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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

Dear 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 holdexrs for nuclear powexr plants to
review the design and installation procedures for concrete expansion
anchor 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 1l 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 effort will be completed by August 31, 1979. Pipe supports
which require hardware modifications will be completed prior to fuel
load.
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Mr. Boyce H. Grier . . .
Response to NRC Bulletin 79-02 ‘

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 Quallty Control Instructions
outlined in QCI-C-1.50.

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

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

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

All Seismic Categdry I piping‘support installations are 100% torque
tested 'in 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 inspection 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 Coxrporation's generic
response to the subject NRC Bulletin.
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Mr. Boyce H. Grier
Response t0 NRC Bulletin 79-02

Attachment 2 is the generic Bechtel response to NRC Bulletin 79-02,
Revision 1 supplemented by the Susquehanna 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,

\mCu;éa

Norman W. Curtis
Vice President ~ Engineering and Construction

RWM-JDV/kes
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o " Attachment 1.

. h SUMMARY OF ANALYSIS
CONCRETE EXPANSION .BOLTS (CEB)

Large Pipe (2-1/2" and Larger) Supports:

No. of Pipe Supports with CEB = 349
- No. of Pipe Supports subject to reanalysis = 349
No. of Pipe Supports with CEB analyzed by = 329
- computer analysis ('Bolts' program) d
No. of Pipe Supports subject to detailed = 20
analysis (Strength Design) and/or hard—
ware modification
No. of Pipe Supports with CEB loading greatér = w 9
than permitted by Specification C-72
Small Pipe (2" and Smaller) Supports
No. of Pipe Supports with CEB “ = ‘950
No. of groups of pipe supports with CEB based = 23
on standard base plates & bolt patternc , ’ "
No. of groups of pipe supports subject to reanalysis = 23
No. of groups of pipe supports with loading greater = 2
than permitted by Specification C-72 -
= Q9%

No. of pipe supports in the two groups above

#Please note that individual analysis of these supports ‘
will decrease the number of CEB with loading greater
than permitted by Specification C-T72. .

(J11-24/2)
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A Report on

PIDE SUPPORT BASE PLATE DESIGNS

USING CONCRETE EXPANSION ANCHOR BOLTS

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

Introduction

This report ‘'is in response-to NRC IE Bulletin 79~02,

. dated March 8, 1979, requiring all licensees and permit

II.

holders for nuclear power plants to review 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 1l.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 bolts
on the Susquehanna power station were governed
by the following documents: ' ‘

Response to Action Items

l. 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 edge
of the base plate is greater than twice the thickness
of the plate. If the base plate is determined to be
flexible, then recalculate the bolt loads using an
appropriate analysis which will 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.

-1~
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RESPONSE: All pipe anchor and support base plates u51ng
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

one of the following methods of analy51s 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 ortheogonal directions. ' Based on analytical

considerations as well on the results of a
number of representative finite element analyses
of base plates (using the "aANSYS" 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 correlation between the results of the
present formulation and those by the finite
element method (using the "ANSYS" Code). The
quasi analytical method generally glves the

- bolt loads greater than the FEM. .

Although the effect of plate fletlblllty has
been explicitly considered in the gquasi 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' an appli-
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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 bolt
stiffness decreases with increasing load.
At higher loads the bolt expansion will
be such that the corners of the base
plate will lift off and the prying action
will 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 for routine applications.
The program requires plate dimensions, number of
bolts, bolt size, bolt spacing, bolt stiffness,
the applied forces and the allowable bolt shear
and tension loads as inputs. The allowable loads
for 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:

l. 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, thertotalnapplied shear is required
to be carried by the bolts in accordance with
the following interaction formula.

G (5) e

-3=
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Where T and S are the calculated tensile
and shear forces and Tp and Sp 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,fhe strength design method given in the
ACI 318-77 code.

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. Four - Four wedge and sleeve type anchor bolts.
b. Five - For sheél 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 Related 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 .of two is considered satis factory with extreme

environmehtal loads.

Describe the design requireﬁents if applicable for anchor
bolts to withstand cyclic loads (e.g. seismic loads and
high cycle operating loads). S
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—” RESPONSE

¥

In the original design’of the piping systems (Bechtel) consid-
ered deadweight, thermal stresses, seismic loads, and

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 Testst 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-~

. mentioned 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 capcxt of the expansion
anchors, under 51mulateZselsm1c 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 exlst, 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 ‘ ' ~5-
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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 load. Pipe supports and
anchors are subjected to static and dynamiec loads. The dyna-
mic loads are seismic loads which are short duration cyelic
loads. This type-of cyeclic 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 cyelic 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 specification.

Also, expansion anchors are tested for preload 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, Wash., 1973).

%#Drilled' - In Expansion Bolts Under Static and Alternating
Loads.: Report No. BR-5853-C-4 by Bechtel Power Corp.,
January, 1975. .

-6—

(J11-21/1)
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% X (_vl:l—:)x ‘ < ol

n

Where X, = 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).

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 will be completed by August 31, 1979.

The pipe supports which require hardwareKmodifications

. will be completed prior to fuel load.

