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SEISMIC DESIGN CRITERIA FOR SAG.CP3
CABLE TRAY HANGERS

Purpose

A cable tray hanger 1s classified as a seismic Category I structure, and
therefore, it shall be adequately designed for the effect of the
postulated selsmic event combined with other applicable and concurrent
loads. The design requirements for seismic Category I structure ace
delineated in Regulatory Guide 1.29. This document provides the selsmic

design guldeline for cable tray hangers of Comanche Peak Steam Electric
Station Unit No. 2. These guidelines summarize the design parameters,
applicable load combinations and their assoclated acceptance criteria,
the various design approaches and their corresponding seismic input
eriteria. The following sections describe in detail the guidelines for
the seismic design of the cable tray haugers and lists the applicable
reference documents. In addition, cable trays shall be dooita verified
per Reference 13 and cable tray clamps shall be design verified per
Reference 14.

Reference Documents
The following lists the documents referenced or prepared by Gibbs & Hill

Inc. which will continue to be used for the design of seismic Category 1
cable tray hangers for Comanche Peak Steam Electric Station Unit No. 2.

L. Applicable Codes And Regulatory Guides

0 Regulatory Guide 1.29 - Selsmic Design Classification, Rev. 3,
September 1978,

0 Regulatory Guide 1.61 - Damping Values for Seilsmic Design of Nuclear
Power Plants, October 1973.

o Regulatory Guide 1.89 - Qualification of Class 1E Equipment for
Nuclear Power Plants, Rev. 1, June 1984,

© Regulatory Guide 1.92 - Combining Modal Responses and Spatial
Components in Seismic Response Analyses, Rev. 1, February 1976.

© NUREG 1.75 « Standard Review Plan Section 3.8.4, November 1975.

o AISC = Manual of Steel Construction, 7th Edition, including
Supplements No. 1, 2 & 3.

o AWS D1.1-75 = Structural Welding Code.

2. Cable tray specification No. 2323-ES~19, Revision 1, dated
Nov. 22 ’ 1976.

3. CPSES/FSAR Section 3.8.4.3.3 "Load Combinations and Acceptance
Criteria for Other Seismic Category I Steel Structures”

4. Design Criteria for Cable Tray Supports and Their Arrangement, Gibbs
and Hill Caleulation Book No. SCS =~ 113C 3/9-3/24

5. Structural Embedments Specification No. 2323-88-30 Gibbs & Hill,
Revision 2, June 13, 1986,
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SEISMIC DESIGN CRITERIA FOR SAG.CP3
CABLE TRAY HANGERS

6. Design procedure: DP-l Selsmic Category I, Electrical Cable Tray
Supports dated June 11, 1984.

7. Refined Response Spectra for Fuel Handling Building, dated Oct. 1985
for SSE and OBE.

8. Refined Response Spectra for Reactor Building Internal Structure, dated

Jan. 1985 for SSE and Jan. 1983 for OBE.

9. Refined Response Spectra for Containment Building, dated Jan. 1985 for
SSE and Jan. 1983 for OBE.

10, Refined Response Spectra for Auxiliary Building, dated Nov. 1984 for
SSE and Jan. 1983 for OBE.

11. Refined Response Spectra for Electrical Building, dated Nov. 1984 for
SSE and Nov. 1982 for OBE.

12. Refined Response Spectra for Safeguards Building, dated Nov. 1984 for
SSE and Jan. 1983 for OBE.

13, Ebasco Comanche Peak SES Cable Tray Hanger Volume I, Book 1, Parts 1,
2 & 3, General Input Data, Revision 3, Revision 0, and Revision 0
respectively,

14, Ebasco document SAG.CP1l9, Design Criteria and Procedures for Design
Verification of Cable Tray Clamps for CPSES Units 1 & 2, Rev. 1,
1/15/87.

Desi fo b

The parameters considered in the design of cable tray hangers are as
follows:

L. Cable tray span length
"An=built” span lengths shall be used in the hanger design
verification,
2, ble tra di
Tray Size Total Unit Weight (Lbs/Foo
6" 18
12" 15
18" 53
24" 70
30" 88
%" 105
Note! a:. The above data is applicable for both ladder and solid

bottom types of trays.

be The above data is also applicable for various heights
of tray side ratils.

e, The above unit welight includes cable, tray, tray cover
and alde rall extensaion.

-2-
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SEISMIC DESIGN CRITERIA FOR SAG.CP3
CABLE TRAY HANGERS

d. The above unit weight does not include fire groo!t.g
material weight (Thermolag and Thermoblanket).

e. For trays which are fire proofed, the unit weight of
cable tray including the weight of fireproofing to be
used 1is in the "General Instructions For Cable Tray

Hanger Analysis”.

f. All cable tray hangers shall be design verified based
on "as<built” drawings (ie. hanger members, connection
and anchorage details).

8+ All cable tray hanger components (members, connections

base angles, base plates and anchor bolts) shall be
design verified.

Materiel

4. Support structure is ASTM AJ6

b, Expansion anchors are Hilti Kwik and Super Kwik Drilled-in bolts
¢. Serew anchors are Richmond inserts

d. Embedded plates (strip and area plates) are ASTM A6

Design loads

The cable tray hangers shall be designed for the following loads and
load combinations:

a. Load definitions

Normal loads, which are those loads encountered during normal
plant operation and shutdown, include:

D « Dead loads and thelr related moments and forces.

L = Live load equals zero.

To = Thermal effects and loads during normal operating or
shutdown conditions, based on the most critical transient
or steady state condition.*

Severe environmental load i{ncludes!

r,qo = Loads generated by the operating basis earthquake
including secondary wall displacement effects.

Extreme environmental load includest

P.q. = Loads generated by the safe shutdown earthquake
including secondary wall displacement effects.

* Except for anshorage components, accident temperatures (Ta) are

not considered in design verification p.r CPSES FSAR (Pg. 3.8+8)
and 3.0<110). Accident thermal loads on anchorages are considered

genoerically by studies. Furthermore, per AISC Manual of Steel
Construction (Pg., 6-9), no reductions in Iy are required for
temperatures up to 700°F,

e 3

|
|
|
| k6
|
I
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SEISMIC DESIGN CRITERIA FOR SAG.CP3
CABLE TRAY HANGERS

The following load combinations shall be considered in design of
cable tray hangers:

le D4L+ Fogo™$
4. ”L’TO"«Q“.’.
11, D4 L 4 To + Fyqy = 1.68

where § is the required strength based on elastic design
methods and the allowable stresses defined ia Part 1 of the
AISC "Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings” (published in
the Manual of Steel Construction, seventh edition). In no
case shall allowable stress exceed 0.90 l, for normal
tensile stresses and 0.50 l, for shear stresses.

There are several analytical methods available which will be used in
design or design verification of cable tray hangers. Because the level
of sophistication is not the same for each method, the seismic input
requirenent must vary in order to compensate for whatever the method
lacks in sophistication, and therefore the conservatism of results
associated with each analysis method also varies.

For span layouts not in conformance with Appendix 4 of this design
eriteria, design verification may be performed by the Response Spectrum
Method (Section IV.3) or, if appropriate, by the Equivalent Static Method
(Section IV.2) per Attachment Y of the General Instructions.

The following procedures describe the three (3) most acceptable methods:
static analysis, equivalent static method and response spectrum metlhod.
The selsmic Input criteria for each analysis method is also addressed.

STATIC ANALYSIS
o Minite Element Model

A 3-D model shall be prepared to represent cable tray hangers.

An offaet or eccentricity due to the assemblage of various types of
structural members and/or transmission of loads shall be considered
in the preparation of the computer model.

Boundary conditions at anchorage points shall properly represent the
actual anchorage condition.

b. Cable a d
The total cable tray loading for each run shall be caleulated based

on the size of tray and the actual tray span lengths which are shown
on the support drawing.
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The cable tray loading shall be lumped as a nodal welght at the
actual location on the tier and, 1f not known, at such a location on
the tier that it will induce the worst member stress responses and
the maximum anchorage reactions.

Selsmic Input "g" Values

For a static analysis the peak spectral "g" values from the 4%
danmping OBE curves and the 7% damping SSE curves which were generated
at the mounting locations of cable tray hangers shall be used
multiplied by a coefficient to account for multimode response. These
peak spectral “g” values for various buildings and different floor
elevations can be found in the Appendix 1. For the case where the
hangers were supported off the wall, the envelope of the the response
spectrum curves for the floor immediately above and below the hanger
location shall be used. The required seismic design "g" values in
three (3) orthogonal directions are 1.25 (multimode response
multiplier~MEM) times the peak spectral “g" values.

Static Analyeis

The selsmic load effect on the cable tray hangers will be treated as
a static load. The dynamic effect from both selsmic event and
response characteristics of support structure are conservatively
considered by using the 1.25 times the peak spectral “g" value as an
input. However, for transverse type cantilever and trapeze cable
tray hangers, the selsmic load effect due to the hanger's self-weight
in the longitudinal direction (direction parallel to tray run) shall
be deternined by multiplying the spectral “g" value corresponding to
the CTH fundamental (lov-ot’ longitudinal frequency by 1.25
regardless of whether that frequency is to the left or right of the
peak response frequency.

If the cable tray hanger is attached to a steel structure, use 1.5
times the peak spectral “"g" value and a fixed base boundary condition.

The static analysis shall be performed for the following load cases
individually:

1) Dead load
11) Selwmic load in vertical direction
111) Selsmic load in transverse direction
fv) Selsmic load in longitudinal direction
v) Thermal load {f any

Notei! Selsmie load ineludes both OBE and SSE events.
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Analysis Results

The following maximum responses shall be obtained for each load
combination:

1) Maximum member stresses (bending, axial and shear) and nodal IR6
displacements shall be obtained. The stresses and displacements |
resulting from the simultaneous effect of three earthquake
components shall be obtained by using the SRSS method.

11) Maximum anchorage reactions shall also be obtained by using SRSS
method to account for the simultaneous effect of three
earthquake components,

Seismic Design Acceptance of Cable Tray Hangers and their Anchorages

The cable tray hangers and thelir anchorages are considered to be
acceptable when the structural member and connection stresses and the
anchorage reactions, which are induced by the load combinations
described in Sections I[11.4.b, are within the allowable stress limits
and allowable anchorage carrying capacity. The following describes
the acceptance criteria for both support structure and anchorages!

{+  Support Structure

The structural member selsmic design acceptance shall be
evaluated using AISC interaction formula with modification for
various load combinations an follows!

for load
‘* . ’E ¢ m)‘ 1.0 combination I11.4.b.1
f < for load
" * ‘E ¢ ﬂ%"’ 1.3 combination I11.4.b.14

for load
‘* . ﬁ% ’ {H)S 3.8 combination I11.4.b.111

¢,s 'v for load combination 111.4,1.1
r's LN % 0.5 Py for load combination IIL.4.b.41 |R6
(55160, < 0.5 ¥y for load combination IV.4.b.111 |R6

where fa * axial stress
r, = phear stress
fhi = bending atress

Fa, Fbi and ¥, * allowable stresses for axial,
bending and shear stress, per
ALISC 7th edition, and in all canes
no more than 0,90 Fy for normal stress [R6
and 0,50 Py for shear stress. |
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Anchorage (anchors)

Kwik=bolt and Super Kwik-bolt.

The design criteria and allowable loads for above driven~in
bolts are tabulated in Appendix 2.

Screw Anchors.

The design criteria and allowable loads for screw anchors are
contained in Appendix 2. When a redline drawing does not
{dentify the bolt/thread rod material in a Richmond Insert,
A=36 material shall be assumed in the cable tray hanger
design verification.

1.

4.

The allowable loads for Hilti expansion anchors for
the load combination involving OBE are the load
capacities corresponding to & safety factor of 5, and
for the load combination involving SSE are the load
capacities corresponding to a safety factor of 4.

The safety factors for Richmond Anchors are 3.0 for |
both OBE and $SE. IR6

Prying action on anchor bolt, 1f any, shall be
included., The effects of the flexibility of the base
plate on the anchor bolt shall be considered.

For floor-mounted CTHs in bullding areas with concrete
topping, the actual anchor bolt embedded length

(an determined from the redline drawing)

shall be reduced by two inches (2") to account for the

topping.

V.2 BQUIVALENT STATIC METHOD
Iinite Element Model
See Section IV.l.a
Cable Tray loading

fee Section Iv.1.b

Selamic Input "g" Value

1091R
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The fundamental (lowest) frequency of cable tray hanger (1?)
shall be determined in each of three (3) orthogonal directions
separately.

Detarmine the frequency of cable tray Ltself corresponding te
the actual span length (fy) in each of three (3) orthogonal
directions separately.
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111, Determine the system frequency using the following conservative

]

When f, or f), are 33 H, or larger this term's contribution to
system frequency may be disregarded.

The above system frequency will be calculated for each of three (3)
orthogonal directions separately.

iv. Obtain the spectral "g" value corresponding to the system
frequency (fsys) for each direction separately when fsys is on
the right side of the peak response frequency. If fsys is at
the left side of the peak frequency, the peak spectral "g" value
shall be used except as noted in Section IV.l.c and d.

v. Determine the required seismic design "g" values for the cable
tray hanger by multiplying 1.25 to the above "g" value (obtained
in Step iv) to account for multimode response except as noted
in Section IV.l.c and d.

Equivalent Static Method

The stress analysis for the cable tray hangers shall be performed on

the 3D finite element model using the "g" value obtained in Step c.

The load cases which shall be considered are the same as those listed
in Section IV.1.d.

Analysis Results

See Section 1IV.l.e.

tance of Cable Tray Hangers and their

See Section IV.1.f.

v.3 0 METHOD

1091R

3-D Model of Cable iray and Tray Hangers

Construct a 3-D model of tray systems which include and therefore
simulate the dynamic behavior of cable tray itself and cable tray
hangers.

In order to adequately simulate the selsmic response of the cable
tray system, & minimum of 4 cable tray spans shall be included in the
model, with two spans on each side of the hanger under considera~

tion. The cable tray will be represented by a beam type finite
element in the 3<D model, with properties obtained from tray Vendor's

statie load test report.

The stiffness of longitudinal supports shall also be considered and
simulated by a spring constant attached to the ends of 3-D model.
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5. Frequency Analysis

Perform a frequency analysis on the above 3-D model which includes
all modes up to 33 Hz. Total wodal mass shall be 90X of the total
mass. If it is not, the residual mass shall be multiplied by the
lirgest spectral acceleration at or beyond the cut-off frequency and
applied as a rigid body force on the structure.

c. Spectral Analysis

Perform seismic response analysis for the above 3-D model using the
appropriate floor response spectrum as an input. NRC Reg. Guide 1.92
shall be followed in calculating the modal response.

