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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

Putggse

A cable tray hanger is classified as a seismic Category I structure, and
therefore, it shall be adequately designed for the effect of the
postulated seismic event combined with other applicable and concurrent
loads. The design requirements for seismic Category 1 structure are
delineated in Regulatory Guide 1.29. This document provides the seismic
design guideline for cable tray hangers of Comanche Peak Steam Electric
Station Unit No. 1. These guidelines summarize the design parameters,
applicable load combinations and their associated acceptance criteria,
the various design approaches and their corresponding seismic input
criteria. The following sections describe in detail the guidelines for
the seismic design of the cable tray hangers and lists the applicable
reference documents.

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 I
cable tray hangers for Comanche Peak Steam Electric Station Unit No. 1.

1. APPLICABLE CODES AND REGULATORY GUIDES

o Regulatory Guide 1.29 - Seismic Design Classification, Rev. 3,
September 1978,

o Regulatory Guide 1.61 - Damping Values for Seismic Design of
Nuclear Power Plants, October 1975.

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

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

o NUREG 1.75 - Standard Review Plan Section 3.8.4, November 1Y75.

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

0o 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"”

‘. Design Criteria for Cable Tray Supports and Their Arrangement, Gibbs
and Hill Calculation Book No. SCS = 113C 3/9-3/24
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10.

11.

12.

SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

Structural Embedments Specification No. 2323-SS-30, Gibbs & Hill
Revision 2, June 13, 1986.

Design procedure: DP-1 Seisaic Category I, Electrical Cable Tray
Supports dated June 11, 1984,

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

Refined Response Spectra for Reactor Building Internal Structure,
dated Jan. 1985 for SSE and Jan. 1983 for OBE.

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

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

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

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

III. Design Parameters for Cable Tray Hangers

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

1.

2.2

1477m

Cable tray span length

"As-built” span lengths shall be used in the hanger design
verificaticen.

Cable tray loading

The As-Built tray and cable weight (reflecting the actual cable
fill) and the As-Built thermolag or thermoblanket configuration
shall be used for design verification of the supports.

As an option to 2.1 if the As-Built cable fill is not available the
maximum loadings listed below may be utilized for the support
design verification. However, if by using these maximum loadings
the support fails to meet the seismic requirements then the
As-Built cable fill shall be obtained and the design verification
completed in accordance with 2.1.

Tra; Size Total Unit Weight (Lbs/Foot)
6" 18
15" 35
18" 53
24" 70
30" 88
36" 105
-2-.
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

Note: a. The above data is applicable for both ladder and solia
bottom types of trays.

b. The above data is also applicable for various heights of
tray side rails.

c. The above unit weight includes cable, tray, tray
cover, and side rail extension.

d. The above unit weight does not include fire proofing
material weight (Thermolag and Thermoblanket).

For trays which are fire proofed, the unit weight of fireproofing
to be used is in the "General Instructions For Cable Tray Hanger

Analysis"”. The Configuration (extent) of the fireproofing is shown
on the As-Built drawings.

All cable tray hangers shall be design verified based on "as-built"
drawings.

All cable tray hanger components (members, connections, base angles,
base plates, embedded plates and anchor bolts) are design verified.

Material

a. Support structure is ASTM A36

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

d. Embedded plates (strip and area plates) are ASTM A36

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 their related moments and forces.
L = Live loads and their related internal moments and forces.
To - Thermal effects and loads during normal operating or

shutdown conditions, based on the most critical transient
or steady state condition.*

|RZ
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS
Severe environmental load includes:
Feqo - Loads generated by the operating basis earthquake
Extreme environmental load includes:
Feqs - Loads generated by the safe shutiown earthquake

* Accident temperatures (Ta) are not used for design purposes as
per CPSES FSAR.

b. Load combinations

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

1. D4+L+Peq"S
14, D+ L+ To+ Feqo = 1.58
i11. D+ L+ To + Fgqe = 1.68

where S is the required strength based on elastic design
methods and the allowable stresses defined in 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 F, for normal tensile
etresses and 0.55 Fy for shear stresses.

Seismic Design Approaches, Seismic Input Requirement, and Design
Acceptance Criteria

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
requirement 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
Criteria, 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 Instructionms.

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

STATIC ANALYSIS

a. Finite Element Model

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

- & o
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

Boundary conditions at anchorage points shall properly simulate
either the hinge or the moment connection, wnichever represents the
most realistic model of the actual connection.

Cable Tray Loading

The total cable tray loading for each run shall be calculated based
on Pacagraph I1I-2 above and the actual tray span length which are
shown on the Span Length Sketches obtained from the site.

The cable tray loading shall be lumped as a nodal weight at the
actual location on the tier and, if not known, at such a location on
the tier that it will induce the worst member stress responses and
the maximum anchorage reactioms.

Seismic Input "g" Values

For a static analysis the peak spectral "g" values from the 4%
damping 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 response spectrum curve
developed for the next floor elevation above the hangers shall be
used. The required seismic design "g" values in three (3)
orthogonal directions are 1.25 (multimode response multiplier-MRM)

"w_"n

times the peak spectral "g" values.

Static Analysis

The seismic load effect on the cable tray hangers will be treated as
a static load. The dynamic effect from both seismic 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 siesmic load effect due to the hangers self-weight
in the longitudinal direction (direction parallel to tray run) shali

be determined by multiplying the spectral "g" value corresponding to
the CTH fundamental (lowest) longitudinal frequency by 1.25 regardless
of whetner that frequency is to the left or right of the peak response
frequency.

If the cable tray nhanger 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:

i) Dead load

i1) Seismic load in vertical direction

Ps
€



1477

SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS
iii) Seismic load in transverse direction
iv) Seismic load in longitudinal direction
v) Thermal load if any
Note: Seismic load includes both OBE and SSE events.

Analysis Results

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

i) Maximum member stresses for bending, axial and shear shall be
obtained. The stresses resulting from the simultaneous effect
of three earthquake components shall be obtained by using the
SRSS method.

ii) Maximum anchorage reactions shall also be obtained by using SRSS
method to account for the simultaneous effect of tihree
earthquake components.

Seismic Design Acceptance of Cable Tray Hangers and their Anchorages

The cable tray hangers and their 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 ir Sections III.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:

i. Support Structure

The structural member seismic design acceptance shall be
evaluated using AISC interaction formula with modification for
various load combinations as follows:

2, Bx, Iy <500 S

Fa Fbx Fby combination III.4.b.i

e, B2, B s . S

Fa Fbx Fby combination III.4.b.ii

fa fbx fby for load

et Ne® Toy =16 combination III.4.b.1ii

fv£ Fv for load combination III.4.b.i

fv.‘. l.SFv < 0.55 Fy for load combination III.4.b.ii
- 6 -
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where

SEISMIC DESICGN CRITERIA FOR
CABLE TRAY HANGERS

£ £1.6 F < (.55 Fy  for load

4 combination IV.4.b.1ii

fa = axial stress
f, = shear stress
fbi = bending stress

Fa, Fbi and F, = allowable stresses for axial,
bending and shear stress, per
AISC 7th edition, and in all cases
no more than Fy for normal stress
and 0.55 Fy for shear stress.

Anchorage (anchors)
o Kwik-bolt and Super Kwik-bolt.

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

o Screw Anchors.

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

Note:

1.

The allowable loads for Hilti expansion anchors for
the load combination involving OBE are the load
capacities corresponding to a 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
OBE and 1.8 for SSE.

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

For floer-mounte? "{i¥s 1 building areas with concrete
topping, the rct » s or bolt embedded length (as
determined fro. .ne .ine drawing) shall be reduced
by two inches (2") to account for the topping
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IV.2 EQUIVALENT STATIC METHOD

147 7m

b.

Finite Element Hodel

See Section IV.l.a

Cable Tray Loading

See Section IV.1l.Db

Seismic Input "g" Value

‘
A

i1.

111,

iv.

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

Determine the frequency of cable tray itself corresponding to
the actual span length (f.) in each of three (3) orthogonal
directions separately.

Determine the system frequency using the following conservative
formula:

1 3
fsys f fh

When f, or fy are 33 H, or larger this term's coatribution
to the system frequency may be disregarded.

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

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" vaiue
shall be used (except as noted in Section IV.l.c & d).

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 & d).

Equivalent Static Method

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

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

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

Analysis Results

See Section IV.l.e.

e g
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Seismic Design Acceptance of Cable Tray Hangers and their Anchorages

See Section IV.1.f.

IV.3 RESPONSE SPECTRUM METHOD

1477m

b.

3-D Model of Cable Tray 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 seismic response of the cable
tray system, a minimum of 4 cable tray spans shall be included in
the model, with two spans on each side of the hanger under
consideration. The cable tray will be represented by a beam type
finite element in the 3-D model, with properties obtained from tray
Vendor's static 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.

Frequency Analysis

Perform a frequency analysis on the above 3-D model and the
frequency shall include all modes up to 33 Hz. Total modal mass
shall be 902 of the total mass. If it is not, the residual mase
shall be multiplied by the largest spectral acceleration at or
beyond the cut-off frequency and applied as a rigid body force on
the structure.

Spectral Analysis

Perform seismic respense 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 7% 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.

Static Stress Analysis

Deleted.

Analysis Results

See Section IV.l.e
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SEISMIC DESIGN CRITERIA FOR
CABLE TRAY HANGERS

f. Seismic Design Acceptance of Cable Tray Hangers and their Anchorages
See Section IV.1.f.

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

The cable tray hangers may be designed or design verified by a static
analysis method first (1V.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 haugers still fail to meet the design criteria, then the
response spectrum method (IV.3), may be used. The response spectrum
method approach simulates better the dynamic behavior of the cable tray
system under the effect of the postulated seismic event and thus may
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 cable 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.

- I »
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APPENDIX 1

Peak Acceleration Tables
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1. Reactor Building Internal Structure

Floor Peak Value
Elevation ]

(Ft)

905.75
885.50
860.00
832.50
808.00

783.58
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2. Safeguard Building

Floor | Peak "g" Value
Elevation | OBE e SSE
i . 4% 3% 7%
(Ft) | H \'} | H '} | 1 vV - \']

| I | |

896.5 13.29 2.18 | 2.28 1.3 .25 2.8 1| 2.45 2.01
| | | |

873.5 13.09 2.36 | 2.08 1.64 3.8 3.9 | 2.26 3.1
| | |

852.5 12.34 2.18 | 1.61 1.46 13.00 3.3 1| 1.73 2.04
| | |

831.5 |1.64 1.90 | 1.14 1.30 .15 2.8 | 1.16 1.81
| | |

310.5 11.01 1.83 | 0.70 1.26 i11.538 2.7% | 0.86 175
| | |

790.5 |0.61 1.47 | 0.43 1.05 1008 - 2.8 . ) 0.62 1.46
| | |

785.5 10.55 1.42 | 0.39 1.02 .0 2.8 | 0.3 1.41
| | |

773.5 10.47 3:38 | 0.33 0.95 10.73 2.0 } 0.48 1.3}

|

Note: Safeguard Building Peak "g" values are applicable to the Diesel

Generator Area of that building.

