.

W DES CALCULAWNS

FLANT 452;;
EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS T | AT
‘EPARING ORGANIZATION 3.4 (FOR MEDS USE) MEDS ACCESSION NUMBEIR
CEB —
et oo [maveimons | ™ | FYpa994 0029 2, CFR'RA 0227 001
w-ci.7.1|rsG-gs-oof | = 184061300022 ‘| cep 840522 011
z2 B41 's50731 002
KEY NOUNS  pageplates 2s )
Expansion Anchors
Bl Y 3 STATEMENT OF PROBLEM

REV RO
oatE Z779]5%
PREPARED 7

5//&"//54 JUL 31 1955

Civil Design Standard DS-C1.7.1 for

B e, —

General Anchorage to Concrete -
Determination of Tensile Loads for
Expansion Anchors - Evaluation of

’7{3;3253744\/’711£;34322125/—

Plate Rigidity Requirement for Use
of Rigid Baseplate Analysis

CHECKED J ] £:2 ‘

jgéléﬁf%i(’f 3/,421Q N Hetain Bit o

DM o, Ve G Comele
< - C'Wlﬂ&. 444‘110‘«'_.

ATTACHMENTS ’
MICROFILMED:
LIST ALL PAGES*
ADDED BY THIS REV: Flkers oSO8 yiey £oL
LIST ALL PAGES *

i 7= S R

were

To evaluate the requirements for use
DS-C1.7.1, four sizes of plates were
produce edge distances from the face
thicknesses. A pattern of ei
plates. Two load conditions,
were applied to the plates thr
performed using the CASD BAP P
Baseplate II (a finite element

in design Design Standard DS

compared to show the re

of rigid plate analysis given in
analyzed. The plates were sized to
of the attachment of 4- and 6-plate
ght expansion anchors was used on all of the
axial load only and bi-axial moments only,
ough a centered attachment. Analysis was
rogram (a rigid analysis program) and

flexible analysis program). The results
quirements for rigid baseplate analysis given
=Cl.7.1 are acceptable.

é’om/au/!/ auyfouf 77 M/c‘/a//'//n ,0//34 .5'0/4&

A 10897 (ENDES-7-78)

\Ri llardied strtemens o, pasye z

R2  Jopr7roa Al Cucdld 7roa's wesr #ooss s

ote EFATTS om Lomamies el (Baisnd ) o
o THE LEQuiREMENTI ok Lfi0 Plpra Ahyses.

Please return on‘g/né/f s NHLPerry (W8/08)

*Use revision log (form TVA 10534) if more room is required

L TEHE CUFUR 704 oF
G-yt Bea’bmt

. B508270107 850832
e K 05000390

‘-*__Rpﬁ -

ADOC



EVALUATION OF BASEFLATE RIGIDITY REQUIREMENTS Ds-Cl.7.1
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EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS DS-Cl.7.1

“II' PURPOSE

To evaluate the baseplate rigidity requirements given in Design Standard
DS-Cl.7.1, and to show that the requirements for bageplate analysis give
acceptable anchor loads.

ASSUMPTIONS ’

1. An average anchor stiffness of 100 k/in was assumed for a 3/4-inch-
diameter expansion anchor. A stiffness of 300 k/in was also used in
the evaluation. :

2. 3/4-inch-~diameter self-drilling expansion anchors were used for the
rigid evaluation.

DISCUSSION

The plates were sized to give the required distance between the face of the
attachment and the edge of the plate. An 8-bolt pattern was selected to
obtain varied spacings between the attachment and the anchors. For the
smaller plates, 10-inch and 13-inch, the closer anchor spacings would be
unacceptable with respect to concrete capacity but are conservative with
respect to anchor load distribution. The configurations of plate size,
anchor spacings, attachment 8ize, and applied loads were used only for this _
o -~ “evaluation and do not represent actual designs. TFor fome of the - T
-_"‘ - - configurations, the stress-in the plate and tube Bection exceeds normal. - -
~ -allowables. However, for this comparative analysis plate, stresses do not
affect the results. :

Table 1 summarizes the results from the evaluation. The rigid method for
plates loaded with moment gives cong:rvative anchor loads for the 4t edge
distance and a Rt=100 k/in. A 4t extension with an anchor stiffness of
300 k/in only under estimates the anchor load by 4 percent.