The 4% damping of OBE curves and 72 damping of SSE curves shall be

used as an input for each direction separately. Seismic responses

are obtained directly from these analyses using modal superposition
per NRC Reg. Guide 1.92.

d. Response Spectra Analysis

The stress analysis for cable tray hangers shall be performed on the
3-D finite element model using the "g" value obtained in Step c. The
load cases which shal! be considered are the same as those listed in
Section IV.1l.d.

e. Analysis Results

See Section IV.l.e

f. Seismic Design Acceptance of Cable Tray Hangers and their Anchorages

See Section IV.1l.f.

Recommendation of Successive Methods to be Used for Design of Cable Tray
Hangers

The cable tray hangers may be desigred or design verified by a static
analysis metnod first (IV.1). If the cable tray hangers fail to meet the
seismic requirement under this most conservative method, a refined
analysis method of equivalent static method (IV.2) shall be used. If the
cable tray hangers still fail to meet the design criteria, then the
response spectrum method (IV.3), may be used. The response spectrum
nethod approach simulates better the dynamic behavior of the cable tray
system under the effect of the postulated seismic event and thus mav
produce seismic responses of the structural system closer to reality.
Therefore, by response spectrum method, the conservatism associated with
the seismic response obtained from static analysis and equivalent static
method can be reduced to a minimum. In conclusion, if the cadle tray
hangers still fail to pass the acceptance criteria by a spectral response
analysis, a much more refined analysis such as a time history analysis
method can be used. A procedure for such analyses will be given, should
the need arise.

R6

R6
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APPENDIX 1

Peak Acceleration Tables
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SEISMIC DESIGN CRITERIA FOR

CABLE TRAY HANGERS

SAG.CP3

..1..
1. Reactor Building Internal Structure
|
Floor | Peck "g" Value
Elevation | |
} OBE 4% | SSE 7%
|
(Ft) | H v | i v
| y
905.75 { 2.95 1.54 : 2.99 1.94
885.50 : 2.41 1.45 } 2.45 1.82
860.00 | 1.73 1.34 | 1.78 1.68
| |
832.50 { 0.99 1.23 : 1.08 1.53
808.00 : 0.54 1.14 : 0.67 1.41
783.58 : 0.47 1.06 | 0.54 1.31
|

1091R
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

SAG.CP3

-2 -
2. Safeguard Building
- A, T
I OBE 4% | SSE
(Ft) : H vV { H v

g § |
896.5 : 2.283 1.5 , 2.45 2.01
873.5 | 2.079 1,697 |} 2.26 2.212
852.5 : 1.605 1.458 : 1.75 2.041
831.5 : 1.141 1.30 : 1.16 1.809
810.5 : 0.701 1.26 : 0.86 1.747
790.5 } 0.429 1.049 : 0.62 1.456
785.5 : 0.392 1.017 : 0.57 1.410
773.5 i 0.327 0.949 i 0.48 1.314

Note: Safeguard Building Peak "g" values are applicable to the Diesel
Cenerator Area of that building.

1091R
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

SAG.CP3

3w
3. Electrical Building
¥
Floor | Peak "g" Value
Elevation | |
= OBE 4% I SSE 7%
|
(Ft) | H v | H i
il |
873.33 I 1.79 1.32 ! 1.85 1.77
1
854.33 | 1.57 1.31 : 1.62 1.77
|
830.00 | 1.11 328 | 1.16 1.65
I I
807.0 : 0.72 1.26 : 0.87 1.70
778.0 : 0.51 1.26 : 0.63 1.69
NOTE: See sheet 4.1 of Appendix 1 for clarification of column lines defining

the rlectrical Building.

1091R
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CABLE TRAY HANGERS

SAG.CP3

ok
4, Auxiliary Building
|
Floor | Peak "g" Value
Elevation | T
| OBE 4% | SSE 7%
| |
(Ft) | H v I H v
|
899.50 : 2.66 .75 | 3.72 2.11
|
886.50 | 2.32 1.63 | 2.36 2.16
| |
873.50 | 1.98 1.66 | 2.02 2.22
| |
852.50 | 1.66 1.64 | 1.72 2.13
| I
831.50 | 1.22 1.58 | 1.36 2.02
| |
810.50 | 0.71 1.48 | 0.82 1.88
I |
790.50 | 0.53 1.34 | 0.68 1.84
| |
Note: See sheet 4.1 of Appendix 1 for clarification of column lines defining

the Electrical Building.

1091R
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CABLE TRAY HANGERS

- &1 =

The Electrical Building response spectra shall be utilized for all CTHs
located within the building area boundaries defined by column rows 8.1-A,
1.9-A, A-A, and E-A.

ELECTRICAL
BUILDING

801-A 1-9-A
The specific building room numbers are as follows:

UNIT 2
0 FLOOR ELEVATION ARCH ROOM NO.

778'=0 113
: 115
1158
792'-0(Part Plan) 118
120
122
126
807'-0 134 |
840'-6 148A |
148C IR6
854'-4 150 |
1508 |
151
151B

Note: Even though the "As-Built Drawings” identify these Room Nos. as Auxiliary
Building, review of the Architectural drawings indicates that these rooms are
physically located in the Electrical Building.

1091R
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SAG.CP3

-5-
5. Fuel Handling Building
3
Floor | Peak fg% Value
Elevation |
| OBE 4% | SSE 7%
| i §
(Ft) | H v | H v
&y 7 |
918.0 | 2.30 0.98 | 2.70 1.29
| |
899,50 i 2.02 1.02 I 2.47 1.34
860.0 | 1.14 0.94 l 1.46 1.26
|
841.0 | 0.97 0.88 : 1.24 1.19
|
825.0 | 0.84 0.84 : 1.08 1.17
|
810.50 | 0.72 0.76 | 0.92 1.12
| |

1091R
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CABLE TRAY HANGERS

6. Containment Bldg

SAG.CP3

|
Floor i Peak "g" Value
Elevation | |
| OBE 4% | SSE 7%
| |
(Ft) | H v | H v
| 3 |
1000.50 : 2.39 2.3 , 2.49 2.51
950.53 | 1.85 1.76 | 1.98 2.09
| |
905.75 | 1.36 1.39 | 1.52 1.83
| |
860.00 l 0.87 1.28 | 1.05 1.58
|
805.50 | 0.59 1.14 | 0.72 1.42
| |
783.58 } 0.53 1.06 ! 0.65 1.5

1091R
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APPENDIX 2
STRUCTURAL EMBEDMENTS

Appendices from Specification No. 2323-55-30 Rev 2
!

Notes: 1. This is a Gibbs & Hill document incorporated in the |
Design Criteria without any changes except that |
typographical errors in Appendix 2, page 4 of 9 |
were corrected. |

2. When a redline drazwing does not identify the bolt/threaded
rod material in a Eichmond Insert, A-36 material shall be
assumed in the cable tray hanger design verification.

1091R
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STRUCTURAL EMBEDMENTS
SCC’E
DRILLED~-IN EXPANSION BOLTS

This Specification covers the design criteria for the
use of drilled-in expansion bolts and the regquirements
for furnishing all equipment, labor and materials
necessary for the installation of drilled-in expansion
bolts in existing structural concrete. The drillied-in
expansion bclts shall be Hilti Kwik-Bolt and Super
Kwik=38clt Anchors (inacluding nuts and washers) as
Zurnisnhed by Hilti Fastening Systems.

SCREW ANCHORS AND EMBEDIDED.FLATES

This Specification covers the design criteria for the
use of screw anchers and steel plates embedded in
concrete to which miscellaneous hancgers and other
st -uc Jural suppcrts are attached. Screw anchors are
Richmend Structural Connection Inserts as furnished by
R;cnmonc Screw Anchor Co., Inc. Installation of screw
anchors and -a:.;ca;-cr and insta.istion of embedded
rlates are as shcown on the engineering crawings.

INSTALLATION COF HILTI EXFANSION BOLTS
CENERAL REQUIREMENTS

The expansion bolts shall be installed in strict
accordance with the installation instructions and
procedures as developed and recommended by Eilti
Fastening Systems and the reguirements of this
Specification. Where Hilti requirements cenflict with
regquirements of this Specificatien, he Specificatioen
shall govern.

EXPANSION BOLT SPACING

Unless ctherwise specified on design documents,

expansion anchors shall not be spaced closer <=Ihan
10 anchor cdiameters. The minimum anchior spacing setween
two (2) unhegual sized bolts shall Dbe the sum et

-

(S) respecz:ve bclt diameters as snown in Attachment 1

- - &4 - o - 3 b
1 0f 2his Specification. FTor expansion beolt
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spacing less than that required by Attachments 1, 2
and 3 to Appendix 1 of this Specification Engineering
approval shall be obtained prior to installation of the
expansicn bolt.

INTERFERENCE WITH STRUCTURAL REINFORCING STEEL

Where interference between the expansion beolt and
reinforcement is encountered, the bolt location shall be
adjusted within tolerances as noted on design drawings
to avoid such interference. In no case shall
reinforcement steel be cut without pricr appreval o2 the
tngineer.

CUTTING STRUCTURAL REINFORCING STEEL

Rebar cutti
Sngineer, shal
cf this Specif

ng procedure, where permitted by <the
1 be in acccrdance with CEI-20 (Appendix 1
ication).

SETTINS EZXFANSION BCLTS

Txpansion belts shall be set by cightening the nut to
the regui.red torgue value as given in C21-2C (ippendix 1
«f this Specificaticn.) These torgues are the minimum
values reguired to obtain, without slippage, a minimum
static tensile test load capacity of 115 percent of the
allowable tensile werking locad given in Tables 1 and 2
of Appendix 2 of this Specification for a faczor of

safety of S.

Torque values for other allowable tensile working liocads
shall be established by on-site testing

Setting (torgue) verification of expansion anchors, if
not at time of installation of the expansion anchor,
shall pe as fcollows:

Setting verification shall be by application of the
torqgue as specified in 3.1.4.1 of CE!-20 (Appendix 1)

durin the verification process. Nut may <urn
additionally due to the initial relaxaticon. Tcrgue must

be cbtained prior to nut boticoming out I the threads.
Freguency c¢f verificaticn shall be per applicable site
QA/QC procedures anc instructions.
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REPAIR OF DAMAGED CONCRETE

Repair of damaged concrete shall be in accordance with
Specification 2323-85-9 and Appendix 1 of this
Specification,

DESIGN
DESIGN CRITERIA FOR EXPANSION BOLTS

Design criteria for use of Hilti Kwik- and Hilti Super
Kwik-Bolts are provided in Appendix 2 of this
Specification,

DESIGN CRITERIA FOR SCREW ANCHORS

Design criteria for use of Richmond structural
connection inserts are provided in Appendix 3 of this
Specification.

DESIGN CRITERIA FOR EMBEDDED STEEL PLATE STRIPS

Design criteria for the use of embedded steel plate
strips are provided in Appendix 4 of this Specification.

Alternative design criteria for the use of embedded
steel plate strips are provided in Appendix 4W of this
Specification, Appendix 4W is a Westinghouse generated
document. The design methodology, assumptions,
procedures and summary of results are provided in
Westinghouse document WCAP 10523 dated 8/30/8S5.

DESIGN CRITERIA FOR EMBEDDED LARGE STEEL PLATES

Design criteria for the use of embedded large steel
plates are provided in Appendix 5 of this Specification.

Alternative design criteria for the use of embedded
large steel plates are provided in Appendix SW of this
Specification. Appendix SW is a Westinghouse generated
document. The design methodeology, assumptions,
procedures and results are provided in Westingchouse
document WCAP 10923 dated 8/30/8E.

 Rev 2
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QUALITY ASSURANCE
SECREV ANCHORSE AND EMBZDODED FPLATES

Quality assurance reguirements for use of Ri:hmoﬂd
structural connection inserts and empecded plates shall
be in accordance with site engineering procedures.

DRILLED~-IN EXFANSION BCLTS
MANUFACTURER'S REQUIREMENTS

#ilti Kwik-Bolts Super Kwik-Bolts shall be supplied by
the manufacturer with a certification of compliance
signed and dated by a responsible person within the
manufacturer's organization. This certification shall
state that <the E:ilti Kwik-30lts anc Super Xwik-Bolts
furnisned uncer the purchase crder are manufactured 1in
accorsance with Hilti Catalog S-c:;cm nt #E-3%0B, dated
4/77. In addiction, the ce't £iation shall csctate the

race of material used, part numbers, anc number ¢I each
par. number covered by the ce vification.

All materials furnished may be subject to cecnfirmatory
testing by the Contractor to assure that the guality of
the material is consistent with the specifications
listed irn the above menticnec catalog.

INSTALLATION REQUIREMENTS

Quality Assurance Installation Requirements shall te in
accordance with Appendix 1 of this Specif:icaction.

DESIGN

Quality assurance regquirements for use of drilled-in
expansion bolts shall be in accordance with site
engineerin precedures,

Rev 2
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CPSES NUMBER REVISION DATE PAGE
i
ce1-20 / s 12/16/83 1 of 12
Tme: onscouron \tm < Hellle (2-/6-83
Date
INSTALLATION OF REVIEWED BY:
"HILTI" DRILLED=-IN
BOLTS
APPROVED BY:
0.1 TABLE OF CONTENTS
1.0 REFERENCES
2.0 GENERAL
&ed PURPOSE
r SCOPE
8 RESPONSIBILITY
2.4 DEFINITIONS
3.0 PROCEDURE
33 INSTALLATION
J.1.1 Locating Bolts
79 P ling Holes
3:4¢3 Marking Bolts
3.1.4 Setting Bolts
3s3.9 Repair of Broken Concrete and Abandoned Holes
3.1.6 Modification |
5l.7 Revork of Bolts in 2-inch Concrete Topping Areas
3.2 INSPECTION
0.144 ATTACHEMENTS

Minisum Spacing Between Hilti Expansion Bolts
Minimum Bolt Clearances

Minimum Clesrances to Embedded Plates

Langth Identification System

gE8s

1.0 REFERENCES

1.1 B4R Construction Procedure 35-1195-CCP-12, Conmcrete Patching,
Pinishing and Preparation of Construction Joints"

1.2 DM=13966, ™Hilti Kwik-Bolt Testing Program”.

1.3 TUP-4593, (May 22, 1978)

1.4 B4R Quality Assurance Procedure CP-QAP-16.1, "Control of

Nonconforming Items”,

==
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1.5

1.7

1.8
109

1.10

2.0
2.1

2.1.1

2.2

2.2.1

2.3

2.3.1

TUSI Procedure No. CPP-EP-l, "Procedure for Preparation of Design
Changes".

35=1195-IEI-13, B&R Instruction "Calibration of Microueter Torque
Wrenches”. ‘

CP=-QP-11.2, TUGCO Procedure, "Surveillance and Inspection of
Concrete Anchor Bolt Installations”.