1477w
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CABLE TRAY HANGERS

3. Electrical Building

i
Floor | Peak "g" Value
Elevation | OBE | SSE
| 2% & 4% 3% | 7%
| ] |
(Ft) | H v | H v |H v i B v
| i ] ]
873.33 |12.54 1.93 13.720 LA B0 2 | L0 1.7
| | | |
854.33 i12.22 1.91 $ 5:57 3L 0 20 1 0 .77
| | | |
630.00 11.57 b LAY 3. 388 2D 1.65
| | | |
807.0 11.02 1.84 F I 400 3D 3081 W 1.70
| | | |
778.0 10.71 3:75 F 05 L3 13DB 237 4B 1.69
| | |

Note: See sheet 4.1 of Appendix
the Electrical Building.

1477m
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4, Auxiliary Building

Floor | Peak "g" Value
Elevation | OBE | S
| 2% 4% 3% ] 7%

(Ft) II H v | H v H i : v
899.50 {3.78 2.72 { 268 1.7 5.3 AW : 2,72 2.11
886.50 =3.27 2.57 : 33 1.8 :3.99 3.68 : 2.36 2.16
873.50 :2.77 2.39 : 1.98 1.66 :3.41 3.76 : 2,02 2,22
852.50 l|2.25 2.36 : 1.66 1.64 I|2.a7 3.71 I| 1.72 2.13
831.50 :1.69 2.26 : 3.22 1.% :2.25 3.40 : 1.36 2,02
810.50 :1.01 2,12 : 52 400 :1.40 3.09 : 0.82 1.88
790.50 50.74 1.91 :I 0.53 1.34 =1.20 3.01 E 0.68 1.84

Note: See sheet 4.1 of Appendix 1 for clarification of column lines defining

the Electrical Building

1477m
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ek ™

The Electrical Building peak acceleration values shall be utilized for all
CTHs located within the building area boundaries defined by column rows 5-A,
1.9-A, A-A, and E-A.

N I | E-A
— | I
| UNIT 1 |
| ELECTRICAL |
| BUILDING |
| | A-A
| |
5-A 1.9-A

The specific building room numbers included in the present Unit 1 scope are as
follows:

Floor Elevation Arcn Room No.

778'=0 115
115
115A

792'-0(Part Plan) 119
121
122
125
129

807'-0 133

840'-0 148B
148D
150

854'-4 150A
i3
151A

Note that even though the "Unit 1 CTH Program Scope for As-Builts"” identifies
these Room Nos. as Auxiliary Building, review of the Architectural drawings
indicates that these rooms are physically located in the Electrical Building.

1477m
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_5-
5. Fuel Handling Building
|
Floor | Peak "g" Value
Elevation | OBE SSE
| 2% | 4% 3% 7%
| k| I
(Ft) : B Vv | H \'s |1 \'} | H \'}
| I | I
918.0 13.56 1.47 1 2.3 0.98 .52 2.13 i .70 1.29
| | | |
899.50 13.12 1.49 §32.02 1.02 14:13 3.8 b 247 1.34
| | | |
860.0 :1.58 1.34 | 1.14 0.94 13:35 2.8 | 1.46 1.26
| | |
841.0 11.39 1.24 | 0.97 0.88 /11.89 1.90 i 1.24 1.19
| | | |
825.0 11.19 1.18 | 0.84 0.84 |11.82 1.83 | 1.08 Y.37
| | | |
810.50 11.02 1.08 { 0.72 0.76 12:56 3.1 i 0.92 1.13
| | |

1477m
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-
6. Containment Bldg
]
Floor | Peak "g" Value
Elevation | B | SSE
| 2% | 4% 3% 7%
(Ft) : H v : H v |H v I v
1000.50 13.70 3.44 : .39 2.23 {4.35 4,03 { 2.49 2.51
950.5 :2.85 2.69 : 1.5 1.76 :3.39 3.23 : 1.98 2.09
905.75 :2.10 2.01 : 1.3 1.9 :2.53 2.90 { 1.52 1.83
860.00 :1.32 1.81 : 0.87 1.28 :1.66 2,67 : 1.05 1.58
805.50 :0.86 1.62 : 0:.39 1.14 :1.15 2.40 : 0.72 1.42
783.58 ;0.78 1.50 E 0.53 1.06 :1.06 2.23 E 0.65 1.31

1477m
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Notes:

APPENDIX 2
STRUCTURAL EMBEDMENTS

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

1 This is a Gibbs & Hill document incorporated in
the Design Criteria without any changes except
the tables for SSE Richmond Insert and Bolt
Allowables are added by Ebasco.

2 When a redline drawing does not identify the
bolt/threaded rod material in a Richmond Insert,
A-36 material shall be assumed in the cable
tray hanger design verification.
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STRUCTURAL EMBEDMENTS
<COPE
DRILLED~-IN EXPANSION BOLTS

This Specification covers the design criteria for the
use of drilled-in expansion bolts and the requirements
for furnishing all eguipment, labor and materials
necessary for the installation of drilled-in expansicn
bolts in existing structural concrete. The drilied-in
expansion becle shall be Hilti Kwik-Bolt and Super
Kwik=38c¢clt Anchors (including nuts and washers) as
furnisned by Hilti Fastening Systems.

SCREW ANZHO AND EMBEDDED.FLATE

This Specification covers the cesign criteria for the
use of screw anchcrs and teel plates embedded 1in
concrete to which miscellaneous hnangers and other
structural supports are attached. Screw anchors are
Richmend Ssrucsural Connection Inserts as furnished by
Richmond Screw Anchor Co., Inc. Installation of screvw
anchors and <fabrication and :ns:a-‘a:;on cf embedcied
rlates are as snhcwn on the engineering drawings.

INSTALLATION OF HILTI EXFANSION BOLTS
GENERAL RECQUIREMENTS

The expansion bolts shall be installed in strict
accordance with <the installation instructions and
procedures as developed and recommended by EHEilti
Fastening Systems and the reguirements of this
Specification. Where Hilti requirements conflict with
reguirements of this Specification, the Specificatzion
shall govern.

EXPANSICN BCLT SPACING

Unless ctherwise specified on design documents,
expansion anchors shall not be spaced closer than
10 anchor diameters. The minimum anchor spacing between
two (2) uneqgual sized bolts shall bpe the sum cf
$) respeczive beclt diameters as shown in Attachment 1
£ Appendix 1 of this Specification. for expansion bolt
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spacing less than that reguired by Attachments 1, 2
and 3 to Appendix 1 of this Specification Enqinecr*nq
approval shall be obtained prior to installation of the
expansicn bolt.

INTERFZAENCE WITH STRUCTURAL REINFORCING STEEL

Where interference between the expansion bolt 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 prior appreval ¢ the
tngineer.

o~y p—— BT L R e -~
CUTSING STRULEV AL REINE N STEE

repar cutting procedure, wnere permitted by the
Zngineer, shall be in accordance with CEI-ZC {Appencdix 1
cf tkis Specification).

SETTINS EXFANSION 3CLTS

Zxpansion Dbolt shall be set by tightening the nut to
the reguired torgue value as given in CEI-2C (ippendix 1
cof this Specification.) These tTorgues are the mininmum
values regquired to obtain, without sliprag a minimum
stati tensile test load capacity of 115 pcrcen. of the
allowable tensile werking load given in Tables 1 and 2
of Appendix 2 of this Specification £for a factor of
safety of S.

s
£

Torgque values for cther allowable tensile working loads

shall be established by on-site testing

Setting (torgue) verification of expansicn anchors, $2
not at time of installation of the expansion anchor,
shall be as follows:

Setting verification shall be by application of the
torgue as specified in 3.1.4.1 of CEI-20 (Appendix 1)
auring the verification process. Nut may fturn
additionally due to the initial relaxation. Torgue aust
be cbtained prior te nut bottoaming out in the threads.
Frequency of verificaticn shall be per Pp.icable site
QA/QC procedures and instructions.
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INSPECTION

INSFECTION OF EXPANSION 30LTS

AlL instalied exo "s en belts s;all be visually
inspected for croper size, embedment lengti, and <thread
projection above <Top oi nut, and for possx:le cracks,

distorcions and damaged concrete.

REFAIR OF EXPANSION BCLT FAILURES

All expansion belts that, during installation or ziter
inspeczion £3il tc meet <the reguirements of thi
Specificaticn shall be repaired as follows by the
Contractsr, uYnless ctherwise directed by the Engineer.
EXPANSION B8SOLT SLIPPAGE, LCOSENING, PULLCUT OR FAILU
I2UPTCRE, SIETCRTICN, DETORNASION)

Tor evpansicn belts that slip, loosen, pull out, or
£a:l, ©Sing aprropriate eguipment, tne exzz:;rq anchor
be.t acle shall be redrilled in accordance with
Appendix 1 of this Specilication

For cases in which the bolt can nct be removed, the bolt
shall be cut flush with the concrete surface driven back
intc the hole and the surface of the concrete patched as
required by this Specification.

CONCRETE SHEAR CONE FAILURE

For concrete shear cone failure, usin apprecpriate

eguipment, th existing ancher bolt hole shall be
redrilled sc that <the new embecment depth is 4-1/2
anchor diameters for Kwik bols and ¢é-1/2 anchor

diameters for Super Kwik bolts greater than the previous
empedcded depth. As an alternate the expansion bolt may
be relocated, however the damaged concrete shall still
be repaired.
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REPAIR OF DAMAGED CONCRETE

Repair of damaged concrete shall be in accordance with
Specification 2323-8§-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 Richmonéd structural
connection inserts are provided in Appendix 3 o¢f this
Specification.

DESIGN CRITERIA FOR EMBEDDED STEEL PLATE STRIPS

Design criteria for the use of embedded steel plate
sterips 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 10923 dated 8/30/85.

DESIGN CRITERIA FOR EMBEDDED LARGE STEEL PLATES

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

Alternative design criteria for the use of embedded
large steel plates are provided in Appendix 5W of this
Specification. Appendix SW is a Westinghouse generated
document. The design methodclogy, assumptions,
procedures and results are provided in Westinghouse
document WCAP 10923 dated 8/30/85.

_?EN’Z

-Rey 2
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QUALITY ASSURANCE
SCPEV ANCHORS AND EMSEZDDED PLATES

Quality assurance recguirements for use cf ichmond
structural connection inserts and embecded plates shall
be in accerdance with site engineering procedures.

DRILLED-IN EXFANSICN BCLTS

14 Cadontd 4 '

MANUTACTURER

S REQUIRZMENTS

#ilti FKwik-Beolts Super Kwik-Bolts shall be supplied by
the manufacturer with a certification of compliance

signed and cated by a respeonsible person within the
manufaccurer's organizasion. Thai cerzification shall
s=ate that the Ellt Kwik-30lts anc Super Kwik-Boits
furnished under the purchase crder are manufactured in
accorsance waith Hilti Catalog Suppliement #E-3JS0OB, dated
&/77 In addi=ion, the certifiztion shall sctate the
grade ¢f material used, part numbers, arnd number c¢f each
par<t number covered by the certification.

All materials furnished may be subject to confirmatory
testing by the Contractor to assure that the guality of
the material is consistent wit the specifications
listed i the above menticned catalog.

NSTALLATION REQUIREMENTS

y Assurance Installation Regquirements shall be in
e with Appendix 1 o‘ this Speciiication.

Qualit assurance regquirements for use of drilled-in
expansion belts shall be in accordance with site
engineer:ng procedures,

REV .

