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BSTRACT

To evaluate the requirements for use of rigid plate analysis given inDS-Cl.7.1, four sizes of plates were analyzed. The plates were sized toproduce edge distances from the face of the attachment of 4- and 6-platethicknesses. A pattern of eight expansion anchors was used on all of theplates. Two load conditions, axial load only and bi-axial moments only,were applied to the plates through a centered attachment. Analysis wasperformed using the CASD BAP program (a rigid analysis program) andBaseplate II (a finite element flexible analysis program). The resultswere compared to show the requirements for rigid baseplate analysis given
in design Design Standard DS-Cl.7.1 are acceptable.
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STATEMENT OF PROBLEM
Civil Design Standard DS-CI.7.1 for
General Anchorage to Concrete -
Determination of Tensile Loads for
Expansion Anchors - Evaluation of
Plate Rigidity Requirement for Use
of Rigid Baseplate Analysis
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EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS DS-Cl.7.1
e PURPOSE

To evaluate the baseplate rigidity requirements given in Design Standard
DS-Cl.7.1, and to show that the requirements for baseplate 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 theattachment and the edge of the plate. An 8-bolt pattern was selected toobtain varied spacings between the attachment and the anchors. For thesmaller plates, 10-inch and 13-inch, the closer anchor spacings would beunacceptable with respect to concrete capacity but are conservative withrespect to anchor load distribution. The configurations of plate size,anchor spacings, attachment -size, and applie-d loads were used only for this
- evaluarion and do not re-present actual--de-signs. -For _6ome &f the -

- confi-gurationiý-_the stress~in the plate and tube kection- exceeds normal-allowables.- Howe~ver, for this comparative analysis plate, stresses do not
affect the results.

Table 1 sumnarizes the results from t.ie evaluation. The rigid method forplates loaded with moment gives constvative anchor loads for the 4t edgedistance and a Kt100 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 equidistantfrom the attachment. Even a smaller edge distance of 2t as given in theNCR 79-02 Bulletin will give an underestimation of the anchor loads by afew percent. For an anchor stiffness of 100 k/in, a rigid plate analysisfor a plate with a 4t extension will result in an underestimation of the
anchor load by only 5 percent.

CONCLUSION

Based 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 BASEPIAE RIGIDITY REQUIRZKOM DS-C1.7.1

Plate
Size

Edge
Dint.

Maximum Ancbor
BASEPLATE II *

CASDBAP K - 100 kli,.

Loadings, kips
BS EPLAT•
K - 300 k/

KU -30 k
Bi-Aa.-al Moment Loading

1Oxi0x3/4
13x13x3/4
16x16xl-l/2
22x22x-l1/2

Axial Loading

10x10x3/4
13x13x3/4
16x16xl-1/2
22x22x1-l/2

4.96
4.46
3.90
3.44

2.50
2.88
3.25
3.75

4.30
4.44
3.62
3.66

2.62
3.35
3.43
4.26

+15

+8
-6

-5
-14
-5
-12

4.78
4.51
4.06
3.68

2.82
4.03
3.74
5.03

Combined Axial and Bi-axial Moment Loading

10xlOx3/4
13x13x314
16x16zl-r/2

- 22x22x1-r/2

4t 5.11
6t 3.58
4t-- -2.75-
6t 1.88

* X - ((Rigid-Flexible)/Flexible) z 100O
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EVALUATION OF BASEPLATE RIGIDITY REQUIREMENTS DS-C1.7.1

REFERENCES

1. TVA Civil Design Standard DS-CI.7.1, Revision 1 Concrete Anchorages.

2. TVA Computer Program "CASDBAP" rigid baseplate analysis. TVA program
identification number 262256.

3. Cybernet Services computer program "BASEPLATE II" finite element
flexible plate analysis. BASEPLATE II User Manual Publication
number 84002770.
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ATTACHMENT !
VERT LOAD= 0 KQ:.iF'S LOCAT'I-ON
AP'FPLIED MOZMENT ABOUT Y AYS I.y.:= 0
AP'FLIED ,MOrMENT 'P.OLIj r X A.XIS= 0

X= 11 INrCHES
I:: IP FEET

KIP' FEET

Y= 11 INC:HES.
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PROGRAM CA•.IlOUT

PlaGRAM CARtDBRP IIl 262256 REV. 1 04/84

DATE = 8507,'19.
FILE = BARF'1

TIME = 10.15.07.