QI-QP-11.2~1, TUGCO Instruction, "Concrete Anchor Bolt Installation".
QI-GP-11.2-3, TUGCO Instructiom, "Torquing of Concrete Aachor Bolts".

QI-QP=-11.2-4, TUGCO Instruction, "Inspection of "Hilti" Super Kwik
Bolts".

GENERAL
PURPOSE

The purpose of this instruction is to describe the methods to be
folloved in the field installation of Hilti drilled~in expansion
aochors.

SCOPE

This ingtruction covers the location, repair and preparation of ex-
pansion bolt holes, installation of the expansion bolts, and the per-
manent marking of bolts for identification both prior to and after
their installation. The provisions of this instruction apply to bdbeth
Hiltd{ Kwik-Bolts and Hilti Super Kwik-Bolts that are used for
installation of safety related equipment, and for the inmstallation

of son-safety related equipment located in safety related structures.
Deviations from this instruction are permitted provided they are
properly approved by the Engineer. Post aut caps may not be substi-
tuted for hex head nuts without prior Engineering approval.

RESPONSIBILITY

Establishment of control points and lines for use in layout of
bolt locations shall be the responsidility of the B4R Field Engi-
neering Superintendent. Determination and marking of bolt hole
location shall be performed by the craft vhich prepares the holes
and installs the bolts; and the superintendent of that craft
shall be responsible for this layout vork and for preparation of
holes and bolt installation.

R
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2.4 DEFINITIONS
2.4.1 "Drilled=in Expansion Bolts" are bolts having expansion wedges so

arranged that, vhen placed in a drilled hole and the out tightened,
the vedges are expanded and the bolt is securely anchored, all

as manufactured by Hilti PFastening Systems, Inc.

2.4.2 "Hi1ti" is Hilti Pastening Systems, Inc., supplier of the expansion
bolts.

2.4.3 "Solt Length” is the total overall length of the bolt. This is
the length dimension shown in the Bill of Material on the appro=-
priate drawvings.

R.4.4 "Setting” a bolt means positioning the bolt and tigntening the nut
or post nut to the extent required to complete the expansion of the
vedges .
P.k.s "embedment Length” is the length of bolt extending below the sur-
‘ ( face of the 4000 psi (28~day strength) structural comcrete prior

to setting (tighteaing). Where nat shown on the pipe/instrument
support design drawings, the aiaimm embedment length shall oe as

tollows:
BOLT DIAMETER MINIMUM EMBEDMENT
wik-Bolts Super Kwik-Bolits

1/4 1 1/8 -
3/8 1 5/8 -
1/2 2 1/4 3 1/4
5/8 2 34 -
3/4 3 1/4 -

1 412 6 1/2

1 1/4 s 12 8 1/8

Dimensions are in inches, they are according to recoumendations
by Hilti and correspond to the minimums shown in Abbot A. Hanks,
Inc. Test Raport No. 8783R on Ewik-Bolts and Test Report No. 8786
on Super Kwik-Bolts, as published in Hilcl “"Architects and Engi-
( neers Anchor and Fastener Design Manual.

==
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3.0
].l
3. 1.1

J.1.1.1

The above minimum embedment lengths are into structural concrete.
On floors where 2-inch thick concrete topping (and thicker on
roof slabs built up to slope to drain) has been placed separately,
bolts shall be of sufficient length to provide embedment length

or overall length at least equal to the thickness of the topping

{n addition to the length shown on the drawings.
pipe supports ouly, the engineer shall evaluate and approv

for sufficient embedment length on a case-by-case basis.
vhere this topping occurs are shown on the following drawings:

For floor mounted
e the support
The areas :

Drawing No. Sheet No. Building

FSC-00421 1 Fuel :
PSC=-00421 2 Fuel

FSC=00422 1 Reactor #1

PSC-00422 2 Reactor /1

FSC=00422 3 Reactor #1 :
FSC-00422 4 Reactor /1 ;
PSC-00422 5 Reactor /1 ]
FSC=00423 1 Auxiliary |
PSC-00423 2 Auxiliary :
PSC=00423 3 Auxiliary '
FSC-00423 - Auxiliary

FSC=00423 5 Auxiliary

FSC-00423 6 Auxiliary

FSC-00423 7 Auxiliary

PSC=-00423 8 Auxiliary

PSC-00423 9 Auxiliary

PSC=00424 1 Safeguard /1

FSC=00424 2 Safeguard 71

FSC-00424 3 Safeguard f#1

FSC-00424 B Safeguard #1

FSC-00424 S Safeguard /1

FSC-00424 6 Safeguard #)

FSC-00426 l Service Water Intake
FSC-00425 l Safeguard 72

FSC=00425 2 Safeguard #2

PSC-00425 3 Safeguard #2

PROCEDURE

INSTALLATION

Locating Bolts

As required by authorized engineering documents, bolt locations shall
be determined by the installing craftsmen using the control points
and lines established by the Fleld Engineering Departzent; and, as

==



BROWN & ROCT, INC. INSTRUCTION EFFECTIVE

CPSES | womem | sevisiow | OATE Mgz

35-119% CR1-20 9 12/16/83 s of 12

(
3.1.2
3.1.2.1
3.1.2.2
3.1.2.3
3.1.2"
3.1.3

( 3.1.3.1

an aid in locations vhere reinforcing steel integrity is considered
to be critical, utilization of reinforcing steel placement drawings
sand suitable reinforcement detection equipment may be used. The
minimum spacing and/or clearance for expansion bolts shall be pro-
vided as indicated in Attachments 1, 2 and 3 unless specifically
approved otherwvise by the Engineer using appropriate design documents.

Drilled Holes

Expansion bolt holes shall not be drilled into structural reinforcing
steel unless approved by the design engineer or his representative.
Holes for the expansion bolts shall be drillsd into concrete by the
use of suitable power drille using "™hilti" carbide masonry bits of
the same nominal size as the bolt and which are designed and recom-
mended by the Hilti Corp. specifically for this purpose, or an ap~
proved equal. The holes shall be drilled to depths at least one-
half (%) inch greater than the embedment length of the bolt. This
is in order that any accessible/usable abandoned bolt can be cut
off and driven deeper intoc the hole and top covered with grout or
other suitable filler to close the hole. Abandoned bolts that are
not usable or accessible may be left in place without further re-
vork or approval.

Holes shall normally be drilled as near the perpendicular to the
concrete surface as feasible, In no case shall the long axig of
installed bolts be more than 6° from this perpendicular direction.
Excess dust should be cleaned from the hole after drilling.

Where cutting of structural reinforcing steel is permitted by the
Engineer, Drillco vater cooled carbide/diamond bits or equal shall
be used. Ounce the structural reinforcing steel is cut, the re-
mainder of the hole shall be drilled with a "hilti" carbide masonry
bit per 3.1.2.1. Both bits shall be of the same nominal diameter
as the bolt to be installed.

In limited access areas it may be difficult to drill holes for
expansion bolts using equipment as required by 3.1.2.1. For this
situation, a flexible drive drill with drill press ascuum base and
Drillco water cooled carbide/diamond bit or appreoved equal may be
used. Caution shall be used when drilling to avoid the cutting of
structural reinforcing steel. In no case shall structural rein-
forcing steel be cut without prior approval of the Engineer.

Marking Bolts

The threaded end of bolts shall bear permanent markings which
indicate the bolt length.

==
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3.1.3.2

3.1.3.3

3.1.‘

3.1.4.1

These markings shall be made by the manufacturer by die-stamping a
letter or & number on the top end of the bolt. This stamping shall
{ndicate the bolt length in accordance with the "Length Identifica-
tion System" (Attachment 4). Bolts may also be marked on-site by
the same system 1if verified and documented by B&R QC. For Post
Nut Series Hilti Bolts, the letter or number designation shall
correspond to the overall lemgth of the assexbly with the Post

Nut Cap completely installed (threads bottomed out).

Hilti Super Kwik Bolts shall be additiomally marked with a "star"
on the end which will remain exposed upon installationm. This
marking vill be performed by the craft in a manner vhich does not
obliterate the length marking. The stamp shall be controlled by
the cognizant QC Inspector.

Setting Bolts

In no case shall bolts be set in concrete having strength less

than the 28-day old design strength. Inserting bolts may be
accomplished either by use of a mandrel or double nuts. In using
double outs, they shall be placed on the bolt so as to protect

the bolt end and threads. The bolt shall be drivean iato the hole
the embedment length by blows on the mandrel or mut. Projection

of the bolt should be such that, after final tighteaing, the end

of. the bolt is sot lower tham flush with the top of the nut. Its
projection above the top of the nut is oot limited although its
change in projection during tightening shall be within the limit
specified below. The mandrel, 1f used, is then replaced by a out,
or the top double out is removed and the bolt is "set". The

setting will be accomplished by tightening the out against the fix-
ture being installed. Ar that time, the out vill be drawn down and
the bolt pulled to set the wedges by the use of a torque wrench,
attaining at least the respective final values shown in the following
table unless othervise shown on the drawings. During tightening

the nut, the change in bolt projection shall sot exceed one nut
height unless otherwvise approved by the engineer. Where 5/8" dia~
meter bolts are used in erecting Uni-Strut members for instrument or
conduit supports in such a wvay that the bearing surface under the
aut, used with a flat vasher, bears against the open side of the Uni-
Strut, the out shall be tightened to 80-foot-pounds torque.
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3.1."1.1

BOLT SIzE TORQUE (Pt.-Lbs)
(B4ilti Kwik or Super Kwik, all embeduent depths)

1/4 8
3/8 17
1/2 ' 70
5/8 120
3/4 150
1 230
1 1/4 400

These values vere determined by field tests conducted by Hiltdi

at the CPSES site wvhich yielded a minimum static teusil load
capacity equal to or greater than 1152 of the tensile vorking
loads given in Tables | and 2 of Appendix 2 of Specification
2323-585~30.

The complete report om those tests is filed in the B34k QC Depart-
ment. (Ref. CPPA-7240 or B&R IM-13966).

Bolts which cannot be torqued to the above minimum values shall be
cut off, driven deeper into the hole, and patched per Reference 1.1
or shall be removed and replaced in accordance with 3.1.4.2 below.
Torque wrenches used in this overation shall be calibrated aud
periodically recalibrated in asccordance with Engineering Inatructinn
15-1195-1EI-13, "Calibration of Micrometer Torque Wrenches", Ret-
erence 1.6,

For post nut series Hilti bolts, setting the bolts shall be doge
{n accordance with Section 3.l1.4 with the following exceptions
applying to Sectiom 3.1.4.1.

Inserting bolts may be accomplished by the use of a post nut,
placed on the bolt so as to protect the bolt end and threads.
The bolt shall be driven into the hole the embedment length

by blows on the post nut. Projectionm of the bolt should be
such that, after final tightening, the end of the bolt has a
sinimum thread engagement of 3/16" for 1/4" dia. and 5/16" for
1/8" dia. bolts. The projection should also Ae limited such
that, after final tightening, the threads on the post sut have
pot bottomed out on the bolt. The post nut used ty Insert the
bolt should then be removed and the bolt is "set”. The setting
vill be accomplished by tightening & nev post nut agaicst the
fixture being installed. At that time, the nut will be drawn
down and the bolt pulled to set the wedges by the use of a
torque wrench and 3/8" drive screwdriver adapter attaining

=i
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3.1.4.2

3.1.6.2.1

3.1.4.2.2

at least the respective final values shown in the above table
unless otherwise shown on the drawings. During tightening the
post nut, the change in bolt projection shall not exceed x"
for a %" dia. and 3/8" for 3/8" dia. bolts, unless otherwise
approved by the engineer.

Replacement of expansion bolts that slip, loosen, pull out or fail
to achieve the specified torque may be accomplished by one of the
following methods: .

The bolt shall be removed and replaced with a bolt that has an embed-
ment depth increased by at least 4 bolt diameters for Hilti Kwik-
Bolts and 6% bolt diameters for Hilti Super Kwik-Bolts unless other-
wise directed by the Engineer. QC shall be notified prior to com-
mencing work.

The re-installation of an expansion bolt in an empty but "pre-used"

hole is acceptable provided the following requirements are met:

a. The existing hole has not experienced structural damage as may
be exhibited if the previcus bolt had been displaced through
tension or shear causing severe concrete spalling. Severe
concrete spalling are depths that exceed the dimensions pro-
vided in 3.1.5.1 below. *

b. New "Replacement” expansionm anchors are at least one diameter
size larger.

e, New embedment depth is equal to or greater than the previcus
bolt but in no case less than the minimum embedment required
per 2.4.5 above based on the "replacement” bolt size.

d. Bolts that cannot be replaced per the above may be replaced
by a bolt meeting the requirements of 3.1.4.2.1 or may be
cut off, driven into the hole and patched per Referemce l.l.

e. QC shall be notified prior to commencing work and after the
bolt has been removed so that QC may inspect the "pre-used"
hole in accordance with the applicable QC procedures.

£. QC shall be notified prior to commencing work.
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3.1.5

3.1.3.1

3.1.4.2.3 The re-installation of an expansion bolt in an empty but "pre-

used” aole is acceptable provided the following requirements
are axt,

a. The bolt being replaced has been removed from the concrete
using a Diamond core bit of the same nominal ocutside diameter
as the replacement expansion bolt. Tha replacement bolt shall
be one diameter size larger than the bolt being removed.

b. The existing hole after bolt removal should mot show evidence
of structursl change as in the form of severe concrete spalling.
Severs coucrete spalling are depths that exceed the dimensions
provided im 3.1.5.1 bulow.

Ce New embedment depih is equal to or greater than the previous
bolt but in no case less than the minimum embedment required
per 2.4.5 above bised on the "replacement” bolt size.

d. Bolts that cannot be replaced per this method may be replaced
by a bolt meetiag the requirements of 3-1.6:3:04 3:1.0:3.2 0%
may be cut off, driven into the hole and patched per Reference
l1.1.

e. 0QC shall be notified prior to commencing work, and after the
bolt has been removed so that QC may inspect the "pre-used"”
hole in accordance with tne applicable QC procedures.

Repair of Broken Concrete and Abandoned Holes

Structural concrete that is broken or spalled as a result of bolt
{nstallation but is structurally sound shall be cleaned up and may
be cosmetically repaired either in accordance wvith Comstruction
Procedure CCP=-12, or by the use of "NUTEC" #11S as manufactured by
and according to the recommendations of Southern Imperial Coating,
Inc. Spalling of structural concrete to depths greater than those
listed below shall be cause for rejection of the hole and redrilling
will be necessary.

