA-35

X2BEND
1.115E2
-3.811E1
-5.985E1
2.935E2
2.935E2
2.629E2
2.629E2
1.006E2
1.006E2
4.920E2
4.920E2
1.980E2
1.980E2
3.478E2
3.478E2
3.127E2
3.127E2
4.442E2
4.442E2
2.976E2
2.976E2
4.278E2
4.278E2
4.278E2
4.278E2
2.976E2
2.976E2
4.443E2
4.443E2
3.134E2
3.134E2
3.305E2
3.305E2
3.290E2
3.290E2
3.454E2
3.454E2
2.315E2
2.315E2
2.469E2
2.469E2
2.798E2
2.798E2
-9.004E-2
-8.994E-2
5.373E2
5.373E2
-1.020E3
-4.482E2
4.029E2
9.162E2
1.682E3
1.682E3
-1.066E4

SN560000 PAGE

X3BEND
4.391E2
-6.013E2
-6.013E2
2.185E2
2.185E2
-2.380E1
-2.380E1l
4.620E-1
4.620E-1
2.635E-1
2.635E-1
-4.524E-2
-4 .524E-2
2.993E-3
2.993E-3
1.894E-4
1.894E-4
-6.959E-5
-6.959E-5
7.611E-6
7.611E-6
~1.520E-7
-1.520E-7
-7.412E-8
~-7.412E-8
-5.762E-8
~5.762E-8
7.316E-8
7.316E-8
4.389E-6
4.389E-6
-5.173E-5
-5.173E-5
2.318E-4
2.318E-4
1.262E-3
1.262E-3
-2.999E-2
-2.999E-2
2.264E-1
2.264E-1
-2.414E-1
-2.414E-1
-1.370E1
-1.370E1
1.622E2
1.622E2
-7.313E2
-1.171E3
1.081E3
7.010E2
-2.169E2
-2.169E2
3.395E2

[=]
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cel-CA-B5:L

"12/03/1990 19:34:07 EZHANG REL 8.1 BASE 2000000 REV 1.0 SN560000 PAGE 15

R 2R 2 R 2 2222222222222 222222

N N
N=== FRACTION OF SYSTEM NODE ALLOWABLES: COMBINED CASE 1 ===N
N : N
N N
N H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE N
N VERTICAL SEISMIC (1/2 SINE WAVE END TO END) N
N N
N ---SUMMARY OF FRACTION OF ALLOWABLE FOR EACH NODE--- N
N DISPLACEMENT BASEPLATE N
N N X Y Z COEFFICIENT N.
N 1 3.748E-18 1.104E-20 2.737E-15 0.000EO N
N 2 1.491E-17 3.139E-21 2.737E-15 0.000EO N
N 3 3.530E-17 2.661E-20 2.737E-15 0.000EO N
‘N 4 1.599E-16 8.923E-20 2.737E-15 0.000EO N
N 5 1.641E-16 9.576E-20 2.737E-15 0.000EO N
N 6 3.059E-17 1.580E-20 2.737E-15 0.000EO N
N 7 1.679E-18 4.076E-19 2.737E-15 0.000EO N
N 8 6.970E-18 4.708E-18 2.738E-15 0.000EO N
N 9 3.404E~-17 2.084E-17 2.738E~15 0.000EO N
N 10 1.337E-16 1.176E-16 2.738E-15 0.000EO N
N 11 5.874E-16 3.255E-16 2.738E-15 0.000EQ N
N 12 4.859E-16 1.980E-14 ©9.060E-17 0.000EO N
N 13 1.104E-16 5.001E-14 2.782E-16 0.000EQ N
N 14 2.458E-16 8.001E-14 2.193E-16 0.000EO N
N 15 2.727E-16 1.100E-13 3.696E-16 0.000EOQ N
N 16 6.389E-16 1.390E-13 3.171E-16 0.000EO N
N 17 2.356E-15 1.611E-13 9.904E-16 0.000EO N
N 18 2.641E-15 2.000E-13 1.331E-16 0.000EO N
N. 19 2.926E-15 2.360E-13 3.340E-17 0.000EO N
20 3.211E-15 2.691E-13 3.065E-18 0.000EO N
21 3.496E-15 2.99%E-13 1.381E-20 0.000EO N
22 3.781E-15 3.261E-13 4.473E-20 0.000EO N
23 4.067E-15 3.490E-13 6.395E-21 0.000EO N
24 4.352E-15 3.680E-13 3.189E-22 0.000EO N
25 4.637E-15 3.830E-13 4.213E-23 0.000EO N
26 4.,922E-15 3.930E-13 1.065E-23 0.000EO N
27 5.207E-15 3.990E-13 9.825E-25 0.000EO N
28 5.492E-15 4.000E-13 7.685E-27 0.000EO N
29 5.777E-15 3.960E-13 1.432E-26 0.000EO N
30 6.062E-15 3.880E-13 ©5.244E-25 0.000EO N
31 6.348E-15 3.750E-13 7.573E-24 0.000EO N
32 6.633E-15 3.58B0E-13 4.256E-23 0.000EO N
33 6.918E-15 3.370E-13 9.360E-23 0.000E0 N
34 7.203E-15 3.120E-13 4.045E-21 0.000EO N
35 7.488E-15 2.830E-13 3.605E-20 0.000EO N
36 7.773E-15 2.510E-13 9.076E-~20 0.000EO N
37 8.058E~-15 2.160E-13 1.628E-18 0.000EO N
38 8.344E-15 1.781E-13 2.373E-17 0.000EO N
39 8.629E-15 1.387E-13 1.340E-16 0.000EO N
40 8.914E-15 9.672E-14 2.866E-16 0.000EO N
41 5.679E-16 8.658E-14 2.862E-16 0.000EO N
42 2.827E~-16 4.135E-14 1.388E-16 0.000EO N
43 0.000EO 0.000EO 0.000EO 0.000EO N
44 0.000EO 0.000EO 0.000EO 0.000EO N

N
== ==N
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FRACTION OF SYSTEM MEMBER ALLOWABLES:

COMBINED CASE 1

16

e Jic Jc Jic Jic JicJic Jic Jic Jicfic Jic Jic JicJic Jicgic Jic Jic JcJic Jicc Jicfic JicSc Jicfic JcficJicficficBcic Jicfic Jicic Sic JicicJic Jic Jic JicJic Jic Jic S c Jic-

CONOAU S WN R

1
1
1
8
1
1
1

WMWK

3
3
2
1
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
3
7
7

H.B. ROBINSON 30 CW-~11 UNDERGROUND WATER PIPE
VERTICAL SEISMIC (1/2 SINE WAVE END TO END)

===-SUMMARY OF FRACTION OF ALLOWABLE FOR EACH MEMBER---

STRESS
. START
.247E-16 1
.517E-15 6
.038E=-15 7
.186E=15 1
.159E-14 1
.073E-14 1
.068E-14 1
.091E-14 1
.173E-14 1
.764E-14 5
.929E~14 3
.111E-14 4
.267E~15 2
.147E-15 1
.473E-14 3
.712E-14 4
.746E-14 3
.194E-14 2
.360E-14 1
.672E-14 3
.121E-14 2
.031E-14 2
.586E-14 2
.456E~14 2
.943E-14 2
.400E-14 2
.882E-14 2
.882E-14 2
.400E-14 2
.943E-14 2
.458E-14 2
.522E-14 2
.516E-14 2
.577E-14 2
.155E-14 2
.213E-14 2
.335E~14 1
.349E-14 3
.889E-14 7
.277E-14 6
.288E-14 8
.329E-14 4

8

END
.659E~-15
.059E-16
.472E-15
.908E-14
.159E~14
.073E~-14
-068E-14
.091E-14
.173E-14
.245E-14
.180E-14
.863E~15
.933E-15
.029E~-14
.052E-14
.041E-14
.194E-14
.360E-14
.672E-14
.121E-14
.031E-14
.586E-14
.456E-14
.943E-14
.400E-14
.882E-14
.882E-14
.400E-14
.943E-14
.458E-14
.522E-14
.516E-14
.577E-14
.155E~14
.213E-14
.335E-14
.349E-14
.889E-14
.782E-14
.776E-14
.329E-14
.204E-13

BUCKLING
START END
0.000EO 0.000EO
0.000EO -0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EQ 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO0
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO0
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EOQ 0.000EO
0.000EO 0.000EOQ
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO0 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO
0.000EO 0.000EO

0.000EO

JOINT COEF.
START END
2.136E-12 8.305E-8
8.096E-8 2.455E-8
2.455E-8 - 3.991E-7
2.744E-7 9.138E-7
4.562E-7 4.049E-8
4.049E-8 4.187E-10
4.187E-10 1.238E-8
1.238E-8 1.225E-7
1.225E-7 4.436E-7
4.436E~-7 2.233E-6
2.384E-6 1.687E-6
1.689E-6 2.002E-7
2.002E-7 2.042E-8
2.042E-~-8 1.963E-7
1.963E-7 9.964E-7
9.964E-7 1.325E-6
1.329E-6 8.047E-7
8.047E-7 5.805E-7
5.805E-7 2.212E-7
2.212E-7 1.082E-6
1.082E-6 4 .355E-7
4.355E-7 7.648E-7.
7.648E~7 6.876E-7
6.876E-7 9.768E-7
9.768E-7 6.545E-7
6.545E-7 9.408E-7
9.408E-7 9.408E-7
9.408E-7 6.545E-7
6.545E-7 9.771E-7
9.771E-7 6.892E-7
6.892E-7 7.269E~7
7.269E-7 | 7.234E-7
7.234E-7 7.595E-7
7.595E-7 5.091E-7
5.091E-7 5.430E-7
5.430E-7 6.153E-7
6.153E-7 3.013E-8
3.013E-8 1.234E-6
1.234E-6 2.759E-6
2.758E-6 2.537E-6
2.537E-6 3.729E-6
0.000EO

< Jic JicJicJic JicJic i Jic Jicfic Jic JicJic Jic JicJic Jic ficicJic JicJic Jic Jic Jcfic JcJicJicJic e Jic Jic JicJic Jicaicapc e Jic Jic Jic Jic JpcJc Jpc Jic Jic Jic S S
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QUALIFICATION SUMMARY REPORT

H.B. ROBINSON

NSSS:

SYSTEM:
BUILDING:
ADDITIONAL

COMPONENT
SYSTEM

COMMENTS:

DEADWEIGHT:
SEISMIC:

30 CW-11 UNDERGROUND WATER PIPE

-==PLANT IDENTIFICATION=---

UTILITY: CPL PLANT: H.B.ROBINSON PWR
A/E: BWR

---EQUIPMENT IDENTIFICATION---
DRAWING NO.:
‘ ELEVATION:
IDENTIFICATION:
--—APPLIED LOADS---

THERMAL: RELATIVE
HYDRODYNAMIC:

--~LOAD COMBINATION=-==-

VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

---SUMMARY OF RESULTS---

-==-MAXTMUM FRACTION OF ALLOWABLE---
FAILURE MODE ALLOWABLE MAX. FRACTION
JOINT 1.000E0 ' 3.729E-6

JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

JOINT KTRANS=6.3E8 LB/IN JOINT KTORS,KROT2,KROT3=7.6E10 IN-LB.
.++.GROUND SPRING PER 19.5 FT.. PIPE SEGMENT SET AT 5.7E5 LB/IN.
....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.

|

W % N N N N N N ¥ ¥ F H % N * K X H N F ¥ H H ¥ * H* % F ¥ ¥ ¥ ¥ *

DISP.:

PASS/FAIL
PASS

% % & ¥ * %

*

DATE:)Z-4-9p *
*

VERIFIED BY:

Co:

DATE: *
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°



Job Number: 90-2271

Sheet: - of; ~—
Calculated By: OWZ Date: l2-4-7Q
Checked By:¢ H.&-J Date: 1L-1-90

Calculation“Nunber: CCL-CA-352

ATTACHMENT B

DESIGN VERIFICATION RECORD



ATTacumedT B of 33
CCL-CA-35

DESIGN VERIFICATION RECORD
Page 1 of 2

I. Instructions to Verification Personnel
Project No.: %0-221l Calculation No.: _S&k-<A-357
. Revision No.: O
.Design in verification should be done in accordance with
ANSI N45.2.11, Section 6, as amended by Reg. Guide 1.64,
Rev. 2.
Special Instructions:
' NONE
II. Verification Documentation
Method Used:
il Design Review (Attach any documentation and check
sheet) ,
Alternate or Simplified Calculations (Attach
calculations)
Qualification Testing
Design Document Acceptable: Yes — No
If not acceptable, give reasons or provide comments on
attached sheet to this form:
Verification 52522 completed by:
= e 12:1: 99
(4Signature) (Date)
ITI.

