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TWO NORTH NINTH STREET, ALLENTOWN, PA. 18101 PHONEME (2 IS) 821-$ 151

July 6, 1979

Mr. Boyce H. Grier
Nuclear Regulatory Commission
631 Park Avenue
King of Prussia, Pennsylvania 19406

SUSQUEHANNA STEAM ELECTRIC STATION
RESPONSE TO NRC BULLETIN 79-02
ER 100450 FILE 840-4, 150-C72 PLA —

378'ear

Mr. Grier:

The following is our reply to IE Bulletin No. 79-02 dated March 8,
1979 for the Susquehanna Steam Electric Station. The subject bulletin
requires all licensees and permit holders for nuclear power plants to
review the design and installation procedures for concrete expans'on
ancho'r bolts used in pipe support base plates for Seismic Category I
Systems.

All pipe anchors and support base plates using expansion anchor bolts
were re-analyzed to account for plate flexibility, bolt stiffness,
shear-tension interaction, minimum edge distance and proper bolt
spacing. Several methods of analysis were used to determine the bolt
design loads. The specific analytical method used was dependent on the
complexity of the base plates. The majority were analyzed using a. quasi
analytical computer program, BOLTS, developed by Bechtel to be used for
base plates with eight bolts or less. A description of this and the
other analytical methods is given in the attachments to this letter.

The results of the analyses have revealed a relatively small percentage
of pipe supports having loads greater than the allowables cited in the
design specification. Attachment 1 presents a summary of the analyses
of concrete expansion bolts.

For anchor bolts which, according to the re-analysis, have indicated
loading greater than that permitted by the design specification,
corrective actions will be initiated. Design details will be modified
for those pipe supports which have not been installed. For pipe
supports that have been installed., the design details will be modified
and the base plate stiffness will be increased by hardware changes.
The design effo t will be completed by August 31, 1979. Pipe supports
which require hardware modifications will be completed prior to fuel
load.

PENNSYLVANIA POWER IL LIGHT COMPANY '7908 0'7 0 ZS'g





Page 2 of 3
Mr. Boyce H. Grier
Res onse to NRC Bulletin 79-02

y

Revision 1 of IE Bulletin 79-02 clarified those items dealing with
anchor installation that require verification. Inspection of concrete
expansion anchors is performed using the Quality Control Instructions
outlined in QCI-C-1.50.

h

The Quality Control Instructions requires, among other items, the
following:

(1) Review of latest applicable drawings, sketches, specifications,
procedures, etc.

(2) Verification of minimum distance between anchor centers and the
minimum distance from anchor centerline to the edge of the
concrete.

All Seismic Category I piping support installations are 100% torque
tested'n accordance with Susquehanna construction procedures.

Provisions for checking plate bolt hole size exist. The piping support
details, which specify bolt hole sizes, undergo a receiving inspection.
Also, a dimensional check of the piping support is, performed in the
shop by a Bechtel inspector.

Minimum anchor embedment amongst other activities is checked on a
surveillance basis. Typically, when Bechtel inspectors are unable
to verify minimum anchor embedment, the supporting assembly is removed
to verify proper embedment and then torque-tested. This also
substantiates that the anchor does not come in contact with the back
of the support plates. It has been Bechtel's experience that if the
expansion anchors are not installed correctly, the anchor shells will
-rotate even if drawn up against the backing plates. There is presently
no Susquehanna project requirement for checking the full expansion of
the shell for shell type anchor bolts.

Although not a specific in'spection activity, quality control inspectors
are trained to verify minimum thread engagement. If expansion anchors
with exposed bolts have the bolt flush with the nut or greater, it is
considered acceptable.

Attachments 2 through 4 present Bechtel Power Corporation's generic
response to the subject NRC Bulletin.
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Attachment 2 is the generic Bechtel response to NRC Bulletin 79-02,
Revision l supplemented by the Suscpxehanna response to Item 6 of
the Bulletin.

Attachment'3 is to the Documentation package for "BOLTS" computer
program.

Attachment 4 is the Description of the Strength Design Method. This
method was used to analyze the base plates outside the scope of the
"BOLTS" program.

Please let us know if you desire additional information regarding this
matter.

Very truly yours,

Norman W. Curtis
Vice President — Engineering and Construction
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Attachment X.

SUMMARY OF ANALYSIS
CONCRETE EXPANSION BOLTS (CEB)„

Lar e Pi e (2-1/2" and Lar er) Su orts:

No. of Pipe Supports with CEB

No. of Pipe Supports subject to reanalysis

No. of Pipe Supports with CEB analyzed by
computer analysis ('olts'rogr am)

No. of Pipe Supports subject to detailed
analysis (Strength Design) and/or hard-
ware modification

No. of Pipe Supports with CEB loading greater
than permitted by Specification C-72

= 349

= 349

20

Small Pi e (2" and Smaller) Su orts

No. of Pipe Supports with CEB

No. of groups of pipe supports with CEB based
on standard base plates 6 bolt pattern"

No. of groups of pipe supports subject to reanalysis
r

No. of groups of pipe supports with loading greater
than permitted by Specification C-72

No. of pipe supports in the two groups above

950

23

23

99"

+Please note that individual analysis of these supports
will decrease the number of CEB with loading greater
than permitted by Specification C-72.

(J11-24/2)
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A Report on

PIPE SUPPORT BASE PLATE DESIGNS

USING CONCRETE EXPANSION ANCHOR BOLTS

(Zn Response to: NRC XE Bulletin No. 79-02, dt March 8, 1979

Z., Introduction

This report 'is in response-to NRC XE Bulletin 79-02,
dated March 8, 1979, requiring all licensees and permit
holders for nuclear power plants to revi'ew the design
and installation procedures for concrete expansion
anchor bolts used in pipe support base plates in
systems defined as Seismic Category I by the NRC
Regulatory Guide 1.29, "Seismic Design Classification",
Revision 1, dated August, 1973 or by the applicable
SAR

In accordance with the intent of the Bulletin 79-02, the
following types of supports have been considered in the
present review.

a. Pipe Anchors (Seismic Category I)
b. Pipe Supports (Seismic Category I)
The design and installation of the expansion anchor bo3.ts
on the Susquehanna power station were governed
by the following documents:

ZZ. Response to Action Items

1. Verify that pipe support base plate flexibility was
accounted for in the calculation of anchor bolt loads.In lieu of supporting analysis justifying the
assumption -of rigidity, the base plates should be
considered flexible if the unstiffened distance
between the member welded to the plate and the edgeof the base plate is greater than twice the thickness
of the plate. If the base plate is determined to beflexible, then recalculate the bolt loads using an
appropriate analysis which wi3.1 account for the
effects of shear-tension interaction, minimum edge
distance and proper bolt spacing. This is to be
done prior to resting of anchor bolts. These
calculated bolt loads are referred to hereafter as
the bolt design loads.

T-113/8



RESPONSE: All pipe an'chor and support base plates using
expansion anchor/bolts were (re) analyzed to account for
plate flexibility, bolt stiffness, shear-tension interaction,
minimum edge distance, and proper bolt spacing. Depending
on the complexity of the individual base plate

configuration'ne

of the following methods of analysis was used to
determine the bolt forces:

(i) A quasi analytical method, developed by Bechtel
was used for base plates with eight bolts or less.
A review of the typical base plates based in
supporting the subject piping systems indicate
that the majority of them were anchored either
by 4, 6 or 8 bolts. The plate thickness
usually varied from 1/2" to 2" and are not
generally stiffened. For these types of base
plates an analytical formulation has been developed
which treats the plates as a beam on multiple
spring supports subjected to moments and forces in
three orthogonal directions- Based on analytical
considerations as well on the results of a
number of representative finite element analyses
of base plates (using the "ANSYS" Code), certain
empirical factors were introduced in the simplified
beam model to account for (a) the effect of concrete
foundation (b) the two way action of load transfer
in a plate. These factors essentially provided a
way for introducing the interaction effect of
such parametric variables as plate dimensions,
attachments sizes, bolt spacings and stiffnesses
on the distribution of external loads to the
bolts

The results of a number of case studies indicated
excellent cor'relation between the results of the
present formulation and those by the finite
element method (using the "ANSYS" Code). The
quasi analytical method generally gives the
bolt loads greater than the FEM.

Although the effect of plate flexibility has
been explicitly considered in the quasi analyt-
ical formulation described above, the impact of
prying action on the anchor bolts was determined
not to be critical for the following reasons:

a. Where the anchorage system capacity is
governed by the concrete shear cone, the
prying action would result in'n appli-

T-113/7
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cation of an external compressive load
in the cone and would not therefore affect
the anchorage capacity.

b. Where the bolt pull out determines the
anchorage capacity, the additional load
carried by the bolt due to the prying
action will be self-limiting since the boltstiffness decreases with increasing load.
At higher loads the bolt expansion will
be such that the corners of the base
plate will liftoff and the prying actionwill be relieved. This phenomena has been
found to occur when the bolt stiffness in
the Finite Element Analysis was varied from
a high „to a low value, to correspond typi-
cally to the initial stiffness and that
beyond the allowable design load.

A computer program for the analytical technique
described above has been implemented for deter-
mining the bolt loads /or routine applications.
The program requires plate dimensions, number ofbolts, bolt. size, bolt spacing, bolt stiffness,
the applied forces and the allowable bolt shear
and tension loads as inputs. The allowable loadsfor a given bolt are determined based on the
concrete edge distance, bolt spacing, embedment
length, shear cone overlapping, manufacturer's
ultimate capacity, and a design safety factory.
The program computes the bolt forces- and calcu-

- lates a shear-tension interaction value based 'on
the allowable loads.

The shear-tensions interaction in the anchor bolts
has been accounted for in the following manner:

1. Where the applied shear force is less than
the frictional force developed in the shear
plane between the steel and the concrete
surface for balancing the imposed loads, no
additional -provisions are required for shear.

2. Otherwise, the total applied shear is required
to be carried by the bolts in accordance with
the following interaction formula.

2.

I.O
SA)

T-113/7
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Where T and S are the calculated tensile
and shear forces and T+ and SA are the
respective allowable values.

(ii) For special cases where the design of the support
didn't lend itself to the foregoing method, the
finite element method using the "ANSYS" code
and/or other standard engineering analytical
techniques with conservative assumption were
employed in the analysis.

(iii) Other cases were solved using an approach
based on kh8 strength design method given in the
ACI 318-77 code.

2 ~ Verify that the concrete expansion anchor bolts have the
following minimum factor of safety between the bolt design
load and the bolt ultimate capacity determined from static
load tests (e.g., anchor bolt manufacturer's) which
simulate the actual conditions of installation (i.e., type
of concrete and its strength properties):

'a 0

b.

Four — Four wedge and sleeve type anchor'olts.
1Five — For sheel type anchor bolts.

RESPONSE

In the current design review, factors of safety (i.e.
ratio of bolt ultimate capacity to design load) four
for wedge type and five for shell type anchor bolts
were used for service load cases. When extreme
environmental loads are included, a factor of safety
of three is acceptable in accordance with Section B.7.2
of the Proposed Addition to Code Requirements for Nuclear
Safety R81ated Concrete Structures (ACI 349-76) August 1978.

Further, where an effective program of 100% verification of
accetable anchor bolts had been implemented, a factor of
safety .oP two is considered satis factory with extreme
environmehtal loads.