Max. Acceptable

Hole Size Spall Depth
$/8" and under /2"
3/4" o 1 1/4" (imel.) /4"

Spalling of the 2" topping in areas described in Sectiom 2.4.5

shall be cleaned up and repaired in accordance with Comstruction
Procedure CCP-12 using material described in Section 4.1.2.7 of
CCP-i2. Maximm spall depth is not to exceed depth of topping.

—— - ';‘;
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JO8 35-1195 CE1-20 9 12/16/83 10 of 12
3.1.5.2 Abandoned holes shall be filled and patched prior to coating the

concrete. This repair shall be in accordance with provisions of
B&R Comstruction Procedure 35-1195-CCP-12 for filling "Tie Holes"
by the use of patching mortar prepared as described in paragraph
4.1.1.3 of that procedure. However, abandoned OVERHEAD holes,
orginally drilled for Hilti expansion bolts, which will be com-
pletely covered by the base plates or angles of attached fixtures
and wvhich are farther than four bolt diameters (center-to-center)
from an active Hilti bolt, may be filled with "Silpruf” water-
proofing sealant or “GE 1300", both as manufactured by General
Electric, Inc. BHoles located at a distance of four bolt diameters
and closer, measured center-to-center, from Hilti bolts shall be
f1lled and patched according to Procedure 35-1195-CCP-12 described
above prior to torquing.

Unused Richmond Screw Anchors which have been plugged by Richmend
screw-in plugs may be used for permanent anchorage only after
specific approval by the Engineer. ;

Modification

When it is necessary, as the result of reinforcing steel interfer-
ence or on-site unavailability of correct leaght bolts or for other
reason, Hilti bolts may be modified, with proper QC witnessing, oo-
site shortening, rethreading, and stamping the new length designation.
This shall be done only on a case by case basis upon approval of the
design engineer responsible for the fixture or item involved and

upon completion of appropriate permanent plant documentatiocn (1.e.,
DCA, CMC, PSE, Operational Traveler, Design Drawing, etc.) by the
design engineer. Final bolt length shall be sufficieat to satisfy

the design requirement.

Substitution of a Hilti bolt of the next larger size is acceptable,
provided all spacing and embedment requirements are met oOr exceeded
for size Hilti bolt substituted.

Rework of Bolts im 2-inch Comcrete Topping Areas

For areas in which the requirements of Sectiocm 2.4.5 cannot be met,
the following action shall be taken:

Expansion bolts which after setting have less than belew indicated
embedment length intc the structural concrete shall be revorked by
one of the methods provided in section 3.1.4.2 or as follows:

Bolt Type Embedment After Setting
Kwik-8clts : 34 bolt diameters
Super Kwik-Bolts Sk bolt diameters
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3.1.7.1.2

3.2

3.2.

1

a. Existing Location

l. Bolt removal - The removal of in-place expansion bolts
shall be coupleted with care so as not to damage the con-
crete, thereby impairing its integrity. A hollow core
hydraulic ram placed directly over an appropriately sized
baseplate which is centered on the bolt may be used to
apply direct teamsion to pull the bolt through the expan~-
sion wedges. The baseplate should be a ¥ inch thick
square plate of a minimm of 16 expansion bolt diameters
in width, bearins iirectly against the concrete surface.

2. Once the bolt is removed, use a high speed drill and bit
to drill through the wedges remaining in the side of the
hole. Remove any loose vedges in the hole.

3. Using appropriate equipment, re-drill existing expansion
bolt hole so that the new embedment depth is a minimum of
ok bolt diameters for Hilti Kwik-Bolts grcater than the
previous existing embedment depth or to the specified
embedment depth, whichever is greater unless otherwise
directed by the Engineer by appropriate design documents.

4, Reinstall the appropriate sized expansion anchor to meet
the required embedment length.

b. Relocation = Abandon existing expansion anchor bolts and re-
locate support structure. Abandoned bolts should be cut off,
driven deeper into the hole, and patched per Reference 1.l.

Expansion bolts which have less than the specified designed embed-
ment length into structural concrete but greater than the values
indicated above in 3.1.7.1.1 shall be evaluated by the responsible
design engineer. If found to be acceptable "as-is", appropriate
design change documents shall be issued. If found to be unaccep~-
table, the expansion bolt shall be reworked in accordance with

3.1.7.1.1 a or b.
INSPECTION
Inspection of Hilti bolt installation shall be performed in accor-

danze with References 1.6, 1.7, 1.8, 1.9, and 1.10 and other appli-
cable site QA/QC procedures and instructiomns.

=i




PROCEDURE EFFECTIVE
BROWN & ROOT, INC. NUMBER REVISION DATE PAGE
CPSES
JOB 35-1195
CEI-20 . 12/16/83 12 of 12
3.2.2 Removal of an inspected Hilti bolt shall be documented om an IRN l

in accordance with CP=CPM 6.10.

and submitted to QC for subsequent processing.

Note:

Removal and replacement of non-Q
Hilti bolts in Catagory I structures shall be documented on an IRN

An IRN is oot required i{f a non-Q Hilti is only going
to be removed and not replaced.
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ATTACHMENT 1
* MINIMUM SPACING BETWEEN HILTI EXPANSION BOLTS

RATET

Bolt CENTER TO CENTER SPACING T0:

Size  1/4"H1t1 3/8°Hilti 1/2°Hi1t1 S/8"NI1ti J/A*Hilti 1"HITEE 1 1/4"HiTeS
e T 3R AWM AR B 618 7172
/16 213/16 37/16 41/16 411/16 55/16 6916 71316
¥8 3ys 3ys  4ys S s5/8 67/8 81/8
v ¥4 48 8 ss/8  61/4 T2 834
¥8 438 S ss58 61/4 67/8 818 938
s ss/8 614 678 T2 834 10
78 s5%8 614 678 712 8’8 938 1058

1 S SR 2\ IR ¥ W 11 1/4

114 712 8ys 83y 938 10 1114 1212

-

Dimensions in inches.

The minimum spacing outlined in the a
bolts detailed on separats adjacent fixtures.

bove chart applies to Hilti

mum spacing by the installation of two separate a

will be approved only by issuance of an Engineering
Separation Yiolation Form by the CFPE design groups

Yiolation of mini-
djacent fixtures
Evaluation of
(Ref. CP-EP-4.3).

Hi1t1 bolts detailed on an individual fixture drawing may have less

than the minimum spacing tabulated above.

derated by engineering justification and are the

the organization issuing the respective fixture drawing.

Such fixtures have been
responsibility of
Install-

ation in this case shall proceed in accordance with the fixture

drawing.




‘k

' A e B S i B ki el - L

—— —— — b — ——— — e ——— — —

BROWN & ROOT, INC. INSTRUCTION EFFECTIVE
CPSES NUME ER REYISION DATE PAGE
%08 38-1198 CEI-20 E) 12/16/83 1of 1
ATTACHMENT 2
MINIMUM BOLT CLEARANCES *
(INCHES)
MINIMUM DIGTANCE 10
Richmond ———Abandoned Hilti Bolts or
Hi1t{ Bolt Size Screw Anchors* Concrete Edge* Holes and Embedded Anchor
1-Tnch [&=1nch Bolts that are Cut Off**
1/4 7 5/8 12 1/4 11/4 1/2 .
3/8 8 1/4 12 7/8 17/8 3/4
1/2 87/8 13 1/2 2172 1
5/8 91/2 4 1/8 31/8 11/4
3/4 10 1/8 14 3/4 3 34 11/2
1 11 3/8 16 5 2
11/4 12 5/8 17 1/4 6 1/4 212

* Measured Center to Canter of bolts and bolt canter to edge of concrete in

#+ Minimum spacing between holes covered by this column shall be measured center-
to-center and based on size of hole deing drilled. (e.g., Pilot hole spacing
s based on pilot bit size.)

Locations closer than the above distances shall be used only upon approval of
the engineer.

Hil1t1 bolts may be installed as close as practical to unused Richmond Screw
Anchors which have been plugged (1.e., grouted, Richmond Screw-in plug or
snap-in plug, etc.).

Unused Richmond Screw Anchors located nearer to Hi1ti bolts than the respec-
tive distances shown above may be used tamporarily for construction purposes
when the applied load is:

(a) For 1* Richmond Anchors, Tess than 8,000 pounds minus the
actual load supportad by the Hilti bolt; or

() For 14" Richmond Anchors, less than 20,000 pounds minus
the actual load supportad by the Hilti bolt.
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ATTACHMENT 3

MINIMUM CLEARANCES TO EMBEDDED PLATES

1. Whers embedded steel plates are unoccupied by attachments for a afinimum
distance of 12 inches on both sides of a proposed Hilti Bolt location
as shown balow, the center of the bolt may be as close as practical to
«dge of the plata without damage to plata.

N e & Znéecwed
EiE il Bad [Pia

L - —————

L ]

i I G o |
1 ' \‘\l ,
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‘LJ% T | &PGTT | 4"%_

2. Where the embedded steel platas ars occupied by attachments within
minimum distances shown above, the minimum clearance to Hilt! Anchors
shall be as follows:

Hi1t1 Anchor Nelson Stud Edge of plate
Size o Hil1ti Anchor to Hilt! Anchor
174 5 /4 3 /4
3/8 §7/8 4 3/8
1/2 6§ 1/2 5
/8 71/8 §8/8
/4 7 3/4 6 1/4
1 9 7172
114 10 1/4 8 3/4 .

Dimensions are in inchaes.
Distance measursd with referenca to center of bolts and studs..

Whare location of the nearest Nelson Stud can be determined from
the *S* stamps on the embedded steel plate, the minimum center-
to-center clearanca to the Hilt{ Anchor as shown above shall
govern. Whers location of the nearest Nelson Stud cannot be 30
detarmined, the minimum clearanca to Edge of Plata® as shown
above shall govern.

==
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ATTACHMENT 4
LENGTH IDENTIFICATION SYSTEM
Stamp On h of Anchor (Inche
Anchor bru Up \’ﬁit 1nclud1n9)
A 11/2 2
3 2 21/2
¢ 212 3
0 3 31/2
£ 31/2 3
s o B T1/2
3 412 5
H 5 5 1/2
1 §1/2 3
J § § 1/2
e 8§ 1/2 i
L 7 712
< 7172 8
M 3 8 1/2
0 3 9
qQ 9 1/2 10
R 10 11
: .
U 41% 14
¥ 14 15
W 15 16
X 16 17
Y v 18
o S 18 19
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ATTACHMENT 4 (cont'd)
LENGTH IDENTIFICATION SYSTEM
Stamp On Length of Anchor Etnchcsi
Anchor From p to t including)
AA 19 20
88 20 2l
cC 2 2
00 2 23
EE 53 24
FF 4 5
&a 25 26
HH 28 27
11 a4 28
JJ 28 29
KK " 30 .
L 3 k)
- 31 32
NN 32 3
.00 33 -
“ PP ~34 35
v 35 36
AR 36 37
SS 37 38
TT 38 39
w 39 40
LAl 40 41

NOTE: 1.

Stamped letters shall be on top (threaded) end of bolt.

2. Bolts of 19-inch length and greater may be stamped
with number corresponding to the bolt length in
inches in the same manner instead of the stamped

lTetters as

11stad above.
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APPENDIX 2

DESICN CRITERIA FOR EILTI KWIK- AND SUPER KWIK-BCLTS

1.0 REFERENCES

[
[

"Architects and Engineers Anchor and Fastener Design
Manual" by Hilti Fastening Systems, 3.6/Hi-1l, No. E-427A

10/78.

3.3 TUSI correspondence CPPA-7419 - Reduced Design
Allowables for 1" diameter Hilti Kwik-Bolts, dated,
11-18-80.

a8 MINIMUM SEPARATION REQUIREMENTS

t
[

To attain the design capacity of a Eilti Rwik or Super
Kwik bolt for a specified embecment the minimum spacings

. provided by Appendix 1 of this Specification must be
maintained.

- A | For installations not conforming to the provisicns of
Section 2.. above, the capacity of becth anchors shalli be
reduced on a straight-line basis to SO percent at nalf
the minimum distance between emdedments civer. in
Appendix 1 of <this Specification. In no case shall
embedments be spaced closer than half this minimum
distance.

Methods for evaluation of this reduced capacity are
given at the end of this Appendix and are contrelled by
concrete stresses.

(]
o

DESIGN ALLOWABLE LCADS

I
[

Design allowable tensile and shear loads are provided in
Tables 1 and 2. These design allowables are Dbased on
the average ultimate tensile and shear loads published
in Reference 1.1 and 1.2 of this Appendix . Factor of
safety of less than 4 is not acceptable.
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Prior to the utilization of the allowable tensile loads
in Tables 1 and 2 of this Appendix (except for the
l-inch diameter Kwik-bolts) the manufacturer shall
cerzify the validity cf the ultimate capacities of <zthe
Kwik and Super Kwik bolts as published in reference 1.1
of this Appendix.
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COMBINED LOADING
When +the Hilti expansion anchor is subjected <to a

combination of tension ancd shear loading the £ollowing
interaction reguirement shall e met:

y s & 3
S

T = Actual applied tension load
T! = Allowable design tension load
§ = Actual applied shear load

§' = Allowable design shear load

REQUIRED EMBEDMENT

oum anchor embedments see

fer the required mind
ification.

Appendix 1 ¢f this Spec

-
..
-

-
&£
-
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TABLE 1
KWIK-BOLT
DESIGN ALLOWABLE TENSILE & SHEAR LOADS* (1bs)
“FACIOR OF SAFEIY FS=4.0 FS=5.0
DIAMETER EMBIDMENT TENSION SEZAR TENSION SHETAR
1/4 118" 164 653 291 522
$ 38" 556 653 445 522
1 3/4" 675 £53 540 5§22
3" 781 653 625 522
2 1/4" 827 853 - 662 522
2 373" €37 653 670 €22
3/8" S e EEE 1276 471 1033
2" 756 1276 605 1021
. g1/ 878 1276 780 1021
3" 1078 1354 860 1083
3 172" 1150 1354 $20 1083
4" 1187 1354 $50 1083
4 172" 1200 1354 260 10€3
378" 2 1/4" 377 2079 1102 1665
2 3/4" 1800 2079 1440 1863
3 1/3" 2362 2079 1390 1663
4 172" 2806 2558 2245 2046
s 172" . 3012 2558 2410 2046
&" ‘ oS 2558 2460 2046
v . gEoes @ ¥, G 1650 2890 1320 2312 | re
S 3/2" 2275 2890 1820 2312
'Y, 3000 2890 2400 2312
5 1/2" 3575 3859 2860 3087 | R6
6 172" 4000 3859 1200 1087
? 1/2" 4250 1859 3400 3087
3/4" 3 1/ 2537 4283 30 3426
3" 3350 4283 2680 3426
g" 41258 4283 3300 3426
6" 4500 4616 3600 3693
7" £250 4616 4200 3693
g" §750 4616 4600 31693
a" 5875 4616 4700 3693
17 v, 4000 6719 3200 €375
§" 4728 6719 3780 £37
. e" 2860 6719 4688 €37¢
7" €860 €719 4688 5375

8" 5860 8€22 46E8 6898
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“EACTOR OF SAEETY — £5%4.0 ES=5.0

DIAMETER EMBEDMENT TENSION SHEAR TENSION SHEAR
g" 5860 8622 4688 6898

10" 5860 8622 4688 6898

g ¥, L T §750 8920 4600 7136

$ 3/3" 6775 8920 5420 7136

T /3" 7778 8920 6220 7136

8 172" 8650 8220 6920 7136

9 1/2" 9450 8%920 7560 7136

10 172" 10225 8920 £180 7136
‘ * Design allowables are based on average ultimate tensile and shea
loads published in "HILTI - Architects and Engineers Ancher and

Fastener Design Manual" 3.6/Ei-1,

Appendix.