Resolution of Comments N/A

Comments resolved (See attached page) :

(Responsible Engineer) (Date)

Action taken makes design document acceptable

Project Engineer Date Verifier Date

TF~131



ATTaCHMEVT R oF &3
ceL-¢nR-35

Design Review Check Sheet
Page 1 of 2

Project No.: 9o0- 221! Calculation No.: <«L-cA-3S2

Revision: o

Description:

ﬁark each item yes, no, or not applicable (N/A) and initial each

item

checked by you.

Were the inputs correctly selected and incorporated
|

1. 15
into design?

2. YES Are assumptions necessary to perform the design
activity adequately described and reasonable? Where
necessary, are the assumptions identified for
subsequent re-verifications when the detailed design
activities are completed?

3. Yes Are the appropriate quality and quality assurance
requirements specified? 4

4. JYes Are the applicable codes, standards and regulatory
reqguirements including issue and addenda properly
identified and are their requirements for design met?

5. fes Have applicable construction and operating experience
been considered?

6. ves Have the design interface requirements been satisfied?

7. Yes Was an appropriate_design method used?

8. Ees Is the output reasonable compared to inputs?

9. Ves Are the specified parts, equipment, and processes
suitable for the required application?

10. =3 Are the specified materials compatible with each other
and the design environmental conditions to which the
material will be exposed?

11. w/A Have adequate maintenance features and requirements
been specified? :

12. YES Are accessibility and other design provisions adequate

TF-133

for performance of needed maintenance and repair?



13.

14.

15.

1l6.
17.

18.

19.

Yes

N/a

N4

Yes

YES

ATiaHmMeuT B3 or B3
Cel-chA-35L

Page 2 of 2
Has adequate accessibility been providéd to perform

the in-service.inspection expected to be required
during the plant life?

Has the design properly considered radiation exposure
to the public and plant personnel?

Are the acceptance criteria incorporated in the design

‘documents sufficient to allow verification that design

requirements have been satisfactorily accomplished?

Have adequate pre-operational and subsequent periodic
test requirements been appropriately specified?

Are adequate handling, storage, cleaning, and shipping
requirements specified? '

Are édequate identification requirements specified?

Are requirements for record preparation review,
approval, retention, etc., adequately specified?

For each question on the checksheet not answered yes, explain,
and date at the bottom of each explanation.

sign,

MAWTEVANCE AND ACRMREMENTS aQe wnoT PART of CCL'S SCoPE ofF work .

ALARA 1S CPIL'S AESPONSBAL\TY . f
.1-99
CPY L w O T v AJE PZE'&EQAT"o.JAL. TE&'I;».)C\ . : v
HANRLIN 3T g, CLEON NG, ayd SHPCUG OF ComPomemS ARE &PiL'S RSfowsimuTy,
NM%%AQ 12190
signature Date
(Design Verifier/Checker)
|
|
%
|
TF-133 3
1/12/89 |
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12/6/90

To: Vann K. Stephenson
Frow: Mark Gerber °
Subject: Service Water South Header Joint §~6

Localized corrosion, in the manufactures spiral veld at joint
#6, was noted during the inspaction of the South Service Water
Header. This corrosion is limited to a gmall portion of weld (~3%)
in the vicinity of the "Bell" porticn of the joint. This miner
repair will consist of grinding out the corrodad portion of the
wveld and performing base metal repair form both the inside and
ocutside. The majority of the axposed matal at thisg joint is in good
condition and deas not require repair.

I can be reached at 383-1%18 if you have any questions
concerning the Service Water piping inspection.

Mark Gerber
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JOINT NO.

A CONTOUR |
TYPE[ Fix ExT MEASUREMENT |-

TO

N-1 FRiCT, ,,"""R‘F'm“ YES|YES YES
N-2 ﬁ_mh NO | NO O
N-3 e REPUACE] YES | NO NO
N-4 MU REPLACE] YES| NO NO
N-S B/5 | crouT | No [ NO NO
N-6 B/S | GROUT | NO | NOD NO
. N-7 8s3 | 6ROUT N0 [ N0 NO
N-8 B/S | 6ROUT [N | NO NO
N-9 Bss |erour jno [ NO NO
N-10 8s6 Joroutr |[No [ NO NO
N-11{ B/5 [ eRoUT | No [ ND NO
N-12 8/5 {8RoUT [ na [N NO
N-13 B/s | 8ROUT [no [ ND NO
N-14 8/38 | eRoUT [ND | NO NO
N-18 n/s | oroUT o | no NO
N-16 ass | BAOUT [NO | NO NO -
N-17 8/5 | orout | NO | NO NO
N-18 B/s | srout | NO [ NOD NO
N-19 B/5 | GROUT | NO | NO NO
N-20 B/S | RouT [ No [N NO
N-21 B/5 | GROUT INO | NO NO
N-22 B/s | 6ROUT |NO | NO NO
N~-23 B/5 1 erouT | N I ND NO
N-24 B/9 | SROUT | NO [ NO NO
N-25 ass | GROUT | NO | NO NO
N-26 ass | 6ROUT | no [ ND ND
N-27 B8/8 | BROUT INO | O NO
N-28 8/6 | OROUT N0 [ NO NO
N-20 876 [erouT [NO [N NO
N-30 ass |6ROUT [NO [ Nno NO
N-31 a/8 [8ROUT [ND | no NO
N-32 8s3 | eROUT [ND | NO NO
N-33 B/g [GROUT IND I D NO
N-34 8.8 [6rouT [NO O NO
N-36 B/8 JGROUT [NO | ND ND
N-38 8/5 |GROUT [NO |0 NO
N-37 ass {OROUT [no [ no NO
N-38 8s/s [ORoUT |NO [nD NO
N-39 B/s |SROUT |80 [ o ND
N-40 p/s | OROUT [ND | NO ND
N-41 B/S | OROUT | NO | NO NO
N-42 B/g | OROUT | NO | ND NO
N-43 8/ | SROUT [ NO [ NO NO
N-44 B/8 | BGAOUT INO | NO NO
N-45 a/s | GROUT [NO | NO NO
N-468 B8/S | GROUT |NO I nD NO
N-47 ass5 |erouT [NO | No NO
N—48 B/5 jerout [ NO | ND ND
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LVALUATION oF LIJQUEFACTION PO TILAL o'F 5AND DFPOSIT:
BASED ON OBIERUATIONG OF PRRFORMANCE IN PREVIOUS EARTH MUAK