For the axial load condition, the flexible analysis will always give higher
anchor loads than a rigid plate analysis unless all anchors are equidistant

from the attachment. Even a smaller edge distance of 2t as given in the

NCR 79-02 Bulletin will give an underestimation of the anchor loads by a

fev percent. For an anchor stiffness of 100 k/in, a rigid plate analysis

for a plate with a 4t extension will result in an underestimation of the I Kl
anchor load by only 5 percent.

CONCLUSION

Baged on the above discussion, the 4t limitation for use of rigid plate
analysis given in DS-Cl.7.1 is acceptable for expansion anchors.
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EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS DS-C1.7.1
I IABLE 1
Maximum Anchor Loadings, kips
Plate Zdge BASEPLATE 1l * BASEPLATE II =
Size Dist., CASDBAP X = 100 k/inm 2 K =300 kfip 2
Bi-A.ial Moment Loading
10x10x3/4 4t 4,96 4.30 +15 4,78 + 4
13x13x3/4 6t 4,46 444 - 4.51 -1
16x16x1-1/2 34 3.90 3.62 + 8 - 4.06 -4
22x22x1-1/2 6t 3.44 3.66 -6 3.68 -7
Axial Loading
10x10x3/4 4t 2.50 2.62 -5 2,82 . =11
) 13x13x3/4 6t 2,88 3.35 =14 4.03 -29
16x16x1-1/2 4t 3.25 3.43 -5 3.74 -13
22x22x1~-1/2 6t 3.75 4,26 -12 5.03 =25
Combined Axial and Bi-axial Moment Loading
10x10x3/4 4t 5.11 4.54 +15 4,91 +4
~ 13x13x3/4 6t _3.58 3.53 o+l 3.35. +7 _
— . 1_6:16:1-1_/2 i 4:‘ - 2.75 - - 2'.55 - -> B 8_ _ 2083_ - - '3. -
Lo -22x222x1-172 6t . 1.88 kS5 - =4 ---1-93 7 - -3

* I = ((Rigid-Flexible)/Flexible) x 100%
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| EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS DsS-Cl.7.1

REFERENCES

1. TvA Civil Design Standard DS-Cl1.7.1, Revision 1 Concrete Anchorages.

2. TVA Computer Program "CASDBAP" rigid baseplate analysis. TVA program
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3. Cybernet Services computer program "BASEPLATE II" finite element

flexible plate analysis. BASEPLATE II User Manual Publication
number 84002770.
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PROGRAM  CASIOUT

WF'HM CASDEARF ID zecedSe FREV. 1 04-84

DATE = 8&S/07-1%, TIME = 10.,1S5.07. SHEET__#£28__pF__£O___

FILE = ERF10 ~ BT AT 25T

| PPEPRFED--ﬁ&.DHTE;&%ZéU'
CHECKED _.4& _DRTEZ-32-&

ANCHORS THKE NO COMPRESSION
WIDTH OF PLATE = 10 INCHES
LENGTH DF PLATE= 10 INCHES
MODULAR RATID= €

ANCHOF HRER X DRIDINRTE Y DRIDINRTE
NJMEBER IN IN IN

1 . 334 1.5 1.5

e . 334 .S S

3 -:34 1-5 : 8-5

4 . 324 S 1.5

S . 334 "5 eg.5 -

6 . 334 2.5 1.3

7 . 334 5.5 <

8 . 334 2.5 &.5

LOAD CONDITION NUMBER= 1

ATTACHMENT 1
VERT LOAD= 1 KIPS _LOCATION_ ¥= 5 INCHES _ Y= § INCHES - -
| IED MOMENT -REDUT ¥ AYIS="S5.€3-KIP-FEET . . ~ =— -__ - -
TED:- MOMENT AEOUT-X- AX1S=- 5. 8¢ KIPFEET--  ~ "7 T ¢ -