Reference 1.1 and

2.8 0OF

-4

-

Design aliowables are based on 4000 psi concrete (£c'=400C psi).

*+*Values per Reference 1.2 of this Appendix.
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TABLE 2
SUPER KWIK-BOLT
ESICN ALLOWABLE TENSI B LOADS * s
T EACIOR OF SAFETY £5=4.0 £8=5.0
. DIAMETER EMBEDMENT TENSION SHEAR _____ TENSION SHEAR
172" 3 1/4" 2496 2860 1997 2288
4 1/4" 3695 2860 2956 2288
s i/4" 3641 2860 2913 2288
€6 1/4" 3786 2860 3029
¢ /8 8741 53%6 6593 g%%;
8 1/2" 12452 6884 9962 §507
10 - 2439 6884 9851 5507
1 178" 'e"":1L/§" i %637‘! 10369 :A'ZTZS_‘_F%!‘
10 5/8" 23420 10369 10736 8298
25 1 A" 16230 10369 129684 8285

* Design allowables are based on average ultimate tensile and
shear loads publiished in "EILTI -« Architects and Engineers

Anchor and Ffastener Design Manual" 3.6/Hi-l. Reference 1.1
of this Appendix.

Design allowables are based on 4000 psi concrete
(£2'=4000 psi).
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EVALUATION:

STEP 1:

STEP 2:
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EVALUATION METHOD 2:

Calculation of the reduced allowable capacities for
beth the Hilti expansion anchor and the Richmond
screw anchor when minimum separation 1is not
provided as reguired in Appendix 1 of this
Specification.

Determine actual loading condition on the Eilti
expansion anchor and/or Richmond screw anchor in
question.

Calculate the separation ratio (S.R.).

SEPARATION PROVIDED (4)
S.R. = MINIMUM SEFARATION REQUIRED

and $§.R.2.500 (S)
Once =he separation ratio and the actual lcads are
corputed, the following relations ghall pe
satisfied for acceptability of <the anchor and
insert des.gn:

For Hilti expansion anchor:

JPREERL S sl (6)
S'L0:0: ) S'(S.R.)

For Richmond insert: 4
e 195 - ']/f

e + sl {73

T‘(S.R.H S‘(S.R.)J

For Richmend insert design allowable values see
Appendix 3 of this Specification.
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I1f the requirements of both Formula (6) and (7) are
satisfied the Hilti expansion anchor and Richmond
screw anchor for the support in gquestion are
acceptable.

I1£ any of the relations in Formula (6) and (7) is
not satisfied, the corresponding Hilti expansion
anchor and Richmond screw anchor for the suppert in
guestion are not acceptable, and an appropriate
action shall be taken by adjustment of the
separation to meet the reguirements of Formulas (6)
and (7).
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APPENDIX 3
ESICN CRITERIA FOR SCREW ANCHORS

GENERAL

Screw anchors are Richmond structural connection inserts
(Types EC-2, EC-6, EC~2W or EC-6W) and are prefabricated
steel anchors embedded in concrete to which structural
supports are attached.

ASTM A325N A450 or A443 bolts (suitable washers
optional) shall be used for the Richmond insert bolt
connecticns. ASME SA-193 threaded rods with ASME SA-194
double nuts may be used for the Richmond insert bolt
connections as a substitute for ASTM A32SN bolts.

Thread engagement i1intec the Richmend insert shall be at
least 2 % bol%t diameter + 1/8 inch

In no case snall these inserts be loaded before concrete
attains its Z6-day design strength.

AFPLICABLE REFEZRENCES:

: "Richmend Inserts for Concrete Constucstion"
Bulletin No. 6 Richmoend Screw Anchor Co.,Inc.,
catalog.

- Manual of Steel Construction AISC 7th Edition.

DESIGN CRITERIA

Design allowable tension and shear loads (under working
stress condition) for respective center-to-center
spacing of inserts and respective concrete thicknesses,
are provided in the following Table 1.

Inserts and A307, A325, A490 or A449 Dbolts or AlS
threaded rods subjected to combined <tension and snhear
loads should satisfy the fcllowing interaction formulas.
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FOR INSERTS:
) -

¢ * S sl
(%) (%)
FOR BOLTS: (Verified for specific type bolt materials.)

T, 8! different for each grade.

2 2
y 4 ¢ (S <1
Tr T
WHERE: T - APPLIZD TENSION

S - APPLIED SHEAR
T! =« DESICN ALLOWABLE TEINSION
§! « DESICN ALLOWABLE SHEAR

Minimum distances between Richmend screw anchors and
Hilti belts for 100 perzent perfcrmance of each are
provided in Appendix 1 of this Specification.

For those situations where minimum distances cannot be
met, evaluation method Z shown in Appendix 2 of this
Specification shall be used to calculate the reduced

capacity of Richmond inserts.

?Cl MANUAL ! DESICN OF CONNECTIONS FOR PRECAST
FRESTRESSED CONCRETE



| NOTES FOR TABLE I  (Mefvus] I
L= INSERT CAPCITIES ARE BASED ON INGERT EMBEDOED /N

QOO0 PS/ COMPRESS/ON STRENGTH CONCRETE.

2- ALL ALLOWABLE LOADS SHOWN IN TRABLE I OF THIS APPEND/IX
ARE N KIPS .

3 TO DEVELOP THE FULL TENSION CAPACITY OF INSERT (EXCERT
Ar BEAM SIDES ) THE MINIMUM O/STANCE FROM CONCRETE
EDGE D CENTER OF INSERT SHALL BE I/'FOR 12" INSERTS
AND T FOR 1'# INSERTS .

470 DEVELOP THE FULL SHEAR CAPACITY OF INSERI (EXCERPT AT
BEAM SIDES) THE MINMUM DISTANCE FROM CONCRETE

/o

EDGE 70 CENTER OF INSERT SHALL BE [&"FOR | 2"# INSERTS
ANO 9.5"FOR /' INSERTS .

5:FOR BEAM SIOES THIS DISTANCE SMHALL BE A MINIMUM & “FOR
/"B INSERTE AND TTROR /' INSERTS.(FOR TENSION AND SHEAR)

G- CENTER TO CENTER (C/C) D/ISTANCES SHOWN IN TABLE I OF
THIS APPENDIX ARE MINIMUM FOR THE ALLOWABLE (OADS.

T WIIEN PART OF THE 18°BINSERT CLUSTER (INSERT CLUSTERS
WERE ORIGINALLY PROVIOED FOR FIPE WIP RESTRA/NTS)
/8 USED FOR MANGER SUPPORTS THE OUTERMOST ROW OF
INSERTE LSED FOR THESE SUPPORIS SHALL BE AT LEAST 20"
AWAY FROM THE NEAREST INSERTS USED FOR ANY OTHER

SUPPORTE OR RESTRAINTE BASE FLATE .

EXAMFLE
THESE INSERTS CAN

BE USELD FOR NANGER
SUPPORIS wilk
CARLACITIES AS GIVEN
IN TRBE T

PIPE WP ﬂtSfﬁAwr’
BASE PLATE

DO NOr U/SE THESE

INSERTS UNL
APPROVELD 8Y
ENGINEER

20" (Win.)
TYPICAL INSERT CLUSTER




NOTE:S FOR TABLE T (Contd.) (macsoric

B.- TO FIND THE CAPACITIES OF INSERTS WHERE SFACING ANO
CONCRETE THICKNESS ARE NOT SHOWN IN TABLE I OF TWIS
APPENDIX USE THE INSERT CARACITY OF THE NEAREST
CORRESPONDING LOWER INSERT SPACING OR THINNER COMCRETE

WALL, SLAB OR COLUMN INOICATED (N TRBLE T OFTHIS
APPENDIX .
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ALLOWABLE LOADS OF RICHMOND INSERTS AND BOLTS TO

BE USED IN INTERACTION FORMULAS FOR BEAM SIDES
I:INSERT CAPACITY  B:BOLT CAPACITY  T:TENSION $' SHEAR

= | INSERT SPACING ON 6'C/C ONE WAY | INSERT SPACING ON 8°C/C ONE WAY
AND 20"C/C OR GREATER OTHER WAY AND 20"C/C OR GREATER OTHER WAY
INSERT TYPE "4 307 BOLTS OR | A-3250R BETTER |A-307BOLTS OR | A-325 OR BETTER
AND SIZE A-36 THD.RODS | BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH
USED WITH INSZRT | INSERT USED WITH INSERT | INSERT
& . S T ) o ¥ R
o Il 89 8.9 8.9 &89 | w0.05 |r0.05 | 10.05 | 10.05
CZ2w
8| 72.77 7285 | 22.23 | /.78 q /2.4 7.85 2q.23 | 11.78
e '
/2 PECEW
8

28.// /767 56.2/ | 26.5/

.53 | w53 | n.53 | n53 | 12.85 | 7285 | /2.65 | /2.65
ﬁze.// 1767 | s6.2/ | 26.5

TABLE I
OBE A [ ;f}.ﬁ{,’ff—:‘; ;(D
|
AND Re
S5 ALLOWABLE S

APPENDIX 3
PAGE 5 OF 10




USED IN INTERACTION FORMULAS FOR WALLS, SLABS & COLUMNS

-

I: INSERT CAPACITY B:BOLT CAPACITY T: TENSION S: SHEAR
INSERT SPACING ON INSERT SPACING ON INSERT SPACING ON
10°C/C BOTH WAYS 12°C/C BOTH WAYS BOTH WAYSIFULL
CONCRETE [ 30780LTS OR| A 325 OR BETTER|A-307 BOLTS OR |A-326 OR BETTER | A-307 BOLTS OR | A-3250R BETTER
THICKNESS |A36 THD RODS | BOLTS USED  [A-36 THD.RODS|BOLTS USED | A-36 THD.RODS | BOLTS USED
USED WINSERT | W/INSERT USED WANSERT | W/INSERT USED W/INSERT | W/ INSERT
T S T S T S T S T S T S
-
ron 1Z] € 6 6 6 Leas sas\eeas \ggs \ .5 \ws \ s | 1.5
THICKER g | 2 | 785 | 2223 | I.78 |/2.n | 7.85 |29.23 |11.78 |12.7] | 7.85 |24.23 | /.78

TABLE I (Contd.)

~>
/_) <

NE

{1

AND

ALLOWABLE S

LES
/
- L .

(Pac or o)
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ALLOWABLE LOADS OF 172"¢ RICHMOND INSERTS (EC6W) AND BOLTS TO BE

USED IN INTERACTION FORMULAS FOR WALLS, SLABS & COLUMNS

I: INSERT CAPACITY

F,

B: BOLT CAPACITY

T:TENSION  S:SHEAR

2
INSERT SPACING ON 20°C/C BOTH ways | 'NSERT SPACING ON 22'C/C OR MORE

BOTH WAYS (FULL CAPACITY)
CONCRETE A-307 BOLTS OR |A-325 OR BETTER|A-307 BOLTS OR |A-325 OR BETTER
THICKNESS A-36 THD. RODS BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH

USED WITH INSERT| INSERT USED WITH INSERT| INSERT
T ) | T S T S T B
' rl 2s 25 25 25 3.3 27 3.3 27
12°0OR THICKER
8| 28/ |17e7 | 56.2r |26.51 | 28411 |r767 | 56.2/ | 26.5/
TABLE I (Conid.)
OBE ALALLOWALLES

A D
S5E ALLOWABLES

RG

APPENDIX 3
PAGE 70OF 10



ALLOWABLE LOADS OF 172"# RICHMOND INSERTS (EC6W) AND BOLTS, (IN !
CLUSTER) TO BE USED IN INTERACTION FORMULAS FOR WALLS, SLABS
& COLUMNS IN 12" THICK CONCRETE

I: INSERT CAPACITY B: BOLT CAPACITY T:TENSION S: SHEAR

rINSER‘T SPACING ON 12°C/C BOTH WAYS | INSERT SPACING ON 18"°C/C BOTH WAYS f

INSERT PATTERN |A-307 BOLTS OR TA-3250R BETTER | A-307 BOLTS OR | A-325 OR BETTER

A-36 THD. RODS |BOLTS USED WITH | A-36 THD. RODS | BOLTS USED WITH

USED WITH INSERT | INSERT USED WITH INSERT| INSERT

T S T S T S T S

0 I\ 22 22./ 22./ 22./ 25 25 25 25
wserrs  ©© 8| 28./7 /17.67 56.27 | 265/ | 28.// /7.67 | s6.27/ 26.5/
e ee |Z| 7729 | 7729 | 1729 | 1729 | 232r | 23 | 232/ | 23.2/
INSERTS ®® ol og /7.67 56.2/ 26.5/ 28./ /17.67 | £6.27 26.5/
B ee |Il /524 | 1522 | 15.24 | /1529 | 2l./6 | 2l/6 2/1./6 | 2/./6
wserrs oo (8l 28 | 77.67 | 56.21 | 26.5/ | 26.01 | 1767 | s6.2/ | 265/
AU E eee || 71257 | 71257 /12.57 | 12.57 /783 | /17.83 /17.83 /17.83
wserrs oo |8 28.n1 | 1767 | se.21t | 26.57 | 28.;1 | 1767 | s56.27 -| 26.5/

TABLE I (Contd.) APPENDIX s)
S5 ALLOWABLES AND oOfFEs J/ (O ué’jé( S '(PAOE 8 OF 10




ALLOWABLE LOADS OF I72"# RICHMOND INSERTS (ECEW) AN

D BOLTS, (IN o

CLUSTER) TO BE USED IN INTERACTION FORMULAS FOR WALLS, SLABS
8 COLUMNS IN 16" THICK CONCRETE
L:INSERT CAPACITY B:BOLT CAPACITY T'TENSION S: SHEAR