by

F. ASCLE and I, 1,

,TOML AsCE

neral Seoccdures for Svaluation 28 Lgucfaction Pntenciad

Thuere are basically two methods avairlable for evialuating the cvclic
Liquefaction potential of T2 devosit of saturatad sand subjocted to carth-

qudske shakun.::

L. ©saina methows based on freld obs2rvacions of tne rerforrance

of s1nd {evosits 1n nrrvious carthquakes and involvin: tne uic

of 3ome tn-attu charactariytia of the deposits to Jetermine

proranle similarities or dis-similariticey between those sitoes

and 1 psroposed new site with r=aard to their potencial

benavior.
and 2. Uainag oothwods based an an evalaat:ion of the cyclis strrss or
strawn conditians likely to e develored 1n the field o a

procos-ad desun earthguake and 1 zemparison of thase
or strarns with Tnose obsarved =d cause liauefaction o
sentative sacles of the Jderosit 1a some arpronriate lirora-
tor: test whiaocn ~eovides o adoTany sinulation a7 freld
onditian

Yioor woitan can provids rosul T ocermutenr

menc 07 che ol benavier ander fucla onditionsz,

These e asudlle censiizead $o be - e difTorent anersacnes,
sinoe the tirst metnod 135 Lased
situ :harac

123l correlactons o7 some in-
2r13T12 and auserved pneriorna

bascd oatirely on an analvies BT s%ress o straan Tanditions ang the
of l:iioratory tosting realriucss.

In *a.
dat arne

r, W

el SV R0 4 b
1, Lhr two -
and Liffer onds o thi manber 1o wWhio
tics f 3 enesit are deterrined.

the manner an

aften exic

qnvelve the same

fhus, for cxample, it has boen found that a fonveni ' nt arameter
for cxpressina the cyclis bigquefaction characteristizs of v sand under
level jround conditions i1s the cyclic stress ratio; that 13, the ratio
of the average cyclic shear stress 7., develored on horizantal surfaces
of the sand as 3 result of the cyclic or earthquake loahing to tre
inizial vertical £

cycliz strosses wer2 apodied,
into account the Jdepth ot the soil laver tnvolved, the dorth
tabic and the intensitye of <arthguake shaking or other ov-lic

loading
phenminen s,

The csclic stre ratto duvelojed 1n the field due to cartnzyuake

shaking can readily be conputed from an cquation of the ‘ora:

lproressor of Ciutl Enqgincerina, . University of Californiy, Berkelew, CA,

Principal, Woodward-cdly - Ceasultanes, 3an Francisco, ©F.

~htlr the scooand ~enod s

us-:

ectitey Ltre:ss J ' acting on Chie sand laver teinarce rae
This parameter bas tas wdvanciae of taking

0of the water

o Treld liuefazsion Svarathoaris-

jo00 =00 -0¢ 97/ -2YY
T2 oV yeeng,
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(rh) v N J
goes 22X 2L (m
[ L] [ 3 d
o o
where  a ax T Maxpmumoacselaration ac the ground surface
max
uo = totial overburlen pressure on sand laver under <onsidera-
tion
Jo' = initial 2ff20%ive overburden prussure on sand layer under
consideration
rd ® A strass redustion factor varving from.a value of 1 at cthe
ground surfale to a value of J.7 at a Jdeoth of avout 35 <o,

and values of this paraneter have been correlated, for sites wnish haws
and have pot liqueried during actual earthquakes, with ragameters wndi-
cative of 30il characteristiss sucn as relative denstt: bas:a on nene-

- tracion tuest Jata (24), somv form of correctad gonatration resistance

(3, 23), or che electrical charactaristics of soil deposits (1). Thus
in evaluating tie liquefact:on resistance of a new sits for a aiven
level of shaking, the straess ratio induced by the cars quake zan Lo
determincd by E3. (1), or a jrozedure similar to that on which this
equation is based, and corparad with the stress ratio required to Zause
liquefaction of the soil Jdetermunced either

(1} Dby use of the Fiell zorralations Jiscussad above

or (2) by m:zans of lacerat s tests or representacive samolas of
so1l Jeposit 1avolved,

The latter procedure may o conducted o tenns of stress ratio, stross,
or strain. Iloweve. no mazt.r t3h 9f thase parameters 15 used, the in-.
situ prorerties <an only e cvaluatad celiably if APPronriate tests g2
perirrmed oa undisturbed sami:les.  Bacause of tha great diffizule: an
obtaining undisturbed sam Sf 3and duposits, manv enaineers have vro-
ferrod to adept the field roriormance correlation apuroach since it sig-
cumvents thls aspect Of the problam (18).

Wihile in rrinziple, sotl liguefaction characteristies Jdecoraire i
by ficld perfyrmance can bo coveoclatad with a variaty of s0il index

S pardmeters such as standard eretration ra2sistance, cone penctration

resistance, electrical creopertits, shear wave velocity and purhans
others, there 15 very little f1eld data availabie to establish Jood zor-
relation: of field perfsrmance with any $0il chacacteriscac other than
the standard penetration resistance.  This situation will no Jdoubt
chanae with time as other 1adex parameters are dotormined for s0ils
whose liquefaction resistanse itas been astablished by actual carthguak- o,
and possably 1aproved correlations will be develoned.  Furthermore other
parameters can votentially ¢ rmeasured more accurately, over a wider
depth range and in more difficult environmental conditions than can the
standard penctration resistanc. .