Rev
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Dats
INSTALLATION OF REVIEWED I!.
"HILTI" DRILLED-IN
BOLTS
APPROVED BY:
0.4 TABLE OF CONTENTS
1.0 REFERENCES
2.0 GENERAL
9 | PURPOSE
9 SCOPE
2.3 RESPONSIBILITY
2.4 JEFINITIONS
‘ 3.0 PROCEDURE
3.1 INSTALLATION
3.1.1 Locating Bolts |
J.1.2 Drilling Holes :
3.1.3 Marking Bolts i
3.1.4 Setting Bolts |
3:1.9 Repair of Broken Concrete and Abandoned Holes |
3.1.6 Modification
3.1.7 Revork of Bolts in 2-inch Concrete Topping Areas
3.2 INSPECTION
0.144 ATTACHMENTS “
No. | Minisum Spacing Between Hilti Expansion Bolts )
No. 2 Minimum Bolt Clearances |
No. 3 Minimum Clearances to Embedded Plates
No. 4 Langth Identification System
1.0 REFERENCES |
1.1 B4R Construction Procedure 35-1195-CCP-12, Concrete Patching, ‘

Pinishing and Preparation of Comstruction Joints”
1.2 D4-13966, ™Hilti Rwik-Bolt Testing Program”. ,
1.3 TUP-4593, (May 22, 1978) f
1.4 B4R Quality Assurance Procedure CP-QAP-16.1, "Control of

Nonconforming Items",

==

BlowodstS 109 o .




3ROWN & ROOT, IXC. INSTRUCTION EFFECTIVE "
CPSES NUMBER REVISION | OATE PAGe
JOB 15-1195 C2I-20 9 12/16/83 2 of 12

1.5

1.6

1.7

2.2,

2.3

2.3.

l

l

TUSI Procedure No. CPP-EP-1, "Procedure for Preparation of Design
Changes".

3J5«1195-1EI-13, B&R Instruction "Calibration of Micrometer 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-QP-11.2-3, TUGCO Instructiom, "Torquing of Concrete Anchor Bolts",

QI-QP-11.2-4, TUGCO Instructiom, "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
anchors.

SCOPE

This instruction 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 installatioa. The provisions of this instruction apply to bdoth
Hilti Kwik~Bolts and Hilti Super Kwik-Bolts that are used for
installation of safety related equipment, and for the installation

of non-safety related equipment located in safety related structures.
Deviations from this instruction are permitted provided they are
properly approved by the Engineer. Post nut 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 responsibility of the B&R Field Engi-
neering Superintendent. Determination and marking of bolt hole
location shall be performed by the craft which 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 bdolt installation.

==
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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 wedges are expanded and the bolt is securely anchored, all
as magufactured by Hilti Fastening Systems, Inc.

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

2.4.3 "Bolt Length” 1is the total overall lemgth of the bolt. This is
the length dimension shown in the Bill of Material om 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.A.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 (tightening). Where nat shown on the pipe/instrument
support design drawings, the ainimum embedment length shall oce as
tollows: ¢
S0LT DIAMETER MINIMUM EMBEDMENT
Kwik~-Bolts Super Kwik-Bolts
1/4 1 1/8 —_
3/8 1 5/8 —
1/2 2 1/4 3 1/4
5/8 2 3/4 -
/4 3 1/4 -
1 4 1/2 6 1/2
1 1/4 S 1/2 8 1/8
Dimensions are in inches, they are according to recommendations
by Hilti and correspond to the minimums shown in Abbot A. Hanks,

Inc. Test Raport No. 8783R on Kwik-Bolts and Test Report No. 8786
on Super Kwik-Bolts, as published in Hilcti "Architects and Engi-
( neers Anchor and Fastener Design Manual.

¢ =
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The above minimum embedment lengths are into structural comcrete.

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 embedmeut length

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

{n addition to the length shown on the drawings. For floor mounted
pipe supports only, the engineer shall evaluate and approve the suppors:
for sufficient embedment leagth om a case-by-case basis. The areas
vhere this topping occurs are shown on the following drawings:

Drawiag No . Sheet No. Building
FSC-00421 1 Fuel
PSC=00421 2 Fuel
FSC-00422 1l Reactor #1
PSC~00422 2 Reactor #1
FSC-Q0422 3 Reactor #1
FSC-00422 4 Reactor {1
FSC-00422 5 Reactor #1
FSC-Q0423 1 Auxiliary
FSC-00423 2 Auxiliary
FSC=-00423 3 Auxiliary
FSC-00423 o Auxiliary
FSC=00423 S Auxiliary
FSC=00423 6 Auxiliary
FSC-Q0423 7 Auxiliary
FSC-00423 8 Auxiliary
PSC-00423 9 Auxiliary
FSC-00424 1 Safeguard #1
FSC-00424 2 Safeguard {1
FSC=-00424 3 Safeguard #1
FSC-00424 4 Safeguard /1
FSC-00424 S Safeguard ¢l
FSC-00424 6 Safeguard #1
FSC=00426 1 Service Water Intake
FSC-00425 1 Safeguard #2
FSC-00425 2 Safeguard #2
FSC-00425 3 Safeguard #2

3.0 PROCEDURE

3.1 INSTALLATION

locating Bolts

As required by authorized engineering documents, bolt locations shall

be determined by the installing craftsmen using the control poiats
and lines established by the Field Engineering Department; and, as

o

==
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an aid in locations vhere reinforcing steel integrity is considered
to be critical, uiilization of reinforcing steel placement drawings
and suitable reinforcement detection equipment may be used. The
minimum spacing and/or clearance for expansion bolts shall be pro-
vided as indicated in Attachments |, 2 and 3 unless specifically

! approved otherwvise by the Engineer using appropriate design documents.

3.1.2 Drilled Holes

' 3.1.2.1 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 drilled into concrete by the
use of suitable power drills 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 into 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.

3.1.2.2 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 directiom.

3 Excess dust should be cleaned from the hole after drilling.

3.1.2.3 Where cutting of structural reinforcing steel is peraitted by the
Engineer, Drillco water cooled carbide/diamond bits or equal shall
bea used. Once the structural reinforcing steel is cut, the re-
mainder of the hole shall be drilled with a "hilti" carbide masonry
bit per 3.1.4.1. Both bits shall bde of the same nominal diameter
as the bolt to be installed.

3.1.2.4 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/vacuum base and
Drillco water cooled carbide/diamond bit or approved equal may be
used. Caution shall be used when drilling to avoid the cutting of
structural reinfcrcing steel. In no case shall structural rein-
forcing steel be cut without prior approval of the Engineer.

3s1sd Mark‘ng Bolts

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

~
[
-
wa
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3.1.3.2 These markings shall be made by the masufacturer by die-stamping a

3.1.3.3

3.1.4

3.1.4.1

letter or a number on the top end of the bolt. This stamping shall
{ndicate the bolt length in sccordance with the "Length Identifica-
tion System” (Attachment 4). Bolts may also be marked on-site by
the same system if 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 assembly with the Post

Nut Cap completely installed (threads bottomed out).

Bilti Super Kwik Bolts shall be additionally marked with a "star"
on the end which will remain exposed upon installation. This
marking will 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 stresgth 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 nuts, they shall be placed on the bolt so as to protect

the bolt end and threads. The bolt shall be driven iato the hole
the embedment length by blows om the mandrel or gut. Projecticn

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

of. the bolt is not lower than 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, if used, 1is thean replaced by a nut,
or the top double nut is removed and the bolt is "sot”. The

setting will be accomplished by tightening the out against the fix-
ture being installed. At that time, the aut will 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 otherwise shown on the drawings. During tightening

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

f
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BOLT SIZE TORQUE (Ft.-Lbe)
(B1lti Rwik or Super Kwik, all emtedment depths)
1/4 8
3/8 17
1/2 70
5/8 120
3/4 150
1 230
1 1/4 400

3.1.4.1.1

———

These values vere determined by field tests conducted by Hilti
at the CPSES site which yielded a minimum static tensil load
capacity equal to or greater than 115X of the tensile working
loads given in Tables 1 and 2 of Appendix 2 of Specificaticn
2323-55-30.

The complete report on those tests is filed in the B&R QC Depar:~
ment. (Ref. CPPA=7240 or B&R IM-13966).

Bolts wvhich cannot be torqued to the above minimum values shall be
cut off, driven deeper into the hole, and patched per Reference 1.l
or shall be removed and replaced in accordance with 3.1.4.2 below.
Torque wrenches used in this overation shall be calibrated and
periodically recalibrated in accordance with Engineering Ipstruction
35-1195-1EI-13, "Calibration of Micrometer Torque Wrenches”, Ret~
erence 1.6,

For post nut series Hilti bolts, serting the bolts shall be done
in accordance with Sectionm 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 oz the bolt so as to protect the bolt end and threads.
The bolt shall be driven intc tha hole the embedment length
by blows on the post nut. Projection of the bolt should bde
such that, after final tightening, the end of the bolt has a
@igisum thiead sugagement of 3/186" for 1/4" dis. aad 5/16" for
3/8" dia. bolts. The projection should also be limited such
that, after final tightening, the threads om the post out have
pot bottcmed out om the bolt. The post nut used to insert the
bolt should them be removed and the bolt is "set”. The setting
wvill be accomplished by tightening a new post nut against the
fixture being installed. At that time, the nut will be drawm
down and the bolt pulled to set the wedges by the use of a

torque wrench and 3/8" drive screwdriver adapter attaining

Si=
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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 "
for a %" dia. and 3/8" for 3/8" dia. bolts, unless otherwise
approved by the engineer. |
3.1.4.2 Replacement of expansion bolts that slip, loosen, pull out or fail
to achieve the specified torque may be accomplished by ome of the
following methods:
3.1.4.2.1 The bolt shall be removed aad 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.
3.1.4.2.2 The re-installation of an expansion bolt in an empty but "pre-used"

hole is acceptable provided the following requirements are met:

& The existing hole has not experienced structural damage as may
be exhibited if the previous 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” expansion 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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3.1.4.2.3 The re-installation of an expansion belt in an empty but "pre-
used” hole is acceptable provided the following requirements
are met,

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

b. The existing hole after bolt removal should not show evidence
of structural change as in the form of severe concrete spalling.
Severs concrete spalling are depths that exceed the dimensions
provided in 3.1.5.1 below.

Ce New embedment depth is equal to or greater than the previous
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 cannct be replaced per this method may be replaced
by a bolt meeting the requirements of 3.1.4.2.1, 3.1.4,.2.2 or
may be cut off, drivem into the hole and patched per Reference
1.3.

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.

3.1.9 Revair of Broken Concrete and Abandoned Holes

3.1.3.1 Structural comcrete 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 with Construction
Procedurs CCP-12, or by the use of "NUTEC" /11S as manufactured by
snd according to the recommendations of Southern Imperial Coating,
Inc. Spalling of structural concrete to depths greater than those
listed below shall be csuse for rejectiom of the hole and redrilling
will be necessary.

Max. Acceptable

Hole Size Spall Depth
$/8" and under 3z
3/4" to 1 1/4" (imecl.) 3/4"

Spalling of the 2" toppiag in areas described in Sectiom 2.4.53

shall be cleaned up and repaired in accordance with Comstructiom
Procedure CCP-12 using material described in Section $.1:.3.7 of
CCP-12. Maximum spall depth is oot 7o exceed depth of topping.

=i
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3.1.5.2

3.1.5.3

3.1.6

3.1.6.1

3.1.6.2

3.1.7

3.1.7.1

3.1.7.1.1

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 vhich 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
Blectric, Inc. BHoles located at a distance of four bolt diameters
and closer, measured center-to-center, from Hilti bolts shall be
£f11led and patched according to Procedure 35-1195-CCP-12 described
above prior to torquing.