INSERT SPACING ON 10"C/C BOTH WAYS

INSERT SPACING ON 12°C/C BOTH WAYS

—
A-307 BOLTS OR [A-3250R BETTER |A-307 BOLTS OR | A-325 OR BETTER
INSERT PATTERN | .36 THD. RODS BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH
USED WITH INSERT | INSERT USED WITH INSERT | INSERT
T g T 3 T S T %
Shan I|\| 2045 | 20.45 | 2045 | 20495 | 227 | 22/ 22./ 22./
® o
INSERTS 8| 28./ /1767 56.2/ | 26.51 | 28.// /17.67 s56.2/ | 2.5/
R ee |Z| 76.05 | 1605 | 1605 | 16.05 | 18.¢ /8.6 /8.6 /8.6
S S st mv L er L el e T 20 /| 17.67 56.2/ | 26.5/
e oo 7| /259 | 1459 | 14.59 | 1a.59 | 17.9a | 1794 | 17aa | /7aa
w
INSERTS : o |B| 28/ | 1767 | 5621 | 26.51 | 28.1 | 1767 | 562/ | 26.5/
wme  eee | Il 1257 | 12.57 | 1257 | 12.57 | 14.9 /4.9 /4.9 /4.9
[ N N )
NSERTS o oo |B| 2.4 | 1767 | s6.21 | 26.57 | 2.1 | /7. 67 | 56.27 | 26.5/ |
SIXTEEN o e v |L| 7006 | 10.06 | 1006 | 1006 | 12.03 | 12.02 | 1203 | 72,03
.. cesl|8| 2811 | 1767 | 5621 | 26.5/ | 281 | 17.67 | s6.21 | 26.5/

S5E ALLOWABLES

TABLE T (Contd.)
L L ULl L L

AND

APPENDIX 73
(PAGE 9 OF IO)
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ALLOWABLE LOADS OF 1¥2"# RICHMOND - INSERTS (EC6W) AND BOLTS
(IN CLUSTER) TO BE USED IN INTERACTION FORMULAS FOR WALLS,

SLABS 8 COLUMNS IN 22" THICK OR GREATER CONCRETE

IL:INSERT CAPACITY B: BOLT CAPACITY T: TENSION S: SHEAR :

INSERT SPACING ON 10°C/C BOTH WAYS | INSERT SPACING ON 12°C/C BOTH WAYS

A-307 BOLTS OR A-325 OR BETTER| A-307 BOLTS OR |A-325 OR BETTER
INSERT PATTERN | A.36 THD. RODS BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH

USED WITH INSERT | INSERT USED WITH INSERT | INSERT

T S T . F-B T S T B
o> I} 2oa5 |2a9s5 | 20495 | 2045 | 22/ 22./ 22./ 22./
® o
INSERTS 8| 28./1 | 1767 | 56.2/ | 26.5/ | 28.// | 1767 56.21 | 26.5/
FOUR .o |Z| 7605 | 16.05 | 16.05| 16.05 | 18.6 | /8.6 /6.6 | 18.6
INSERTS e ® Ig| 28 // 17.67 | 56.27/ | 26.5/ | 28./1 | 17.67 56.2/ | 26.5/
S oo |Z| /2.59 | /4.59 | 14.59 | 14.59 | 17.9a | 179 | 17.9a | 17.44
e e
INSERTS o o |8l 28./4 | 1767 | 56.2/ | 26.51 | 26./1 | 17.67 | 56.21 | 26.5/
S eeoe|Z| /8.5 | 713./5 | /3.5 | 13./5 | r6.22 | 1r6.22 | r6.22 | 16.22
A& oo o |
INSERTS o e |B| 28.// 17.67 | 56.2/7 | 26.57 | 28./ /767 | s6.21 | 26.5/
INTEEN eeoolL| 1759 | /.54 | /1.54 | [1.5¢ | /14.25 | /4.25 | 1a.25 | /4.25
INSERTS :::: a| 28.// 17.67 | 562/ | 26.57 | 287 | 77.6€7 | 56.27 | 26.57
TABLE T (Contd.) (APPENDD( 3
SSE ALLOWABLES AND OFBFE ATIOWABLES PAGE 10 OF 10
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APPENDIX &

DESICN CRITERIA FOR EM3EZDDED FLATE STRIPS

DESCRIFPTION

Embedded plate strips are ASTM A36 steel plates, 3/4"
thick and 8" or 10" wide, embedded in concrete walls,
columns, sides of beams and the underside of floor or
rocf slabs and attached to the concrete by means of
Nelson studs welded to the plate. They are used to
support hangers and other structural supports wnhich are
connected to the embedded plate by welding c¢r by
thrceaded Nelison studs. The design of the <threaded
Nelson studs and the weld at the connection to the
empeddec plate is the responsibility of the designer of
The hanger or the structural support.

APFLICASLE REZTERENCES
. i Manual of Steel Construction AISC 7th edition
2 Design Data 10 - Embedment Prcperties of Headed

Studs-TRW Nelson Division 2-77
CAPACITY OF EMBEDDED PLATE STRIPS FOR CONCENTRIC LOADING
Allowable loads on embeddec plate strips are shown on

sheet A4.1 and A4.2 for loadings acting at mid-spans
between studs and shee¢t A4.3 and A4.4 for loadings

acting at stud locations. However, as shown on
sheet A4.3, the maximum allowable tensile lcacd at the

extreme stud location on rtoth ends cf the embeddec plate
strip is reduced by 40 percent. For loadings acting
between mid-span and stud location the allowable load
shall be determined by linear interpolation.

Loading is not permitted on the cantilever portions of
the embecdded plate strips bevond the last pair of stTuds.

Allowable locads as shown c¢n sheet A4.2 and A&.= are
valid only when locacdings are placed within +3/74" of <the
centerline of the embecced plate anc cnly if the Neiscn
studs of the embecded plate are lccated at least 2" ZIrom
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a concrete

iree edge (i.e., cpenings, face of beam,
te.) in any 43

rection.

"2in Connections" shall be assumed for load transfer to
the embecded piates. Only Zforces normal to the
empedment (?2) and forces in the plane of the
embedment (S) may be transferred to the embedment.
Moments due to cantilever action or from any other
source may be transferred to the embedment only when the
embedment is stiffened for the calculated moment.

The lozding pattern on sheet A4&-1 and A4&-3 assumes that
the embedment is lcaded at the midpeint of every span
petween pa:rs of studs £for A4-l1 and at every pair of
szuds for A&-3. In cases in which the load is
distribuzed on more <than one pair of studs, the full
normal locad (P) and only half of the plane load (S)
should be considered when using the figures cn sheet
Aé4-2 anc Aé&-4.

For capacity c¢f emdpedded rlate strips for lcads acting
on stud line see Cases 3 and & (A4-3 through ~4-9)

CAPACITY OF ENMBZODED FL
LOADING

TEZ STRIPS FOR LARGE EICCENTRIC

D

Tension ancd shear forces generated on the stud anchors
by loads applied eccentric to the supporiing stud group
should be calculated to insure nc failure of the stu
anchors

Ultimate tension and shear capacities of the stud
ancheors shall be taken Zrom reference 2 of this
Appendix.

The number of participating stud anchors may be
increased by welding stiffeners tc the embedded plate
strips and <to the support structure tTo ensure that the
loading is spread to all the selected stud anchors. The

embedced plate strip shall bpe checked for bending and
hear.

Steel plate material is A-36 Nuclear Safety Related as
defined cn Drawing 2323-5-078€ for empecced clate

detalls.
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REDUCED CAPACITIES OF HI

L EXPANSION BCLT -
VIOLATING MINIMUM SEFARAT

I
ON REQUIREMENT

0
=]
Py
4
o
"
r
.]I
=)
tr

4
I

For calculational procedures see final pages of this
Aprendix.
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ALLOWABLE EMBEDDED PLATE CAPACITY FOR COMBINED TENSION AND
SHEAR LOADS

INTERACTION DESIGN CURVE FOR LOADINGS ACTING AT
MD-SPAN BETWEEN STUDS

CASE 1

NQTATION

P--- AUTUAL APFLILD TENDSION LOAD,

D ---MTUAL APPLED SHEAR LOAD. TUSOI
COMANG HE. PEAX

ALLOWARLE LOADD N
EM220CED PLATES
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_SECTION B-B

CASE 2
LOADINGS AT STUD LOCATIONS

NOTATION

P ACTUAL ANPP_ED TENSION LOAD.
Q--- ACTUAL. APP_IED SHEAR LDOAD.

g WP NG

COMANCHE, FPEAX,

TSI

ALLOWAZLE LOADD ON
EAREDOED PLATES
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INTERACTION DESIGN CURVE FOR LOADINGS ACTING AT

SHE AR LOADS

EO‘TATION:

STUD LOCATIONS

CASE 2

P ACTUAL APP_ B0 TENSION LOAD,
Qe ATUAL APPLIED SHEAR LOAD.

TUSI
CLOMANCHE PEAK

ALLOWARYLE LOAD ON
EMREDOED PLATES

Eote i rtice. =

=- 3323 ‘il:'._M-‘q»



un

R MAX.
S ,
' '%L (TYm)

PAIR OF STUDS

PAGCE 8 oF

APPENDIX <
22

=

e

2-%%x7 6'L5:
NELSON STUDS
orR EQ(TYR)

{

.7:1.g | o

S -

vy
T Ay

TYm)

EUE e
‘= © & 260" };3"“

PLAN o= ELEVATION

=

Lo 0

SECTION A-A

CASE-3

!

CEILING

LOADINGS AT MID SPAN BETWEEN STUDS
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NOTATION : .
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Cl) IF THE LOAD LIES IN BETWEEN THE CENTER LINE OF PLATE
AND THE STUD LINE, NTERPOLATION MAY BE MADE BETWEEN
CORRESPONDING GRAPHS AND/OR FORMULAE ,

E
[«
B B ﬁ
, 1
u—
- ¢
'
: 0, . "y CIYR)
(A4-24A4C) | |ooUBLE INTER-| | (Ad-4 & A4-8)
(FROM 35-30) | | POLATICN REQD (FROM 38-30)

% F THE YARWTION OF LOAD LOCATION 13 IN TWO DIRECTIONS
DOUBLE INTERPOLATION IS REQUIRED.,

(2) LOADS (P4 %) SHALL NOT BE APPLIED
PEYOND ATUD LINE TOWARDS EDGE
OF THE PLATE. :

(3) FOR ACOITIONAL APPLICABLE NOTES SEE

TUS|
COMANCRE PEAX

ALLOWABLE LOACS CN

EMBEDOED PLATES

un

|
» .
e~ GOl B MM ira | o oy . e
Ty - " —-— _—
R X 3CIT ) 4TI X s e |- 22322 SH. AA-9
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Reduced Capacities of EBilt: Expansion Belt-
Strip Plate, Viclating Minimum Separation
regulrement

Calculation ¢f <he reduced alliowable capacities for E:

sV es
expansion anchors and embedded strip piates spaced at less tha
minimum separation reqguirement indicated in attachment 3 item

in Appendix 1 of G&H specification SS-30 (CE I-20 Rev. 8)

Notation

d
X
z

2y

22

-

Diameter of Eilti bol
Distance between Hil<
stip plate (in)
Actual or estimated minimum distance between Hilti belt
and nearest Nelson stud of embecdded strip plate (in)
2=X+1.5

Minimum distance between Nelson stud o enbedded strip
plate ancd Eilti bolt for each to hive S0X capacity (in)

T and nearest edge of embedded

Minimum distance petween Nelsorn stud of embedced stri
vlate and Eilti bolt for eack to have 10C% capacizty (in)
2:=4.0-2.0d
Allocation ratio for distance "2Z"
= d
d+1.0
Distance allocated to Hilti bolt (in)
a=R (2-2,) + 2.5d
Distance allccated to Nelson stud of embedded stip
plate (in)
b=Z-a b21.5"
Separation ratio for EBilti bolt

_S.R. = 2

5d

s

Tensile capacity reduction of Nelson stud cdue to separation

regquirement violation (kips)

Allowable (weorking) capacity of Nelson stud in tensicn
(kips per stud)

Allowable (working) capacity of Nelscn stud in shear
(keps per stud)

Allowable design tension lcad olt, see Tables

and 2, Appencix 2 of G&E spec:
Allowable design shear locad £ see Tzables 1
>t c

and 2, Appencix 2 of G&E Spe

1

N3 e
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wm
'

w

o

Reduced allowable tensicn capacity for Hilti bolt (kips)
Reduced allowable shear capacity for Hilt: belt (kips)

late (kips)

Actual applied tension locad on embedded strip p
ip plate (k:ps)

Actual applied shear load on embedded strip
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O
"

Find out <the distance '2' between the nearest Nelson stud
embedded strip plate and Hilti bolt.

a) I£f location of stud is known, measure '2’'.
b) If location of stud is not known, measure 'X' where 'X' =
distance between Hilti bolt ancd nearest edge of embedded
tTip plate
Z=X+1.8"

Step 2

Jetermine whether spacing violation exists:

Min. 2 reg'd = 2, = 1.5 ¢+ 2.5¢
~if 2<Z,, not acceptable, relocate Eilt. bolt
«48 222,;24.0 = 5d, both stud angd Hilti Belt are
fully develcped therefore no spac:ng viclation ex:ists
and nc reduction is req'd.
o 4.8 + 2.54.8 22 ¢ 46.C ~ S¢

= - " > A

<y <z

a spacing violation exists, proceed to step 3
Step 3

Calculate the reduced allowable capacities of the Hilti bolt.

R= @&

.
.

"
H
.t
.J

Reduced allowable (working) capacity o

and shear
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T8 . B K)
R A
5 &= F ($.R.)
R A
Step 4

Calculate the reduced allowable capacities of Nelson stud.

R s 12.4-2.50 (Sor 1.5 8D £ 3.3)

TU
R = 28.9-7.2b (for 3.5 < b £ 4.0)
s~
-
Reduced allowaple (working) capacity of Nelson stud in tens:ion,
T' = 9.95 - Rqy (kips/stud)

Ster S
Verification cf embedded strip plate adeguacy.

A) Location of Nelson studs o¢f the embedded strip plate is
known.

Case 1: Loadings (F&S) acting at midspan between studs;

embedded strip plate is adeguate when eguations 1
and 2 are both satisfied.

2 2" 1/2
S - 2 €1.0 (1)
107.16 6.75
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5/3
< . : §/3 51.0 (2)
i7.92 T.53(T)

Case 2: Loadings (P&S) acting at stud location; embecded

- . -

strip plate is adeguate when eguaticns 3 and 2

- -

are both satisfied.