3 ~ Describe the design requirements if applicable for anchor
bolts to withstand cyclic loads (e.g. seismic loads and
high cycle operating loads).

T-113/7
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In the original design'f the piping systems (Bechtel) consid-
ered deadweight, thermal stresses, seismic loads,'nd
dynamic loads in the generation of the pipe support design
loads. To the extent that these loads include cyclic
considerations, these effects would be included in the design
of the hangers, base plates and anchorages.

The safety factors used for concrete expansion anchors,
installed on supports for safety related piping systems,
were not increased for loads which are cyclic in nature.
The use of the same safety factor for cyclic and static
loads is based on the FFTF Test+ The test results
indicate:

1 The expansion anchors successfully withstood
two million cycles 'of long term fatique load-
ing at a,maximum intensity of 0.20 of the static
ultimate capacity. When the maximum load inten-
sity was steadily increased beyond the afore-

'entioned value and cycled for 2,000 times at
each load step, the observed failure load was
about the same as the static ultimate capacity.

2. The dynamic 'load capcit of the expansionct .

anchors, under simulate seismic loading, was
about the same as their corresponding static
ultimate capacities.

4. Verify from existing QC.documentation that design require-
ments have been met for each anchor bolt in the following
areas:

(a) Cyclic loads have been considered (e.g., anchor
bolt preload is equal to or greater than bolt
design load) ~ In the case of the shell type,
assure that it is not in contact with the back
of the support plate prior to preload testing.

(b) Specified design size and type is correctly installed
(e.g., proper embedment depth).

If sufficient documentation does not exist, then initiate
a testing program that will assure that minimum design
requirements have been met with respect to sub-items (a)
and (b) above. A sampling technique is acceptable. One
acceptable technique is to randomly select and test one
anchor bolt in each base plate (i.e. some supports may
have more than one base .plate). The test should provide
verification of sub-items (a) and (b) above. If the test
fails, all other bolts on the base plate should be similiarly

T-113/7
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tested. In any event, the test program should assure that
each Seismic Category I system will perform its intended
function.

RESPONSE: It is not necessary that the bolt preload be equal
to or greater than the bolt design 3.oad. Pipe supports and
anchors are subjected to static and dynamic loads. The dyna-
mic loads are seismic loads which are short duration cyclic
loads. This type of cyclic load is not a fatigue load, so

. the amount of preload on the bolts will not greatly affect the
performance of the anchorage. (In addition, preload is lost
over the life of the plant due to creep and other similar phe-
nomena). Therefore, if the initial installation torque on the
bolt accomplishes the purpose of setting the wedge, then the
ultimate capacity of the bolt is not affected by the amount of
preload present in the bolt at the time of the cyclic loading.
For vibratory loads during plant operation, the expansion an-
chors have successfully withstood long term fatigue environ-
ment as discussed in the previous section.

All concrete expansion anchors are designed, installed and ve-
rified as per Specification 8856-C-72. Installation, verifi-
cation and testing procedures along with acceptance criteria
are given in sections 4.0, 5.0 and 6.0 of this'pecification.
Also, expansion anchors are tested for pr eload using a sampling
technique specified in Section 6.0 of the specification or as
per the attached sampling program. The proper documentation,
indicating the location of expansion anchor and group repre-
sented, method of test (torque or tension), test results, type
of failure when applicable, date of test along with name and
signature of the inspector, are maintained at the jobsite.

SAMPLING PROGRAM

~ A random sampling inspection procedure is established .to de-
termine the acceptability of concrete expansion anchor instal-
lations. An upper confidence limit on D, the number of defects
in the population, N, is constructed based on the hypergeome-
tric distribution (Jaech, J. L., "Statistical Methods in Nu-
clear Material Control". TID-26298, Exxon Nuclear Company,
Richland, Mash., 1973)-

+Drilled' In Expansion Bolts Under Static and Alternating
Loads.. Report No. BR-5853-C-4 by Bechtel Power Corp.,
January, 1975.
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X=0

Where Xo — the number of observed defects in the
sample, n = the sample size and (1-X)100 = con-
fidence level. The acceptance criteria is a 95$
confidence level that there are less than 5'$ de-
fective in the total population (i.e. D/N < 0.05).

6. For CEB 'which have shown loading greater than permitted
by Specification C-72, corrective actions will be ini-
tiated. For those pipe supports which have not been in-
stalled, design details will be modified. For pipe sup-
ports that have been installed, the design details will
be modified and base plate stiffness will be increased
by hardware changes.

The design effort wi,ll be completed by August 31, 1979.

The pipe supports which require hardware modifications
will be completed prior to fuel load.

( J I 1-21/2)
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0029OC
00200C
00220C
D0220C
0023uc
00240C
0025 0C
00260
00270
00280
00290
D0300C
00310C
0032 OC
00330
00340

'0350
00360
O037 O

00390
00390
00400
DO410
00420
00430
00440
00450
0046 OC
D04r OC
00480C
00490
00'500
0051 0
00520 .

00 30
00540
D0550
DD56 0

5
r~oo

901

~ ~ ~ ~

~ 1
~ ~

I ~ A <g

I'ROrRRNBOLTS (INPVT«GVTPVT TRPE5=INPUT) "

AT tiNi) N ~ 1

VERSION C
'1 ~ ~

PROf~RRH BOLTS DETERMINES THF ANCHOR BOLT FORCES
RND INTERACTIGN VALVES f=GP R CENTRALLY LIGATED
ERSE PLRTE. THE FOLLGMINr~ RPE SEVERRL GF THE
INPGRTRNT VRRIRBLES IJSED IV THE PROr5RAN:

A

THK = Pl RTE THICKNESS (IN)
KB = BOLT . 7 IFFNESS (KrII'f)

FTRLL = RLLQMRBLE TENSILE FORCE (K>
'FSRLL ' FILI GIJRBI E SHEAR FORCE (K)

FX«FY«FZ = RPPLIED FGPCFS (K)
NX «MY «NZ = . APPLIED NOtlEt1TS ( IN-K>

PERL KP «PIX «HY «NZ
CONPIGtf /FORCES/ FX «FY «FZ « PIY «IY «NZ
CONDIGN i'PRPRÃ1~ TH@ «KB «FTRLL «FSRLL
CGNt".GN .'PARRY?r S(2) «T(2) B(2> ALPHA<8) «TITLE(1)

RERD INPUT VRLVES

PRINT 1000
PRINT 900
FORMAT(i«5X «3 HINPVT TITLE ( VP TG 10 CHRPRCTERS ) >

RERD(5 «901) TITLE(i>

FGF:PEART(R 1 0)
PR I'NT 1 001
RERD(5 s+) NB ~ ICODE
PP INT 1 002
REFID(5 «~) FX «FY «FZ st".X «NY «NZ
PR INT 2 01 0
READ(5 s+) THK «KB «FTRLl «FSRLL
PRINT 1 020
RERD(5«+) S(1) sS(2) «T(i) «T(2> OB(1) «B(2)

INIT IRLIZE PRRRNETERS
( ~

RLPHR(1 >=3H R
FILPHR(2)=3H B
RLPHFI(3)=3H C
RLPHA(4)==H D
FtLPHRI(5)=3H E
RLPHR(6>=3H F
R{ PHR(7)~3H 6
ALPHA(8)~3H H



g jc.
. ygL

ORIGINATOR

PROJECT

SU8JECT

Na fg

, . ~ g. 2'79 ' 06276
(

CALCULATIONSHEET
CAI.C. NO. + REV. NO.

'ATE + 5 ~ CHECKED MYpQ*'fj
JO8 NO.

SHEET NO.f~ N

8 OO57OC

F 00 8nc
'05~or.'

00600
8 00610

0062 0
7 00630
8

00~40
0065 0

8 00660
0067 0
00680

tt Q069Q
„oo, nn

0071 0
>s 00720

00730
00740,

'8

00750
„00760

0077 0C
~'0~80I-.
)~ 0079nc
"OO8OQ
'It Q81 0+

00820+
00830+

n 0840+
~ 00880+

00890+
~ 009ilo+
~„OQQin+

0092 il+
> 00930+

094 0 10~ 00950+
210096Q
~ 0970

00980
~0990
aeIOOO

0101 0+
s.oi n.- 0
~10i0

I'LL CDRPECT SIJBRQIJTIHE

IF(NB.NE.4) GG TG 10
PRINT 1130 . NB ~ ICODE
CRLL BDLTS4(HBiICQDE)
I"G TG 100
IF(NB.NE.6) GD TD 20
PRINT 1130 «NB. ICDDE
CFILL BQLTS6(HB ~ ICODE)
CO TO 100
IF(HB.NE.8) I..O TG 30

'RINT1130 ~NB. ICGDE
CALL BCLTS8 < NB < ICGLiE )
CiQ TG inn
PRINT inii5
CONTINUE
PR IHT 1120

10

3Q
1 Qil

READ(5~+) IRUN
IF( IRVN CwT ~ 0) liG TG 5

F QP.NFITS

iono FGRHRT(rr~28X!31HANI.HDR BOLT PRGCRAN - VERSION C>r;3. ("-H i) ~

rr~39HINPUT IS FREE FIELD =EPRRRTED ZY CQttNA".
30H. UNIT - FIRE IN KIPS Al'ID INCHE

QHVERSIGN C OF BOLTS PROC&'AN HAS FGLLG4IINC REVISION'". (6r5r79) ~

~ 5X r45H 1 ~ ) EI~IJATIGH LINITINC~ THE MQNEHT RRM INCLUDEDir ~

X~44HPNY I!IIESTIQNS SHOULIi BE DIRECTED TO S. CLOSE

6rr
r
r

1002
1005

1010
1020
1120

113n

y5Xy19HQF CPIi RT EXT 2986 err 20X~
26HINTERACT ION EQURT ION CODE: ..r. 19:~„.
29H1=LINEAR INTERACTION FQI IATION ..r p 1 JX p

36H2=NQN-LINEAR INTERRCT ION EOIJHT! ON .-.1 ~r ~19X >

36H3=NGN-LINEFIR INTERFICTIGH EC!VATIQN =2 ~r ~3542H +) ~r)
FQRNAT(r )37HINPIJT THE NUt1BER DF BOLT S (4 s6 )QR 8) t 1 X t

33HRND IHTERRCTIGN CDDE (1!2 DR 3) ->
FGRHRT(r i5X s40HIHPVT APPLIED I QFIDS (FX >FY sFZ iHX ~NY iIZ):)

FORINT(5X ...5HERRQR — NUMBER OF BOLTS HQT CDRPECT)
FQRHFIT(r ~5X ) 45HINPUT DESIGN PFIRRI.ETERS (THk: ~KB >FTALL~F ALL) )

FGRHAT (r e5X )45HIHPUT PLRTE DINENS I GNS (SX r. Y t TBX t TBY tBX t BY) )
FOPHFIT(r. >5X~32HDO YQIJ MANT TG RUN BOLTS Ri-RIH ?

r)5X~19H(TYPE 1=YES 0=NO))
FQRtfAT(rrry5X I2p14H - ECLT OPTION '5X ~ 18HtNTKRAI.TIDN COTiE

END



. ygL

ORIGINATOR

PROSPECT 8S u«

Sue>ECT <rr«C

f -eog.v

Cf'ce .

JOB NO,

SHEET NO.