Unused Richmond Screw Anchors which have been plugged by Richmond
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-sit. unavailability of correct lemght bolts or for other
reason, Hilti bolts may be modified, with proper QC witnessing, ono-
site shortening, rethreading, and stamping the new length desigmation.
This shall be dome 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 documentation (i.e.,
DCA, CMC, PSE, Operational Traveler, Derign Drawing, etc.) by the
design engiseer. Pinal bolt length shall be sufficient 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 OTr exceeded
for size Hilzi bolt substituted.

Rework of Bolts in 2-inch Comcrete Topping Areas

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

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

Bolt Type Embedment After Setting
Kwik=-30lts 34 bolt diameters
Super Kwik-Bolts Sk bolt diameters

=h=
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a. Existing location

1. Bolt removal - The removal of in-place expansinn bolts

shall be completed with care so as not to damage the con-

crete, thereby impairicz its integrity. A hollow core

hydraulic ram placed directly over an appropriately sized

baseplate which is centsred op the bolt may be used to
apply direct temsion to pull the bolt through the expan-
sicn wedges. The baseplate should be & % inch thick
square plate of a minimm of 16 expansion bolt diameters
in width, bearing directly against the concrete surface.

o 5N Once the bolt is removed, use a high speed drill and bit
to drill through the wedges remaining in the side of the
hols. Remove any locse wedges in the hole.

3. Using appropriate equipment, re-drill existing expansion

bolt hole so that the new embedment depth is a minimum of

4 bolt diameters for Hilti Kwik-Bolts greater than the
previous existing embedment depth or to the specified
embedment depth, whichever i{s greater unless otherwise
directed by the Engineer by appropriate design documents.

4. Reinstall the appropriate sized expansiocn 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 l.1l.

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 ).

INSPECTION

Inspection of Hilti bolt installation shall be performed in accor-

dance with References 1.6, 1.7, 1.8, 1.9, and 1.10 20d other appli-

cable site QA/QC procedures and instructionms.

=5
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3.2.2 Removal of an inspected Hilti bolt shall be documented om an IRN

in accordance with CP=CPM 6.10.

Removal and replacement of non~Q

Hilti bolts in Catagory I structures shall be documented on an IRN

and submitted to QC for subsequent processing.

Note:

An IRN is not required if a oon-Q Hilti is only going
to be removed and not replaced.
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CPSES MMBER REYISION DATE PAGE
8 30-0399 CEI-20 9 12/16/83 1of 1
ATTACHMENT 1

* MINIMUM SPACING BETWEEN HILTT EXPANSION BOLTS

Boit CENTER TO CENTER SPACING TO:

Stze  1/4"Hilt1 3/8°Hiltd 1/2°Hi1t1 S/8°HiTlti J/4"Hi1ti 1°HITed 1 1/4"Hi1ed
e 22 33U 3WA 438 8 614 712
§/16 213/16 37/16 41/16 4 11/16 SS/16 6916 71316
¥8 38 3ye A8 S s58 67/8 81/8
vz 334  43ys S ss/8 614 TY2 834
8 438 5 ss8 614 67/8 818 938
o ss/8 614 678 712 8¥s 10
78 Ss8 614 -67/8 712 818 98 1058

1 614 678 112 818 8L 10 11 14

14 712 8ys 834 98 10 1nve 1212

Dimensions in inches.

* The minfmum spacing outlined in the above chart
bolts detailed on separata adjacent fixtures.

applies to Hilti
Yiolation of mini-

mm spacing by the installation cf two separate adjacent fixtures
will be approved only by fssuance of an Engineering Evaluation of
Separation Violation Form by the CPPE design groups (Ref. CP-EP-4.3).

Hil1t{i bolts detailed on an individual fixture drawing may have less

than the minimum spacing tabulated above.

Such fixtures have been

derated by engineering justification and are the responsibility of

the organization {ssuing the respective fixture drawing.

Install-

ation in this case shall proceed in accordance with the fixture

drawing.

T e
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CPSES NUMB ER REYISION DATE PAGE
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ATTACHMENT 2
MINIMUM BOLT CLEARANCES *
(INCHES)
MINIMUM DIGTANCE 10
c on t ts or
Hi1t{ Bolt Size Screw Anchors* Concreta Edge* Holes and Embedded Anchor
1-Tnch __ Tha-nch Bolts that are Cut Offe*
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 2 1/2 1
5/8 9 1/2 14 1/8 31/8 114
3/4 10 1/8 14 3/4 3 3/4 11/2
1 11 3/8 16 5 2
114 12 5/8 17 1/4 6 1/4 212

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

* Minimum spacing between holes covered by this column shall be measured center-
to-centar and based on size of hole being 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.

Hi1t1 bolts may be installed as close as practical to ynused 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 Hilt{ bolts than the respec-
tive distances shown above may be used temporarily for construction purposes
when the applied load is:

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

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

==
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ATTACHMENT 3

MINIMUS CLEAPANCES TO EMBEDOED PLATES

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

P Lmsecoad

. Z: S':“:.# '/ﬂ.'o.-: .

z 3

oL AGen Y‘TT; ?

' “ \; ’
A A

2. Where the embedded steel platas are occupied.by tt-ncr-um within
minimum distances shown above, the ainimum clearance to Hilti Anchors
shall be as follows:

L
/‘AIM (mmf

Hi1t1 Anchor Nelsor Stud Edge of plate

Size to Hi1t1 Anchor to Hiltd Anchor
1/4 5 /4 3 3/4
3/8 57/8 4 3/8
1/2 §1/2 L
5/8 7 1/8 g §/8
3/4 7 3/4 6 1/4

1 S 7 1/2

11/4 10 1/4 8 3/4 .

Dimensions are in inches.
Distance measured with reference %0 center of bolts and studs..

wWhere location of the nearest Nelson Stud can be determined from
the "S* stamps on the embedded steel plate, the minimum center-
to-center clearance to the Hilt{ Anchor as shown above shall
govern. Whers location of the nearest Nelson Stud cannot be s0
detarmined, the minimum clearanca to Edge of Plata” as shown
above shall govern.

=5
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ATTACHMENT 4

LENGTH IDENTIFICATION SYSTEM

Stamp On L h of Anchor (Inches
Anchor rom p to (Mot inc uding)

A 11/2 2

3 2 2 1/2
c 2 12 3

0 3 333
£ 2 IR 4

F - % 1/2
3 4 1/2 5

- H 512
I 51/2 [

J [ 6 1/2
K 8 1/ 1

L 7 7 1/2
- 7 1/2 8

Ll : g g 172
0 l/

T ) 9 1/¢
Q 9 1/2 10

R 10 11

: Rl

) 13 14

¥ 14 15

- 15 16

X 16 17

Y 7 18

Z 18 19




BROWN & ROOT, INC. INSTRUCTION EFFECTIVE
CPSES NUMBER REYISION DATE PAGE
JOB 35-1195 CE1-20 9 12/16/83 2 0f 2
ATTACHMENT 4 (cont'd)
LENGTH IDENTIFICATION SYSTEM
Stamp On Length of Anchor Egnches;
Anchor rom p to t including)

A4 19 20
88 20 2l
cC a 22
00 22 a3
EE 23 24
“FF ] pi]
&8 25 26
HH 28 27
11 a 28
JJd 28 29
‘K ‘g 36 .
L 30 3l
L 31 32
NN 32 33
.00 33 A
PP 34 35
Q 35 36
RR 36 37
SS 37 38
T 38 39
U 39 40
LA 4C 41

MOTE: 1. Stamped letters shall be on top (threaded) end of bolt.

2. Bolts of 19-irch length and greater may be stamped
with nunber corresponding to the bolt length in
inches in the same manner instead of the stamped
Jetters as 1istad above.
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APPENDIX 2

DESIGN CRITERIA FOR EILTI KWIK- AND SUPER KWIK-BCLTS

"Architects and Engineers Anchor and Fastener Design
Manual" by Hilti Fastening Systems, 3.6/Hi-1, No. E-&27A
10/78.

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

MINIMUM SEPARATION REQUIREMFNTS

To attain the design capacity of a Hilti Kwik or Super
Kwik kolt for a specified embecment the minimum spacings
provided by Appendix 1 of <this Specification must be
maintained

For installations not cons :r:ng to the provisions of
Section Z.. apbove, the capaci of both anchors shal. be
reduced on a straight-line basis to 50 percent at half
the minimum distance between emdeaments civen in
Appencdix 1 of <thi Specification. In no case shall
embedments be spaced closer than half this mnminimum

distance.

Methods for evaluation of this reduced ¢
given at the end of this Appendix and are con
concrete stresses.

MW
1o
0o m

DESICN ALLOWABLE LOADS

Design allowable tensile and shear lcads are provided in
Tables 1 and 2. These design allowables are based on
th 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.



r

Prior to the utilizati-n of the allowable tensile loads
in Takles 1 and 2 £ this aAppendix (except for th
ieinch ciameter Kwik-bolts) the manufacturer shall
certify the validity ¢f the ultimate capacities of <the
Kwik and Super Kwik bolts as published in reference 1.1
of this Appendix
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COMBINED LOADING

When he Hi

th ilti expansion anchor is subjected to a
combination ¢f tension and shear loading the <£following
interaction recuirement shall =e met:

T = Actual applied tension load

T! = Allowable design tension load

S = Actual applied shear load

S! = Allowable design shear load

REOQUIRED EMREDMENT

RZQUIRED EMBEDMENT

gor the reguired minimum anchor empedments see
Appencdix 1 ¢f this Specilication
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TABLE 1 (Cont'd)

Inc.
No.

2323-88-3

0

SACTOR OF SAZZTY £5=4.0 £$=5.0
DIAMETER SM3EDMENT TENSION SHEAR TENSION SZEAR
" 5860 8622 4688 £898
10" 5860 8622 4688 £898
2 2 IR $750 8920 4600 7136
5 335 6775 8920 5420 7136
1 3R 7775 8920 6220 7136
& 3/2" 8650 8220 6520 7136
9 32 9450 8320 7560 7136
28 £/2" 10225 8920 g180 73136
* Design allowables are based on average ultimate tensile and shear
loacds published in "%ZLTI - Architects and Engineers Anchcr and
Fastener Design Marual" 2.6/Ei-1, Reference 1.1 and 1.2 of this
Appendix.
Design allowables are based on 4000 psi concrete (£c'=400C psi).
*+Values per Reference 1.2 cf this Appendix.
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TABLE 2

SUPER KWIK-BOLT
DESIGN ALLOWASLE TENSILE AND SEEAR LOADS* (lbs)

EACTOR OF SAF:TY $S=4.0 £8=5.0
DIAMETER EMBEDMENT TENSION SHEAR TENS ION SHEEAR
/2" 3 148 2456 2860 1997 2288
4 1/4" 3695 2860 2956 2288
5 1/4" 3641 2860 2913 2288
€ 1/4" 2786 2860 3929 2288
b e 8741 c884 6993 $507
g 12" 12452 6884 g962 $507
30 1/2" 12439 5884 Se51 3507
1 1/8" & 1/8" 10875 1036¢ 8540 8295
10 5/,8" 23420 10369 10736 §29S
I3 18" 16230 10369 12984 5295
Design allowables are based cn average ultimate tansile and
shear loads publiished in "EILTI - rehitects and Engineers
Anchor and Fastener Design Manual" 3.6/Hi-1 Reference 1.1

of this Appendix.

Design allowables are based on 4000 psi concrete
(£c'=4000 psi).