PREPARED-. DR TE
CHECKED __ ADRTEZZý0:6

ANCHORS TARE NO COMPRESSION
WIDTH OF PLATE = 10 INCHES
LENGTH OF PLPTE= 10 INCHES
MODULAR RATID= 9

RREA
INl

.334

.334
* 334
.334

.334

.334

.334

.3 34

X ORDINATE
IN
1.5
1.5
1.5
5
-5

8.5

8.5
8.5

Y ORDINATE
IN
1.5
5
8.5
1.5
8.5
1.5
5
8.5

LOAD CONDITION NUMPER= 1

ATTACHMENT 1
VERT LOAD= 1 KIPS _LOCATION_ X= 5 INCHES_ Y= 5 INCHES -

-ED MOMENT- AROUT y- RYfS-ý5-. 8- KIP -FEET -- -

IED: MOMENT RA:OUT-X- AXIS=- 5. 83'IF:_FEET- -

SUMMATION OF APPLIED LORDS FOR I ATTACHMENT(S)= I KIP(S)
TRANSLATED MOMENT CENTERLINE ABOUT Y AXIS= 5.83 KIP FEET
TRANSLATED MOMENT CENTERLINE ABOUT X AXIS= 5.83 KIP FEET

PARTIAL PRESSURE CASE

CONCRETE PRESSURE (KSI)
C2=-1.3711

CONCRETE PRESSURE FORCE'CF=-13.16 KIPS
LOCATION IN X-DIRECTION= 8.1 INCHES
LOCATION IN Y-DIRECTION= 1.9 INCHES

FRICTION SHEAR CAFACITYSF= 6.58 KIPS

PRESSURE BULB
Z3= 7.5876
Z6= 7.5876

ANCHOR
NUMBER

GEOMETRY

STRESS GROSS
AREA (KSI)
3.9234
9.6156
15.3077

9.6156
3.9234

ANCHOR
NUMBER

1
2

3
4
5

6
7

LOAD
KIPS

1.3104
3.2116
5.1128
3.2116
1.3104
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L I S- FC"CA1;fDOU T

8.5'07,-19. 10D. 8.aT,' RKOGRAM CAS fDOUT

I CASDPAP ID 2.62256 REV. 1 04/84

DATE = 85'C07-19.
FILE = ZAPi3

TIME = Ic. 18. 00. SHEET___-c_..•__F__C-

PREPAREDZZ5_DA TEZ_6A_-,-
CHECKED -. __DATEZ :,0-45

ANCHORS TAKE NO COMFPESSION
WIDTH OF PLATE = 13 INCHES
LENGTH OF PLATE= 13 INCHES
MODULAR RATIO= 9

X ORDINATE
IN
1.5
1.5
1.5
6.5
6.5
11.5
11.5
11.5

Y ORDINATE
IN
1.5
6.5
11.5
1.5
11.5
1.5
6.5
11.5

LOAD CONDITION NUMBER= 1

ATTACHMENT 1 - - - -# --LOAD= J KI ;'•: -LOCATTION X= 6.5- 1INCHES
-W IEDMOMENT AI:OUT Y AYIS= 5.83 KIP- FEETIED MOMENT ABIOUT X AXMIS= 5.83 KIP FEET

Y= 6.-5 INCHES

SUMMATION OF APPLIED LOADS FOP I ATTACHMENT(S'= 1 KIP(S)TRANSLATED MOMENT CENTERLINE ABOUT Y AXIS5= 5.83 KI P FEETTRANSLATED MOMENT CENTERLINE ABOUT X AXIS= 5.83 KIP FEET

PARTIAL PRESSURE CASE

CONCRETE PRESSURE (KSI)
C2=-.7333

CONCRETE PRESSURE FORCECF=-9. 37 KIPSLOCATION IN X-DIRECTION= 10.81 INCHESLOCATION IN Y-DIRECTION= 2.19 INCHES

FRICTION SHEAR CAPACITY,5F= 4.69 KIPS

PRESSURE PULB
-3= 8.7574
Z6= 8.7574

ANCHOR
NI'ER

GEOMETRY

STRESS GROSS
AREA (KSI)
3.1973
6.9653
10.17333

3.1973

0

ANCHOR
NUMBER

1
2
3

-4
5
6
7
8

AREA
IN

.334

.334

.334

.334
-334

.334

.334
.334

LOAD

K I P S
1. 0679
2.3264
3.5849
2.3264
1.0679
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PROG"AM CPA DOUT