', - y JI. 2'79-.'6276

CALCULATiGNSHEET
~ 3CALC. NO., i REV. NO.

DATE ~ ~ CHECKED ~ + OATE

10

12

01040
02050 .

01060
01 070
02 080
01090
011LTOC
01110C
01120C
01130
01140
01150
02160
01270
012SO
01290
0120 0C
0222 OC
0122 OC

01230C

10

SUSPGUT INE EQLTS4 (N3 « ICOT'E)
CGNNGN rFGPCESr FX «FY «FZ «HX «HY «N
CGlll".QN rPRRRNir THK «KE «FTRLL .FSRLL
t OHNON rPRPRN2r S(2) «T(2> «X(2) . RLPHR(8) ..TITLE(1)
DIMENSION F(4!4) «XYPRY(4!2)
PERL I(2) «KE «NX «NY «N2

INITIRLIZE PRRRNETERS

DQ 10 I=i «4
DO 10 J=f«4
F(I «J)=0 ~ 0
CONT INUE
H(i)=RES(NX)
8<2)=.RES(NY)
TQPJ=S(2)+S(i)+S(2)+S(2)

DETERMINE IiOLT LORDS DIJE TO EENDIN& IQt'ENT RND 'OPE IN
RPPRQPR IRTE F ( I «J)

18

19

21

01240
01250
01 260
01270
01275
01280
02c.90
01300
01310
01320
02330
01340 20
01350
01360
02370
01380
01390
01400

'1

41 0 '",.'.
0142 0
01430 ='.':. 25-.-
01440": '""

. 01450
02460

'00.'G

100 I=i «2
D=.5+<T(E)-B< I) )
RL~3.5iDi< (THKrD)++.6667)
RL=RL+( (44.rKE)++.3333)
IF (RL .6T .D) RL=D
FR=K( I ) r(S< I)+3( I)+2 FARL)
IF(I .EQ.2) CO TG 25
IF(HX.LT.O.O) GG TO 20
F(1 «1)=FR
F(2 «2)=FR
60 TO 100
CONT ICE
F <3 «'1 )=FR
F(4«i)=FR
60 TG 100

5 CONT INUE
EF(HY.LT 0 ~ 0) 60 TO 25..
F(1«2)=FR
F<3«2)=FR
60 TG 100
CONTINUE .!: .

'..'!'(2«2)=FR

F(4«2)=FR
CCNTIN,ig-....-.- ~

i ~

~ g

I

I

~ ~ 0
I
~ i



glG+

~.. III!L' '7). ':,i4;Ogk:;,:
OLCUlATI0NSHEEO'-'"'~- -'-"':::;-"~: ':::-:."-:.-'„-"„'-:.':,':

~«NO.~-i<7~-~ R~..a ':

ORIGINATOR DATE CHECKED DATE

tROJECT

SUBJECT

z)! .!
~ I

~ 0 « ~

I

~ r 'v
1

~y

t,, H ~

10

12

13

Q ts

18

0247 0C
02480C
024'POC
02500
02S10
02520
01530C
01540C
0155 0C
01560
01570
02580
Of590
01500
0161 0
026c.0
01630
01640
01650
01660
01670 .

01680

30

+'I ~

E ' "i~ '

DETEI-.NIHE BQLf:,+99'g-; gJE" TO: Rgf~- gjjpjg'''l,i'm>p "„'.~~/~-'~"';:

F ( I t 3> = B< (FZ) /4'"..P;~~"'.>.-.„:..:„:.:.".„:-„-'„:",':.::.--ttG:..;.,„";-,'=.~+I:;;,-:, j.

DETERS I0E BOLT 'LGA9%..'.DUE:;. TG - <HEFP;. RHD. TORY IQH'.;;g-: ';;"«.~

XYI".RY(2 t 2>=-$ (8)i'2

-'l"-'YRRY(<

t 2 > =XYRRY<2 t 1) „"..: .!,';„"Ii .:.::.'",'-.~'~j..'o,".„".~",N'='~j''-'=:,'ll',",r." ''Ik -'.;;:

XYPRY(3 t 2> =-X1'RRY( 2 t2)-..- ~

XYRRY(4 t 1 > YRRY< 2 t 1 )I ~ ', ',','" 'rt "',i~"er ~'' > p
'r

FTX=R&S(N +XYRRY<I'tH /~TQP J)+RBS(F6'4.):,"";.'-:." ."-..'." '..
t~

.

FTY=RBS(t +XYPRY(I t 2)iTQP J)+RBS(FY/4.)
F ( I t 4 > =Sl;II"T(FTX+FTX+FTY+FTY)
CQhTIHVE

«Pt

02690C
01700C
01710C
01720
01730
0174 0
02 7 50.
Of760

Sn

PRINT QUT RLL

DQ 50 I=ftHB
CRLL F'PINT (HE
CONTINUE
RETURN
EHD

INPUT VaeuES ~VD RESULTS

~ g

t ICQDKtI tF(It2) tF<ItZ) tF<E't3> tF(I t4)')c '.

gol~~$ ~tiy'"4,i'w
( 4 ~ ~ ~ ~ w„ l

II I I
I ~ ~ ~

i
I J

II
. I I

3'I

.4 32

t—
~ ~ ~

I

~ W I ~

I ~ I
~ t ~



0 ~ ~



ygl
v

ORIGINATOR

PROJECT (vIVJ

SUBJECT rtCl

2'79:106276
CALCULATlGN SHEE

CAI.C. NO. REV. NO,

DATE ~ CHECKED DATE 5
I

JOB NO,

SHEET NO.

$ 08@ 0 u7t wg

12

13

14

.Q ts

1d

1B

19

21

24

01770
i' 01780-

01790
01800
013f 0
01820
01830C

, 01840C
0185 0C
01860
01870

. 01880
01890
01900
01910C
0192 OC
0193 0C
019@DC
01950
01960
01970
01975
01980
01990
02000
02010

- OP020
OP.021
02022
02030
02040
02050
02060
02070
02080
02090
OP.1 00
02110
02120
02130
02f 40
02 1'30
0216 0
02165
02170
021 80
02f90

10

30

SUBROUTINE BGLTS6<NB~ICQDE) '
f j c,

CGtht<QN rFORCESr FX aFY )FZ sN+ iHYsHZ
COtlNGN rPRRRH fr THK sKB ) FTFILL ~FSRLL
CONt1QN rPRRFIH2r S<2) u 7(2) B<2) )RLPHR<8) )TITLE< 1 )
DIMENSION F<6 s4) ~XYRRY(6i2) HEI(2) I

RERL VB~NXsNY~NZsKisK2tLf

INITIRLIZE PRRRt'ETERS

DQ fo I=1~6
DQ 10 J=f e+
F(I ~J>=0.0 ~ ~

CONT INUE
TOPJ=1.5+S(f)eS(f)+4.iS(2)iS(2)

DE7ERPtINE BOLT LORDS DUE TO BENDING NQPfENT RND STORE IN
RPPROPRIRTE F<I ~J)

EI( f)=2@f7.eT(2) e<THKie3.)
D=.5i<T(1>-B<1) )

1=3 5e(<THf<rD)~ 6667)i<(44 rKB)ee,333?>eD ~

IF <L 1 .67 .D > Li=D
SR=SQPT(S(1) eS(1)r4.+S(2) eS'(2) )
SB S(l)r2.
Tf=P.e(RBS<NX>)r(S(i>+B(f)+R.eLf>
DFH=<(KBe<S<f)r2.+Lf+B<f)r2.)ei3.)rEI(f))ee.25
DFH=R.eDFNi<SRr(SR+2.+SB))r3.
IF(DFH.LT..33-3> DF8=.3333
IF(DFH.GE.1.0> DFH=1.0
Ffl=(<1.-DFN)r2.)eTi
FB=DFleTf
IF<IX.LT.O.O> GG TG 20
F(1 ~ f )=FR
F(2 ~ f )=FB
F(3 ~i)=FR
GQ TO 30
CONTINUE
F<4 ~ 1)=FR
F(5sf)=FB
F<6.~1)=FFI
I.ONTINUE
D= .5e<T (2>-B<2»
L 1 3 v5i< (THKrD)ee ~ 667) i< <4W ~ rKB)ee 3333) 4D
IF(L1 .GT.D> L 1 =D
Z=B<2>r2.+Lf
EI(2)=2417 'T(l)e<THKie3 ~ >
K 1 =P.



pfL
s~

JllL 27s 106276

B~cuuziom sHEEP
CANC. NO. < ~~ ~ REV. NO.

ORIGINATOR

PROJECT

SUBJECT

GATE CHECs:EO

JOB NO.

SHEET NO.

OATE

10

12

Q is

17

1B

21

02200,
0221 0
02220
Oc230
02240
Oc,250
02260
02270
02280
02290
0:-300
0231 0
Oc3- 0
Oc,33 0
02340
Oc350
02360
02370
02380
0239 0
02400
02410
0242 OC
0243 OC

0244 0C
02450
02460
02470
0-480
0-490
Or.500
Oc.51 0
02520
02530
02531
02532

'02540
02550
Oc.56 0
02570
Oc. 80C
02590C
02600C
02610
0'=" 20
02630
0 "640
02650

50

DG 60 I=is3
II=I~3
XYRRY(I s2) =S( 1 > 'c .
XYRRY(II s2)=-SC ] >r2.
I QHTItNE ~ ~ ~> '

~ i r V

4

KB=2 . +}C3+<ZrSB)++2 ~

IF<K~ .GT .K 1) k2~K i. '

1=E I (2) o(RBS(NY) )+(Ki+K2)r(S(2) t S(2)+Ki+K2):;-;;:;„"'.D�l=D�i+<Z+<K�i(Ki+K2)
)+S<2) )

D2=(RBS<HY))oZ+S(2)r3
D.=EI(2)r<S(2')+S(2>+Ki+K2) .

D3=D3+(KiiS(2)+S<2)+2.+Ki+Z+S(2)+(Ki+K2)iZ+Z)
D4= (2)+ +Z-3.+S(2)+<S(2>+Z>++2.+(S(2)+Z>~3;
D4=<D4+2.+S(2)+S(2) +S(2)+3.+Z+S(c>+S(2> )r3.
C=(D 1+D2) r (D3+D4')
Tl=<-Z~C+RBS(MY))rS(2) '
T2=C-Ti
F(2s2>=T2r2.
F<5s2)=F<2s2>
IF(HY.LT.O.O) GG TG 40
F<isc.>=Tir2.
F<4 s2)=F(1 s2)
rn TQ SO
CONTINUE
F<3s2>=Tir2.
F<6s2)=F(-s2)
COt)T IHUE

DETERSIVE BOLT LORDS DUE TG R~IRL FORCE

XK=EI<2)r(2.~S(2))
YK=EI(i)rS(1)
TX=XKe(RBS < FZ) )r (XK+YK)
TYR=(RBS(FZ)-T'A)r2..
DFHV=.8888'((KB+S(1)+S(i)rVK>++.25)4<SRr(SR+S(t))).
IF < DFHY .LT . 0 571) DFPlY= 0.571
IF(DFPlY.GE 1 ) DFHY=1.0
F (1 s3) =(-2.+DFNY+TYR+RBS(FZ) ) r4
F(2s3)=DFHY+TVR
IF(F<2s3).LT.F( is3)) F<is3)=RBS(FZ>r6.
IF<F<2s3) LT F(is3)) F<2s3)=RBS(FZ)re
F(3s3>=F(is-)
F(4s3)=F(1 s3)
F( s3)=F<2 s3)
F(6s3>=F(1 s3)

DETERMINE BOLT LORDS DUE TO SHERR ROD TORSION



@$ 1

S

I

I.Cue TION SHEET
CAI.C. NO. ~ ~~ 7 3REV, NO.