"

EVALUATION:

mn

n
B
1
i

o

n
8!

v

Gibbs & Hill, Inc.
Specification No. 2323-88-30
Appendix 2

Page 7 of 9

EVALUATION METHOD I:

Calculation of the reduced allowable capacities Zor
Hilti expansior anchors spaced at less than minimum
separation recguirement :indicated in Appendix 1 cf
this Specification.

Determine actual loading conditions on the Hilti
expansion anchors in gQuestion.

alculate the separation ratio. (S.R.)

O

Separation rati is defined as the ratioc of the
separation rovided to the nminimum separatic
required by Aprendix 1 of this Specification. This
ratio must be egual to or greater than .S500.
SEPARATION FRCVIDED (1)
S.R. = MINIMUM SEFARATION REQUIRED
and S.R.2.500 (2)

Cnce <the separation ratio 1is

cemputed and actual
loads are determined, the foll o i
it
-

ng reiation nall

be satisfied for acceptability of the “-ncr
design.
x S €1 (3)
TT(S.R.) -F ST(S.R.)
WHEERE: T = Actual Tension; S = Actual Shear;
T! = Allowable Design Tension; S! = Allowabdble

Design Shear; S.R. = separation ratio.

I1£f <the reguirement of Fformula (3) is satisfied,
iilti expansion anchors for the support in guestion
are acceptable.

if the relationship i Formula (3) is not
satisfied, HBilti expansion anchors are rot
acceptable and an apprepriate action shall be taken
by adjustment of separaticn TC meet tThe reguirement
in Formula (3)
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EVALUATION METHOD 2:

Calculation of the reduced allowable capacities for
both the Hilti expansion anchor and the Richmeond
screw anchor when minimum separation 1s not
provided as required in Appendix 1 of this
Specification.
Determine actual loading condition on the Eilti
expansicn anchor and/or Richmond screw anchor 1in
guest:ion.
Calculate the separation ratio (S.R.)
EFPARATION PROVIDED (4)

€.R. = MINIMUM SEFARATION REQUIRED

and §.R.2.500 (S)
Onze =he separatzion ratio and the actual locads are
corputed, the gollowing relaticns shall ce
satisied for acceptability of the anchor and
insert design
For Hilt:i expansion anchor:

3 S <1 (8)

¥ {8.8.) S$'(S.R.)

for Richmond insert: 4
% 12
r 3 ] + S sl (7)

Tl(s'a‘ll s*(s.a.)_l

For Richmond nsert design allowable values see

Appencix 3 of this Specification.



If the reguirements
satisfied the Hilti
screw anchor for
acceptable.

I1£

not satisfied, the
ancher and Richmond
cuesti

action shall be

separation to meet
and (7).

any of the relaticns in Formul

cn are not acceptable,

-
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of both Formula (6) and (7) a
expansion anchor and Richmon
the support .n gquestion a

a 6) and (7) is
corresponding Hilti expansion
screw anchor for the suppert in
and an appropriate
taken by adjustment of the

the requirements of Formulas (6)
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DESICN CRITERIA FOR SCREW ANCEHORS

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

ASTM A3Z5N A4S0 or 2449 Dbolts (suitable washers
optional) sha;; pe used for the Richmond :inser bolt
connections. SME SA-193 threaded rods with ASME 38-194
decuble nuts may be used for the Richmond insert bolt
connections as a substitute for ASTM A32SN bolts.

Thread engagement intc the Richmond insert shall be at

Least X bolt ciamezer + 1/8 inch

In no case srnall these inserts be loaded beforas concrete

&Ttains its cE8-day design strength.

AFPLICABLE REFZRENCES:

& "Richmend Inserts for Concrete Constuction”
Bulletin No. 6 Richmond Screw Anchor Co..:iInc.,
catalog

& Manual of Steel Construction AISC 7th Edition.

lowable tension and shear loads (under working
stress ndition) for respective center-tc-center
spacing £ inserts and respective concrete thicknesses,
are provided in the following Table 1.

Design al
o

Inserts aad A307, A325, A490 or A449 Dbpolts or Al6
threaded rods sub)ected to combined <tension and shear
loads sh:u-: satisfy the following interaction formulas.
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3. ine.
on No. 2323-85-30

1
-
3
-

INSERT
-t -

i falh: filW
(5" (" =

FOR BOLTS: (Verified for specific type bolt materials.)

e
&

T!; S! different for each grade.

* <§T’ £

WHERE v 3 = APPLIZD TENSION
S = APPLIED SHEAR

Minimum distances between Richmond screw anchors and
Hilti belts for 100 percent perfcrmance o©f each are
provided in Appendix 1 of this Specification.

for those situations where minimum distances cannct be
let, evaluation method 2 shown in Appendix 2 of thi
Specification shall be used to calculate the reduced
capacity of Richmond inserts.

ESICN OF CONNECTIONS FOR PRECAST



NOTES FOR TABLE I  (AZEN%E)

1= INCERT CAPACITIES ARE BASED ON INGER] EMEBEDOED /N
FO00 PS/ COMPRESS/ON STREMGTH CONCRETE.

2- ALL ALLOWABLE LOADS SHOWN IN TABLE I OF THIS ARPPEND/.
ARE IN KIPS .

3- TO DEVELOP THE FULL TENSION CAFPACITY OF INSERT (EXCEFT
AT BEAM SIDES) THE MINIMUM DISTANCE FROM CONCRETE
EDGE 7D CENTER OF INSERT SHALL BE 1/'FOR 12"# INSERTS
AND 7 FOR I"# INSERTS .

470 DEVELOP THE FULL SHEAR CARACITY OF INSERT (EXCERPT AT
BEAM SIDES) THE MINMMUM DISTANCE FROM CONORETE
EDGE 70 CENTER OF INSERT SHALL BE [@"FOR | 2"P INSERTS

ANO 8.5"FOR /'$ INSERTS .

5:FOR BEAM S/IDES THIS DISTANCE SHALL BE A MINIMUM & "FOR
/o BINSERTS AND TFROR /'bINSERTS.(FOR TENSION AND SHEAR )

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

7- WHEN PART OF THE 18°$INSERT CLUSTER (INSERT CLUSTERS
WERE ORIGINALLY PROVIOED FOR FIPE WHIP RESTRA/NTS)
/S USED FOR HANGER SUPPORTS THE QUTERMOST ROW OF
INSERTS USED FOR THESE SUPPORTE SHALL BE AT LEAST 20"
AWRY FROAM THE NEAREST INSERTS USED FOR ANY OTHER
SUPRPORTE OR RESTRAINIG BASE FLATE .

EXAMFLE @
i THESE INSERTE CAN
BE USED FOR HANGER
PIRE WIP RESTRANT SUPPORTS wWiITH
BASE LLATE CRFPACITIES AS GIVEN
IN TRABE T
DO MO J/SE THESE

INSERTS UNLESS
APPROVED By
ENGINEER

| 20"(n.)

TYPICAL INSERT CLUSTER




NOTES FOR TABLE T (Contd.) (mcesorio)

b.- TO FIND THE CAPACITIES OF INSERTS WHERE SFPACING AND
CONCRETE THICKNESS ARE NOT SHOWN IN TABLE Z OF Tw/Is
APPRENDIX USE THE INSERT CARALI7Y OF THE NEAREST
CORRESPONDING LOWER INGERT SRACING OR THINNER COMCRETE

WALL, SLAB OR COLUNMN INOICATED IN 7RBLE I OFTH/S
ARFPPENDIX .




ALLOWABLE LOADS OF RICHMOND INSERTS AND BOLTS TO

BE USED IN INTERACTION FORMULAS FOR BEAM SIDES

I:INSERT CAPACITY

B:BOLT CAPACITY

T:TENSION

S: 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  "A'307 BOLTS OR | A-3250R BETTER | A-307 BOLTS OR | A-325 OR BETTER
AND SIZE A-36 THD. RODS | BOLTS USED WITH |A-36 THD. RODS | BOLTS USED WITH
USED WITH INSERT | INSERT USED WITH INSERT | INSERT
S ry T S T S T 3
e Il 89 8.9 8.9 89 | r0.05 |r0.05 | 10.05 | 10.05
/'$EC21/
8| 72.77 785 | 2a.23 | n7a | 2./ | 7.65 | 292.23 | /7 78
> I\ 753 | 153 | #1.53 | /.53 | 12.85 | 7265 | 12.65 | /12.85
/2 PEFCEW
8| 28.// /767 56.2/ | 26.5/ 268.// /7.67 56.2/ | 26.%
TABLE I
OBE ALLOWABL!
APPEMNDI): 3)
PAGE 50F 10
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ALLOWABLE LOADS OF |"# RICHMOND INSERTS (EC2W) AND BOLTS TO BE

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

INSERT SPACING ON INSERT SPACING. ON [INSERT SPACING ON 14C/AC OR
10"C/C BOTH WAYS 12"0/C BOTH WAYS BOTH WAYS(FULL CAPACIT

CONCRETE [13057B0LTS OR| A-325 OR BETTER|A-307 BOLTS OR |A-325 OR BETTER | A-307 BOLTS OR| A-3250R BETVER
THICKNESS |A-36 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 . ] S T S T S
on |I| 6 6 6 6 |885|665|885 |\6885 |5 |\w8& \ns | /1.5
THICKER B | 121 | 7.85 | 2a.23 | 11.78 |/2./1 | 7.85 |29.23 | /1.78 |12.7/ | 785 |24.23 | /. 7¢9J7

TABLE I (Contd.)

(APPENDIX 3)
PAGE 6 OF IO




ALLOWABLE LOADS OF |72"¢ RICHMOND INSERTS (EC6W) AND BOLTS TO BE

USED IN INTERACTION FORMULAS FOR WALLS, SLABS 8 COLUMNS

IL: INSERT CAPACITY

B: BOLT CAPACITY

T: TENSION

S: SHEAR

CONCRETE
THICKNESS

INSERT SPACING ON 20"C/C BOTH WAYS

INSERT SPACING ON 22"C/C OR MORE
BOTH WAYS (FULL CAPACITY)

A-307 BOLTS OR

A-36 THD. RODS

USED WITH INSERT

A-325 OR BETTER

BOLTS USED WITH
INSERT

A-307 BOLTS OR

A-36 THD. RODS

A-325 OR BETTER
BOLTS USED WITH

USED WITH INSERT|INSERT
T S T S T S T S
Tl 28 25 25 25 3/.3 27 3.3 27
12" OR THICKER
8| 28.// /7.67 56.21 | 26.5/ 28.11 | /767 56.2/ | 26.5/
TABLE I (Contd.)
GBE ALLOWABLE
APPENDIX 5)
\ PAGE 70F 10
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ALLOWABLE LOADS OF I/2"¢ RICHMOND INSERTS (EC6W) AND BOLTS, (IN

CLUSTER) TO BE USED IN INTERACTION FORMULAS FOR WALLS, SLABS

8 COLUMNS IN 12" THICK CONCRETE
I:INSERT CAPACITY

B: BOLT CAPACITY T:TENSION S:SHEAR

INSERT SPACING ON 12°C/C BOTH WAYS | INSERT SPACING ON 18°C/C BOTH WAYS
INSERT PATTERN |A-307 BOLTS OR |A-325 OR 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 3 T S T S

WO I| 22./ 22./ 22.7 | 984 25 25 25 25
wserrs gl g | 17.67 | s6.2 | 2687 | 2a.07 17.67 | s6.2/ | 26.5/
P oo |Z| 71729 | 17229 | 1729 | 17229 | 232r | 23.27 | 232/ | 23.2/
INSERTS @O ol o8 17.67 | 56.2/ | 26.5/ 28.// | 17.67 | £6.27/ | 26.5/
P oo |I| /524 | 1524 | 15.2a | /522 | 2./6 | 216 | 21./6 | 2/06
wserrs oo 18|l 2a.n | 77.67 | 5621 | 2657 | 267 | 77e7 | s6.2/ | 2es/
wwe  ®ee \I| /1257 | /2.57 | /257 | 12.57 | /1783 | 1783 | 1783 | 1783
WSERTS g ee (8] 2. | 1767 | 5621 | 26.57 28./11 | 1767 | s56.2/ | 26.5/

ALLOWAS

TABLE T (Contd.)