(J11-21/2)
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BoLTsS tory Ipu){’/' program ér/e[ A:Jor/p/m /8
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reselts . /9% &[ Lml.« as b ofler 2 Sold,
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N / " CALCULATION SHEET ]
x/ CALC. NO. MZ?_J. REV. NO. 2
G. omcmmon et a&rlé, DATE_é/ fl/ 29  cHECXED —___________ OATE '
 eroseer Laws [ %45/ 308 NO, i
sua.:scr.&ﬂéé_aac_é}ﬁ.(__émﬂ@ P M‘? SHEET NO & : -
.1 Man Pro g fam
2] pe i anoWboet R B . BRI U RS PN
3 g 00100 . PRUGRﬁH BDLTS (INPUT:UUTPUT»TPFES INPUTY - Z:‘:d.c:;.
o i oo110C . - f _— e
"+ " go120C - LI
5 ¢ gorzec v VERS!UH c S
. go124c S )
001300 PROGRAM FOLTS DETERMINES THE ANCHOR BDLT FuRrEs .
7] . oo0t40C AND INTERACTION VALUES .FOR 8 CENTRALLY LOADED
o] % ootsocT BASE PLATE. THE FOLLOWING RFE SEVERAL OF THE
. 00160C INPUPTHHT VARIARLES LSED IN THE PROGRAM:
9 . gui170oc . A ev
o|  fo1s0c : THK = PLHTE THICKHESS CIND
. 080190C KB = BOLT STIFFMESS (K/IMD) |
1 _egavoc - FTALL =  ALLOWABLE TENSILE FORCE (K> "
2] 3 o02i0cC FSALL '=  ALLOWAELE SHEAR FORCE (KD
. oo2z0C FXsFYsFZ "= APPLIED FORCES C(XO
13 00230C . MMsMYsMZ =. AFPLIED MOMENTS (IN-K)
w| . oo2d0C . ]
.° g80250C : -
(:}1& 00260 REAL KR sMY sMY sMZ .-
. 00270 COMMON ~FORCES/ FXsFY sFZ oMy sM7 M2
Bl . 90280 COMMON ~PARAM1/ THK sKB»FTALL sFSRLL
w7l . 005290 COMMON . PARAMZ/ SC2Y»T(E@Y yBCR) «ALFHACS) »TITLECL)
sl . 00300C
: . 00310C READ INPUT VHLUES .
1| ¢ g¢0320C
o] 7 00330 PRINT 1000
‘ 00340 S FRINT 900
3 ‘00350 500 FORMATC(/sS¥.3SHINPUT TITLE ¢ UF TO 10 CHHPHCTERS >y
2 00360 READ(S»901) TITLEC1D
- 00370 $01 FOFMRTCALO0D
=n| ¢ 00380 PRINT 1001
2| ! 00390 ’ READ(Ss+) NE«ICODE
. 00400 PRINT 1002 .
e 00410 READ(S ) FXsFYsFZ o0 MY o MZ T -
- i 00420 PRINT 1010 ) o
§ 00430 READ(S o> THK KB FTALL SFSALL ' N,
271 i 00440 PRINT 1020 .
| . ¢ 00450 ' READ(S 1) SC1>3S(2>9TC1>»T¢2) »B(175B(2)
. 0045 0C .
= 004700 INITIRLIZE PARAMETERS
20 80480C - C B ’
00490 . ALPHAC1Y=3H A .
nl . 00500 ALPHAC2>=3H B
- 4] 3 00510 RLPHR(2)=3H C
C 00520 . ALFHAC4>=3H D
x "i 00530 : ALPHRACSY=3H E
a| I 00540 " ALPHACAY=3H F
00550 ALFPHAC7I=3H & ‘
sl | 00360 RLPHR(8)=3H #
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CALCULATION SHEET o
- cﬂﬁ . . CALC. NO. 879-3 REV. NO. 2
ORIGINATOR Aﬂ w01t (e - DATE 5/ / f/’ /72 CHECKED —/7;'?70,\75 72
PROJECT Cov/ Statf JOB NO,
susseer Coac dachor (lomp. Program _ sweervo_7
; .
2
300570C o
4 00T200C CALL CORPECT SUERROUTINE
005300
s 00&10 IF(NE.NE.4> 60 TO 10
g 00A10 PRINT 1130 »NE,ICODE
00R829 CALL BOLTES4<{NB.ICODED
7 006830 50 TO 140
g 00540 10 IF(NR.NE.2> 50 TO 2¢
00R50 FRINT 11390 sNB.ICODE
9 00E5 0 CHLL BOLTSE{NE., IlUDE‘ Rk
10006?0 30 7O 10
00550 20 IF(NB.NE.2> 0 TO 30 ° .0 .
11 00590 PRINT 1130 sNE,ICODE :
42 00700 CRLL BELTSSCNEB. [COne>
00710 58 7O 100
1300729 30 FRINT 1005 !
1400730 100 CONTINUE ‘5
00740 . FRINT 1120 o \ :
1500750 RERAD(S s+ IRUN , \ i'
1500760 IFCIRUN.GT.0> 50 TO S )
o0vY7oC - - .
WOOTZOC  meemememeeee FORMATS - . !
1 007200 !
00200 1000 FORMATS// 22X +31HANCHOR BOLT FROSRAM ~ YERSIOM T s35(EH o>
1€ 021 0+ s/ s23HINFUT 1S FREE FIELD SEFARATED EY COMMASS :
o 00320+ 30H» UNITE HARE IN KIPS AMD INCHES s~/ sSH» ; : .
00330+ SOHVERSION C OF BOLTS PROGRAM HAS FOLLOWING REVISIONS (6-5/79)s .
210240+ 77 35%»45H1.) EQUATION LIMITING THE MOMENT ARM INCLUDEDs. ) .
22 00320+ /7 3SR 344HPNY GIESTIONS SHOULT BE DIRECTED TO €. CLOSE. '
01S3 0+ 73543 19HOF 5PD AT EXNT 2956 /720X
2 00900+ 26HINTERACTION EQUATION CEDE: /4197, .
240031 0+ 29H1=LINEAR INTERARLTION EQUARTIONs/»19X, -
00520+ SEH2=NON-LINERF INTERACTION EQUATION #1,/:19¥, : <
200920+ 36H3=NON-LINEAR INTERACTION EQURTION 223/,3SCZH ) »/) i
'%0940 1001 FORMATC(/»3THINFUT THE NUMEER CF BOLTS <4:5,0R 3) 1R, |
00950+ 33HAND  INTERRCTION CDUDE <12 OR 3):2) |
200950 1002 FORMAT(~ +5240HINPUT AFPLIED LORDS (FXsFYsF2 Mt sMYsM2)2) !
%0970 1005 FORMAT(SX»2SHERROR - NUMEER DOF BOLTS NOT CORRECT) “ :