ORIGINATOR

PROJECT

SVSJECT drrr Cg

OATE / 7 CHECKE

JOB NO,

SHEET NO.

OATE ~ »

10

12

13

14

C'. is

16

, P'2660
''':"'2670

02680"
02690 .

02700
02710

. 02720
02?80
02740
02?50
0276 0
0~7?OC
02780C
02790C
02800
02810
02820
028:30
0""-840

~ ~

70

80

XYWY(tr»=-S(2);.."':::.-.. ':::::- ':.: ~ "." '-'".:- ".".'.:.-"-'-.
XYRRY(2rf)=0.0
XYRRY(3 rf)=S<2)
XYRRY(4 r1)=-S<2): ".
XYRRY<5 r 1 )=0. 0, ':: -:.
XYRRY(6 r 1) =S(2)
DO 70 I=i r6
FTX=R3c<5. eCYRRY(I r2)rTQR Ii+RPW(FXr6.)
FTY=R3S(MZeXYRRY< Irl)rTQPJ)+R3S(FYr6.)
F(Ir4)=SQPT(FTXeFTX+FTYeFTY)
COHTIHVE

PRIHT OUT RLL IHPUT VRLVES RHD PE ULTS

Da 80 r=>.H3
CRLL PP IHT <H3 r ICODE r I rF< I r1) rF(I r2) rF(I r8) rF( I t4) )
CCHTIHUE
PETURH
END

19

24



I, ~
E



ygL
f

ORIGINATOR

PROJECT

OATE DHEDEED/r ~ DATE

JOB NO,

SHEET NO.

~'at.cue>tom SHE
CALC.NO. ~ ~ ~ REV.NO.

~ I

8'- bc
02eda-.'".: .

02860
'2870'

02880
02890
02900
0291 OC

t y- NV8r~ourrw
SU'SPOUT INE BGLTS8 (TtB s ICQDE)

, CQHHQH rFGPCESr FX sFY sFZ sM'ir sHY ~ HZ
CGttPIQH rPRRRtlir THt<:kB sFTF|LL sFSRLL
CGthNQN rPRRR82r S(2) s T(2) s3<2)! RLPHR(8) sTlTLE(1):: ' - ~:
Drt;EV IQrt F(ss4»XYPRY(e 2> sEl<2)
PERL H(2) sKB sLi sHX st'lY sN sK1 sKi

J E

$0
~ ~

D ~

0 ~

E.SA T
~ ~

I
~ ~

t

02920C
02930C
02940
02950
02960
0237 0
02980
02990
03000
03010
03020
03030
0304 0C
0305 0C
0306 0C
030r 0
03080
03090
03100
0311 0
03120

JA Ag,

03130
'3135

03140
03150
03! 60
03170
3180

. 03190
03200
0321 0
03220
03230
03240
0325'0

.03260
03261
03262
0.270
03280

'03c.90
03300
0331 0

INITIRLIZE PRRRt ETERS

. N(1>=RBS(NY)
N(2)=RBS(t1Y)
SR=SQPT(S(1 >+ (1)+S(2) oS(2) )
DG 5 I=i sa
DQ 5. J=l s4
F(I s J>=0.0
CGHTIHVE
TQRJ=6.+(S( 1 )'+S(! )+S( -)+S(2> )
EI(1)=c41r .oT(2)i<THKoo3. >

EI (2>=24!7.iT(1) o<THKoo3.)

DETEPNINE BGLT LORDS DUE TG BEDDING ROBERTS

DQ 10 I=i s2
K!=3.oKB
Km=2.+KB
S =S(2>
IF(I .EQ.2> SS=S(1)
D=.5o<T(I)-B<I > >

L1=3 5oDK < THKrD)oo..666 c )+((44;rKB)++.3 -33)
IF(L1.6T.D) Li=D
Z=.5oI < I)+Li
RKCHK=2.oKBoZiZr(SSoSS)
IF < RKCHK . LT.K2) K2=Rk CHK
Di=(EI(I>obit<I >o<K1+K2)r(S(I>oS(I)oKloK2) )o(Z+(Klr(Ki+K2))o

D2=EI < I ) o(K 1 oS ( I >oS( I )+2.iS( I ) oZoK 1+<K l+K2)oZoZ)
D2=D2r(S(I) iS(I ) iKliK2)
D3=5 < I ) iZ+S ( I ) r 3.
D4=S<I)oZoZ+(Z+S(I))oo3.+2fiS(I>vq(I)oS(I)
D4=(D4+3.iS( I )oS ( I ) iZ,-3.oS ( I > i<Z+S( I ) ) oi2. ) r3.
C=<D3+D 1 >r r.'D4oD2)
Ti=(-ZiC+8<I >) rS( I )
DF!.=((KB+<6( I )+Z)+ 3. ) rEI ( I ) >io.25
DFtt=2. oTiFli<SRr <2. oS( I )+SR > > r3.
IFr.DFPl.LT ..3333> DFPt=.3333
IF<DFH AGE 1 0> DFH=g 0
FR=(1.-DFH > iTir2.
FB=DF?loT?
IF(I EQ ~ 2) FB=(C-T1) 'c ~

FD~(C-Ti)r2
IF ( I EQ.2) FD=DFHoT 1

8'76 [ED%9)



~ o



ygL
s~

OR IG INATOR

PROJECT

SV8JECT

y ~ri. 2'79:106276

CALCULATIONSHEET
CALC. NO.. REV. NO.

OATE CHECKEO ATE 6 l~
JOB NO.

SHEET NO ~l

3

V4
~: 03~2OC'"'

03330C
03.-40C

5 ~

STORE EEMDING MOMENT IH FIPPPQFRERTE f(I~J)

10

12

13

1S

18

19

21

'r' 03350
03-60
03370
03380
0339 0
03400
0341 0
03420
03430
03440
03450
034i 0
03470
0348 0

, 03490
03500
03510
03520
03530
03540
03550
03560
0357 0
03580
03590
03600

20

40

10

IF( I .E0.2)
F(4~2>=FD
F(5~2)=FD
IF(MX.LT.O
F(iti>=FR
F(2~2>=FB
F<3~2>=FR
C~Q TQ 10
CGMT I MUE
F(6~2)=FR
F(7>2)=FB
F<S!2>=FR
6G TG 20
CGI'IT IMI.tE
F(2~2)=F'B
F(7~2>=FB
IF(MY.LT.O
F(2~2)=FR
F(4<2>=FD
F(6>2>=FR
CQ TG 10
CGMT IMUE
F<3 i2>=FR
F(5r2>=FD
F<8~2)=FR
CQMT IMIIE

I".G TQ 20

.) t:G TQ 30.

; >r ~

~ ~

GG TQ 40

~ ~ ~

~ s

¹

0361 OC

0362 OC

0363 OC
03640
03650
03660
03670
03680
03™6mn

03700
0372 0
03720
03730
03740
03r 50
0376n
03780
03781
03782
03783
03784
03785

DETERMIME BOLT LQFtDS DIIE TO &XIRL FORCE

XK=EI(2)i(2.iS<2))
YK=EI(2)r(2.+S(2))
TX=XK+(EBS(FZ))i'<XK+YK)
TXR=TXr2.
TYR=(RBS(FZ)-TX>r2.
DFMX=.8888+<<KB+4.eS(2)+S(2)rXK)+i.25)~~SRr<SR+2.~S(2))>
DFMY=.8888+((KBog.+S(2>+S(1)rYK>++.-5)o(SRr(SR+2.oS(2)))
IF(DFMX.LT.0.572) DFMX=0.5?1
IF(DFMY.LT.0.571) DFMY=0.571

IF(DFMX.GE.2.) DFMX=2.0
IF (DFMY.CiE . 1 . ) DFMY=2

0'(1)3)=(-2.+(DFMY+TYP+DFMX+TXR)+RB~ <FZ) >/4.
F(2~3)=DFMY+TYP,
F (4 ~3) =DFMX~TXR
IF(F<2s ) .GE.F(2 3: .RMD.F(4 t3) GE F(i 3) ) SQ TG 50
F < 2 ~3) =RBS (. FZ) r8.
F(2o3)=F(2 e3>
F(4~3)=F(1 s3)
CCNT IMUK



ggH

ORIGINATOR

PRCLIECT

SUSJECT ~

DATE~ ~ CHECKED

JOS NO.

STREET NO.~+

~ O,LCuunom SHEETS,,
DATE +

50

52

54

( it
56

57

1&

24

03786
03790
03800
03810
03820
03830C
0384 OC

038 OC

03860
03870
03880
Parry 0
03900
03910
03920
0 3930
03940
03950
Ov960
03970
Ooqoe
0399 0
04OOO
0401 0
04020
04030
04040
040 0
040!'OC
0407OC
0408OC
04090
04100
0411 0
04120
04130

55

60

70

F(3!3)=F(is3)
F<5 !3)=F<4 !3).
F(6!3>=F<1 !3)
F (7 !3)=F <2 !3)
F(8 !3)=F(i s3> -.-

DETERRENCE BOLT LORDS DUE TQ 'HERR Rt1D TQRSIQN

DQ 55 I=i !8
DQ 55 J=i !2
XYRRY(I!J>=C
I QNT IrtIIE
DQ 6Ii E=i!3
J= I+5
XYRRV<I!2)=S(1)
XYRRY(J t2>=-S(1)
CQr) T irtI IE
XYRRV(isi)=-S<2)
XYRRY<3!1)="(2)
XYRFIY(4!1)=-S<2)
XYRRY(5!1>=S(2)
XYRRY(6!1) =-S(2>
XYPRY(8!1)~S(2)
DQ 70 E=l !8
FTX=FIBS (rt:.+XYRRY( I s 2) iTQRJ)+F'BS (FXr8 . )FTY=FIBi(5 '+XYRFIY(1 s 1>r'TQR I>+HE'S (FYr'8 )F(I !4>= CRT(FTX+FTX+FTY+FTY)
COAT IrtVE

PRIrtT QUT RLL IrIPUT VRLUES Pt'D PESULTS

~ ~

~ '0 ~
~ t

~ ~

DQ 80 I=1 sHE
CRLL PRINT (HB ! ICQDE ! I!F<I !1 > !F< I !2> !F(I !3) !F(I !4) )
COMITIHUE
RETURN
EHD

GPD.~)N Stra IED4SI



8 8 M 0 g 8 2 8 8 ~ 8 ~ co w ol cn t co as ~ o e as u a
0

O O

04140
04150
04160
04170
04180
04190
04200
0421 0
04220
04230
0424 0
0425 nc
0426 nf
042" nc
0428 nr„
042<0
04 «itn
04 «in
04320
04330
0434 n
04 «50
0436n

04.."0
0438 0
043~0
0440(s
04410
04420
0443n
04440

1 036

SUBROUTINE PRINT (NB ~ ICODE t I s F 1 > F2 eF3 tF4)
COMMON rFORCESr FX FY FZ MXsMY MZ
COMMON rPRRAMir THK ~KB sFTALL sFSALL
COMMON rPARAM2r S(2) sT(2) >B(2) sALPHR(8) tTITLE(i) „IF(I .GT.1) 60 TQ. 10
PRINT 1030

PRINT(5 ~ 10: 6) TITLE(i)
FORMAT(rrs 4r13H + + PROBLEM sAins4H + +)

PRINT 1040 sFÃ sFY FZ sMX MY ~MZ
PRINT 10'50 s THK sKB sFTALI sFSALL
PRINT 1060 sS(1) >S(2) eT(1) sT<2) sR(i) eB(2)

CALCULATE TOTAL LOADS ON BOLTS'NTERACTION'VRLUES RND
PRINT QVT RESULTS.