However because the SPT has been so widelv used in the past, the
great bulk ot available ficld jerformance data are currentiyv only cor-
telated with this index of soil characteristics and it is the pury ase
of this report to summarize the gvailable information. -oncerning the
correlations.

D .‘

Thae standard Fenetration Cosc

Various studivs in recent years have snown the potential varg-
ability in tn: conditions utilized in cthis supposedly standariized test

'prQCcdure wnich was intended to measure the numoer of blows (of a

140 1b hamme:r falling freely through a heiqht of 30 inches) required to
drive a standard sampling tube (2" °0.D. and 1-1/2" [.D.) 12 inches into
the qground. For example, Kovacs, et al. (12, 13), e.q., made car2ful
investigations of the 2ncrgv in tie hammer 3t 1E5 impact ~1on the ton

of the sampling rod-anvil system, when using the conventional orast:ica
of lifting the hammer by means of a re:w: wrasoed one to four times
around a rotatinyg drum, as compared with an 1deal triggering device
giving 1 trulv free fall to the 142-1b .rive weijght. [t was found that
typicallv the onergy in the hammer At :mpact when using the roce ani
drun procedure with two turns of the w3is5 onlv about ALL of thac
delivered 5 3 free-falling wergnt. Yor chree turns this was eeducs! =o
40%; other minor variations were inteodused by usinag old or new £oper ana
chanaing the aed of the pulloy.  The auchors concluded thaz an cnoer g
standard should be adoptad 4s a crizerion for =ne 32T test and 1a t=e
meanZime, all pertinent test conditians should be made a standazd ars
of the boring log to ail 1n intarnretzing the resules.

From recent compreiensive theor2tical and field scud:i:s of the
standard penetration test at the University of Florida (17, 1Y),
Schmertmann (20) concludes that the results mav be signt zantly in-
fluenced by sucn faccors as: (1) The use of Jrilling mud versus casine

for suprortins the walls of zne dril! aole; 2} the use 97 « ~li-a = =
AuJer versus tasing and satag; (3) tae size o7 the lrall 4
aurber Of turas of the reoe around =he drum; (3) the use or . ira. .

larze anvil; (6) zhe lengzh of the drive rols; (T) the use :f “ong-iiiac!
sampling tuies; and (3) the deoth rance (J 2 12 1n. or & tn. t3 13 ia.
over wnich the Cenetration resis%iase Ls ~casural.

foth schirertnann and Kovacs, et al. coaclude that 3 nccensaps - ro-
requisite ta the satisfactor:s use >7 ¢ standard senszration test 4 a
measure of any 301l charssterciscic is an increased leacee of standardiza-
tion. 3Scumertmann (20} suggests that this s part:cular. - true wien
resgect to: (1! The mount of encry: livered into the irillinag rods:
and (2) the use of rotary Jrilling <ethods and a drill nol: continusus!l-
filled with drilling nui.

3

If =his approacn s adopted, much 0f e var:ictlite 2an ke olixa-
nated by adoptiang standird test contiticni and an: iina correctians for
others. Thus in the present report, the luus of drivin: cuerTy which
results from using a shorz lenyth or rods is zorrested Lo reducing i
measurcd N values 1n the d2nth ranc ) to 17t sv X “avtar of M3 and
othor aspects orf the test ars standardized o wiin: e ; rr oo tevty ner-

formed under the following conditions::

(1) the use of a ror and drun sviatem, with two <uras of the
rope around the Jdrum, to lif: the filling Lt

509( -~ ¥ Y

(2) drilling mud to support the sidus of the hole

(1) a relatively small diameter nole, wpproximately 4 1nches 1n
diameter

S -&-a;;\yg’

and () penetration resistance measured aver the range 6 inches to
Ir 1aches panceration 1nto the ground.

1020~ 0@-00
siz
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While it 1s rccognized that these conditions do not represent the
standard prescrited 1n tha i1decal test procedure, they recresent condi-
tions widely used for many ‘ears both in North America
countrics throushcut the world and thoy have been
much of the field .iata availadle for liquecdaction
their adootion for the puryoses of this report is
reason alone. Where test. conditions deviate from those listed above,
appropriate corre:zzions to the measured results should be made before
using the corralation charcs presented huron.

and in other
used in astablishing
correlations. Thus
justified for this

Corzalations of SPT with the Parformance of
3and Zernsits in Peavious Eirthauakes

It was

not ital the Alasky and Miigata carthgquakes or !
geotechnical

1d that
enJineerd tOOK scorious intervst in the Jeneral chonomenon
of carthquake-induced liquagastion or cvelis mobility or the conditions
responsible for Zausing them to o¢cur wn the field., Following the
Niizata earthquake, 1 number of Japan:se enginears (10,11,16) studied
the areas in ‘iiijaza wnere liquefaction had wnd had not occurred and
developed critoria, based frinarily on the standard Penctration Resis-
tance of the sand do-osits, tfor differentiating between tiguefiabkle
nonliquafiable zonditions in that city,
for iigata are shown in Fig. L.

il
The results of thzse studies
It should be recounized however that
these results ars noc likely to be applicabl: to othe
shaxing intensitias

depths than that an

r arcas where
Tay be stronger or watue tables may be at difforonc
Che Niiata area.

Subsequentiy, a1 more comirshensive collection of site conditions
at various locations

where some evidence of liquefaction or no ligue~

faccion was kacwm =2 have takena place was presented by Sced and P
(24! and used a3 3 Sasis o latarmine the r2lationship between
valies 9% cyelis siriss razio Tn';o (in which Ty = the average hori-
zoncal shear stress .nduzed 5y an earchiquake; and J_* = the inwtial
2n the so1l luyer involved) and the rela-
sand, as Jeterrmined from the Standard Popnseration
Reststance and its” :orrelation with relative donsity proposed L Gibbs
and Holtz (7). This colicction of field 2asas shown in Fig.
sucsoquently been us:d sy others, often sunplemented by 1 fow addicional

studies (e..:., Refs. (3 1ad () to {etermine other carrclations
veen liquefacticn rolucing parametors and penetration resistance,
The most recentlv published form of this ficld data collaection is shown
in Fig. 3(a) (after seed, “ori and Chan {23)). Values of stress ratio
known to ba associated with some evidence of liquefaction or ao lique=~
faction in the ficld are plotzed a3 a functinn of the anrmalized penetr -
tion resistance % the sand d:posit involved. In this toem of
pPresentation Nl 13 the measured penetration resistance correceed
effective ‘overburd:n

4 to an
tha relationship:

effustive overtur:ien rrassure
tive density of the

2 Bas

ag
.

pressuro of 1 ton/sq ft and can be datermined from

where Cy i3 a fuacticn of the vffective overburden pressurc at the depth
where the penetration tost was conducted. In early studies values of

CN ware read from the chart ghown in Fig. 3(b) but mor: represeatatfve
valuss are now determinued from the chare ghown in Fig. 4 which is based
on rucent studies conductod at the Watarways Experiment station (2,15).