00920 31010 FORMATC(/s5X45HINPUT. DESISN FARARMETERS (THK sKE>FTALL sFSALLY 2) §
0230 1020 FORMAT(/»SH»4SHINPUT PLATE TIMENSIONS (SXsSY>TEXsTEYHEXBYI>S> |
3c1000 1120 FORMAT(/~»5Xs32HD0 YOU WANT TO RUN POLTS RAGAIN 7> ° '
01010+ 2 35% s 19HCTYFE: 1=YES+ 0=NO>) '
301020 1130 FORMATC///»5X512514H ~ BECLT OPTIONSX»1SHINTERACTION CODE =,1&°,
31050 _ END et e ———l
-
b
5
as 1]
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4 01040 SUBROUTINE EDLTSY <NB,I1COTE) T TR T
s 61050 . COMMON ~FORCES/ FXsFYsF2 M2 MY sM2
. 01050 COMMON /PARAM1~/ THK »KEB »FTALL «FSALL
01070 COMMON /PARAM2/ SC2)sT(2Y sR(2)> sALPHACR) sTITLECL)
7 01050 DIMENSION FC(434) sXYFAY (42D
g 010590 REAL MC(2) »KE sMA sMY »M2 ‘
011002
9 01110C INITIRLIZE PARAMETERS
' .0t1120C - .
10 01130 DO 10 I=1,4 .
1 01140 0 10 J=1,4 :
. 01150 + FC¢ls.0)=0.0
01160 10 CONTINUE -
- 01170 MCL)=ABS (MK -
01190 MC2)=ABS(MYY :
. 14 01190 . | TORJI=S(1)eS(1)+S(2)eS¢2)>
‘s - 012000 . :
/ toe1210C DETERMINE EOLT LDADS DUE TO EENDING MOMENTS ARD STORE IN
8. preaoc APPROPRIATE F(1s.J>
2 ¥ 01230C
.8 01240 DO 100 I=1.2
01250 D=.54(T(1>=-BLI)D
© 19 81260 RL=3.,5eD¢{(THK/D)++ . ££67)
o] 01270 AL=ALe( (44 . KB)++ ,3333)
01275 IFCAL .6T.D> AL=D .
21|, 01280 FR=MCI>/CSCIX+BC1Y+2.4AL) L
»|~ 01290 IFC1.ER.2> 60 TD 15 |
. 01300 IFCM%.LT.0.0) rn 70 20
P 01310 FC1s1)=FA
- 01320 . FC2s1)>=FRA
01320 - 50 TO 100
2 01340. . 20 CONTINUE
-~ 01350 - F¢3s1)=FA
®L. 01360 . ‘FC491>=FA
z7f 01370 * 60 TD 100
-+ 01380 - 15 CONTINUE :
s 013%0 " IFAY.LT.0.0) €0 TO0 25,
29(-... 01408 " F(1s2)=FA .o .
20| 01410 F(3s2>=FA , .. -+ ' -
01420 .’ 6B T0 100 - i -7 T .
3 g,_014qo:;i 5. CONTINUE 47 %0 - ‘
™| | 01440777 S FC@y@d=FR’ T TN a0 s e
Qg v 01450 .-. FC492)=FR - . C
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FTX=ARS \MfOY?RHY<I’E)/TBPJ)+PB§(FX/4 yiEE
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FTY=REI(MZ*XYRAY(I»13/TORJII+HBS(FY/4. ) i
FCLsa)=SURTC(FTR 0FTX+FTY0FTY) F IR }
40 CORTINUE VAl e A ?T'JEI S
AT TN S 3R
PRINT OUT RLL IHPUT ‘VALUES HHB RESULT = St f"i
REY f¢".':. " % B
- DO SO I=t.NR  wiinul il o gt T&i-~+,
CALL FRINT (NEvILUDE,IsF(f:l)yF(Ita),F(1v3\,F(Is4))J§i
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CALCULAT!ON SHEE
. " caLc.NO. C-1277-3 REV. NO
ORIGINATOR KK’JJ«? %—C DATE _&llfl / 79 cHecxed ) oxre
PROJECT G'VIL S/ '[[ JOBNO
SUBJECT C)mal C’na/or ,C'amp, ﬁfagl. SHEET NO
G- BOLT SUBROUTINE -
., 017707772 = ° SUPROUTINE BOLTS6CNB,IcODEY ~~ ~° | - :A;'¢Iﬁ§§fﬁﬁff”‘:"
001780 .. COMMON /FORCES, FXsFYsFZ sMN MY sM2 W;J;:f‘~2y:"”*,; e
)., 01790 COMMON ~PRREM1/ THK KBsFTALL »FSALL T
01800 . COMMON ~PRRAM2/ S<°):T<2)oB(a):HLPHH(s)sTITLE(l) ;
01310 - DIMENSION FC5354) yXYRAYCS 12) «E1¢R) e
81520 REAL KBsMXsMY M2sK1 sK2sL1 . '
81330C P \
- 018440C INITIRLIZE PRRAMETERS -
. 01850C
" 01250 DO 10 I=1s5
* 91870 - DO 10 J=1,4
. 01330 FCIsd)=0.0
01990 10 CONTINUE
01900 . TORJ=1.5¢SC1)+SC1)+4, os<°>o><a>
8191 0C ‘
g1920C DETERMINE BOLY LCADS DUE TO BENDING MOMENT AND STORE IN
01930C RFPROPRIATE FCIsd) .
01940C °
01950 EIC1>=2417 . +T(2) < THK++3.)
01950 D=.5¢¢TC(1Y=-BC(1>) , : .
61970 L1=3.5¢C(THK/D) 4+ .AEETI#( (44 .,/ KB) o+ ,3332) 4D
01975 IFCLL.5T.D) Li1=D
01950 SA=SART(S(1)¢S(1)/4 . +S(2)+5¢2))
01990 SB=S(1)s2.
02000 T1=2.¢¢ABSCMXI I/ (SC13+BC1)+2.o11)
62010 - DFM=CCKBOCSL1D 2. +L1+B(1)/2. )42 . ) /EIC1))4¢.25 W
. 02020 DFM=2 . ¢DFM+(SA/(SA+2.+SB) >3, V Lo
82021 IF(DFM.LT..3333> DFM=.3333 e
pa022 ¢ . IF(DFN.GE.1.0> DFM=1.0
02020 FA=(C(1 .~DFM>/2.%eT1
02040 FR=DFMeT1 ‘
02050 IFCMY.LT.0.0) 60 TO 20 ;
02050 FC1s1)=FA o
02070 F(2s1>=FB ,
02020 F(3»1)=FA . w - ‘ '
82090 50 TO 30 . '
02100 20 CONTINUE
02110 Fi4+1)=FR
02120 . F(Ss1)=FR
02130 F(5s1)=FA
02140 30 ©CONTINUE
02170 D=.S5e<(T(2)=R(2))>
2| 02160 L1=3.5¢C((THK /D) ¢+ F567) ({44 . /KR o® ,3332)¢]
n 02165 IFCLY .GT.D> Li=D
02170 - . 2=R(2)/2.+4L1
4} 02180 EIC2)=2417 .#TC1)0(THK++3.)
3| 02190 _ _  Ki1=2.eKBD
33 ) ' \
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CALC. NO.
DATE CHECKED.
YA /:z JOB NO. e