PR, INT 1 070
PRINT 1080
PRINT 1090

20

IF(ICODE.E0.3)YINT~(ABS(TQTFrFTALL))++2.+(ABS(F4rFSRLL)>4+2~

IF(V TNT.GT ~ 1 . 0) FLCi.=3H
PRINT 1.100 >ALPHA(I ) sFLG sF I sF2 sF3 > TQTF ~F4 sVINT
IF(l .NE.NB) 60 TO 20
PRINT 1110
IF( ICODE.Eli. 1) PRINT 1114
IF (*I CODE .E~E.2) PR I NT 1 115
CONTINUE
P.ETUR.N

10 CONTINUE
'FL6~3H
TOTF~~1+F2+F3
VTNT=RBS(TQTFrFTRLL)+ABS(F4rFSALL)
IF(TCODE.EQ.2)Y!NT (RBS(TOTFrFTALt ))iii.667+(ABS(F4rFSRLL))iii.667
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0
Q Cl
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F"-"O4460C
P44 pl
044A (il„
04490
04500
04510+
04'520
0453 0+
04540

r 04'~ n+
.n4%f; n+
04,70
045A0
04590+
0460n
0461 0+
04620
04630
04640
04650
04660
P.ERDY

1030
104D

1050

1060

1070
1080

109.0

1100
1110
1114
1115

FORMRTS

~ m ~
«e» ««~

~ 8 Ag tl» ~ I' \

FOPMRT(~l«5X«40HRE-PPINT OF INPUT VRLUES USED IN DESIGNS)
FGPMRT(< t'5X «3HF <» «Fi 0 e3 «5X «SHFY sF1 0 o3 t5X «3HFZ «F1 0 3 ~l«5X «3HMXm «F 1 0.3 «5X «3HMY~ «F 1 0.3 «5X «3HM = «F 1 0.3)
FORMRT(l «4X «4HTHK» «F 1 0.3 «X «3HKP~ sF 1 0 3 s

2X «6HFTRLL~ «F 1 0.3 «2X t 6HF FILL=«F 1 0 3)
FORMAT(J't5X s3HSX sF10 3 «5i< «3HSY «F10.3«i «4X «4HTBX «F10,3t.

4X «4HTBY~ s F1 0,3 sr s5X «3HEX~ t F 1 0.3 «5X t 3HBY~ t .* -.'> ''.
F10.3)

FORMRT(rh'r'«21X«19Ht''+ RE ULTS + t 4).
FORMRT(rr «15X «24HRX IRL FORCE DUE TO LORDS «9X s

16HTOTRL BOLT LOFcQS t 4X «6HI NTER ~ )
FORMAT(2X«4HBGLT «8>. «4H(MX) seX «4H(MY) «s X «4H(FZ) t6X ~

7HTENS ION i7X «5HSHEFlP «2X «5HYRLUE t/)
FORMAT(R3 «R3 «5(3X «F9.4) «2Y «F5.2)
FGPMRT(5X«35XVQTES ~ INDICRTES OYERSTPESSED BOLT)
FOPMRT(5X«33HMOTEt LINERR INTERRCTIOM MRS USED)
FGPMRT(5X «37HNGTE f NON-LINFRP INTEPRCT ION MRS USED)
END
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ORIGINATOR
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OaTE 8 4 CVECKEDF +~ d ~~~ aTE
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PROJECT ~~
SVBJGCT /l 8 M

~ '

CALCULATIONSHEET
CALC. MO.. ~ REV. MO,

oavs ~ ~ /"+ cxscxso .Qnc oxvs

JOB MO.

Pnae8 a. v'meric . 4,„„,„, . 30

uQ g/
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12

( is

17

< =(Sod/~

pl/

0,7g"

~ k(C.:

TEES!o

fcZ
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ORIGINATOR

PROJECT

SIJBJECT ~+~

.4 . ~
xL 2'79 )" 06276

CALCULATIONSHEET
CAI.C. NO.. REV. NO.

MAHew DATE 4 4 ~ CHECKED 'ATEg
JOB NO.

pf~Q,tfyp ~~ p g pgggpgjpy<<>>>~

Z= 2 <(I)~ = Z~S F,': ter

10

p u~zaosur = X ear R>i>an

(oe-iw )(g ) o ~~ Fyo~v-~88

15

1B

19 0,7 H.C.

F~p = g pO

(,Q

CoNp N c.de)

)+

(I.lQg~z '.4~



OR IGlNATOR

PROJECT

ggggECT ~/A CA ~ AQP

GATE ~ ~

iO8 NO.

C .5HEET NO.~ ~

CALCULATIONSHEET
CALC. NO.. ~ REV. NO.

CHECKE GATE + I+

ply , ~ ~

;
~ j: If'lPUT TITLE ( 'UP TG 10 CHRPFlCTERS
'> 12~4567890
4 ~

. Il'lPUT THE NUMBER QF BOLTS (4 . 6 rGR 8 RND INTERACTION
4r2

INPUT RPPLIED LORDS (FXrFYrFZrNXrlYrN ):
: >4 ~ r4. r 4. r 18 . r 86 . r 1 A .

INPUT DESIGN PRPRNE'TERS (THKrYB rFTRLL rFSRLL):
..l>,75r250. r5. r5.

INPUT PLRTE DINENSIGt< <SXrSYrTBXrTPY BXrBY):
>27. r 2a- ~ r 16. r 16. r 4. r 4.~ ~ ~ ~ ~

4 — BOLT OPTION 'NTERACTION COTE =
r

CODE (iran GR 3)
P 't'

~

RE-PP.INT QF INPUT VALUES U:ED IN DESIC'N:

+ + PPGBl EN 2'"-=45678&0 i +

FX= 4. 000 FY= 4. 000
NX= 18. Oori NY= 6. 000

FZ=
PlZ=

4 ~ QAO
10.000

THK=

SX=
TBX=

BX=

34

2P.OOO
16.000
4.000

SY= 22 000
TBY= 26 ~ QAQ

BY= 4.000

750 KB= 250 F 000 FTRLL= 5.000 FSRLL= 5.000

4 + + RESULTS + + e

RXIRL FORCE DUE TG
LORD'NX)'

(NY) (FZ)
TQTRL BOLT LORDS INTER.
TENS IQfd 'HERR VALVE

NOTE-
NGTEt

.7884 . 1 .5668 1.QQAA

.78-4 . Op rip 2 . QQAr.
~ QQQO f . priori
.ppQQ .OQQQ l.priop
INDICRTES OVERSTRESSED 10LT

NQN-LINERR IN f ER& 'T ION UR$ USED

v''L
wnn4

4 p
a ~ ~>O9
2.0000

1.7088
1 7088
2., no~
1 .7038

P
~ 5:i

%C
~ Q ~

ei 'J

r4
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I

2 '79 ~ 0 6 2 ') b

CALCU'log SHEET ~ 3CALC. NO.. l REV. NO

OATE + ~ ~ CHECKED DATE f
JOB NO.

~ SMEETNO. Z~

~- ~~ >A~R,h1 t LIMEADE IN>~ryi'C.T(O'g

—ZGk"

10

12

13

11

( ~s
16'L

8

Q:+ i!~
gl

Pig = —3zk

t ) = -60V"

stW:

1&

24

~r. =
d

J.

tz+ 5+z(s. s9)

+r)c= ~ = ~ ~~ C~CfD
to+ ~2(5,77)

@ran.
Ie.

I,, = s.g—';,)"'()'~(s.s): s.sr"

i,zq~ g B PM

31

RZ F~
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ORIGINATOR ~ 9 HOAI

5555555 I5'C C1

SUBJECT ~~ ~~~ .PJlZrF

DATE 4 5 79 CHECKED DATE

JOB NO.

QPIF/AVW SHEET NO.

~ ~ JP 2."I9 '06276
CALCULATIONSHEET

CALC. NO.. i REV. NO.

Fog

i /rum F;: k~ i 5"/.z<~

10

KK I-'lp

12

13

14

( 15

18

17

<<(s) i,oz
Z

F . <o(>) . i,Jz.
~

2<0

1&

21

(p~ (, g Z) g (l,C5+ I,~3)

g vm5ioiM'z
4o74.07 PgogY
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ggc~=
C

ORIGINATOR

PROJECT

SUBJECTC~C~~~/. /~gag~ ~ ~

~ !
«

ALCULAT)ONSHEET
CAI.C. NO..AA
CHECII'.ED+DATE 5
JOB NO

I~~(~aEv No.

2'794~V6276

ATE

2
INPUT TITLE ( UP TQ 10 CHRRRI TERS )

>12$ 45I,"RBCD
I'I ~

5
INPUT THE NVNBER OF BOLTS (4 t6 tQR 8) RND INTERRCTIGN CODE (1 t2 QR 3)-

,p4 t 1

6
INPUT FIPPLIED LOADS (F>:tFYtFZ NX 'NY NZ)-

t-C~ ~ '«4 ~ t-20 . t-32 ~ t-5)3 ~

S'
INP IjT DE S I I N P FIR FIWE T E R S ( THV t KB F T84 L F S RLL)

> 05 t 44 ~ t5 ~ t5 ~
~

'0

INPUT *PLATE

DICKENS

IQNS (Sr~'S'r tTBX tTBY tEY> tBY)>io. t12. ~ 14. t16. t4. ~ 5 ~

12

4 — BOLT OPTION INTEPRCT ION CODE = 1

16 PE-PPINT QF INPUT ''RLVF=„ IISED IN DE: IGN:

18 + + PPGBLEN 12345I-.ABCD + +
19 -e.ooo

-'0.000
-C .000

-32.000
4.000

-5O.COO
21. THK= .500 KB= 44. OCO FTALL= 5.000 FSRLL= 5.000
22

22.

21
e

25

TBY=
BX=

1O.OOO
14.000
4.000

TBY=
BY=

12.000
ir,. 000
5 000

+ i + RESULT"' i ~

'29.
r

I
1 ~

04
fI

25

BOLT

I-I a

r +
D+

NOTE:
NOTEN

RYIFIL FORCE DVE TO LOADS .

(NX) . <NY) (FZ)

.Oooo . O(IOO ~.noon

.0000 1. 912 1 .0000
~ ~w2Q5 ,oooo non fj
.9285 1.=912 i.norm

+ INDICATES GVEFSTR'E'.SED XOLT
L INERP INTERRI T ION HAS V~ ED

I

1.OOOO
2.2912
1 92
3.2197

0741
4 ~ Oi 41
4. 0741
4.0741

1.01

1.20
1.46

TOTAL BOLT LORDS INTEP .
TEN~ ION HEFTER 'RLI IE
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ORIGINATOR

PROJECT V /
SUBJECT

e

DATE I 7~ CHECKED DATE g
JOB NO.