Thus for any aiven site and 2 given valu: of maximum roun?! -ur-
face acceleratitn, . nocsibili= of NN T : :
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expressed as ratios of the ordinates of the curve in Fiq.
to the ordinate corre
directly on the nlot and summariz2d below:

wonding to 13 cysles. These ratios

Eacunqn Ho. of Representative
Magnt tade Cvcles at 0.85 ¢
TAXT

6-1,2 26 tL3)
S-172 15 3
=131 1 L
v S 32
5-1.4 RED) 1.2

Thus oy Jultiplying o boundacy surves n £iyg. Ll
€aceors shown in zolumn (3) of the abowve table, boundars curw
ina sites witere lijuzrfaccian is likely to occur or anlikely

s3arac-
ssur may
be determine3 for cartaquakes with difi:rent magnitudes. 3Suc: Samuly
of curves for sands .is shown in Fig. 13. The same curves nmay ce used
for siltv sands jrovided tne normalized 3PT (Nl) for tae sil- sand is
increasced by 7-1. 2 bLuofor: eatering the Inart.

- U

L:guefaction of Clavev 3ouls

8ot;: lavorators tasts and field serforrance Jdata nave
sorls will not liguery during o2
BEY 45 8.

the great maiorisy 9f Jiay

However resent studi s :n Jiina (27) have shown faat
z: vulneracle to scvere stronata 13s3
Thcse s0ils appear to have ths <ol

zlaver macerials nay
of 2artnuak? shak:
acearistiza:

Puercant finer than .33 mnot 15%
Liguid Limss w35
Wat:r Jongent >J.) x Laniia Lamic

?lasti-

If so1ls with these chardcteristics plot above the A-line on :
city chart, the best m:ans of determning their cvclis dfcadin: CSiar-
Otherwvise clavey soils mav oo Jons:liered non-

acteristics is by test,
vulnerable to liguefaction.

Determunation of b.re Prossure Increase in Sands o 3ilze Fords

In some cascs it may be desirable to evaluate the poteatial pore
preasure increase Jdue o a given intensity of uarthquhkc shaking 1n sandy
soils. A simple approximate means for accomplishing this is o> use the
normalized form of pore drussure iRCrease curvesg proposed by Lee ot al.
(14} and DeAlba et al. (51, shown in Fiy. 15. Experiencs: indizates that
for many sands under level ground conditions, the relaticnahis cetween
induced ;ore pressure ratio (u /70') and cycle racio N N, where N" is

the nymber of equivalont cycles induced by the sarthquake ad N. 13 <he

“ie 1‘“‘{59"'7' 144 '377/'972/2/
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aunber of such

cycles required to cause L1que faction, will lie bBetweran

1n Fra. 13, Thus if tor aay given siee aond aay
rhe factor of safety aaarnst liquecacrion 1
charts to be greator than L, then

shown
H

the boundaries
given cacthquake maqnitude,
determinud by the cocruelation
induced poru pressur: may be estimated as follows:

Che averaje cvelic stress ratio induced Ly tine

(L} Deteraine
carTinquake and tas €1:tor Sf sataty against lLiguyfazoion,

(2) Detersune the nurber of <Efoctive stress cyoles lat 3.%5 rn_]x1
inducad by the wartijuake (N ). '

. v

(1) Flot the induced AE€Lons (imlasrd stress ratio exere adoas
the ordinace 2 the cury: siown U Fia. 12 dividad (S8
factar or saf2C RSN Aumoer of ovcles s a pelat T
Fig. L3},

() For the ordinat2 of tiu polac iotermeaad inosten vl azove,
road Ofr fronm ~upee the nunser of svalas rrguired T
canse Lejuefazzion (N

<
(%)  Henooce Jycie Ratio 7N .
. IS

(6) For tihc 2 wvalue of Jrole Ratio, read of{ =he :nduzad

DO DTCSSULS ratio, 1 /3 ', from Tia. 15,
-

measurd Coe pore orasiurs Luill rou

Srom o4 tamitude € cartn

(B2}

[shihara
r:sulzing

stady,
1n Tok~wo Bavy
duycing a4 max:imun ground sogitce accel2rilion at the site of
norralicad 5T value, :ll, €3¢ she silzy sand in which
wWe [ anl T Lo Trisur: ratiao

- .

quax? was about

In a r2cent
sand Jdunoseis

A N

measure d ovas 19,
MLS, The Jdurosir,

putad by the ~rosedur: A3 [T 25
indicating that ~he mernsd ai:s 0f

D0ge Druessul: sul bd-ao.

reviow 2 tht Cr-snt s
liquefaction resistance S

of the stantdyri Frnetration

have oreaented

The o2 ling oae
of the empirical mechodl rr evaluating tne
sands and stley sands frem ~sasured values
Resistance. ‘The mechod rav e surrarized in 3 series of sters us
follows:

shan Lo €5, ~ultu 1. measured

(1} For soils at ths shallower
N values Ly 0,75 o allow for enacey lnss an t. srtve rads.
(2) Jonvert ti valucs to Nl valuzs using the CN SOrr;CcTion curves
shown in Fiqg. 4. . R
(3) For sands With 05'.‘ > 0.25 mm. use the standard correl wtion
curves for sand siown in Figs. 11 and 14.
(4) For silty sands aad silts plotting below the A-liae arnd with

(RS .15 mm. dde
H, o= (U r 7.5
1 { 1,nuasurcd
. e e t=c - standard correlatien curves for anit,

XY

loo v -20-0g ‘807/

12 =Povg




()0|064‘~09"‘ )

3.0 K‘S‘

(5) L€ the confininy prossure exceeds 1.5 tons.'sq t, reagus: the
stress ratio zausing liquefaction to allow for tihe reduyztion
due to increased coniining pressure. Such reductions mav be
determined by laboratory tests or on the basis of cxpcrlén:e.