JUL 2 79,4.06275
® & cuation SHEEP

-3 REV. NO, /

8 B8 Y8 N

ORIGINATOR
" PROJECT 4,
SUBJECTé SHEET NO. ,/
(-*'-a"
¥ 02200, K2=2.9KB+(Z/SBI+42, IR [
i o2210 IF(K2.6T.K1) Ke=K1. - T e 3
-} 02220 *n1-F1<a>o<aﬁx<uv>>~<x1+xa>/<s<°>«\<h>¢K1oKa>; i
L 02230 D1—D10(Z+(K1/(K1+K2))05<2)) R
" 02240 =(AES(HY) ) Z+S(2>/3. ' T
¥ paaso S=E1(R)/(S(2I+S(2)+K1+K2) - - IS ORRE
02260 3=D34CK1oSCR) #SC2I+E . 4K 1 $Z4S(2)+(K14KR) 472D
. o270 DA=S (2> 4Z4Z-3 4 +3 (2> +(S(RI 423 42 . +(S(RO+2) 102 .
2280 D4=(D4+2 . #SC(RI*SCRI #S(BI+E . 42#T(2I4T(2D )2,
02230 £=(D1+D2)/(D3+D4> ., -7}
, 02200 T1=(-Z+L+RBSCMY))/SERS -
; 02310 T2=C~T1 .
02320 F(2s2)=T2/2.
02330 F(S,2)=F(252)
02340 IFCMY.LT.0.0) 50 TO 40 .
02350 FC1s2)=T1s2. .
;02350 F(492)=F (192>
: 02370 50 TO SO
¥ 02330 40 CONTINUE . - -
i 02390 F(2r2)=T1s2. . -
i 02400 F(6+2)=F(3:2) ‘
. 02410 S0 CONTINUE
T gR4E0c
. 02430C DETERMINE POLT LORDS DUE TO R¥IAL FORCE
T 02440C )
i 02450 KK=E1(2)/(2.+5¢2>)
! 02460 YK=EI(1>/SC(1)
j 02470 TH=XK®(ABRS (FZ) )/ CRK+YK)
T 02480 TYR=CABS(FZ)-TXd 2. - :
i 02490 DFMY=.S5284( (KB#S(1)+SC1)/7K) o+ . 25) ¢C(SA/(SAR+SC1 D)
b 02500 IFCDFMY LT.0.571> DFAY=0.571
02510 IF(DFMY .FE.1.> DFMY=1.0
i 02520 F(153)>=(-2.+DFNY*TYR+ABSCF2) Y4,
T 02520 F(233)=DIFMY*TTR
[ 02521 IFCF(253)> LT.F(193>> F(1:3)=RBSCFZ)/6.
. 02532 IFCF(253) LT.FC193)) F(2y2)=RESCFZ)/6.
L -02540 F(393)=FC13)
i 02550 FC4»39=F (193>
; 02560 FCSr3)=F(252)
02570 F(633)=F (153
" 02530C
02590C DETERMINE BOLT LOADS DUE TO SHEAR AND TORSION
026000
02610 DO 60 I=1,3
02520 11=1+3
02630 RYRAYCI s2)=SC1> 2.
. 02540 SYRAY(I1,2)2=SC1)/2. S
E 02650 60 CONTINUE . : e et e

r (ENHY)
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@, &\Lcummm SHEET. &

CALC.NO ‘/97 .3nev NO.

DATE 5 / 5 79
PROJECT d/u[ / J;L{ l,é JOB NO,
SUBJECT Cineh Zne Ad/' &m/a p/oﬁ . SHEET NO /7»
LErioess0 RYRAY(L519==8¢2) =, 7 "I 0 RN U S e e T
Fri02670. 0 2 XYRAY(2,10=0,0 -7 * 0 0 e e T D i Y
) 02630~ XYRAY(3,1)>=S(2) C e
F7 02590 - XYRAY(451)=-8¢R) - oo T
' 02700 XYRAY(S531>=0,8., - .r, - '
- 02710 ®YRAY(651)=S¢2) .. -
. .02720 DO 70 I=1,6 . e
“ 02730 FTX=ARS (MZoXYRAYCT 12/ TORS) +APS (FX/6 . -
~ 02740 FTY=HES(MZXYRAT(I 51/ TORJII+RBS(FY/6.)
. 4+ 02750 F(I,4)-$DPT(FTXOFT%+FTY¢FTY)

.~ 02760 7?0 CONTINUE
. 0_770C :
o 02730C PRINT OUT ALL INPUT VALMES AND RESULTS
" og2730C : .
<. 02300 DO 306 I=1,NP
08810 .. CALL PRINT CNB,ICODE;I»FCIs1)sFCI52)2FCI3D,F (143
: 03820 80 CCNTINUE o cL
= 02330 RETURN . \
+ oze40 END - -
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‘J‘QCALCULATION SHEQ)"

.
Sreone Ao o
.

CALC. NO. 79'3 REV.NO. %~ 2
omc;mmon,lw_&ﬁ-_-z._ OATEM CHECKED / Z%/ZM%ATE é/ /9 2
eroseer Lowe /St LE 308 NO,
sue.:scrAneA Aockor é‘amr’ /7 (of, sneeT O /3
&= BoLr sué’r’our/ﬂ&—" S B
i ' .._-'-—11.-;1-—‘—1'"-'5';“"' '
0’850"” bUBRUUTIHE EDLTSB (NE,ICODE) ‘ - ,/W-pﬂufﬁﬁﬁw?w--
- 02360 ° * " COMMON /FORCES/ FXOFYaFZsMeGMYaMZ o "0 5 Thdtor.
023870 - COMMON /PRRAMLZ THK SKEHFTRLL +FSALL - ‘;*-?'?;L
"7 02330 COMMON /PRREM2/ S(d)’T(2):B(°)‘HLPHR(Q)7TITLE(I) :{q&;?
7 .02390 DIMENSION F(8:4) »XYRARYC(Rs2)ET(2) R
s : 02900 RERL MC2IH5KEsL1 sME M s MZ oK1 4K2
0291 0C :
g2920C IRITIALIZE PRARAMETERS
0z2920cC .
: 02940 MO I=RBRE(MKD ] Lo
02950 MC2)=RES (MY . SN
: i Q29640 SH‘HDPT(°(IJON(1)+S(2)*S(2)) ’
. 02970 10 5 I=1,8
02230 0 5. J=1s4
L. 02990 FClodd=0,0
. 03000 CONTINLUE
. 02010 TORJ=% . #{SC1 Y3 (1X+3C(23e3¢2)D
A, 03020 EIC1)=28417 . ¢T(2)+{THK 4¢3 )
. 03030 E1(22=2417 .¢T(13+{THK®e3 >
* ., 03040C
03050C DETERMINE BOLT LORDS DUE TO RENDING MOMENTS
; 03050C . )
. . 03070 DO 10 I=1,2
;. 03080 K1=3.eKE .
. 0303Q Ke=2 .+KE
i 03100 S$T=3¢2) : }
. 03110 IFCI ER .22 23=S(1)» !
82120 D=.5¢(TCI)=-B(I>> f
. 031390 L1=3 .5eDe{(THK/D)se, Géﬁr)+((44 ZKB)*+ 3232 P H
‘03135 IFCLL .5T.D) Li=D N
03140 2=.5¢R (10411 :
03150 RKCHK=2. OKBOVOL/(S°¢>S) .
03160 IF{AKCHK LT .KE2> K&=RKCHK
; 03170 Di= (EI(I)OH\I\0(K1+K2)/(S(I30?(I)¢K10K2))0<2+(K1/(K1+K2))°
3 3180 DE=EICI)>e(K145(I2eSCI)+2 . eS(1)0ZoK1+{K1+K2) 422D
] . 03199 D2=LR2/(SCI)+S(1)eK1eK2)
© 03200 S=M(1)eZeS(10r2, ’ ’
03210 D4=S 1) o222+ (Z+S(I0) 042 .42 ,#3C(I)eR(I)eS(1)
03220 . D4=(D44+3 ., oSCI)eS(I1)4Z2-3 . ¢SC(I1)e(2+3C(I1)d0e2.)>/3.
03230 C=(D3+D1 >/ D4+1i2>
03240 TIi=C(=Z¢C+HCINI/ECDD
03250 DFM=C(KB*(SC(I)+Z2)+e2 3/EI(Id) > @e 25 R
.03260 DFM=2 . ¢DFMe(SA/ (2. ¢SCID+SHYI /3, : ‘ ;
03261 IF(CDFM.LT..3333> DFM=.3332 .
T g3262 IF{DFM.GE.1.0> DFM=1.0
03270 FA=<(1,-DFM>eTi /2.
03280 FR=DFMeT1
03290 IF(1 .ER .22 FB=(C~T1). 2.
03300 FD=(C-T1 > 2.
‘03319" . IFC(1.EQ.2) FD=DFMeT1}