O~ ¢

APPENDIX 3
PAGE 8 OF 10




ALLOWABLE LOADS OF Il/2”l RICHMOND INSERTS (EC6W) AND BOLTS, (IN

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 PATTERN

INSERT SPACING ON 10"C/C BOTH WAYS

INSERT SPACING ON 12°C/C BOTH WAYS

A-307 BOLTS OR
A-36 THD. RODS
USED WITH INSERT

A-3250R BETTER
BOLTS USED WITH
INSERT

A-307 BOLTS OR
A-36 THD. RODS
USED WITH INSERT

A-325 OR BETTER
BOLTS USED WITH
INSERT

(i £t ) /".)/‘fp); £

N —

T @ T 3 T S T B
TWo I| 2045 | 20.45 | 2045 | 2045 | 22/ | 22/ 22./ 22./
wserrs *® Vgl 2an | 1ze7 | s6.2r | 2657 | 250 1767 | 562/ | 26.5/
i ee || 7605 1t6.05 | 1605 | 16.05 | 18.¢ /8.6 /8.6 /8.6
NSERTS 00 1ol 20/ | 1267 56.2/ | 26.5¢ | 28./7 | 1767 56.21 | 26.5/
s oo |I'| /459 | 1459 | 14.59 | 14.59 | 1794 | 17.94 | 17aq | /7aa
&5 o®
WSERIS oo |8| 28.0 | 1767 | 5621 | 26.57 | 26.0 | 7767 | 5627 | 265/
wvmE  eee |I1 y2.57 | 12.57 | 1257 | 12.57 | 14.9 /4.9 /4.9 /4.9
- o000
NSERTS qee |B| 28.4 | 1767 | s6.2/ | 26.5/ 28./1 | 17.e7 | 56.27 | 26.5/
SIXTEEN o e ee |L| 7006 | 10.06 | 1006 | 1006 | 12.03 | 12.03 | 12.03 | 7203
INSERTS seee sl o6 1767 | 56.2/ |26.51 | 28/ |17.67 | 56.21 | 26.5/
. APPENDIX O3
mIéBLE I (Contd.) (ME 4DIX '0)




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

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

INSERT SPACING ON 10°C/C BOTH WAYS | INSERT SPACING ON I12°C/C BOTH WAYS
A-307 BOLTS OR A-325 OR BETTER| A-307 BOLTS OR |A-325 OR BETTER
INSERT PATTERN | A.35 THD. RODS BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH
USED WITH INSERT | INSERT USED WITH INSERT | INSERT
T S yF 3. T S T S
_— I} 2a45 |zaes | 2045 | 20a45 | 22/ 22./ 227 | 22
® o
INSERTS al 28./ /7.67 | 56.2/ | 26.5/ | 28./ | s7.67 56.2! | 26.5/
FOUR oo |Z| 7605 | 16.05 | 1605 | 1605 | 18.6 | 18.6 /8.6 | /8.6
INSERTS e ® gl 28 // 17.67 | 56.2/1 | 26.57 | 28./41 | 17.67 56.2/ | 26.5/
Sow oo |Z| /4.59 | /4.59 | 14.59 | 194.59 | 17.9a | 17.9¢ | 17.9a | 17.44
e e
INSERTS o o (8| 281 | 1767 | 56.2/ | 26.51 | 26./1 | 17.67 | 56.27 | 26.5/
e eeo |Z| /38./5 | 13./5 | /1315 | 13./5 | r6.22 | 16.22 | r6.22 | 16.22
wsirrs qoola| 28,7 | 1767 | 56.21 | 26.57 | 280 | /767 56.2/ | 26.5/
IXTEEN oeee|L| 1159 | /.54 | 11.54 | (.54 | 14.25 | 1a.25 | 1a.25 | 1a.25
INSERTS : : : : 8l 28./7 /7.67 56.2/ | 26.5/ 28.// /7.6€7 56.27 | 26.5/

TABLE I (Contd.) APPENDIX 3

("[/:‘i A‘j(— YL e ¢ PAGE K)OF IO
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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 8! SHEAR

INSERT SPACING CN 6'C/C ONE WAY | INSERT SPACING ON 8'C/C ONE WAY
AND 20"C/AC OR GREATER OTHER WAY AND 20"CXA OR GREATER OTHER WAY
INSERT TYPE ["A307 BOLTS OR | A 3250R BETTER |A-307 SOLTS OR | A 325 OR BETTER
AND SIZE A-36 THD. RODS BOLTS USED WITH | A-36 THD. RODS BOLTS USED WITH
USED WITH NSERT | INSERT USED WITH INSERT | INSERT
T S T ) T S T q
I\ 7424 | 14.2 Iz’ /4.2 lé.0 6.0 é.0f | 16.0F8
s v, 4 4.24 424 | 1424 £ | 76.08 | 1
Bl 19.38 | 12.5¢ | 3877 | i2.885 | 19.38 | 12.8¢ | 38.77 | /8. 8S
e anasy I| 1845 | 18.985 | 1248 | 1,95 | 20.8L | 20.86 | 20.856 | 20.8¢
8| 44.97 | 28.27 | £9.9¢ | 42.42| 4498 | 28.27 | 8094 | 4242
TABLE I 3

SSE Allowable

e e —— —A—— e

APPENDIX 3)
PAGE S0F 10
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ALLOWABLE_LOADS OF 1"¢ RICKMOND INSERTS (EC2W) AND BOLTS TO BE

Gatagic.

USED IN INTERACTION FORMULAS FOR WALLS, SLABS 8 COLUMNS

I:INSERT CAPACITY

B: BOLT CAPACITY

T: TENSION

S:SHEAR

' |CONCRETE
| THICKNESS

INSERT SPACING ON
I0"C/C BOTH WAYS

INSERT SPACING ON
12°C/AC BOTH WAYS

INSERT SPACING ON |4
BOTH WarsS{FULL

OR

A3Q7BOLTS OR
A 36 THD. RODS | BOLTS USFD
USED WINSERT

A 32% OR BETTER

A 307 BOLYS OR
A-36 THD. RODS
USED WINSERT

AXIORBETTER
BOLTS USED

W/INSERT

A-307 BOLTS OR
A 36 THO ROOS
USED WIRSERT

BOLTS

ANSORBETTER
W/ INSERT

USED

W/iINSERT
T S S

T

S

T

T

.
s

)70

T
9.6 | 7.6

. 1

/416

1.1l

14.1C

SJT

416

18 ¢

(8.4

/|8 Fo

[|F.&o

T Il KER

9.6
19.38| 72.5¢| 36.77

[P &8

(9.38

12.5%

38.77

[£.PS

/1938

]2. 5S¢

3£.77

/8.85

TABLE I (Contd.)

SSE Allowable

A

(APPCNN'\ 3
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ALLOWABLE LOADS OF 172”9 RICHMOND INSERTS (ECEW) AND BOLTS TO BE
USED IN INTERACTION FORMULAS FOR WALLS, SLABS 8 COLUMNS
I: INSERT CAPACITY  B:BOLT CAPACITY T: TENSION S:SHEAR

INSERT SPACING ON 22'C/C OR MORE
| INSERT SPACING ON 20°C/C BOTH WAYS 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 |ROLTS USED WITH
USED WITH INSERT| INSERT USED WITH INSERT|INSERY
T S T S T ) T «
I . , : Lo, of | 43,20 | SD.0F | 4320
12°0OR THICKER o - - b L
8| ¢a.98]| 24.27 | 99.9¢ | 4242 | ¢44.9F | 2827 | 29.9¢| #4242

TABLE I (Contd.)

SSE Allowable

PAGE 70fF O
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ALLOWABLE LOADS OF IV2"¢ RICHMOND INSERTS (EC6W) AND BOLTS, (IN

CLUSTER) TO BE USED IN INTERACTION FORMULAS FOR WALLS, SLABS

8 COLUMNS IN 12"THICK CONCRETE

I:INSERT CAPACITY

B: BOLT CAPACITY

T: TENSION

S: SHEAR

INSERT PATTERN

INSERT SPACING ON i2°C/C BOTH WAYS

INSERT SPACING ON I18"CAC BOTH WAYS

A-307 BOLTS OR
A-36 THD. RODS
USED WITH INSERT

A-325 OR BETTER
BOLTS USED WITH
INSERT

A-307 BOLTS OR
A-36 THD. RODS
USED WITH INSERT

A-325 OR BETTER
BOLTS USED WITH
INSERT

T 5 T ) T - T )

TWO Il 3¢.8 | 36,8 6.8 36.8 4117 41.7 41,7 4.7
onowe *° loltct | 94 | 937 | eat | %3] 208 T sst | set
ey os I 1551 G2 28.8 | 18.8 38,7 38.7 | 38.1 38,7
woemrs 0 18| 468 | 194 | 99 | 442 | 4cs | 294 | 957 | 44z
g oo |I| 17254 15.4 15.4 25.4 35.3 36.3 35.3 35.3
wserrs oo 18] 468 | 194 93,1 44 .1 4¢.8 | 729.4 | 937 $4.2
AINE esee |I| 10.9 10.9 20.9 70.9 29.7 29.7 29.7 9.7
WERIS qee [B] 468 | 9.4 | 931 | 442 | 468 | 29.4 | 937-| 442

TABLE I (Contd)
SSE ALLOWABLE

APPENDIX 3
"\ PAGE 8 OF 10
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ALLOWABLE LOADS OF | VZ'! RICHNOND INSERTS (ECEW) AND BOLTS. (IN