(6) Consider some clay 3zils as potuntially ligquetiable. Based
on the Chinese data thzsa soils would apnear co have cho
followinyg charicteristics:

Peroont finer tian 0.905 mm o~ L3
Liquid Limet < 35
Watrr Content - 0.0 LL
The best wav <o hanil: these 3o0ils, i€ thev elat o

A-line, would o 25 jrtarmine taair LigqueZaction coar
tics Ly tests.

(7)) I che clay sontent cdesermaned OF J.J3 mmb o~ luL, conidier
tae soil non-lijusfianla.

t3)  if che water content ~f any clavey soul (clay, sandw a,
siley clay, slavey jand, atz.) < 0.9 LL, consiter the so:l
non-liguefiabl..

It should Lo noted that in wsing =ais

the SPT siould be determuned in a2 srandurd method usin
pulicv system o Lif: n&
free-falling weigat 1s
tast procedure used in
shown, judiment must be
for the soil before using

[ dets
AT, as duscribed nroeviovs

L
are other deviations frem =n
e values used in the zaa
CAiuate an approuriate 4 vyl

It may also be notod =.at INars siown 1 Fug.
entirely on fi0ld perforrance of totts during actual
is thus based on 3 larae nutzor of field zase stulios.

to silty sands is similacly wall sasperzad by fiola case data.
of the chart to carthquakes with magnitules bune( than M = 7-1°2
bascd on a statistical araivsis of adny earthaquake records and tho cnar-
acteristic shape of a liguefaction curve deteemined by very laric-sca
, Syclic simple shear tosts. As sucn, it is not belicved that thé
the scaling factors indicated by this curve will introduce any
arror in the positions of the fumly of curves shown in Fiu. 14,

Uecause thiv empirical approash is foundad vn such a4 larae body of
(iold data, it is belicwved by thn writer to provide the most usecul ’
umpirical approach available at tiv: sresent time. lowever it should oo
poted that the Standard Penciration ‘fest cannot be performed convent cncley
at all depths (say deeper than 1)2 ft or throudqh lach Jupths Of wator)
or in all soils (such as those containing a significant proportion of
gravel particles). Thus, it is desirable that it be supplomented b
other in-situ test methods which can also be correlated Q:Ln

‘ ‘ sotl ligue-
faction potential.,

In many cases the Static Cone test, which can Le
purformed more rapidly and rmora continuously, may provide a qood @means
for uvaluating liquefaction potential provided it is correlated on a
§ite dependent basis with SPT resulres. However this procedure also
Jimited to sands and silty sands. in dealing with souls containng
large particles or in difficult environments, other in-situ character:s-
tics_such as the shear wave velocity or the clectrical charactoristics

of the soil may orovide o more suttabl  means for assessnent ot liguee-
faction potential.  And 1n due course any or all of these 1n-=si1ta Zesg
methods mavy have their own Jdetarled correlation with ficld oerfor-ance
to validate their usecdulness as meaningful indicacors of liguezacrian
characteristics. [t seems likelv however that for onshore sites and
with deposits of sand up to 102 rt deep or so, the correlation of lijue-
facrion characteristics with Standard Penacration Tuest Jdaca will provide
the most reliable empirical means of evaluating ricld liguetfaction
poteatial for sorm vears to come. Other methnds however have a sianrdfi-
cant rale to play and shoul !l be developed to the fullast oxtent nosiible
to provide information for different sotl tyres and aavivenmencs.
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ATTACHMENT A5

All piping segments begin and end with axial spring
constants of 6.3E+08 1lb,/in, and torsional and bending
spring constants of 7.6E+10 in-1lb,/rad.
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SYSTEM 2000000

INPUT ECHO

I 386.4 1 1.33 10E12 10El2 10E12

IDF .9 .6 1

N 1 0
N 2 0
N 3 0
N 4 0
N 5 0
N 6 0
N7 0
N 8 0
N 9 0
N 10 0
N 11 . 0
N 12 108
N 13 274
N 14 439
N 15 605
N 16 770
N 17 900
N 18 1134
N 19 1368
N 20 1602
N 21 1836
N 22 2070
N 23 2304
N 24 2538
N 25 2772
N 26 3006
N 27 3240
N 28 3474
N 29 3708
N 30 3942
N 31 4176
N 32 4410
N 33 4644
N 34 4878
N 35 5112
N 36 5346
N- 37 5580
N 38 5814
N 39 6048
N 40 6282
N 41 6348
N 42 6582
N 43 6816
N 44 500
M 1 1
M 2 2

M 3 3

M 4 4

M 5 5
M 6 6
M 7 7

1

OO WN

15
81

0
288
414
648
732
966

1200
1434
1668
1902
2016
2124
2290
2455
2621
2786
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2916
2864
2864
2864 -1 -1 -1 -1 -1 -1
500 -1 -1 -1 -1 -1 -1
44