2 2=1/2
P £1.0 (3)
14.46
/3
S » P 5/3 £3.0 (2)
17.98 1.54(T')

-

&S) acting somewhere between case 1

r‘
/TT‘J
O
O
O
Nl
+

NELSON STVO(Frm)
}"‘;‘ e S7YLD LOCATION (CASE E)

S0 ' ‘ IS

MIOSPAN (CASE 1)

ETYO LOCATION (CASE &)

s
L_BL‘,!  JpR
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Calculation procedure:

(1)

(2)

Measure distance 'Y' (from nearest stud location to applied
load P&S).

With known S (or P) calculate allowable P (or S)
case 1 and case 2 as per eguations 1,
respectively.

Interpolate by the use of either of the two feocllowing
egquations & or S.

? case 3§ = Pcase ; * (6 - Y) (P case ; - P case ;) Kips (4)
6

(Allowable)

CR

S case ;§ = S case ; + (_ 6 - Y) (S case ; - S case ;) Kips (5)
6

(Allowable)



(4)

3)

Compare
actuali P

«ocation

LAnCwn:

mbed

eta

o m
m .
(A2

P (allow)

(or 8).

non
o

)
m 'y

Inec.
No. 2323-S

Cibbs & Hill,
Specification
Revision 2
June 13, 168
Appendix 4
Page 20 cf 2

m

-30

6
4

of case 3 (cr S (allow) of case 3) with
studs £ <the embedded strip rlate not
late 1s adeguate when eguations 1 and 2 are
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ALLOWABLE LOADS FCR ADJACENT SFANS

~
3]
(8]
[

r2 used here only for illustrative purposes.

-
.t

both 2' & 2" are bolt violations.

r
A
r
[+4)
0.
(9]

The maximum capacity of the embedded strip plate, i

particular span 1, is determined by calculating the allowable
(working) capacit ©f the Nelson stud nearest to the Eilt

Polt, (2 in this case since 2'<2").

I£ a load is to be placec on span lA, the maximum capacity
aeternines Zor span . may be used for span lA provided that
NO cther spacing viclation exists for any other Nelilson stud
supperTing span lA I£ another spacing viclaticn does exist,
saenl chicose tTnhe sma.lest 2 cimension f£or any one ¢f the
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¢ studs of spran lA to determine the load capacity by using
the procecures cutlined on the preceeding pages.

If a locad is to be placed on span 1B, the maximum capacity of
strip plate is determined by calculating the capacity of the
Nelson stud located at 2" distance from Hilti Bolt, as
illustrated above, provided that no other spacing vioclation
exists for any other Nelson stud supporting span 1B. Follow
the procedure as mentioned above in note d if another spacing
violation exists.
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DESCRIPTION

Embedded plate strips are ASTM A36 steel plates, 3/4" thick and 8" or 10"
wide, embedded in concrete walls, columns, sides of beams and the underside of
flocr or roof slabs, and attached to the concrete by means of Nelson studs
welded to the plate. The design of the threaded Nelson studs and the weld at

the
the

2.0

2.1

2.2

3.0

3.1

3.2

3.3

connection to the embedded plate is the responsibility of the designer cf
hanger or the structural suppgert.

APPLICAELE REFERENCES
Manual of Steel Construction AISC 7th edition

Design Data 10 - Embedment Properties of Headed Studs-TRW Nelson Division
2-77

LOCATION OF AT "ACHMENTS

Attachments may be welded to the strip plate at any location provides that
the centroid of the weld configuration is inside the stud area. For
attachments that are welded on 2 opposite sides the centroid of each weid
shall lie within the stud area.

Attachments should be located to meet a minimum spicing of 12" between the
center lines of attachments measured along the cen” .. ine of the plate
strip (see Figure AdW-1). If this minimum spacing requirement is satis-
fied each attachment may be evaluated individually. If the spacing is
less than twelve inches the attachments must be evaluated concurrently as
specified in paragraph 4.4,

Allowable loads given in this section are only valid if the Nelson studs
of the embedded plate are located at least eight inches from a concrete
free edge (i.e. openings, face of beam, etc) in any direction.

15425/238s:10A
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Construction tolerance shall be considered during tne design phase.
Allowable loads are based on the eccentricity of the attachment center
line from the centerline of the plate strip. The design eccentricity
shall be increased by 3/4* to provide location tolerance during construc-
tion unless increased eccentricity is prevented by the cne inch minimum
edge distance of paragraph 3.1.

CAPACITY OF EMBEDDED PLATE STRIPS

The embedded piate shall be evaluated for loads from all attachments or
both stud capacity as specified in Paragraph 4.2 and for plate bending as
specified in Paragraph 4.3. Where attachments are located closer to each
other than twelve inches attachments shall be evaluated concurrently as
specified in Paragrah 4.4,

If the attachment is located less than 4 inches from the end of the s:irip
plate, the allowable stud tension loads shall be reduced by a factor é;.

if there is an adjacant strip plate. S' equals the distance between the
end studs of the 2 plate strips, see Figure A-d4W-3. Note that the shear
capacity does not require reduction as long as a 3 inch spacing is
maintained between studs.

[f the end stud locations are not known the attachment weld centroid or
centroids must be loczted at least six inches from the plate end,
otherwise S must be asrumed to equal the minimum post’bie spacing of 3".

Loads applied tc the attachment are designat«d .. ¢ Fy Fz. Mx, My,

Mz, (kips or inch kips) with z normal to the .iat. . 4 y paralle! to the
plate center line. 'A' is the minimum dimension of the attachment cross-
section. .hen a base plate is used, 'A' is the dimension from the
compression face of *he attachment member to the tension weld be‘ween the
base plate and the embedment. 'E,' is the eccentricity of the attach-
ment center line from the center line of the plate.

158425/238s: 10A
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4.2 Studs shall satisfy the allcwables defined by the following equations:
Stud Tension: Ts - (O.SFz - O.IGHX)(I - O.GE‘) - O.ZMy (1 +0.28))

M
' i ¥ 2 \2 2,1/2
Stud Shear: VS 1/2 ((;‘ + Iz ) F]]

T v
ACRLL R WLLR $

-
Ve

‘ Interaction:
4.3 Plate stress shall be evaluated for attachments with minimum dimensicon
less than four inches and shall satisfy the allowables definec by the

following equations.

fl = 0.375 Vs

fo = 2.4 (1 - .10A) (1 + .2Ey) F;

f3=1.1 (1 - .15A) (1 + .07€x) My

fa = 0.9 (1 - .154) (1 + .2Ex) M,
‘ faf+f)+f3+fy

f < 27 ksi

4.4 For attachments A and B located closer than twelve inches apart at spacing
's', calculate the stud loads (Tga, Tsp, Vsa» Vsy) and maximum
plate stress (fa, fp) using the equations given in 4.2 and 4.3. The
combined stud loads (Tg, Vg) and plate stress (f) calculated from the
following equation should then be checked in the stud interacticn eguaticn
and against the allowable plate stress.

Tg = Grpater of (Tga, Tgy) +(12 - S) x lesser of (Tga, Tep)
e

'VS = Greater of (Vsa. Vsb) ’(12 » S) x lesser of (VS‘, VSD)
=

f = Greater of (fa, fp) +(12 - S) x lesser of (f,, fp)
=

1842s5/238s:10A
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These expressions assume that the higher loaded attachment is located at
the most critical location. The influence of the other attachment is then
obtained using linear interpolation between zero influence at twelve inch
spacing and absolute summation at zero spacing.

4.5 The numper of participating stud anchors may be increasec Dy welding
stiffeners to th: empedced plate strips and to the suppert structure 12
ensure that the lcading is spread to all the selected stud anchors. The
empeacded plate strip shall be checked for bending and shear.

4.6 Stee] plate material is A-36 Nuclear Safety Related as defineg on Orawing
2323-S=—0786 for embedded plate details.

18425/238s:10A
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§.0 REDUCED CAPACITIES OF HILTI EXPANSION BOLT - STRIP PLATE VIOLATING MINIMUM

SEPARATION REQUIREMENT

5.1 The reduced allowable capacities for Hilti expansion anchers and embedded

5.1.1

S.R.

Rty

Tl
SI

strip plates spaced at less than minimum separation requirement indicated
in Attachment 3 item 2 in Apperdix 1 of G&H specification $5-3C (CE I-20
Rev. 8) shall be calculated using the following procedure:

Notation (see Figure AdW-2)

Diameter of Hiiti bolit (in)
Distance between Hilti bolt and nearest edge of embedded strip plate
(in)
Actual or estimated minimum distance between Hilti bolt and nearest
Nelson stud of embedded strip plate (in) Z=X+l.S.
Minimum distance between Nelson stud of embedded strip plate and Hiltd
bolt for each to have 50% capacity (in) Zy=1.5+2.5d.
Minimum distance between Nelson stud of embedded strip plate ang Hiits
bolt for each to have 100% capacity (in) Z2=4.0+5.0Cd.
Allocation ratio for distance "I"
T

d-1.0
Distance allocated to Hilti bolt (in)
a=R (2Z-Z1) + 2.5d
Distance allocated to Nelscn stud of embedded strip plate (in)
b=l-2 ©>01.5"
Senaration ratic for Hilti boit
58 s

&d

Tensile capacity reduction of Nelson stud due to separation
requirement violation (kips)
Allowable (werking) capacity of Nelson stud in tension (kips per stud)
Allowable (working) capacity of Nelson stud in shear (kips per stud)
Allowable design tensicn load for Hilti bolt, see Tadbles 1 and 2,
Appendix 2 of of G&H specification S5-30

1542s/22E8s:10A
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SA Allewable design shear load for Hilti bolt, see Tables 1 and 2,
Appendix 2 of G&H Specification S5-30

TR Reduced allcwable tension capacity for Hilti belt (kips)

Sk Reduced allowable shear capacity for Hilti bolt (kips)
Actual applied tension load on embedded strip plate (kips)

S Actual applied shear load on embedded strip plate (kips)

18425/238s: 10A
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12" (MAX.)
TYP.

12

3/4" THICK EMBEDDED
/ STRIP PLATE

i 4' " s
ol el S
\_msou STUD

PLAN OR ELEVATION

8“
5”

55

.

U P

‘ EDGE OF EMBEDDED

TRIP PLATE

\
&3

NEAREST STUD TO

N - I

g
LOCATION OF STUD LOCATION OF STUD
i KNOWN KHOWN

('I’ NOTATION
& wniLrs oLt

® weisow sTwo

FIGURE A 4W-2
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Reduced allowable (working) capacity of Hilti bolt in tensicn and shear

TrR = Ta (S.R.)
SR = Sa (S.R.)

Step 4

Calculate the reduced allowable capacities of Nelson stud.

Rty = 12.4-2.50 (for 1.5 3.5)

RTy = 28.9-7.2b (for 3.5

Ia IA
Ia 1A

Reduced allowable (working) capacity of Nelson stud in tensicn.

. Rry :
T' = 9.95 - - tkips/stud)

1542s/238s:10
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Step § Verification of embedded strip plate adeguacy.

A) Location of Nelson studs of the embedded strip plate is known. Use the
reduced allowable (working) capacity of the stud in tension in the inter-
action equation of paragraph 4.2 for all attachments within spans 1, 1A
and 1B (see allowable loads on adjacent spans, pPace 12).

B) Location of Nelson studs of the embedded strip plate is not knmown. Use
the reduced allowable (working) capacity of the stud in tension in the
interaction equation of paragraph 4.2 for all attachments located less
than twelve inches along the plate strip from the Hilti bolt.

20 CF DULUENCE

12"

|
I
|
é HILTI BOLT

1542s:10A
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ALLOWABLE LOADS FOR ADJACENT SPANS

f | 12° (max.) [
‘ ' (Tye.)
— | —& - - .
- "” SPAN 1A SPAN | SPAN 18
—o
5 7 - NELSON
- STUD

H. BOLT

' & 1" are used here only for {1lustrative purposes
Z' < I" and both 7' & I" are bolt viclations

The maximum capacity of the embedded strip plate, in particular span 1, is
determined by calculating the allowable (working) capacity of the Nelson
stud nearest to the Hilti bolt, (Z' in this case since 7' < I").

If a load is to be placed on span 1A, the maximum capacity determined for
span | may be used for span lA provided that no other spacing viclation
exists for any other Nelson stud supporting span lA. [f another spacing
violation does exist then choose the smallest Z dimension for any one of
the four studs of span lA to determine the load capacity by using the
procedures outlines on the preceeding pages.

1542s:10A
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e) If a load is to be placed on span 'B, the maximum capacity of strip plass
is determined by calculating the capacity of the Nelson stud located at ¥
distance from Hilti Bolt, as 11lustrated above, provided that no cther
spacing violation exists for an other Nelson stud supperting span 18.
Follow the procedure as mentioned above in note d if another spacing
violation exists.

18425/2238s: 10A
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FIGURE A=-4W-3
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APPENDIX S
DESICN CRITERIA FOP EMBEDDED LARGE STEEL PLATES

DESCRIPTION

Embedded large steel plates are ASTM A3€ steel plates,
3/4" thick connected to concrete walls and the under
side o¢f slabs by means of Nelson studs embeddecd in the
concrete and welded to the plate. They are used to
support hangers and other structural supports which are
connected to the embedded plate by welding or by
threadec Nelscn sctuds. The design of <the threaded
Nelson studs anc the welds at the connection to the
embedded plzte is the respcnsibility of the designer of
the hanger or cther structural supporet.

AFPLICABLE RITEIRNECES
Manual ¢of Steel Construction AISC 7th Edition

Design Data 10 - Embecment Properties of FHeaded
Studs - TRW Nelson Division 2-77.

ALLOWABLZ LOADS ON EMBZDDED LARGCE STEEL PLATES
For design purposes each steel plate is divided into
four different regions: Cantilever, Exterior, Exterior

Curner, and Interior. There is an additional region

called "Exterior Region Near Cpening” if an opening in

the steel plate exists. See Sheet AS-1. Designation of
reg:ons 1s as foliows:
Area A; Interior Region
B; Zxterior Region
Area C; Exterior Corner Region
D; Exterior Region Near Opening
Area £; Cantilever Region

te material 1s A-386 Nuclear Safety Re.atec as
Srawing No. 2323-8-0786 for embedded plate

v
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For allowable tension and shear loads at any location of
each particular region of the steel plate see Sheet AS5-2
through AS5-4 and Sheet A5-8 through AS5-10. No loading
is permitted in the cantilever region excert if special
design is made for adequate load distribution.

Stiffners may be used between the attachment and the
plate for locad distribution in order to stay within the
allowable loads defined on Sheet A5-2 through A5-4 and
Sheet A5-8 through AS5-10.