25
SUMMRTION OF APPLIED LORIDS FDE 1 RTTACHMENT (S>= 1 KIF (S

TRANSLATED MOMENT CENTERLINE AEDUT ¥ AXIS= S.83 KIP FEET
TRANSLATELD MOMENT CENTERLINE AEBOUT X RMXIS= .82 KIP FEET

PARTIARL PRESSURE CASE

CONCRETE PRESSURE (KEDD
ca2=-1.3711

CONCRETE PRESSURE FORCE:CF=-13,16 KIPS
LOCATION IN X-DIRECTION= £.1 INCHES
LOCATIDN IN Y-DIRECTION= 1.9 INCHES

FEICTION SHERR CAFACITYsSF= £,58 KIPS
PRESSURE EBULE GEDMETRY

22= 7.587¢
26= 7.5976

ANCHOR STRESS GROST LODRD
NLIMEER ARRER (KSID KIPS
1 3.9c34 - 1.3104
9.6156 3.2116
15.3077 S.1128
- S.6156 ’ 3.2116

= 3.9234 1.3104
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"PROGRAM  CASDOUT
.sp_nn CASDBAP 1D 262256 REV. 1 04,84
DATE = eS-o7v- 14, TIME = 10.1¢&. 00,
FILE = FRP1Z

ANCHDRS TAKE NO COMFRESSION

WIDTH OF PLATE = 13 INCHES

LENGTH OF PLATE= 13 INCHES

MODULAR RATID= ¢

ANCHOR AREFA ¥ DRDINATE Y ORI

NUMEER IN IN IN
1 . 334 1.5 1.5
e . 334 1.5 €.5
3 . 334 1.5 11.5

-4 » 334 6' S 105
S . 324 6.5 11.5
6 . 334 11.5 1.5
7 . 234 11.5 6.5
8 . 234 11.5 11.5

LOAD CONDITION NUMEER= 1

ATTACHMENT 1 - - T T s T

=3 cLDAD= T KIFS = -LOCATION %= 6.5 INCHES

- IED _MOMENT AEOUT ¥ AYIS= S.83 KIF FEET
- LIED MOMENT AEOUT ¥ AXIS= 5.83 KIP FEET

SUMMATION OF APPLIED LDADS

‘r’=  3

FOF 1 ATTACHMENT ¢Sy= 1

PREPARED_Za<_LATE 225,37
CHECKED _4&8__DRTEZ30-RS

INATE

TRANSLATED MOMENT CENTERLINE REOUT Y AxIS= 5.83 KIP FEET

TRANSLATED MOMENT CENTERLINE REOUT X RAxIS=
PARTIAL FRESSURE CASE

CONCRETE PRESSURE <kSI)
Ce=-,7333

CONCRETE
LOCATIDN
LDCATIDON

PRESSURE FORCEsCF=-%, 37 KIPS
IN X-DIRECTIDN= 10.%1 INCHES
IN Y-DIRECTIDN= 2.1% INCHES
FRICTION SHERR CAPACITYs SF= 4,69 KIPS
PRESSURE BULE GEOMETRY

Z3= 8,7574

2é= &,7S74

ANCHDR

STRESS GROSS  LDAD

NLIMEER AREAR (KSI) KIPS
3.1973 1.067%
6. 9553 2.3%64
10,7323 2.5849
S A, 9653 2.3264
e 3.19723 1. 0679
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PROGRAM CRIDOUT

F’"Fm CRIDEARF 1D ceceSé FREV. 1 (484

DRTE = €5.07-19, TIME = 10.20.22. SHEET__£04 __DF_40

FILE = EAF16E Laserrs_ Lo o

PREPARED 724 IR TE 202005
CHECKED _42__DRTE7-J¢-5

ANCHORS TRKE NO COMPRESSION
. WIDTH OF PLATE = 16 INCHES
~ LENSTH OF PLATE= 1€ INCHES
. MODULAR RATIO= @

‘ ANCHOR ARER ¥ DRDINATE Y ORDINRTE

NUMEER IN IN IN

1 il 1.S 1.5

e . 3724 1.5 &

3 . 334 1.S 14. 5%
4 . 234 -8 1.5
S . 234 & 14.5
é . 324 14,5 1.5

e . 334 14.5 8

& . 334 14. S 14,5

LORD CONDITIDON NUMEER= 1}

ATTACHMENT 1 i ]