5, (IN
CLUSTER) TO BE USED_IN_INTERACTION FORMULAS FOR WALLS, SLABS

8 COLUMNS IN 16" THICK CONCRETE -
I:INSERT CAPACITY

B: BOLY CAPACITY

SRS T

SSE Allowable

TYTENSION  S:SHEAR
o INSERT SPACING ON 10°C/C BOTH WAYS [INSERT SPACING ON 127C/C BOTH WAYS |
. A-307 BOLTS OR |[A-3250R BETTER |[A 307 BOLTS OR |A-325 OR BETTER |
INSERT PATTERN | 5 3¢ THD. RODS BOLTS USED WITH [A-36 THD.RODS  [BOLTS USED WITH
| USED WiTH INSERT | INSERT USED WITH INSERT | INSERT
U . T < x5 T 8
P 1\ 3272 | 32.72 | 32.22 | 3222 | 3636 | 35536 | 3636 | 36.3¢
. °e
&1*50?73 6| 4¢.92 | 2p.27 | #9.9¢ | 4242 | «¢.9F | 2227 | £1.9¢ | 4242
oOouR eo Il 28.4F 258 €4 28548 | 2548 29,726 29.26 | 29.% 29.72¢C
RS ¢ 18] ev. 92 | 22.57 £9.9¢ | $2¢2 | a4.98 | 2837 | 29.9¢| 4242 |
srx  *% \F| 23.3¢| 23.3¢ | 233¢| 233L | 27.90 | 27.90| 22.92 | 22.90
r’fm’s oo |B| 44.95 | 28.27 | £9.9¢ | %242 | a¢qr| 28.27| #9.9¢| 4242
wine 990 (Il do0.11 | 20.01 | 2000 | 2001 | 23,84 2384 23 8¢| 23.9¢
INSERTS 229 - '
o0 |8| 4498 | 2827 | £7.9¢ | G242 | usp| 2227 | £9.9¢| $2¢42
SIXTEEN qenelLl (6.10 | 1610 | 1600 | 1610 | 19.40] 19.945| 19.48| 19.¢5
NSERTS
1 csoc il s¢ 7€ | 28.27 | M.?ﬁ 42 4; e 3¢ | 2221 | £9.9¢| ¢1yr-
= DIX 3
= TABLE_T (Contd.) AE'yor o

t
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ALLOWABLE LOADS OF (V2" # RILnMOND INSERTS (ECEW) AND E BOLTa
(IN CLUSTER) TO BE usso IN_INTERACTION FORMULAS FOR WALLS,
SLABS 8 COLUMNS iN 22" THICK OR GREATER CONCRETE

L:INSERT CAPACITY  B:BOLT CAPACITY  T:TENSION S:SHEAR :
INSERT SPACING ON I0'C/C BOTH WAYS | INSERT SPACING ON 127G/ BOTH WAYS |
' A-307 BOLTS OR | A-325 OR BETTER| A-307 BOLTS OR |A-325 OR BETTER
INSERT PATTERN |a.3¢ THD. RODS BOLTS USED WiTH | A-36 THD. RODS BOLTS USED WITH

USED WITH INSERT | INSERT USED WITH INSERT | INSERT

T s N 2 2 T 3 T s
WO TI 32.722 32.22 33.28 32,72 3¢:3(0 | 38536 | 3538 34,36
e @
INSERTS 8| w498 | 2027 | p9.9¢ | 4242 | ad55 | 28.2] | 29.9¢]| 4242
FOUR oo |Z] 2562 | 2648 | 2568 2564 29.20 | 2426 | 2%.76]29.2¢
INSERTS @ ® 18] 4uqp | 2227 | pe.9y| ¢ad2 | 4498 | 2827 | £9.9¢]| 242
oY - e I\ 334 23.3¢ | 233¢ 23.34 | 27.90 2770 | 27.90 27.90 |
INIRTS oo |8 44.9¢ | 2027 | 29.9¢ | d24r| a4.98 | 2827 | 27.1¢| ¢r 42
NIAE see |7]| vlo¢ 2064 | 2104 | 2l.04 ) 2695 | 2595 | 2578 25,95
- ece \—-dh
INSERTS qee |8| wq9s | 29.27| #9994 | 4242 ag9¢| 28.27| £9. 94| 4242
SIXTEEN oo e ﬁ 1846 spab | 18.¢b | 1846 22.8°| 22.80 | 22,80 | 22. 80
NIy aaee 8| “.9g | 2237 | 2734 | dadr]| 4498 2827 | £9.94| 4242
TABLE T (Contd.) (A»t-ont 3)
J»gworn

SSE

Allowaile -
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APPENDIX &

DESICGN CRITERIA FOR EM3EDDED FLATE STRIPS

DESCRIPTION

Embedded plate strips are ASTM A3€ steel plates, 3/4"
thick and 8" or 10" wide, embedded in concrete wall
columns, sides of beams and the underside of floor cor
rocf slabs and attached to the concrete by means of
Nelson studs welded to the plate. They are usecd to
support rhangers and other structural supports wihich are
connected to <the embedded plate by welding c¢r by
thnreaded Neison studs. The design of the <hreaded
Nelscen studs and the weld at the connection to the
embedded plate is the responsibility of the cdesigner of
The hanger or the structural suppore.

APPLICABLE RETERENCES

Manual of Steel Consgtrucstion AISC 7th edition

L]

Pesign Data 10 - Embedment Prcperties ¢of Eeaded
Studs-TRW Nelson Division 2-77

CAPACITY OF EMBEDDED PLATE STRIPS FOR CCNCENTRIC LOADING

Allowable loads on embedded plate strips are shown on
sheet A4.1 and A4.2 for loadings acting at w*d-s:ans
between studs and sheet A4.3 and A4.4 for lcading
acting at stud locations. However, as shown on
sheet A4.3, the maximum allowable tensile lcad at the
extreme stud locat:ion on coth ends cf the embecdded plate
strip is reduced by 40 percent. For loacdings acting
cetween mid-span and stud location the allowable lcad
shall be cetermined by linear interpolation.

Loading is not permitted on the cantilever portions of
the embecded plate strips beyond the last pair of studs.

Allowable loads as shown c¢n sheet A4.. and A&L. & are
valid only when iloadings are piaced within =23/4" of <he
centerline of the embedded plate anc only ;f the Nelscn
studs of the empedded plate are lccated at leas:t 8" Zrom
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edge (i.e. crenings, face of beanm,
ion.

"2:in Connecticns" shall be assumed for load transfer to
the embecded piates. Only <forces normal to the
empedment (P) and forces in the plane of the
empedment (S) may be transferred *=o the empecment.
Moments dJdue to cantilever actien or from any cther
source may be transferred to the embedment only when the
empecment is stiffened for the ca.i::lated moment.

The loading pattern on sheet A&-l and A4-3 assumes that
she embedment is lcaded at the midpecint of every span
petween pa:irs of studs £for A4-l and at every pair of
studs Zfor A4-3. In cases in which the load is
distribuze n more <than cone pair of studs, the full
nermal loca

(SR o N

) and only half of the plane load (S)
nsidered when using the figures cn sheet

y ¢f embedded plate strips for icads acting

n; cee Cases 3 and & (A4-3 trhrough ~4-9)

T™¢ OF EM3TODED FPFLATE STRIPS FOR LARGCE ECSCENTRI

Termsion and shear forces generated on the stud anchors
by loads applied eccentric to the supportiing stud group
should be calculated to insure no failure of the stud
anchors.

Jltimate tension and shear capacities of the stud
anchors shall be taken Zfrom reference 2 of ai
Appendix.

The number of participating tud anchors may be
increased by welding stiffeners to the embedded plate
strips and tc the support structure to ensure that the
loading is spread to all the selected stud anchors. The
embedded plate strip shall be checked for bending and
snear.

Steel plate mater:ial 1s A-36 Nuclear Safety Related as
defined on OCrawing 2323-5-0786 for empecaed plate
detalls.
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REDUCED CAPACITIES OF HILTI EXPANSION BOLT - STRIP PLATE
VIOLATING MINIMUM SEFARATION REQUIREMENT

For calculational procedures see final pages of this
Apprendix.
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SECTION A-A

CASE {
_LOADINGS AT MID SPAN BETWEEN STUDS

NOTATION !

P ACTUAL APPLISD TENSION LOAD.
S - AUTUAL APPLUED SHEAR. LOAD, R =]
COMANGHE. PR AL

ALLOVARLE LCADS ON
EMBECCED PLATESD

[

= 2523 . AL
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ALLOWABLE EMBEDDED PLATE CAPACITY FOR COMBINED TENSION AND
SHEAR LOADS

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

CASE |

iOTATION .

P ACTUAL. APPLIAD TENSION LOAD,
D= MTUAL APPLED SEAZ LOAD.

TUSI
COMANG HE, PEAK

ALLOWARLE LOADS N
1 EM220CED PLATED

& MR o
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_SECTION B-B_

CASE 2

LOADINGS AT STUD LOCATIONS
e ————

NOTATION :_

P ACTUAL APP_ED TENSION LOAD.
Q= ACTUAL. APPIED HEAR LOAD.

TSI
COMANCHE. PRAK,

ALLOWARLE LOADDS ON
EABEDOLD PLATESD

PO E R [y .
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ALLOWABLE EMBEDDED PLATE CAPACITY FOR COMBINED TENSION AND

SHEAR LOADS
_INTERACTION DESIGN CURVE FOR LOADINGS ACTING AT
STUD LOCATIONS
CASE 2

LNQ‘TATION:

Poe ACTUAL APP_ B0 TENSION LOAD,
Qe ATUAL APPLIAD SHEAX LOAD.

TUS|
COMANGHE PEAK,

ALLOWARLE LOAD ON
EAREDOED PLATES
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C) IF THE LOAD UIES IN BETWEEN THE CENTER LINE OF PLATE

AND THE STUD LINE , INTERPOLATION MAY BE MADE BETwWEEN
CORRESPONDING GRAPHS AND/OR FORMULAE,
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Reduced Capacities of Eilt: Expansion Belt-
Strip Plate, Viclating Minimum Separation
Reguirement

Calculation of +<he reduced allowable capacities for HIlti
expansiosn anchors and embedded strip plates spaced at less <than
minimum separation reguirement indicated in attachment 3 item 2
in Appendix 1 of G&H specification $5-30 (CE I-20 Rev. 8)

Notation

d Diameter of Hilti bolt (in)

X Distance betweer Hilti bolt and nearest edge of embedded
strip plate (in)

2 Actual or estimated minimum distance between Hilti bolt
and nearest Nelson stud of embecdded strip plate (in)
Z2=X+1.5

2, Minimum distance between Nelson stud of empedded strip

plate and ¥ lti bolt for each tc have 50X capacity (in)
«12]1.5+2.54

22 Minimum distance petween Nelscn stud of empedded stri
clate and Eilti bolt Zfor each tc have 120% capacizty (:in)
2:=4.0+5.0d

R Allocation ratio for distance "2"
R = d
da+1.0
a Distance allocated to Hilti bolt (in)
a=R (2-7%;) + 2.5d
b Distance allccated to Nelson stud of embedded stip
plate (in)
b=Z-a b21.S"
S.R. Separation ratio for Hilti bolt
S.R. = _a
; 5d
R Tensile capacity reduction of Nelson stud due to separation
TU requirement violation (kips)
- o Allowable (working) capacity of Nelson stud in tension
(kips per stud)
3’ Allowable (working) capacity of Nelson stud in shear
(kips per stud)
T Allowable design tension load for Hilti bolt, see Tables 1l
B and 2, Appencix I of G&¥ specification £35-30
S Allowable design shear lcaéd for Hilti bolt, see Tables 1

: : S =8 MRW & > g et <
A nd 2, Appendix 2 ¢I CO&n SpecililCatiadn sSs=ov




Cibbs & Hill, Inc.
Specification No. 2323-S5-30
Revision 2

June 13, 1986

Appendix 4

Page 14 of 22

Reduced allowable tension capacity for Hilti bolt (kips)

Reduced allowable shear capacity for EHilti bolt (kips)

Actual applied tension load on embedded strip plate (kips)
ctual applied shear load on embedded strip plate (kips)
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PRCCZDURES

Stee 1

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

a) If location of stud is known, measure 'Z2'.

b) 1f location of stud is not known, measure 'X' where 'X' =
distance between Hilti bolt and nearest edge of embedded
strip plate
o=X+1.5"

L8]

Step

Determine whether spacing violation exists:

Min. Z2 regq'd =2, = 1.5 + 2.5d
-if 2<2,, not acceptable, relocate Hilti bolt
«if 222;=4.0 - 54, both stud and =Hilti zclt are
fully cdevelcped therefore no spacing viclation ex:Ists
ané nc reduction is reg'd.
«if 4.5 ;vZ.Sd,s 2 < 4.0 - 54,
“1 Zz

a spacing violation exists, proceed to step 3

btep 3

- ———

Ju

Calculate the reduced allowable capacities of the Hilti bolt.