* R'76 {ED-69)

memes ser Ml amme Smreg 0 4 ¢ WEEEES b W e - = ne
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12
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14
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g8 888 N
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ORIGINATOR

.(Q . NIL 279:106275

CALCULATION SHEET

CALC. NO. ! é-1979-3 REV. NO,

zj L ﬂjﬁ-ﬂ-— DATE %‘&#Zj__cuecxeo ATE 5// 5/ 72

erosect 212 / AL 74&[1[ )08 NO. —

susJECT sneeTno.__1 Y
U T
3 03‘?‘-0“ ....... e o . cen T vt e A s meentuin WAntemes Q. 14 - -?f.:»:p.::,,,:r
§ . 023300 STORE zrnnrnr MOMENT IN APPROPRIATE F(IsJ) el i
{  83340C -
??'03350 IFCI.ER.2Y GO TO 20 S -".'"h
¥ 0323560 FC4517=FD , L N 53:
. 03370 F(Ss1)=FD ., Hi=" A SRR,
i+ 0232320 IFCMX.LT.0.) ru TG 30, AT
03390 FC1s1)=FR . ‘ Y
02400 F(2s1)=FB .
02419 F(3s1)=FR Covme e
03320 30 TO 10 N ‘
. 03430 20 CONTINUE . ) . :
1] 02440 F(691)=FA
03450 F(731)=FB
03450 F(2s12=FA
. Q3470 50 TO 10
-+ 03430 20 CONTINUE
03490 F(2:2)=FB
£ 03500 F(7s2)=FB g
1 @3S10 IFCMY.LT.0.> GO TO 40 . .
03520 F(1s2)=FA ) . ;
03530 F(4,2)=FD -
025490 F(Rs»2I=FR
03550 G0 TO 10
03560 40 CONTINUE
83570 F(3s2)=FA
63580 F(S5s2)=FD
035990 F(Ss2)=FA
03600 10 CONTINUE |
83610C . i e
03620C DETERMINE BOLT LORDS DUE TO RXIAL FORCE
3630C
I 02640 HK=ETC(R) /(2 .6S(2))
L 035650 YK=EI(1)/¢2.+SC1))
" Q2660 TR=HK+(ABSCFZ) )/ CREAYKD
: 03670 TXR=TX/2.
i 02580 TYR=(RES(F2)-T¥) 2.
. 03690 DFMY= ,BSR54( (KEo4 . 6S(2)+S(2)/XKIo¢ 2500/ SA/(SR+2.#S(2))>
© 03700 DFMY=.8202e( (KEo4 ,®S(1)eS(1)/YKI e+, 25) #(SA/(SA+2.6SC1)))
63710 IFCDFMX LT.0.571) DFMX=0.571
. 03720 IFCDFMY.LT.0.571) DFNY=0.571
03730 IFCDFMY.GE.1.) DFMX=1.0
i 03740 - . IFC(DFMY.GE.1.> DFHY=1.0"
I 02750 F(1s3y=(~2 O\BFHVOTﬁP+DFHYOT¥P)+HBC(F¢))/4.
- 03760 F(2:3)=0FMYeTTP
03750 F(433)=DFMY.eTXR
083721 IF(F(2y2).5E.F(1,3>.AND. F(49d).bE F<C193)) 50 TU 50
03782 F{1,3)=RBS(F2)-8. _
03783 FC2s3)=FC(143>
03784 F(4+3)=FC1,3) .
63785 « S8 CONTIMUE . ... haef mal/iwlostmer ol ooia atomald oot Wee L v

HHyY 84
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ORIGINATQOR

paqmcf_lglrl/’ QEZ;ng
Lonch ke

)Jad (dpo

® §. cuLATION SHEET’

-3 REV. NO.

A 7106275

Care 5//6/79

CALC. NO. 577
DATE j;L#ZZL_cHscxeo
408 NO.

SUBJECT, é

10
11
12
13
14
15

16

18
19

e 8 B NN BRE.N

8 Ry 84

WITTeere

Q.'

AR NN

03726
83730
83500
03310
93220
02330C
033402
03850C
03350
03370
03330
2390 55

- 03300

*  aesr eyt e,

03910
03320

03930

02940 60
03350

3960

03970

02920

03990

04000

04010

04020
04030
04040

04050 70
040500

0407 0C
04020C
040596
04100

© 04110 80

04120
04136

~ 457000/" //,3;. sueeTno__ 1S
e 7

F(333)=FC143> . - : * . n --:?“&‘7-'

F(S5s3)=F(4,3)._
FCR93)=FC(1+3) . : C s,
F(733)=F(2,3) " T
F(Rs3)= Fcz,sxf; .. L : '.,-:v

DETERMINE BULT LOADS DUE TO SHERR AND TURSIDH
DO S5 1=1,8 ...

DO 55 J=g,2 .7 L

RYFAYCI s dd=0,

CONTINUE

DO 61 I=1,3

J=I1+5 -

XYRAY(Is2)=5¢1) _ -
HKYRFAY ¢ |02.‘-"’S( 1>

CONTINCE
XTRAY(1 1) —8(2)

XYRAY(3s1)=85¢2> | .

KYRAYC421)=—-S¢2) }

NYRAT(S s1>=8¢2)

HUYRAY (S 9 1)=-3¢2)

XYRAY(231)=8¢2>

DO 70 I=1,83

FTX=RES(MZ 0¥YRﬁY(I,2)/TGPJ)+HB‘(FK/S.)