Whei: moment is transmitted to the plate, the moment may
be converted into a couple acting on the plate; the
couple 1is caliculated as the resultant tension and
compression force of the distributec pressure acting on
the plate due to the moment. The tension compcnent of
the couple and the direct tension load shculd be
combined numerically. The resulting tension force and
the simultaneous shear force should be used in
conjuction w:ith Sheets A5-2, AS5-3, AS-4, A5-8, A5-% and
AS5-10 1in order to ensure that the plate is not
overloaded. Other design methods may be used if proven
by analysis.

Weld contours of adjacent attachments, including
auxiliary steel, shall be separated by 12 inches
minimum. See Sheet A5-5.

for examples, see Sheet AS5-6 and Sheet AS5-7 for pin and
moment connections to the large steel plate,
respectively.

a) Allowable locad capacities for attachments smaller
than 6"x 6" are shown on Sheets A5-2 through A3-4,

b) Allowable load capacities <for attachments €"x 6"
and larger are shown on Sheets A5-8 through A:-10.
Attachments should be welded all around.

Note: 1If the attachment is not sguare the smaller
dimension of the attachment shall be at least 6".

for piate attachments larger than 1€" x 16" the use of
Sneets AS-8 through AS-10 may be too conservative. In
these cases, <the total tension and shear forces may be
@istributed to0 a few lumped <force points along the
tension welds. Zach lumped force point should ma:intain
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a minimum of 12" from any adjacent lumped force point.
The allowable load capacity shown on Sheets A5-2 through
A5-4 may then be used to check each individual lumped
force.

If the attachment is connected to more than one region
of the large steel plate the smallest al ' owable load
capacity of these regions should be used.

Attachment dimension refers to the dimension of the
attachment at the interface with the large steel plate.
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-CANTILEVER REGION (AREA E)
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NOTES : PLAN OR ELEVATION
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1. FOR ALLOWABLE LOAD CAPALITY AT ANY LOCATION OF s
AREA A . INTERIOR REGION,SEE FIG.2 AND FIG.8.

AREA B ; EXTERIOR REGION,SEE FI1G.2 AND FI1G.2.
H AREA C; EXTERIOR CORNER REGION, SFE FI1G.2 AND FIG.D.

AREA D; EXTERIOR REGION NEAR OPNG.,SEE FIG.4 AND FIG.10.
2.THE DIMENS|IONDe" 1S THE FREE EDGE DISTANCE AS SHOWN.

3. FOR LOCATION OF STEEL PLATES SEE DE/CD S-1643.

‘r.raz NELSON STUD PATTERN SEE DE/CD $-1582

TUSI
COMANCHE PEAK |
TYPICAL CONFIGURATION OF
LARGE STEEL PLATES FOR
LOADED REGION
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ALLOWABLE LOAD CAPACITY FOR COMBINED TENSION AND

SHEAR -~ For ATTACHMENTS SMALLER THAN €x€°

INTERACTION DESIGN CURVE FOR LOADINGS -

ACTING AT INTERIOR REGION

(AREA A)
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P--- ACTUAL APPLIED TENSION LoAD*
S_ .. ACTUAL APPLIED SHEAR LOAD *
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SEE SECTION 3.5 OF THIS APPENDIX
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ALLOWABLE LOAD CAPACITY FOR COMBINED TENSION AND

SHEAR - For ATTACHMENTS SMALLER THAN 6°x6"

INTERACTION DESIGN CURVE FOR LOADINGS

ACTING AT EXTERIOR RE

GION (AREA B)

& ACTING AT EXTERIOR CORNER REGION (AREA C)

FIG. 3

NOTATION

e._.ACTUAL APPLIED SHEAR LOAD*®

P...ACTUAL APPLIED TENSION LOADX
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NOTATION F16.4
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PLAN or ELEVATION

NOTE .

L FOR ANY SUPPORT WHERE ONE ATTACHMENT |18 IN TENSION AND
ONE ATTACHMENT /6 IN COMPREESKN, THE MIN. 12* SELARATION

CRITERIA () REFERS TO THE DISTANCE BETWEEN THE WELD OF THE
o TENSION ATTACHMENT TO THE CENTER LINE OF THE COMPRESSION
ATTACHMENT.

_SECTION SA-SA

FIGURE 'S L7 P

o

MINIMUM CLEAR .
DISTANCE (d) BETWEEN
ADJACENT ATTACHMENTS

oo S g |, NONE

b“.- 5524"‘: SH.AS-5 |

0/t
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HANGER AT EXTERIOZ REGION (AZEA B) OF LARGE STEEL PLATE

WALL OR CEILING
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CHANNEL
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PLAN o ELEVATION
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CHANNEL

SECTION GA -GA
FIGURE &

QUESTION 1 IF Pe GOF AND Se 3.0 19 THE (ARGE
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BOLUTION : BROM BGURRE 3 P:6.0°
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ANG '+ R 1S ADRQUATE., COMANCHE PEAK
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: -9 SECTION _T7A-TJA
| PLAN O ELEVATION
FIGURCE 7

QUESTION ! JF £=2.0% P=7.0% €=%-C" AND Q. =|0° |9 THE LARSE
‘ ETEEL PLATE ADEQUATE ¢

SOLUTION: AT WELD A" |
SHEAR | %4 =S4 = 2.0/ #1.0" ;
TENSION DUE TO CANTILEVEZ MOMENT ! Pu

P‘ 54 = 2.5 W K
LT ﬂl%lﬂll. &4 4
TENSION DUE TO DIRELT TENSION TOAD T FPA
Pa'=s P4 = |,0"
RESULTANT TENSION, IPT: PA+Pisl 4¢|9q 4%
FEOM FIGUZE 2, SHEET 4
S alloweble =5.4%> 2.0% O.K.

ANS: R 1§ ADEQUATE

# . IF PA<PA THEN THE EBESULTANT
TENSION, IPa=P«+ PA

TUSI
COMANCHE PEAK

MOMENT CONNELTION
TO LARGE £TEEL PLATE

OO SR v | pas - NONE
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1.0 DESCRIPTION

Embedded large steel plates are ASTM A36 steel plates, 3/4" thick connected to
concrete walls and the under side of slabs by means of Nelscn studs embedded
in the concrete and welded to the plate. They are used to support hangers and
other structural supports which are connected to the embedded plate by welding
or by threaded Nelscn studs. The design of the threaded Nelson studs and the
welds at the connection tc the embedded plate is the responsibility of the
designer of the hanger or other structural support.

2.0 APPLICABLE REFERENCES

2.1 Manual of Steel Construction AISC 7th Edition.

2.2 Design Data 10 - Embedment Properties of Headed Studs - TRW Nelson
Division 2-77.

3.0 ALLOWABLE LOADS ON EMBEDDED LARGE STEEL PLATES

3.1 For design purposes each steel plate is divided into different regions:
Cantilever, Interior and “Exterior Region Near Opening”, if an opening in
the steel plate exists. (See Fig. ASW-1). Designaticn of regions 1s as
follows:

Area A; Intericr Regicn
Area D; Exterior Region Near Opening

Area £; Cantilever Region

3.2 Steel plate material is A-36 Nuclear Safety Related as defined cn Drawing
No. 2323-5-0786 for embedded plate detuils.

1841s:1CA
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Loads on attachments on the interior region (Area A) shall he evaluated
by calculating stud tension and shear loads using the follewing alger-
ithms and evalu;t1ng'these stud loads using the stud interaction eguation
given below. Loads on the attachment are defined as Fx, Fy, Fz,

My, My, Mz with the 2z axis taken normal to the embedment plate.

‘a' shall be taken as the smaller attachment dimension but shall not be
taken greatar than 6". The absolute value of the maximum load shall te
used.

2 2
M + M
¥ ’ =20 - & B 172
Stud tension: T, =—pg— F, [————-zj—‘ ~ )

f = 10 2 i 2,172
Stud shear: V. yro—a [(Fx + 0.08 Nz) * (Fy .08 Hz) )
Ts .53 Vs .5/3
Allowable stud loads: (yr3) + () < 1

No loading is permitted in the cantilever region except {f special design
{s made for adegquate load distribution.

Attachment to the exterior region near openings is only permitted when
the edge distance, Dg, from the face of the opening to the first stud
line 1s known such that the extent of the cantilever region is defined.
If Dg>> 4" loads on attachments may be evaluated in accordance with
paragraph 3.3. If D¢ < 4" stud tension and shear load shall be
evaluated in accordance with caragraph 3.3 and these lecads shall bde
evalyated using the follewing interaction eguation.

T c Y
H /3 S 8/3
(rv7e7— 3 ) (e z) £ 3

.....
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3.8

3.2
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Stiffeners may be used between the attachment and the plate in order o
increase the effective attachment size to stay within the allowable loads
defined in paragraphs 3.3 and 3.5.

Weld contours of adjacent attachments, including auxiliary steel, shall
be separatad by 12 inches minimum. (See Fig. ASW-2). This minimum
spacing is also applicable acrcss butting lines between adjacent plates.

For plate attachments larger than 16" x 16" the use of ‘paragraphs 3.3 anc
3.5 may be tco conservative. In these cases, the total tension and shear
forces may be distributed to a few lumped force points along the tension
welds. Each lumped force peint should maintain a minimum of 12" frem any
adjacent lumped force point. The allowable lcad capacity of paragrapns
3.3 and 3.5 may then be used to check each individual lumped force.

[f the attachment is connected to more than one region of the large steel
plate the smaller allowable load capacity of these regions should be used.

Attachment dimensicn refers to the dimension of the attachment at the
interface with the large steel plate. [f the attachment consists of a
structural memper and baseplate welded to the sheet plate, the dimension
2 shall be the distance from the compression flange of the structural
memder to the tension weld of the base plate to the sheet plate (see Fig.
ASwW-13)

s:1CA
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_PLAN or ELEVATION
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HANGZR AT INTERIOR REGION(ATEA AY OF LARGE €TEEL PLATE
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ALLOWABLE LOAD CRITERIA FOR 1-1/2" DIAMETER - AlS3
GROUTED-IN ANCHOR BOLTS

For a single grout-in bolt installed in accordance with procedure
set forth in CP-EI-13.0-3-Rev.l, allowable load criteria s as
follows:

1. Allowable Tensile Capacity

a. Ultimate locad condition - 105 Kips
b. Working load condition - 66 Kips
2. Allowable Shear Capac:.t
a. Ultixnate loacd condition - 69 Kips
b. Working loagd consition - 34.5 Kips
3. Cembined Tension and Shear
a. Jltimate load condition
T . € 1.405 in.2 (Tensile stress ares of
75 Ksi 4S ¥s: 1-1/2" Siameter - Al1S3 bolt)
D. Working load condition
T + v € 1.408 in.?
&7 Xsi 24.5 Ksi

Use allowables given for ultimate load condition when cesigning
for emergency/faulilted (service level C&D) lcads and when design
is based con ncrmal/upset (service level A&B) lcads use allcwarcles
given for working loac condiztion.

The above criteria can be used for a greup of ¢ bolts and & bolts
in a 2'-9" min. concrete thickness, provided a minimum spacing of
14 in. for 4-bolt pattern and 18 in. for 6 bolt pattern is
maintained.

- <
t dus tO0 P

shculd then be
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SPECIFICATION 2323-55-30

APPENDIX 6

n & \ -
ALLOWABLET LOAD CRITERIA FOR 3" - A |93

GROUTED-IN ANCHQR BOLTS

Por a single grout-in’ Bolt installed "in
iIscrcance with procedure set forth in CP-El-13.0-3~Rev.l,
allowable load criteria is as follows: .

1. Allowvable Tensile Capacity =
2} Tlziz=atas lcad condition - WS Eigs
b) Working lcad conditicn - 66 Kips

2. Allowable Shear Capacity
a) Ultimate load conditicen - 69 x;:-
b) Working locad condition - 34.5 Kips

3. Combined Tension & Shear
a) Ulzimate lcad condition

® ‘s ¥ <: 1.405 in.?(Tensile stress acea of LuF=-AlS3 ==iz)
7¥Ke:i 49ksi N

=) Werking lcad ecsnditicn

- in 3
2 *X 4 1.008 i
47ks82 24.5Ksi

Use allicwables given for ultimate load condisiz= whman designiag
for emergency/Zfaulted (service level CiD) loads ancd when

design is based on nocrmal/upset (sesvice level Aad) lcacs

use allcwab.es given for wesking lcad esndiiiun.

The above criteria can be used for a group ¢f & boles anc
6 Dolts in a 2'-9" min. concrete thickness, provided a
2oaimum spacing of 14 in. for 4-bolt pacttarm and 18 in.
2z € bclt pattern is maintained.

In =he event of, a) cverlapping due t2 ancther anches of

4 near-by suppert b) edge distance effec= due =o proxinicy
©f opening etc. above criteria carnot Se applied direcszly.
Such sictuaticons shculd zhen be incepencdent.y exam:ned

Cn a case by case bas.s.
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IS e & single grout-in-’ BSlt “installed in e,
il dccordance with procsdura set forth in CP=-EI-13.0=3-Rav.l,
P alloweble load critaria is as follows: e g Eor b2 e
oL . ‘1. Allcwabl: Tensiie Capacity - he SEer RN
- b A a) Ultizate load condition - 105 Kips T e SR I
o =% 3~ -B) Working load conditicn - 66 Kips
AR e A Y PR
P ffz:fkllavhblo Shear Capacity - ‘
T ‘J.iF-a) Ultinats-load condition - 69 Kips
> 745 B):Working load condition - 34.5 Rips
"*i My e .‘-d;.:. e & '-.. . el v
3. Combined Tension & Shear v
s ,uﬁ;g;)_Ulti:at-.load_candition 3 4 .
s b, g ; f 2 ;
T < 1.405 in.“(Tensile stress area of lkg-A193 =
§ =77 *75Rei 43Ksi N il
- B) Working lcad conditien ' A
'-cﬁga : - " i
ALY Wdt é 1.405 ia. Lo
47Ksi  24.5Rsi AT i $, . Em gt

-WIMME &5 PR A320 et e i A
Use allcwables given for ultizate locad condition when designing
for emarzency/faulted (service level CiD) locads and when
design is based on norzal/upset (service level ALB) lcads

- Gse allcwables given for working load condition.

. The abﬁv. criteria can be used for a group of 4 belts and
6 bolts in a 2'-3* min, concrete thickness, provided a

spacing of 14 in. for 4-bolt patter: and 18 in.
for 6 bolt patterm is maintained.

In the event of, a) overlapcing due to ancther anchor of

4 near-by suppert b) edge discance eflect due to proxinity
©f orening etc. above CIliterila cannot be azolied directly.
Such situations should then be indepencencly examined

On a case by case basis.
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SEISMIC DESIGN CRITERIA SAG.CP3
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Maximum Longitudinal

Cable Tray Support Span

Note: This is a Gibbs & Hill document incorporated in
the design criteria without any changes
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