44

44

44

44

44

44

[eNeNeNeNeNoNoNoNoNe e NoNoNoNoNeNoNoNoNoNeoNeoNoNoNeoNeoNoloNoNoNoNeNoNoloNoNoNeNoNeNoNo]
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[eNeoNoNeoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoNoNoNeoNoNoNoNoNoNeoNoNoNoNeoNoNoNoNoNoNoNoNoNoNeNe)
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123
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M 8 8 9 1 44
i'l’*m 9 9 10 1 44
M 10 10 11 1 44
M 11 11 12 1 44,
M 12 12 13 1 44
M 13 13 14 1 44
M 14 14 15 1 44
M 15 15 16 1 44
M 16 16 17 1 44
M 17 17 18 1 44
M 18 18 19 1 44
M 19 19 20 1 44
M 20 20 21 1 44
M 21 21 22 1 44
M 22 22 23 .1 44
M 23 23 24 1 44
M 24 24 25 1 44
M 25 25 26 1 44
M 26 26 27 1 44
M 27 27 28 1 44
M 28 28 29 1 44
M 29 290 30 1 44
M 30 30 31 1 44
M 31 31 32 1 44
M 32 32 33 1 44
M 33 33 34 1 44
. M 34 34 35 1 44
) M 35 35 36 1 44
M 36 36 37 1 44
M 37 37 38 1 44
M 38 38 39 1 44
M 39 39 40 1 44
M 40 40 41 1 44
M 41 41 42 1 44
M 42 42 43 2 44
P 1l 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q 1 -5 11E6 6E-6 .44 .44 2.27 2.27 30E15
P2 21.6 1.61 5248 2624 2624 15.7 31.4 31.4 29E6
Q2 0 11E6 6E-6 .44 .44 2.27 2.27 30E15
X -2 0 5.7E5 5.7E5 10 10 10 10
Y -2 0 10 10 10 10 10 10 O
X -3 0 5.7E5 5.7E5 5.7E5 10 10 10
Y -3 0 10 10 10 10 10 10 O
X -4 0 0 5.7E5 5.7E5 10 10 10
Y -4 0 10 10 10 10 10 10 0
X -5 0 6.3E8 -1 -1 7.6E10 7.6E10 7.6E10
Y -5 2 10E18 10E12 10E12 10E18 7.6E10 7.6E10 10
T H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE
E END GEOM
STATIC
T VERTICAL 4 INCH RELATIVE GROND DISPLACEMENT MIDSPAN
D 1 .00 .00 .00
. D 2 .00 .00 .00
¥ p 3 .00 .00 .00
D 4 .00 .00 .00
D 5 .00 .00 .00
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D 6 .00 .00 .00
D 7 .00 .00 .00
D 8 .00 .00 .00
D 9 .00 .00 .00
D 10 .00 .00 .00
D 11 .00 .00 - .00
D 12 .00 .20 .00
D 13 .00 .50 .00
D 14 .00 .80 .00
D 15 .00 1.10 .00
D 16 - .00 1.39 .00
D 17 .00 l.61 .00
D 18 .00 2.00 .00
D 19 .00 2.36 .00
D 20 .00 ~ 2.69 .00
D 21 .00 3.00 .00
D 22 .00 3.26 .00
D 23 .00 3.49 .00
D 24 .00 3J.68 .00
D 25 .00 3.83 .00
D 26 .00 3.93 .00
D 27 .00 3.99 .00
D 28 .00 4.00 .00
D 29 .00 3.96 .00
D 30 .00 3.88 .00
D 31 .00 3.75 .00
D 32 .00 3.58 .00
D 33 .00 3.37 .00
.D" 34 .00 3.12 .00
D 35 .00 2.83 .00
D 36 .00 2.51 .00
D 37 .00 2.16 .00
D 38 .00 1.78 .00
D 39 .00 1.39 .00
D 40 .00 .97 .00
D 41 .00 .86 .00
D 42 .00 .43 .00
E END CASE

E END STATIC

COMBINE

T VERTICAL SEISMIC (1/2 SINE WAVE END TO END)
O OUTPUT

CCASE 1110

E END OUTPUT

REPORT 1

A CPL

B H.B.ROBINSON

J VERTICAL 4 INCH MIDSPAN DISPLACEMENT OF PIPE RUN

K JOINT MAX. FRACTION = REALATIVE JOINT ROTATION (RAD.)

L JOINT KTRANS=6.3E8 LB/IN JOINT KTORS,KROT2,KROT3=7.6E10 IN-LB.
M....GROUND SPRING PER 19.5 FT. PIPE SEGMENT SET AT 5.7ES LB/IN.
M....DISPLACEMENTS ARE IMPOSED ON GROUNDED END OF NODAL GROUND SPRINGS.
E END REPORT

ENDRUN
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NODAL DATA TABLE
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H.B. ROBINSON 30 CW-11 UNDERGROUND WATER PIPE

NODE

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N 21
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

—-- NODAL COORDINATES =---

X
0.0000EO
0.0000EO
0.0000EO
0.0000E0
0.0000EO
0.0000EO

0.0000EOQO

0.0000EO
0.0000EO
0.0000EO
0.0000EO
1.0800E2
2.7400E2
4.3900E2
6.0500E2
7.7000E2
9.0000E2
1.1340E3
1.3680E3
1.6020E3
1.8360E3
2.0700E3
2.3040E3
2.5380E3
2.7720E3
3.0060E3
3.2400E3
3.4740E3
3.7080E3
3.9420E3
4.1760E3
4.4100E3
4.6440E3
4.8780E3
5.1120E3
5.3460E3
5.5800E3
5.8140E3
6.0480E3
6.2820E3
6.3480E3
6.5820E3
6.8160E3
5.0000E2

Y
1.5000E1
8.1000E1
8.1000E1
8.1000E1

0.0000EO .

0.0000EO
0.0000EQ
0.0000EO
0.0000EO
0.0000EO
0.0000EO
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
2.1000E1
8.7000E1
8.7000E1
8.7000E1
2.1000E1

--NODAL CONSTRAINTS--

VA
0.0000EO
2.8800E2
4.1400E2
6.4800E2
7.3200E2
9.6600E2
1.2000E3
1.4340E3
1.6680E3
1.9020E3
2.0160E3
2.1240E3
2.2900E3
2.4550E3
2.6210E3
2.7860E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.9160E3
2.8640E3
2.8640E3
2.8640E3
5.0000E2

--- NODAL WEIGHTS ---

XWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230ES

BASEPLATE DATA

NODE XT YT 2T XR YR ZR JTYPE BXYZ CALC

YWT

5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5

BANDWIDTH:

ZWT
5.138E3
7.328E3
6.260E3
6.098E3
6.098E3
8.138E3
8.138E3
8.138E3
8.138E3
6.051E3
4.663E3
6.763E3
8.139E3
8.139E3
8.139E3
7.254E3
7.266E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3

8.138E3

12

8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
8.138E3
5.927E3
5.927E3
8.138E3
4.069E3
0.000EO
3.230E5
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