FTY=RBS (MZ®XVRAYC(1+1)/TORMD+RESCFY/S. )

FCIs4)=SQRT (FTReF TR+FTY#FTY)

CONTINUE ) ‘ N
N b -

FRINT DUT ALL INPUT VALUES AND RESULTS

DO 20 I=1,NE ]

CRALL FRINT C(HBSICODE sIsFCIs1)sFCT @2 9sFCI13) sFCT 54))
CONTINVE ‘ . ’
RETURN

END

GPN.27206 8/76 (ED-69)




- - ) _
H 8¢ 889 888488 RB2Y B 3333 628 3238 ocouon & o
. :
’ ’ 8
| N : . N T ORI, | (N
7704140 7 TSUBRDUTINE PRINT(NB,ICODE»1sF1F2sF3sF4) , s £ N
. 04150 COMMON /FORCES/ FXsFYsFZsMX sMY sMZ R I
T 04150 COMMON /PRRAML/ THK »KB»FTALL sFSFALL : NN
04170 COMMON /PRRAM2/ S(2) »T(2) »B(27 »ALPHACS) »TITLEC) . : ;
04130 IFCI.6T.1) GO TO.10 T ool
04190 FRINT 1030 i P |\
04200 PRINT(S+1036> TITLE(1) . . o lR
04210 1036 - FORHAT(,/»5%y13H & « PROBLEM sA10:4H & &) ! ™
04220 FRINT 1040 sFXsFYsFZyMy M7 M2 boe s; N
04230 PRINT 1050 sTHKSsKEsFTALL sFSALL i "
04240 FRINT 1060 »SC1)»3¢(2)»T(1)5T(2)sR(1) B2 o
042500 e ?
04260C CALCULATE TOTAL LOADS DN BOLTSs INTERACTION' VALUES AND o h
0427 0C PRINT OUT RESULTS. : \
04280C ~
04290 PRINT 1070
04201 PRINT 1020 D
0431 0 FRINT 1090 W
04320 10 ~ CONTINUE :
04330 ' FLG=2H .
04340 TOTF=F 1 +F2+F3 f
04350 VINT=ARS(TOTF/FTALL)+ABSCF4/FSALL o 4
04360 IFCICODE.EQ.2)VINT=CABS(TOTF/FTALL) ) #¢1 667+CABSCFA/FSALL) Yool 667 - m
4
04270 IFCICODE (EN .2OVINT=CABS(TOTF/FTALL)) ++2 .+(ABS(F4/FSALLY Ye$2, o
04790 IFCYINT.5T.1.0) FLG=2H +
04390 FPRINT 1100 »ALPHACI) yFLGsF1sF23F3>TOTF sF4,sVINT ~
04400 IFC1.NE.NB> GO TO 20 &
04411 PRINT 1110 A
04420 IFCICODE.EQ.1> PRINT 1114 - .
04420 IFCICODE.GE.2) FRINT 11195
04440 20 CONTINLE
04450 RETURN
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Yw ‘044600

-

IS ~Ri e S ]

RPN

COISTT LT P

0447 0C
044200
04490
04700
04510+
04520
04520+
04540
04550+

NA%E

04%70
04520
043590+
04500
04510+
04520
04630
04640
04650
044660
READY.

‘e 4 e e o

10320
1040

1050
1060
1070
1080
1090
1100
1119

1114
1113

0 -
P et T ]

FORMATS

FORMAT (/7 »ySX 94 OHRE-PRINT OF INFUT VALUES USED IN DESIGN$)
FORMAT(/ »5% s3HFX=3F1 0,3 s5% »3HFY=3F10.3»5Xy3HF2=yF10.3»
715K s 2HMX=sF10,3,5X y2HMY=sF1 0.3 35X s3HMZ=sF1 0. 3)

FORMATC(/ 94X s4HTHK= 3F 10,3 s5X s 3HKE=sF10.3y - T

2 yAHFTALL=3F1 0.3 92Xy HFSHLL=»F10.2)

FURHﬂT(/:qX,3H3X=’F10 395X sBHSEY=sF10.3 9/ 34X »4HTBX>yF10. 391;3{-:?-
4% +4HTRY=sF 10, 3’/qu!qHBY=’F10 3 sS¥ 1 THBY =y [N X4 %é'
F10.3) B Y M

FORMAT(///7321%319He & + RESILTS & & o). L

FORMAT (/7 s 15X »24HAXTAL FORCE DUE TO LDADS»9%» e
16HTOTAL BOLT LDADS »4X s&HINTER.) A

FORMAT (2K s4HEOLT 125 s AHCHX) 98X s 4HCHY) 15X s 4HCF2) 96X 0. e
7HTENSION « 7% y SHSHERAR 12X s SHYALUE /) ~ -

FORMATCA3 sA3 15C3X sF9 . 4) »2% sF S5 .8)

FORMAT(SX +35HNOTES + INDICATES DVERSTRESSED BOLT)

FORMAT(SX »@32HNOTEt LINEAR INTERACTION WAS USED)

FORMAT(SX »37HNOTES NON-LINEAR INTERACTION WAS USED)

END
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o

0 0 9 0O’ & LN =

R EER

prOJECT {20/ / JJZQ £t JOB NO, —
suasecrCruekt ANcro2 CordRNEL Pept. V‘&f//‘/c:(a?vﬂ A 1.
KM # |
4- Bocr p’*‘lﬁw Nw— CiNglP /NW/}CIO,U
gk = ok - k-
o= ‘4 Mx 13 E“mz,“ 5
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9+ ) e
7= 4 Mz mOK" Sae 7 5
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* ORIGINATOR

. 0
- CALCULATION SHEET

Ep MAtonEY DATE 4//4/79

@ B 2798106276

prosect _Coy s /St Zf

-

- eace.no. &AF773 aev. o,
CHECKED _LC&_ DATE _L_ZZ

JOB NO.

2.

o2 M.
Y = ZE{(CQ)Z
% COMPOLCUIT =

- e

238

-
-

8%

SUM.Q &CH BoLT :

suM PR TOTAC TELsIEN ;

Frg = 0719 <~ L85 + 1 3
Frgs 07184 +~ 0 + | =
Frs O + (66 + | =
Fo® o + o + 1 =

1 %, 3
Boor A - (LIN®+ (BEYE -
@ 7}_,)9/-34— (115
BOT ¢ - .(’-_;/)5/5-;— @554 -

Bolr > - C/;;.!Y'" + ( tgf’?‘/;

Bor & -

-~

susseer CINCH ANCHoR CoMPureR Feps VEL Ftaitdeer no

e Moo
4

X CoMforeaJT

. 72 |
y * Bi-x— 0.202)" + (H'O-ZD%}Z] > 1T e (p7c S1512

INTERACTION o (Use Comp  Vhewss)

— #_/;"04 vall

3.34% NG
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@ CALCULATION SHEET 16753 rene ,

CALC. NO. I A
( omcmnon/ém dlc"‘f— oate 3, / /9“/ 29 cHecke DATE -5//5/ 72
- —7 7 .

erosecT Lot SA 4 FE y 08 NO, —— :

SUBJECT Civeh arichAor Jomow'ér f?vqrmn’wcsueeruo 22, '

‘. P . ! % L T Y :-7.-0 : H

L ﬁ.lnpur TITLE ¢ UF TO 10 CHAFACTERS ) L e
.> 24567390 . _ N

INPUT THE NUMEER OF RBOLTS (4:6,0R 3>

AND IMTERAGCTION CODE ¢1,2 OR 3):
4,2 . sve @

:". .. INFUT RPPLLIED LOADS CFESFYIFZ sMol s MY sMZD 2 e
_)4.:4.14.!13.;-.:0.910.