SHEET NO.

~ I
LL.2'79 '' Q6276

CALCULATlomSHEET
CALC. NO.. REV. NO.

( -ac r RrrEeM, i'&P lxrCR&7lug
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13

14
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SU8JECT
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~~AHEET NO.

~ i ~ 5 2'7a >" 06276
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ORIGINATOR
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SU8JECT h'nX

..g ~1
7 . gL g'79 p 6976

CALCULATIONSHEET .
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CAI.C. NO., + REV. NO.
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ORIGINATOR 9 &HOOK
PROJECT f4
„, *, C IH ATE SH~ JOB NO.
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~

~

2'79.T 106276
CALCULATtQNSHEET
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(CAI.C. NO. + REV. NO.

DATE ~~M '0 CHECKED DATE

10

13

i-.sA -
<,zq'.<z'&c
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~gfE

( 5

ORIGINATOR

I5R OBJECT g
Sue~ECT~~> D

OATE CHECKEO

Joe No.

' SHEET NO.

ATE

~ O'llL
2 79 I 106276

CALCULATIONSHEET
CAI.C. NO. C / REV. NO.

10

12

13

'5

INPUT TITLE ( UP 'TG 10 CHRRRCTERS )
„? 6EOLTS1
il ~ ~ r
'NPUT THE NUMBER OF BOLTS (4 6«OR 8) RNID INTERRCTIGN
:.? 6«1

5 ~

INPUT RPPLIED LORDS (FX«FY«FZ«MX«MY«MZ)-
? -12 ~ «-6 ~ «10 ~ «36 «-50 ~ «100

INPUT DESIGN PRPRMETERS (THK KB FTRLl F RLL)
.5 «44. «6. «4.

INPUT PLRTE DIMENSIONS (SX«Y «TBX«TBY ~ EX«BY)
? 12. « . «16. «20 ~ «4 ~ «4 ~

~ ~
~ . ~,' V ~

CODE (1 «2 OR 3):
~ ~

1

5

~ ~

5r
~ ~ ~

~ 5 ~

6 - BOLT OPTION INTERFlCT ION CODE

Q'q 15

16 RE-PRINT OF INPIJT VRLUES USED IN DESICN:

18
15.

+ e PROBLEM 6BOLTS1 e e

FX= -12. 000
MX= 36.000

FY=
MY=

-6.000
-50.000

Fv-
MZ=

10.000
100.000

THK= .500

SX= 12.O0O
TBX= 16 000

BX= 4.000

SY-
TBY=

BY=

44.000 FTRLL=

8.000
20 0Ll 0
4.oon

6.O0O FSRLL= 4.000

26
e e e RESULTS e e +

BOLT
RXIRL FORCE DUE TO LGFtDS

(MX) (MY) (FZ) .

TOTRL BOLT LORDS
TENS ION SHERP.

I~c.
VFtLIJE

R e

C e
o
e

F e
NOTE!

TEg

.6432 0.0000
1.7120 7073

6432 1 .4204
O.OOOO O.OO0O
0.0000 .7073
0 ~ 0000 1.4204

4 INDICATES O'ERSTRFSSED
L IMFF4'MTEPFH. 7 tflM

1.3111
2.3778
1.3111
1.3111

1.31'11
BOL T

1.9543
4.7971

1. -111
3. 0851

7315

4.2383
3.4206
4.2383

3.4206
4 ~2383

1 .39
1 .65
1 .62

1 37
51
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CALCULATIONSHEET

CALC. NO.. ~ + REV. NO,

DATE 4 / ~ 7> CHECKED ATE g 5
JOB NO.

SHEET NO.

5

5uhh TEKC BOA D

o +.

pip= o

l,g7 +- t.al ~

z,&Q + 5,97-
~es~

( $7@,

p-5 g ~ (9 (.01 t,0t +

/.d> 4 ) 57 ~ /,ol

12

'Fzg - 9dl t
~(p ~ /,0'7 ~

ZtTO + f97 C

0 +'el
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gf-
. yft

ORIGINATOR

PROJECT

SV8JECT ~I<

'Ne +
CALCULATIONSHEET J~L,2''~9 .' 06276

. CANC. NO. J REV. NO.

OATE 0 r'HECs:E ATE

JO8 NO. "

SHEET NO

2
I'NPUT TITLE ( UP TG 10 CHRRRr TERS

? 6BQLTS2

, INPUT THE NUMBER OF BOLTS (4!6.QP. 8) RND INTERACTION
? 6!1

INPUT RPPLIED LORDS <FX sFY sFZ sNX sMY. NZ>-
6 '1- ~ !12.!-72 '100 '-200

'NPVTDESIGN PRPRMETEM (THK sKB sFTRL L sFSRLL)
,44rj

10

11
INPUT PLFiTE DIMENS IQNS (SX !SY s TBX !TBY ! BX!BY):

14.! 12. !18. !2: . !5. !5.
12

13

0

~ ~ ;i ~

r'QDE (1 !2 OR 3) - '

'

{
15

6 — BOLT OPTION INTERACTION COI'E = 1

1d

17

18

PE-l."RINT OF INPUT VALVES USED IN DESIGN:

+ + PROBLEM 6BQLTS2 + +

FX-
NX=

6 ~ 000
-7- . 0(irj

FY=
MY=

12.000
100.000

FZ= 12.000
-200.000

21
THl'=

22
1.000 KB= . 440.000 FTPLL= 6.000 FSRLL= 4.oon

2i

SX='- TBX=
BX=

14.000
18.000
5.000

SY=
TBY=

BY=

12 ~ 000
28.000
5.000

e + i PESULTS ~ + +

BOLT
RXIRL FQRl."E DVE TG LORDS

<MX> 'MY) (FZ)
TGTRL BOLT LORDS

TENSION SHEAR
I NTER..
VALUE

R i
p
1

D i
E i
F

NOTE
NOTE

0 0000 1.3686 1 0150
rj. on(in 2.6031
O.rjno(i 0.00OO
1.(i686 1.8686 1. Of.50
3 ~ 6081 2 oh U31 3.9".00
1.0686 o.oooo 1.n15n

IND1CRTES OVERSTRESSED BOLT
- LINER& INTER'.TIGN MRS USED

6.5731
1. 0150

~ 2.0836

5.4270
3 2P(7g
5.4270
5.4270
4 ~i' 5
5.4270

1.a4

1 .53
2. 02
2 52
1 70

'/!6 (ED%9)
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OR I0 INCOR

PROJECT

SUBJFCT
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CALCULATIONSHEET

CALC. NO. REV. NO.

AiDM oATE~4/~ ~ cHEcKEo Q~oATK 5+/5~
~ JOe NO.

SHEET NO.

10

12

13

. g iFAS(oM5
/

A&3 4Q,Q~ t
a= <~~~o.~~ ~

Pn: = li&'5 ~ g
Fro l.47 >25~ +

t.47+ g +

o ~oyez+
~ Ft|" = 6 ~ 0.74

Kl~)=, 0 e Q

lA!7'QilQO

',zl
= z.u+

q,7g ~ io.57~

gg (@gal

<79 = '78".
477 = 0%<

= ~,os~

8B = o0<

15
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g
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ggC><'RIGINATOR

REV. NO.

OATECHECI!',EO

'+Lp.'7s 106276

eALcuLATtoN SHEET
CAI.C. NO..<

DATE

PROJECT

<IIUECT /8 OV'!'~ - TITLE ! UP TG IO CHR!!!! TEp
t ? 8BGLTS1

INPUT THE NIJNBER QF BOLTS (4s6 QR 8) RNK
? 8sf

4 ~

JOB HO.

SHEET NO

ll

h

INTERRI TIGN CODE '(I s2 GP 3)-

INPIJT RPPL IED LORDS (FX sFY sFZ sNX sVY sWZ)
? S. s f6. s20. s180. s90. s200.

INPUT DESIGN PRI':RNETERS (THK sKB sFTRl.L sFSRLL)
? 1.25s44I?. s10. sie.

INPUT PLF!TE DINENSIGNS (SX sSY sTBX s TBYsBX s BY):
12 a s 12 ~ s28 ~ sa ~ s+ ~ sb ~

12 8 — BOLT OPTION INTERRI.TIGN CE'DE = 1

PE PRINT OF INPUT VRLVES USED IN IIESIGN

+ + PF;QBLEt'. 8BOLTSf

THK=

SX=
TBX=

BX=

8.OeO
180.000

1.250

12.000
28.000
6.000

FY=
NY=

SY=
TBY=

BY=

16.OOO
90.000

440.000 FTRLL=

f2.000
-8.000
6.ooo

20.000
200.000

10.000 FSRLL= 10.000

+ + + PESVLT. i + i

)
s

2I

BOLT

R
B e
C
t)
E
F
e
H

RXIRL FORCE DIJE TG LORDS
(NX) (NY) (FZ)

1.6216 .81O8 .20 7
5 0'4+ ~342
1 +6216 0. oooo .zr!5"
i .4684 . 2.5174 4 .7943
1.4684 0.0000
0.0000 ~ 81 08 .2057
0.0000 7342 4 ~04 r
0.0000 0.0000 .2057

NOTE: + INDICRTES OVERSTRESSED BOLT
ROTE 1 LINER@ INTEPFtCT IQN NRS USFD

TQTRL BOLT
TENS IOl".

2.6381
f 0.5634

1 .8273
8.7801
0 ~ a 527
1. 0165
5 .5285

.2057

4 '462
3 ~ 1156

f462
3e5434

5334
4.1462
3. 1156
4 1462

~ 2tI
.6I3

1.2-
~ 98
5o

r8>
44

LORDS INTEP..
SHERP "RLttE
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19
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IO
CALC

s<l"

ORIGINATOR 0

PROJf CT CfV

SusJfCT CIAled A~gQg Qgg~gt

~ J(L 2 '(9 ." 1 0 6 2 7 6

ULATION SHEET
CALC. NO. + RfV. NO.

«

ATE i~ T ~ CNECIIEO ~ CATE~ /+
I ~

JOB NO.~le 7 «I

[6 '3g 0 -M~(

~ 7

10

20(4
ZS««T. ZO/g

((~)- 0N, i = (o,(g~

12

«5

16

&Fary =

4g,gas

($4gq

'li z

7~++'iq~z

e.+z>

= t aZ os too

19

Fop (;

>FH BOO(i(a~

iO7, 7i9D

IE

if+fH,02
= 0.870

O.~o7(io. (Q

1~><6 IVY)=

(I'O- g9 fZg242)

7~A
F75 .

PK
RQP~
P-Q ~

FT7-

0 ~ +

Q

0
049 +

0.<9 ~
l,SG

gazoo

+
l.5(o ~

I

P,lg
p O~g

0
9IOZ

0
2I I Z
0,

c,83 ~
cf', $ P

~'gag ~
+ 2.$ 2

P.42. =
+

$ ,4Z
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C '83
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q
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/a.each.
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CALCULATIONS

JjL 2''I9 '.'06276
HEET

CAI,C. NO. ~ ~ ~ REV. NO.

ORIGINATOR

PROJECT

SUBJECT h

~ ~ ~

OATElf
:)'. k'z-". ~eh'ri." i:o).)

CHECKED

JOB NO.