Vv LOARD= 1 KIFS  ~ LDCRTION- X= & INCHES - Y= S—INCHES ) -

A ED_MDMEHT-H?QUT'I_H?IS=-§.$3—E1P—EEETi‘ - . 7 T/ - -
LEZ

A ED- MOMENT AEDUT X AXISE S KIP™FEET - =TT

SUMMATION OF APPLIED LOADS FOR 1 ATTACHMENT(S>= 1 KIP(S)
TRANSLATED MOMENT CENTERLINE REDUT ¥ FAXIS= S.&€2 KIP FEET
TRANSLATED MOMENT CENTERLINE AEOUT X AXIS= S.&82 KIP FEET

PARTIAL PPESSURE CHRSE

CONCRETE PRESSURE kS

CONCRETE PRESSURE FDPCE:CF=—?.21-KIPS
LOCATIDN IN X-DIRECTION= 13.5& INCHES
LOCATION IN Y-DIRECTION= 2.42 INCHES

FRICTION SHEAR CAFACITYsSF= 3.6 KIPS
PRESSURE BULE GEDOMETRY

Z3= 9.6943
6= 9,.694%

ANCHOR STRESS GROSS LORD
NUMEER RREA (KSI) KIPS
) 2.693¢2 » £905
‘ S.469% 1. 8268
3 €.2457 : 2.7541
2 S5.4695 1.82€8

2.6932 « 3995
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. ﬂ.‘r_sn MOMENT. REOUT_X AXIS= S.&

85,0719, 10.23.05,

FRUGFAM  CASDOUT ‘ | ‘

.- b

PROGFAM CASDERP 1D 26c2Se FEV. 1 0484

DATE = &S-07/19. TIME = 10.22.37. SHEET__4£0L__pr_fo___
FILE = BARPc2 LR ITE_ Lerawy
PREPAREL _ZG<_IRTE. 2565

CHECKED _4%5 _DATE_7-.%0-85

ANCHORS TRKE ND COMPRESSION
WIDTH DF PLATE = 22 INCHES
LENGTH OF PLATE= &z INCHES
MODULRR RATIO= ©

ANCHOF HREFA & ORDINARTE Y ORDINATE

NUMEER IN IN IN

1 . 334 1.5 1.3
e . 334 1.5 11

3 334 1.§ 20.%
4 . 334 11 1.5
] « 324 11 0. S
& . 334 20.9 1.5
7’ . 334 c0.5 11

= . 334 ' 20.5 0.5

LOAD CONDITION NUMEER= 1

ATTRCHMENT i
VERT LOAD= 1 KIPS LOCATION X= 11 INCHES Y= 11 INCHES
APPLIED MOMENT AEOUT_Y AYISs 2«82 KIP FEET - - E

A

KIF FEET -~ _~ = N

SUMMATIDON DF HPPLIED.LDHDS FOR 1 ATTACHMENT(S)= 1 KIP (S
TRANSLATED MOMENT CENTERLINE REOUT Y AXIS= S.83 KIP FEET
TRANSLATED MOMENT CENTERLINE AREOUT ¥ AXIS= S.8% KIP FEET

PARTIAL FRESSURE CRSE

CONCRETE PRESSURE <KSID
Ca=-,2262

j CONCRETE PRESSURE FORCEsCF=-4.97 KIPS

LOCATION IN ®-DIRECTION= 19,19 INCHES

- LOCATION IN Y~DIRECTION= 2.&1 INCHES

FRICTIDON SHERR CHPHCITY,SF=.E.48 KIPS

PRESSURE RULE GEOMETRY
23=-11.231¢
Zé= 11,231¢

ANCHOR STRESS GROSS  LOAD
NUMEER AREA <KST) KIPS
1 2. 0378 L6806
2 3.83%6 1.2811
‘ 5.63%4 1.8816
.24 L 0g02
S 3.8356 1.2811
7
8

.24 . 0802
2. 037e « 6806
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