-

;" INPUT DESIGHN FPPHN&TE?¢ (THV:KBsFTRLL:F°HLL)‘

. 3‘) 75’1500 ,5 ’!J- N

B ., - e
i' , INPUT PLATE DIMEMSIDNS (SXsSYsTBX»TEY»EMHBY) S

t212.212 018,815 . 14,54,

4 - BOLT OPTIGH INTERRCTION COIE = 2 .
C::E " RE-FPRINT OF INFPUT VALUES LSED IN DESIGH: )
: U
1 ¢ + PROBLEM 1234547390 o «
3
I Fi= 4.000 Fy= 4.000 FZ= 4,000
k M= 12.000 - My= £ .000 Mz= 10.000
% THK= 750 KBE=  150.000 FTRLL= $.000 FSALL= 5.000
ﬁ -‘ ' - -v’
—~=- i SK= 12.000 S¥= 12.000 v
TBx= 16,000 TBY= . 15.000
Bi= 4.000 BY= 4.000

© & & RESULTS © « »

- "!l" N ?&Mﬂr%'aﬂn”ﬁ:-

. AXIAL FORCE DUE TO LOADS TOTAL BOLT LDADS INTER.
BOLT MR MY (F2) TENSIDN SHERR YSLUE
A .7934 1.5863 1.0000 2.2502 1.7058 B2
3 B .7824 L0000 1.0000 . 1.7524 1.70223 .35
5 T 0000 1.5658 1.00010 2.5k 1.7025 .Sa
*p L0000 L0000 1,0000 1.0000 1.7082 24
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18 + ¢ PROBLEM 1224SCEEBCD « +
I, Fy= -2.000 Fy= -G.000 Fz= 4.000
2" M&=  =20.000 MY=  =22.000 MZ=  =50.000 B
B THk= .500 KE=  .44.000 FTALL= S.000 FSALL= S.000
2 ) T
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25
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28" <
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>4 51 _ RS
8 .

INPUT AFPLIED LORDS (FX:F?-FZ;MX:HY;HZ)‘
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susaecr_&/)__ﬁzmmzﬁdmm SHEET NO

oy - L S
.

INPUT T!TLE < UP TU 10 LHRRHCTERS ),
7 6BOLTS!

f

INPUT THE MUMEER OF EDLTS (4 ’6 ,UR 8)
? 61

AND

INPUT APPLIED LORDS (FX:FY:FZ:HX,NY-H.')'

? =12.5-5.510.935.5-50.5100.

"I RC R - T B S )

. INPUT DESIGN PHPHI"‘ETERS (THK !KB SFTRLL aFSALL):
?,- .5’440,6.,4.

- INPUT PLRATE DIMENS-IDHS (EXsSY>TEX»TRYEX»BY) S
? 1&-."".’16"20.’4.’4-

6 - BOLT OPTION INTERARCTION CODE =

16 FE-FRINT OF INPUT YALUES UISED IN DESIGN:
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1] - + « PROBLEM SBOLTS! -
1, F= -12.000 Fy= -5.000 Fz= 10.000
2| M¥= 26.000 MY=  -50.000 M2=  100.000
"‘\.'
2 THK=. 500 KE= 44,000 FTRLL= €.600 FSALL= 4.000
2. .
- SK= 12.000 sSy= S.000
TBX= 15.000 TRY= 20.000
24 Bx= 4.000 By= 4.000
5
28
27 -
® ¢ ¢ RESULTS » o +
28 |3 L. .
B AXIAL FORCE DUE TO LORDS TETAL BOLT LOADS IMNTEF.
! BOLT MR - MY (F2>. TENS 10N SHEAR  YALLE
I - Y .5432 0.0000 1.3111 1.9543 4.2%83 1.39
(_ 2 P e 1.7120 7073 a..,??q 7971 3.42056 1.85
3 c L 4 06432 1.4804 t3111 .U' 4'? - .Q-Ql.? 1'62
- D e 0.0000 0.0000 1.2111 1.3111 4.2383 1.28
x| E o 0.0000 L2072 2.2778 3.0851 3.4206 1.37
x| F e 0.0000 1.4204 1.3111 2.7315 4.23683 1.5
3 NOTE? & INDICATES OYERSTRESSED BOLT
=

"""E* lTHFF*P INTERPACTINN WAS 1 em
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S
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13 . .
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: =3 2.52
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o @ CALCULATION SHEET 29 .106276
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' omcmmon,&iﬁ_&!ﬁ@—__ DATE _%Zlf__cuecx.e ate 2 16/72

noseer Cowsl| She L , e~ —

sua;ecremf/é Guchor p/ﬂﬂvfajx Vﬁ/z/ sneeT No_ 34

*2 sBOLTSZ

INPUT TITLE ¢ UP TU 10 CHHR&PTEPS PRI TR A

4 R .
. INFUT -THE NUMEER OF BOLTS (4,6:0R 8) AND INTERACTION CODE (1,2 OR 3):°
7 6.1 R

€ g oy

- . INPUT RPPLIED LOARDS CFXsFY ’FZvNX MY M2 2 T

.? 6.’1&.‘1‘-., 7 0’100 ,_000- S

€

8 INPUT DESIGN FARFAMETERS (THK»KB»FTRLL +FSRLLD S
? 1.’4400."5.’4. LI S

10

INFUT PLATE DIMENSIONS (SXsSYsTBYsTBYsEXsBY)
? 140.‘130.‘1:3 ’l--t’S.’So

12
13- -‘ ’ ) -
14 5 - BOLT OPTICN INTERRCTION COTE = 1
15 .
18 RE-FRINT OF INFUT VALUES USED IN DESIGN:
17 > .
18 + + PROELEM AROLTS2 .- .
19
Fx= 6,000 FY= 12.000 FZ= 12.000
20 M=  ~72.004 MY= 100,000 MZ= =200.000
21 .
o THK= 1.000 KB= -440,000 FTALL= 5.000 FSALL=
- S¥=  14.000 sy=  12.000 ?
- TBY= 1,000 TERY= 25.000
24 . BX= S.000 RY= S.000
25
x []
27 )
s o ¢ & RESULTS -« ¢ »
o) .
- . RB¥1AL FORCE DWE TO LDADS TOTAL EOLT LOADS
BOLT M%) : MYD CF2D TENSION SHEFR
)] . .
ol B 0.0000 1.8534 1.0159. 2.8836 S.4270
E e 0.0000 2.5031 3.9700 5.5731 3257
n| e 0.0000 0.0000 1.0156 1.06150 5.4270
D« 1.0526 . 1.9626 1.0150 3.9582 5.4270
I E 3.6081 2.6031 3.9700 . 10.1212 . - 3,2275
| F o 1.0626 0.0000 1.0150 +2.0236 - 5.4270
- NOTE: e INDICATES OYERSTRESSED BOLT . .
NOTE: LINERP INTERACTIOR WAS USED ‘ i
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06%
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rrosecr Lol SFa £E
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CALCULATION SHEET