~ OATE

~MFA~~

(C r~ Q2)

g(p,)rp't'iq)2

,goS)
I 28"':

5 ~

a

(zd Q

10

(

i "I'
C

'12

13

4
I.

l'~'i C< j",.
1::.'5

18

19

21

Ml

C

pl

A~ '.::

o. Wz

0, ~7
Q5o
t0.6o
g. 5'/
a. S9

1. 31
a b]

27

3'I

32

35

~ 1 n1
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0» 0» .:

CALCULAT1QN SHEET
CAI.C. NO., - ~ REV. NO.

OATE S ~Y ~ CHECKEO - j~ ATE li~/7-

~ ~

1

, yfL

t
ORIGINATOR C~
PROJECT C JOB NO.

SHEET NO. 4SUBJECT

INPUT, TITLE ( lJP TO 10 CHRF:Rl'TERS )
'? 8EOLTS~

INPIJT REPLIED LQFID . (FX eFY!FZ!NX GAMY.l". ):
? -16 ~ t-8 ~ t 1 ~ .-100 ..-1'-"0 .. -150.

INP1JT DESII N PRPRI"ETEP.S (THK ~KE ~FTRLL iFSRLL)-
? 1..300..fp.~fp.

Il'lPVT PLRTE DIMENSION (SX. SY . TBX ~ TEY ~ EX. EY::
o 8s tf4 ~ It II ~ Pl 0 ~ t~l ~ ~le ~

INPIJT THE NIJVEEP. OF BOLT ~ (4. 'OP.:=) RVD INTERRCTION CODE (f '- OP 3)-
? 8~1

8 — BOLT OPTION INTEGRI T ION CQI E = 1

F:E-PF.'INT OF INPIJT VRLVES IJSED IN DE'" Il:h:

+ + Pl'OELEM 8POLT c

FX=
NX=

2

- 1 6 ~ I.lp(t
1 00 flfJ(t

FY=
NY=

—8 ~ Pl.lp
-f=-p.opo

1 s. port
—1$ P,000

THk'= 1.000 KB= 300.000 FTRLL= 10.000 FSRLL= 10.000
SX=

TEX=
EX=

8.000
ZP . Or)0

~~. fy(to.
TEY=

BY=

fP 000
P8. 00ri

6.000

++ PESUITS a ++

BOLT
RXIRL FORCE DIJE TO LORDS

(5Y) (F- )
TOTRL ECLT LORD.. INTEP..
TEN « IOl" SHERF.'RLIJE

~ X
E

31

32 D

F
>I3+

H
NOTE '-

NOTE:

0.0000
0.0000
0. pfJ(trt

4441
~ 4441

f .361 0
<(t

1 ~ 361 0
INDICRTES

LINER& INTE

0 ~ oofy(t

~ 84
0 . 000(t

0 ~ ('000

.~4;«:i
OVER'TF'E™SE

RRC T ION QFI.

~
' Ok ~~

33 FIR

4 fu,ft
~ I e

~'.4]94
4 ] MQ

.'.::.=.'.'8

4 ~ 4 ]&tl
.33(l.

D BOLT
lJSED-

~ 33 08

1.1 ~ 41

10. f 15

'« ~

Cp ~

3 ~

lc 8
'7

256'

~ ~

~ ~g I I

t- Et

Pg 0C''
Q,

1. 36
~ 64

8/76 (ED@91
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CHECKEO
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Yet JENEET NO~
CALCULATIONSHEET
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2'79 " 06276
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X; DIP
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' /7 Kcirg D, G.

( „
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ORIG INATOR

PROJECT 2 V I-

SUBJECT
eH

DATE

Kraal P

Ic!s P iJI V~EZ!C i c EE! ~

JOB NO.

Ar'HEETNO.

1

Af!CHOP BOLT rPr:r=FFt'. - »
t t t 5 t 4 t. t t t '4 .'4 i 4 t

IHPUT 18 FREE FIELE'EPPFRTED EY COf!t!AB« VHIT": FFE

VEPB IOH C OF BOLTS PPGr PAID HA8 FrJLLOlf I f!6 FFV I"-

f. ) EGUATlOti LI f', IT IHr." TfrE HiOHEHT. AFt". If'CLUOED

PF 8:r.t: f.'~~ t

1 t: f.'IF 8 Rt:0 I tICHEB

T rlf!8 ( >pc/7c ) ~

AHV OVEBTID!8 Bf'r'VLD BE OIF:ECTEO TO..":. CLOBE
OF 6PO AT E~:T:".8,

10

'11

'k
1S

IHTEFACTIOff EGVATIOtf CODE:
f =L IHEAF. I t EF.F'C. 1CfI EOVATIOfi
2=[IOtf-LI I'IEAF. I h; LF. F.t T I riff El. I.IF!; I tiff
"=HOt!-Llt!EF.F I tITEFF.r;TICtt Er VA I.f!0ttttvtttttttttt

14
IHPUT TITLE ( UP. TC f 0 r.l-:APACTEf:;~

EXRtlFLE 7
I

- INPUT THE t'Vf'fBEF. OF BOLTS ('t "' F: 8) AtID
1> 8«f
18

If!TEf:PCTIO!I r.'OOE (f . OF:

IHPUT AFPL:EC LrJAiOB (Fr,'iFY iF" ..Yi: sf!Y «tl:):
0 ~ «7.6«0 ~ s "19.2«0 ~ «0 ~

IHPVT OE= IGt< PAPEAtlETEF.. (THY. «KB «FTFLL iF.rLLr:

IHPVT PLATE Dlt"EhBIrJtf (EY. BY TE'Y «TRY «E~: EY):
m 6. «6. «f 6. sf 6. «8. s-'.

s

8 — BOLT GPTIOH IHTEFACTIGH CODE

RE-PPIf!T OF IHPUIT VALVES USED IH OEBIGH:

4 f. PPOBLEff EYAHPLE 7

FY=
HY.= .

0. 000
gf 3, „-.00

'Y-"
tiY=

7.600
o.ooo

FZ=
tt ~-

o.ooo
r>. r. r;ri

THK= 2.000 I:8= t"'~ r(!r: FTALL= . ~ 00 F': r-.LL*

6.000
16.OOO
8.000

EA
Y

TRY=
BY=

(! It I!
rJ( rJ

0 0 l.i





OR IG INATOR

IEROJECT CI V I 4
S77vt"/'UBJECT

~~A +'- '4" ' "

CALCULATIONSHEE
CALC. NO. ~ ~ ~ REV. NO.

DATE ~ ~9 CHECEE0 ~ IA EATE

JOB NO.

'JEAIP'/C&1~ SHEET NO

10

12

rrL-

F'ESULTS

~ FY,IFL FCFCE CUE TO LORDS
( l.' I. t"" > (Fi)

TOTAL BOLT LCIADS
TEHS IOtl SHERP.

r rr.",

IHTEF;.
VALVE

13

0

0

0
t CiTE'O'l

.0000

.0000
E0000
f t'.DIC
t. I HER

IJ

IE

ATEc r:IE

F. 1t TEF

.".0000
,.':0 0 0

, 00 fj0
;. (Eonp
,Of)0 fj
.0000

I fEoll
.0000
EF':TPESSED
F I. 7 I C'lI WAS
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CALCULATION SHEET 0 ':
'.',.ggc.'tj CALC. NO. ~ REV. NO.

)( yy..

'pRo>EcT Civil/'Structural Staff — SFPD JOB NO,

5„5„EcT Ex ansion Anchor Loads Stren th MethodsHEETNo

I

STRENGTH DESIGN METHOD :,.;j"..j I..:.,:) ~....,;., ; .. .'.;:, I"'.'.;i;

2 Used for complex ipe hanger 'supp'orts'ttachehd'oe 'con'crete with 'e ansion~.

in which

M N

Y
M +~ uniaxial

OK

M = N

M, & M / are relatedox'y/
n

.5.
log (3

, in which ( .65 '(assumed as a conservative value':
taken from Ref. 5 )

n '= 161

. t e fasteners.

This analytical method has been based -on information that the, development.„,
5:.'of the strength of fasteners is accompanied. by. some slippage which is

significantly larger than the elongation of steel rods would be under
similar loading, also that some tests indicated the insensitivity of the "I,''

.. support assemblies at failure to the original contact sur face between
concrete and base plate, the forces and moments are compared with the
capacities. of the assemblies instead of. computing and comparing stresses-

9 . with.allowable values.

..p-An 'appioach'imilar to the column design of the'ACI 318-77 Building Code'I.'
11 ~.is developed, in this case the axial load is usually tensile. The

flexibilityof the base plates in considered by checking their bending 'I .'. ~ .'

'capacities and accordingly reducing the moment and axial 'force-capacities I..
'".

of the assemblies., The shear capacities related,to shear forces .in plane.t..
,4 of the plate or torsional moment are also considered in establishing .the

bolt tensile capacities.
15

I
~ ~ ~ ~ ~

. The safety .factor is applied in two parts, by reducing the.bol't ultimate
apacity by a factor to approximate the yield capacity and by increasing'",

the applied forces and moments......
I

. I...
)

I

18 * ~ . ~ . ~ .a'..''iaxial: bending:
'!

x

r
V

~ I

231. I; 'I a

M ~ applied moment in x - axis
24'

y - axis
I'I,

moment capacity about
x'7'.

)I II, N ~ N ~ y

29 to a certain normal force P:.
~ 4 z''

a~, "a

30
1

r a = ~

3'1,

32 - ~

33~
34

35

35 I
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2. Tensile Ca acit

CALC. NP

P02,
™q.F 'd

~ P ~ *' ''
~

' 'gg
m ~ ".total number of bol'ts-:'i

'. V

F i~id C,x ultimate tension based on Ref. 1...yield
Note: The yield load i's defined as the proportional limit or point''

at which the load-displacement curve departs from a straight..
line.

I-'; 'oad Contour Surface
4

CoMPREsslO'N 'ZONE

CO.MPREsslo8/
/MOMENT'NTERACTION CURV2

{CMPL-Ichort D FARPh4 LA)
Hox X

STRA, l&HT'lHK
zeuA~tom oz,.i, .A7 P~ 0

HOX'LANE hY Pz

PI

:'-::~

* fo

e ~

Ta.HS<ON RoNE
~ ~ '

.', i 'I
~

I, ~~,, gv

focus our attention 'n ..tension zone.
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~ ~

pl,
I
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\
~
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4. Determination of M and M . ) CAic.NQ.ox 'ye,

a) 4 holes
v

jx$Y

/S
N A REV.NO. 0:

~ H

~
~

~ «HH4 H

»
~ '

j'~.r>.

1
H

:a%'r '
H

dy

.85 fg.