PW 'AM CAlP.AF ID 262256 REV. I 04C,84

DATE " 5/07/!9.
FILE = BAP16

TIME c 10.20.22. SHEET__•_H___OF

PREPCREDM_ DAT E-4deCHECKED _,,_D E••

ANCHORS: TAKE NO COMPRESSION
WIDTH OF PLATE = 16 INCHES
LENGTH OF PLATE= 16 INCHES.
MODULAR RATIO= 9

X ORDINATE
IN
1.5
1.5
1.5

-8

14.5
14.5
14.5

Y ORDINATE
IN

1.5
8
14.5
1.5
14.5
1.5
8
14.5

LOAD CONDITION NUMBER= I

ATTACHMENT 1
V LOAD= 1 KIPS - LDCATIO-Wi- X=- S_- INCHEa - iL= &-A NCHES-
-fi E-1 MOMENT- FRBOUT Y•- AYIS= -5. 83? -.kP--FEET - - -
AI§ ED- MOMENT ABOUT X AXIS=--..•.,8: IP-FEET -

SUMMATION OF APPLIED LOADZ'ý FOP 1 ATTACHMENT(S)= 1 KIP(S)
TRANSLATED MOMENT CENTERLINE ABOUT Y AXIS= 5.8:3 KIP FEET
TRANSLATED MOMENT CENTERLINE ABOUT X AXIS= 5.83 KIP FEET

PARTIAL PRESSURE CASE

CONCRETE PRESSURE (KSI)
C2=-. 4601

CONCRETE PRESSURE FORCESCF=-7.21 KIPSc
LOCATION IN X-DIRECTION= 13.58 INCHES
LOCATION IN Y-DIRECTION= 2.42 INCHES

FRICTION SHEAR CAPACITYS:F= 3.6 KIPS

PRESSURE BULB
Z3= 9.6943
Z6= 9.6943

ANCHOR
NUMBER

GEOMETRY

STRESS GROSS
AREA (KSI)
2.6932
5.4695
8.2457
5.4695
2.6932

ANCHOR
NUMBER
1

AREA
IN

.334

.334
.334
.R34
3 -34
3 .3'4
334

.,Z'

LORD
KIPS

.8995
1.8268
2.7541
1.8268
.8995
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PRClG~F-F1M CFSDOUT

PROGFFAM CA'.DFAP I11 262256 REY. 1 04/84

DATE x 85-'07/19.
FILE -BAP22

TIME = 1. . SHEET -240 _OF_ ._2 ---

PREP ARED. D•_ ATE..__-
CHECKED - -.,lATE _-_ ':•

ANCHORS TAKE NO COMPRESZION
WIDTH OF PLATE = 22 INCHES
LENGTH OF PLATE= 22 INCHES
MODULAR R:ATIO= 9

X ORDINATE
I N
1.5
1.5
1.5
11
11
20.5
20.5
20.5

Y ORDINATE
IN

1.5
11
20.51.5
20.5
1.5
11
20.5

LOAD CONDITION NUMBER= 1

ATTACHMENT I
VERT LOAD= 1 KIPS LOCATION X= 11 INCHESAPPLIEll MOMENT ABOUT- Y AYIS 5. 8.. KIP.-FEET

MOMENT A-BOU.IT_X AXIS= 5.83 KIP FEET -

Y= 11 INCHES

SUMMATION OF APPLIED LOADS FOR I ATTACHMENT(S)= 1 KIP(S)TRANSLATED MOMENT CENTERLINE ABOUT Y AXIS= 5.83 KIP FEETTRANSLATED MOMENT CENTERLINE ABOUT X AXIS= 5.83 KIP FEET

PARTIAL PRESSURE CASE

CONCRETE PRESSURE (KSI)
C2=-.2362

CONCRETE PRESSURE FORCECF=-4.97 KIPS
LOCATION IN X-DIRECTION= 19.19 INCHES
LOCATION IN Y-DIRECTION= 2.81 INCHES

FRICTION SHEAR CAPACITYSF= 2.48 KIPS

PRESSURE BULB
Z3= 11.2316
26= 11.2316

ANCHOR
NUMBER
1
2

GEOMETRY

STRESS GROSS
AREA (KSI)

2. 0378
3.8356
5.6334
.24
3.8356
.24
2. 0378

ANCHOR
NUMBER'

1
2
3

AREA
IN
.334
.334
.334
.334
* 334
.334
.334
.33'?4

LOAD
KIPS

.6806
1.2811
1.8816
.0802
1.2811

(0802
.6806

R
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