CALC.NO..
CHECKED

JO8 NO.

sumecrw'fc/bﬂ/ /’/aarm [/t/l/fb/uh SHEET NO : 39’

INPUT TITLE ¢ UP TC! 10 CHARACTERS O

1 -
zg ? SROLTS1 =
a® INPUT THE NUMBER OF BOLTS (4,6.0R 3) FANI' INTERACTION CODE 1,2 OR %)
‘: 2? 8,1 . .
5 INPUT APPLIED LOADS (FXsFYIsFRZsMYsMY s M2) 2 7
s ? So’lvé‘i ’20-?130-’90. ’200. *
g INPUT DESIGN PREAMETERS (THK KBSFTARLLFSALL)Y:
8 ? 1025’44':‘.’1':’.’100
9’ INPUT PLATE DIMENSIONS (SXsSYsTBXsTRYSEXsBRY):
? 12-’12.‘53-!5.-’@0,:‘.
10
11
2 ¢ - POLT OFTION quERﬁcTIUH CCRE = 1
113 .
n RE-FRINT OF IMFUT YALUES USED IN DIESIGN: )
1 1 .
LI e + FROBLEM SEOLTSI ..
11 } . '
. F¥= 3.000 Fy= 16,000 FZ= 20.0¢0
! M= 120.000C My= 20.000 MZ=  200.000
1€ v
x THK= 1.250 KB= 440.000 FTALL= 10.000 FSALL= 10.000
2 S¥=  12.000 Sy=  12.000 ' -
- TBRY= 28 . 000 TEY= 28.000
BY= 6.000 Br= 6.000
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18",3.'..":; ! d . . ' e ok l H . i . 4: ’l i v ;' 1, -:
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' ‘ = . . ] " . - n L. o me. L ’ ) M
f Moyl ‘ . » : e « ° y . '.-
. . in normal* force P, . - :
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o log’ (a .- . ¢ o > B "'_ . _...
32 '|.;..‘.. . ) i . . . K Jied
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4 € 597 | .59 N/A /A 725 | 350 825 0628]_ L3 0" -
. .i',ﬂ_,- > -’:- . B .o . . ., .] e . . ‘.: ,‘:-;‘-:.I_,
6 |7 ¢ .602 | ".597 N/A H/A 950 | £00 1200 06251 16 o
- R P A - gt CONCRETE -
48 c .642 | ..509 | H/A N/A 900 |__700 1275 _|=7.062 43 SeALL___ "
el B o SR DU HE R N B R BT Nt
49 | e C.595) .570 i w/A - /A~ 700 | 150 175 L0626 "3 | TRTR U
4 e TS, 0Tl o e s Tae f T R e R L I AN Ty
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TABLE 7 (convr) .* . .
- B TEST RESULTS' ° FuMg s
. : Vo EXPANSION ANCHORS N W .
: :‘-‘l ANCIOR TYPE/SIIL. ELF-DRILLING (S SERIES) 3/8
. ) o ) LERGTHTY_ 9710
DRILL: 9/16™ TWIST BIT
ROLE EXPOSED ) . )
DEPTH DIAMETER PORTION OF] EMBEDMENT! ‘ DISITLACEHEHT
TEST TEST  jOuonfs)y . _(uie) .t ancioR NEPTI. |~ l.OADS_{POUNDS) (IGCNES) | FAILURE HMODE/
nuMaER! conoition L D 1/4| D 3/4 | {incues) | (incucs) § YIELD _SLIP  ULYIMATE PIgtnssuif ULTINATE COMMENTS
) .06
99 ) 1716 | .607 | .602 H/A 17/ . 600 660 1250 70625)  .455 PULLOUT
\ : 15
103 D 112 | .597 ] .595 H/A H/A 450 125 £00 6625] .68 pULLOUT
: | .07
w | o V2 | .51 | .95 | wa H/A o | 5| 11 ﬁ 225
o : . . .07 CONCRETE
105 ) 1216 | .585 | .597 R/A /A 525 450 1300 70625} .35 SPALL
L] 0]
! 109 - D 11/2 | .598 ] .538 /A B/A 850 625 1225 06251 .30
~ . . ; - .
t- . @
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Y
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“minimum’yield" load is ba§ed on x - 1.65s (s = standard deviation, X = mean) then the
safety factor deflned as x'- 1.65 s

-

a
»
-k

design load

]

4

2.2 for the 1/4 inch anchor
3.6 for the 3/é‘ihch anchor =
3.77 for-the 1/2 inch aachor
1.37 for the 5/8 inch anchor
. 1.63 for the 3/4 inch anchor -
) * 8a5°d on the minimum yield load as indicated in Figures 14 thru 16

/st J '\.‘

Ao REGULAR AND MAGHETITE CONCRE ) L T s i"
“ MCHOR | C-81 MAXIMUM |- . YIELD ULTIMATE P A
CTYPE OF " | SIZE ALLOWABLE WUFGER OF | LOAD [ -FACTOR OF | WURRER OF | LOAD | FAcroror | &L {f
LGAD __ |(INCHES) | LOAD (KIPS) TESTS | (KIPS) SAFETY_ | - TESTS - | (KIPS) SAFETY Frz
) . . ry ’ w | . 7
. TEnston | /4 - .30 5 %8 2.0 q’ 3.3 1.0 oczé
: 3/8 .50 7 2.3 4.7 2. 5.0 116 0.894
1/2 175 6 2.9 3. 8% - 2 6.0 9.1 o4z
5/8 2,00 n 3.8 1.9° [ 12.9 6.5 0.2 |
3/4 3.00 9 6.5 2.2 .2 18,8 6.3 ° ondt”
SHEAR 1/4 .20 HA NA HA HA HA - HA
3/8 .50 NA A NA HA - HA HA
1/2 .75 NA HA HA A HA NA
5/8 2700 "2 16.4 8.2 2- | 27. 1376.
3/4 3.00 4 24.3 5.4 4 36.7 12.2
COMBINED | 1/4 .30 noc | oan NA HA A A
: 3/8 50" HA 1A A NA HA NA
172 .75 HA. NA NA. A HA HA
5/8 2.00 2 5.0 2.5 2. na 5.6
| 3, 3.00 4 3.0 170 4. 13.2 4.4 |
NOTES! 1) A = Test data not available. ’
2) Yield and ultimate loads are based on averages . unless otherwise noted If a