~ ~

1
~ ~ ~ ~

I

'I

,. ~,

H

r ,.M —ql

, /0 ~

m3: num

Fy ~ Q*~ H
'H

~ ~
~ ~ ' ~

I ',

~ j H,

'F -''(j ''59'
X

f',

(d — . 59 'H.~)-
~ Y y . f b * ~

.
"" -''." '., ~

'

Jr

ber of bolts per row ".,:,,';r.;,';.'.".:,",'„.„'.~.'i"...':cy,",:.',::.'~j'.'-.,'..;d:,'i;:- ..:;.;.:i.',.',

~ 'H ~
'"...' ~

'x ultimate tension'n: one bolt,, in tension'. )RCf';.'-:,.'.:.';
H

H
Pa ,H ~,

~ ~

«3»
H ~

\ H
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s .'pRO~GCT

<SUBJFBT

~ ~

'4;"Ct

c/S Tiecrg7uaA y C'/~a ~os No. A
EXP Wucsroa eoaDS erubrH mEV&oD,„„„, 4

rs'<

~ 3000 Psi. for conc. (assume ) cAic.wo. '.>/A Rgy.No. 0'
1

'

fl = 1500 psi for block va11 (assumed)

C . ~ -33 for Phillips-Wedge
Wej-Zt'a.ltd Kwzk — bolts
in concrete (Ref. 3)

C. = ~ 53 for. Phillips Snap-off & self-drilling (Ref.''2)
in concrete

' ~ ~ 65 for Phillips Snap-off &.self~ dri1.ling in b1.ock walls

(Ref�.

6) ~

\

b) More than 4 bolts

Asm
dy.

d1

C

s I ~

1

I

F1' ~'.,PP',,i " -":

s

~ ~

~ .

~ I

I I

ia

Og ..

~I

tf
\~i

'. ~
J'I1.s ~ ~

\

Tl+ T2

2 . yield; s2
1

1, ~, 'e 'I

Ct~.85 f .'b, a

C d + Tldl + T2d2 +
II

c
s

Neglect the bolts in compression side beyond the

1

1 ~ ~

~ '( ~

'',
I '

~
5 ~

~ ~
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In case of shear force acting on the pipe support, the tension
capacity of bolts should be reduced as follows:

Z . 2 V' „2
'.eld yield

or
'P.= '„'ild:. l — (V''. „) '

.
~

Multiply ultimate values of Ref. 1
by coefficient..33, ;53 or .65 shown

~ yield on page 4.
V = Calculated>shear force per bolt

J

6. Loads from Pi e Su port Crou

Loads 'from the pipe support group will be multiplied by the
following safety factors according to the type of expansion anchor:
Phillips Wedge, Hilti Kwik & Wej-it—-——1.33* for concrete
Phillips Snap-Off/Self Drilling, . 2.65~ for concrete

. Phillios Snap-Off/Se] f Orig]irig ' 3.25* fc33- concrete,tblock
. =..wal

After the application of the safety factors the,'ombination of force:
should be within the load contour surface as outlined in 3.

.33 (SF) = - .33 '(4) = 1.32 or '.387(4) = 1.348 Say 1.33
+>.53 (SF) = .53 '(5) = 2.65

~ 65 (SF) = .65 '(5) = 3.25
.I

7. "'imitation of Concrete Stress Block'
I

The concrete stress bloc~~function of. the flexibilityof the .

~ :' . 'ase late
~ )

f

C ~

Effective Leng h . „'~~'.=: *

'""~ ~ <>i -1» ~': - d
) q ~

~ ~

~ ~ ., .I )i

s

~ ~

~ I *
)

~ I
~ p

Effective 'Portion. "

.Effective length porti<
. A=25 t.'.

provided a-- 2.5 t
), I

Ss'f'. Z

I
': ','., ~

.'ffectivewidth
—. ---—bf +2 (2. 5 t )

-
~

I ~
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N A REV.NO. 0CALC. NO.

~ ' '., 'F '

;Ia'4
~
'

~

I
~ '1 I

I

e

I

~'1
~ '

I, ~

~

'VI

~ ~ I
5. ~ ~

yt.,'t .": ' * „
;: ~ ~

'Fe,<

'

, ~
'

~ I \

~,l e< '
I

, ~ ~

~ I

4

ig, '- 1<

',i..'~<( ~i '.

~ '

~ ..Lf a@2.5 t

~ 4
~

~

uming

1

~
< I.

Effective, length '; . << 4,'.—,+ .. ~3 .. 3,.'F,.: "', '.- I e,'.;.:.
'„"3.2 .t ."." l

I 1'

'141 I

Foi Effective width see page 5:.
'I

stress in Section'.I-' is less than .9 x. 36000 psi ".:,';:"'i,.'

M = (4- a) (. 85) (3000) a,II

z
.9 x'6000 ~ '.'4 = —:+-a'.::"

J<a" a
'

4

~ ~ I ~

I
I
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REV. NO.

Po
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</S r~ucr~~AL'r
J$ ~~ EXP RA'C'A'OZ 4 0 9 Hd&5TH AKEJh'OD

5HE fT g 5
.. QUBJEC%'n

which Z is the plastic sectionc"« "o
modulus of Section I-I including the stiffener plates.

1 and should be ( '6000, if not,'hen, proceed...
r:<p~g~g",'/

) ~

J
9 ": For uniaxial bendin

'I ~

formula in I still holds..'
~

By substxtutmg M = 0
~ ~

Xorif M = 0 ~ M.,~ M''
X y" oy

',
~ J ~ t% ~ ~,a 'p

'Ih 1 . E h*elU II':
~ . ~ Z /'o

MT'R,Ess10 H

I,'p, z

"~

Box

Version (G~cHr .L~Ne~

.„~,f
'. i I small < 1/.3 P ~

P =[.595 (i-I')fc +'42' b ".:..-.

"',.'. > in which '~ XAg' ~Total Area of
ba Bolts.'

.: T,.;.,;.'-'

Cr

*

P
For uniaxial aendinq combined with small compression foxce, the'!.'''.
compression .force can be neglected.

„t.'..""f<",:~ =;'."~'mall'compression. force'~is'.™determined as"follows:."..:."„',"'.,'.-'„='-,'".>i'-".;.;~".-::>.".-'j,'-".;.
I

"II- +

Vg .c"<;
4 'e+r

Plate plan
~ ~

-8-
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„~

~.5)l CALC. NO. ~ + AEV, NO.

a and b are limited by the limitations outlined in 7.
The small compression criterion holds for the biaxial bending. -',-.',

:t'or biaxial or uniaxial load",. subject to large compression.'force;.'.''.
follow .the interaction formulas outlined in Ref. 4.

p \, ~

I

:gP-"."";:„' ., REFERENCES: l
5

c» ~ ~

. 1. Expansion Anchor Design'Capacities for the Review of Operating.:.'.:;.
Plants in response to NRC Bulleting No. 79-02 or specific project.'.
criteria.

~-

. 2." FFTF/PA/SSE 214 Tables 10 and 11 dated, 9-20-78 Self-drilling '
Anchors.

-;„",'"'" '," 3. FFTF/PA/SSE 203 dated 9-20-78 Hedge Type Anchors.

-'':4. CRSZ 1978 edition -" page"3-187." , '."..„,".; "
., ;:.; .--'!':-..'".'".",.'. ACZ Publication SP-17A {78)'page 206.

~ P

-'.'-.'-"". -: 6..: FFTF/PA RSE 333 dated 9-20»78.
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TABLE 7

DRILL: 9/16" THIST BIT

TEST
IIUIIBCR

DEPTII
TEST Q.tjllf.5).

CONDITION L

DINICTER~SI aQ.0)4 0~34

PORTION OF

AtlCIIOR
INCIIES

Et)BEDMENT
DEPTII.

~IIICN~ES
LollllS (2llUllOSl

Y IELD SL IP ULTII)ATE

DISPLACEHENT
ICII

UL T )IRATEYIELD/SLIP
FAILURE BODE/

COIINENTS

1 I/2 .577 .578 H/A H/A 1225 450 1525
;18

.0625 .34
CONCRETE

SPALL

43 1 1/2 .608 .581 H/A H/A 850
.06

700 . 1350 .0625 .36

45 A.' 7/16 .602 .598 H/A H/A 775 775
.06

1325 .0625 .24

'
~ I/2 .595'598 tl/A H/A. 400 500 1275

.0)5
.OG25 .505

102

1 1/16

1 7/16

.594 .591

.593 .59I

H/A

N/A

N/A

H/A

1225 950

850 275

1650

1625

.I
.0625

.I
.0625

~ 43

.315

CONCRETE
SPALL

CONCRETE .

SPALL

)06 8- 1 1/2 .604 .507 H/A H/A 800 800 1250 . PS2S .19'"
. )07 ~

108

8 1 1/2

1 1/2.

.602 .600

.630 .587

H/A'/A-
tt/A

H/A

800 900 1425

1250 725 . 1375

.03
. 625

.)2
625

.33

'175

PULLOUT

112

41

1 7/16

1 '1/2 .60) .595 H/A

.598 .588 H/A tl/A

H/A 1525 1400 2050

950 1050 1450
.05 +

.0675

.03
.0625

.35

.26

COtlCRFTE
SPALL

CONCfiETE .

SPALL

44

46

>r
I 7/16

1 7/16

r597 .591 H/A

.602 597 H/A

H/A 725 350

950 500

825

) 200

.15
0+65

.1
~062($

I ~

r' ~

'8

r

C

re C 2.
'

2 r
1 7/16

1 7/16

.642
22r

. 595

~ .589
~ ~

.57)
r4

9llO 70tl ~5
h

700 150 1175

. l52

.0525

CONCRETE'-~U—
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PU'REGULAR AND NAGHET1TE CA CRF

~ r ~ I 1

4

CJl
I

bl
~ ~

TYPE OF
LGAD

TEttS IOti

~ SHEAR

ANCHOR

SiZE
~ltlCIIES

1/4 .

3/0
1/2
5/0
3/4

1/4
3/0
1/2
5/0
3/4

C-81 NX?HUH
ALLOWABLE
LOAD K1PS

.30

.50

.75
2,00
3. OD

.20

.50
'. 75
2,00
3,00

NUtmER
TESTS

— 5
- 7,

6
ll

9

tN
NA
NA

2

Y1ELD
LOAD
K I l'S

tp ~

.0
2.3
2.9
3.8
6.5

HA

HA
HA

16.4
24. 3

ACTOR OF.

SAFETY

Q*
7*

3. 0"
1.9'.2

tlA
NA

HA
8.2
5.4

NUtQ R OF
TESTS .

4
2.

'

-2

HA

tN
tlA

2
4

ULTItiATE
LOAD
K1PS

3.3
5.0 .

~

6.0
12.9

'10.0

tN
HA

tN
„27..1

36. 7

ACTOR'F
SAFETY

11.0
11. 6
9.1
6.5
6.3

HA

tN
NA

13;6
12.2

o.zW
o.SgC
u.gZ
o,zS
4)igg

cM=o g

p

COt l01NED 1/4
3/8
1/2
5/8
3/4

.30
50

.75
2. 00
3. 00

NA
HA
HA

2
4

HA'tA

HA
5.0
3.0

NA

tlA
tw,
2.5
1:0

tlA
tN

~ NA

~ 4

,ttA
ttA
tlA

11.1
13. 2

'. ttA
NA
HA
5.6
4.4

NOTES: 1)

2)

3)

NA = Test data not available.
Yield and ultimate loads are based on averages. unless otherwise noted.

"minimum yield'! load is based on x - 1.65s {s standard deviation, x ~ mean), then the
safety factor defined as x'- '1.65 s

/ = 2.2 f l 1// i
= 3,6 for the 3/8 inch anchor
" 3.77 for the 1/2 inch choI

,.
= 1.37 for the 5/8 inch anchor
= 1.63 for the 3/4 inch anchor'

Gased on the minimum yield load as indicated in Figures 14 thru 16.

. ~
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