Rs=s d
a+1.0

a = R(2-2,) + 2.5d

b = Z-a
.. = 2
Sd

Recduced allowable (working) capacity c¢f Hilti belt in tensicn
and snear
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T =T (S.R.)
R A

$ = § (8.R.)
R A

Step 4
Calculate the reduced allowable capacities of Nelson stud.

R = 12.4-2.5b (for 1.5 s b 5 3.35)
TU

R = 28.9-7.2b (for 3.5 < b 5 4.0)
U

Reduced allowable (working) capacity ¢oZ Nelson stud in tens:ion,

- = 9.95 - Rqy (kips/stud)

s

Verification o: embedded strip plate adeguacy.

A) Location of Nelson studs of the embedded strip plate 1is
known.

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

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

2 29 172
e X * = 2L £31.0 (1)
107.16 £.75
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wn
-
w
w
.‘l
O
3

S/3
)" - (el
i7.92 4(* )

Case 2: Loadings (P&S) acting at stud location; empecded
strip plate is adequate when eguatiocns 3 and 2
are pboth satisfied.

2 2=1/2
[}: s ‘) . <: P > :] <1.0 (3)
306.00 1%.46
[

S$/3
S + P /3 81.0 (2)
37.98 1.96({2%")
Case_3: Loadings (P&S) acting somewhere between case .l

-

anc case <

NELSON STVC(Frm) |
%‘ ":3; STYD LOCATION (CAsE E)

MIOSPAN (C4ASE 1)

oS |
IS STUD LOCATION [CASE &)

| —af ! Zmemafa STRI™ PATE




Gibbs & Hill, Inc.
Specification No. 2323-85-30
Revision 2

June 13, 1986

Appendix 4

Page 19 of 22

Calculation procedure:

(1)

(2)

(3)

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

With known S (or P) calculate allowable P (or S) fer pboth
case 1 and case 2 as per eguations 1, 2, and 3, 2
respectively.

Interpolate by the use cf either of the two following
eguations & or S.

P case ; = P case , + (_6 - Y) (P case ; - P case ;) Kips (4)
6

(Allowable)

CR

S case ;3 = S case , * (_6 - Y) (S case ; - S case ,) Kips (S)
5

(Allowable)
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case 3 (cr S (allow) of case 3) with

of <the embedded strip plate not



a)
b)

<)

Q)
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ALLOWABLE LOADS FOR ADJACENT SFANS

2323-S5-30

2' & 2" are used here c¢nly for illustrative purposes.

2' < 2" anc both 2' & 2" are bolt violations.

Th maximum capacity of the embedded strip plate,
particular span 1, is determined by calculating the allowab
(working) capac:it of <the Nelson stud nearest to the Hil
Bolt., (2' in this case since 2'<2"

I£ a load is to be placec on span lA

geterminec IOor span .1 may be usec Zor

ne other spacing viclation exists f£o

supportina gan lA. i anothier spacin

saen : e smallest < dinmens
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4 studs of span lA to determine the load capacity by using
the procecdures cutlined on the preceecing pages.

If a load is to be placed on span 1B, the mix’' mum capacity of
strip plate is determined by calculating the capacity of the
Nelson stud located at 2" distance from Hilti Beolt, as
illustrated apove, provided that no other - spacing violaticn
exists for any cther Nelson stud sunporting span 1B. Follow
the procedure as menticoned above ir 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
floor or roof slabs, and attached to the concrete by means of Nelson stucs
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 cof
hanger or tne structural support.

APPLICABLE REFERENCES
Manual of Steel Construction AISC 7th edition

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

LOCATION OF ATTACHMENTS

Attachments may be welded to the strip plate at any location provided 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 spacing of 12" between the
center lines of attachments measured along the center line cf 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 Nelscn studs
of the empedded plate are located at least eight inches from a concrete
free edge (i.e. openings, face of beam, etc) in any direction.

15425 /238s: 1CA
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Construction tolerance shall be considered during the design phase.
Allowable loads are based on the eccentricity of the attachment center
Tine 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 one inch minimum
edge distance of paragraph 3.1.

CAPACITY OF EMBEDDED PLATE STRIPS

The embedded plate shall be evaluated for loais 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 strip
plate, the allowable stud tension loads shall be reduced by & factor é;.

if there is an adjacent strip plate. S' equals the distance between the
end studs of the 2 plate strips, see Figure A-dW-2. Nete 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 located at least six inches from the plate end,
otherwise S must be assumed to egual the minimum possible spacing of 3".

Loads applied to the attachment are designated as F,, Fy Fz. My, My,

Mz, (kips or inch kips) with 2z normal to the plate and y parallel to the
plate center line. 'A' is the minimum dimension of the attachment cross-
section. When a base plate is used, 'A' is the dimension from the
compression face of the attachment member to the tension weld between the
base plate and the c..2dment. 'E,' is the eccentricity of the attach-
ment center line from the center line of the plate.
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4.2 Studs shall satisfy the allowabies defined by the following equations:

Stud Tension: T, = (0.5F, + 0.16M )(1 + 0.4€)) + O.ZHy (1 +0.2€)

: M
R & 2,2 2,1/2
Stud Shear: Vs 172 [(FX + Iz ) L g Fy]
: Ts .5/3 Vs 5/3 <
" interaction: (m) + (rrs—s'g) -1

4.3

4.4

1542

Plate stress shall be evaluated for attachments with minimum dimensicn
less than four inches and shall satisfy the allowables defined by the
following eguations.

f1 = 0.375 Vs

f2.= 2.4 (1 - .104) (1 + .2Ex) F;
f3=1.1 (1 - .154) (1 +» .O7E,) My
fa = 0.9 (1 - .15A) (1 + .2Ex) M,
fafle+fr+f3+f,

f < 27 ksi

For attachments A and B located closer than twelve inches apart at spacing
's', calculate the stud loads (Tga, Tsh, Vsa, Ven) and maximum

plate stress (f,, 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 interaction eguaticn
and against the allowable plate stress.

Tg = Grpater of (Tga, Tgp) (12 - S) x lesser of (Tga, Tsp)
-_TZ_-

vs . Gr!lt!r Of (Vsa. VSJ) ’(12 e S) X ]QSSBP Qf (Vsa, Vsb)
-Tz-

f = Greater of (fa, fp) +(12 - §) x lesser of (f,, fp)
1

$/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.

The numper of participating stud anchors may be increased by welding
stiffemers to the embedded plate strips and to the support structure to
ensure that the loading is spread to all the selected stud anchors. The
embedded plate strip shall be checked for bending and shear.

Steel p'ate material is A-36 Nuclear Safety Related as defined on Drawing
2323-5~—0786 for embedded plate details.

18425/238s:10A
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5.0 REDUCED CAPACITIES OF HILTI EXPANSION BOLT - STRIP PLATE VIOLATING MINIMUM
SEPARATION REQUIREMENT

5.1 The reduced allowable capacities for Hilti expansion anchors and embedded
strip plates spaced at less than minimum separation requirement indicated
in Attachment 3 item 2 in Appendix 1 of G&LH specification S5-30 (CE [-20
Rev. 8) shall be calculated using the following procedure:

§.1.1 Notation (see Figure AdW-2)

d Diameter of Hilti bolt (in) :
X Distance between Hilti bolt and nearest edge of embedded strip plate
(im)
l Actual or estimated minimum distance between Hilti bolt and nearest
Nelson stud of embedded strip plate (in) Z=X+l.S.
11 Minimum distance between Nelson stud of embedded strip plate ard Hilti
bolt for each to have 50% capacity (in) Z;=1.5+2.5d.
- Iy Minimum distance between Nelson stud of embedded strip plate ang Hilti
bolt for each to have 100% capacity (im) Z2=4.0+5.0d.
R Allocation ratio for distance "I
Re_d
d-1.0
a Distance allocated to Hilti bolt (in)
a=R (Z-Z1) + 2.5d
b Distance allocated to Nelson stud of embedded strip plate (in)
b=Z-a »>01.8"
S.R. Separation ratic for Hilti boit
S8 »
Sd
RTU Tensile capacity reduction of Nelsun stud due to separation
requirement viclation (kips) .
T Allowable (working) capacity of Nelson stud in tension (kips per stud)
s Allowable (working) capacity of Nelson stud in shear (kips per stud)
Ta Allowable design tensicn load for Hilti bolt, see Tables 1 and 2,

Appendix 2 of of G&H specification SS-30
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SaA Allowable design shear load for Hilti bolt, see Tables 1 and 2,
Appendix 2 of G&H Specification SS-30

TR Reduced allowable tension capacity for Hilti bolt (kips)

Sp Reduced allowable shear capacity for Hilti bolt (kips)

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

1842s/2385:104
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§5.1.2 Calculation Procedure
Step |

Determine the distance 'Z' between the nearest Nelson stud of embedded strip
plate and Hilti bolt.

a) If location of stud is known, measure 'Z'.
b) If location of stud is not known, measure 'X' where 'X' = distance between
Hilti bolt and nearest edge of embedded strip plate

T=X+1.5"

Step 2

Determine whether spacing violation exists:

Min. Z required = 7} = 1.5 + 2.5d

-if I<Z;, not acceptable, relocate Hilti bolt

-if Z>72=4.0 + 5d, both stud and Hilti bolt are fully developed
therefore no spacing violation exists and no reduction is required.

e L5+ 2.5¢ 4.0 + 5d
L 4

<lc
a spacing viclation exists, proceed to step 3

Sten 3

Calculate the reduced allowable capacities of the Hilti bolt.

R o ot
O‘L.U

a = R(Z-2)) » 2.5d
b= Z-a

S.R. =

R

15425/2285:1CA
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2323-58-30

Reduced allowable (working) capacity of Hilti bolt in tension and shear

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

Step 4

Calculate the reduced allowable capacities of Nelson stud.

Rry = 12.4-2.50 (for 1.5
Rty = 28.9-7.2b (for 3.5

<
<

Ia A

3.5)
4.0)

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

R
T - 9.98 - -;9

18425/238s:10

(kips/stud)
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Step 5 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, pags 12).

Location of Nelson studs of the embedded strip plate is not known. 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.

12" 12"

® HILTI BOLT

1542s:10A
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B)

c)

d)
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ALLOWABLE LOADS FOR ADJACENT SPANS

PRV
N
£

|
{

=
$m
\
-
“h——@
/‘é
4

12
o
S

I' & I" are used here only for illustrative purposes
I' < I" and both 7' & I" are bolt violations

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' < ZI").

[f a Toad is to be placed on span 1A, the maximum capacity determined for
span 1 may be used for span lA previded that no other spacing viclation
exists for any other Nelson stud supporting span lA. If 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: 104
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e) If a load is to be placed on span 1B, the maximum capacity of strip plate
s determined by calculating the capacity of the Nelson stud located at 7"
distance from Hilti Bolt, as illustrated above, provided that no other
spacing violation exists for an other Nelson stud supporting span 1B.
Follow the procedure as mentioned above in note d if another spacing
violation exists.

1542s5/238s: 10
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APPENDIX S

DESICN CRITERIA FOF. EMBEDDED LARCE STEEL PLATES

DESCRIPTION

Embeddea large steel plates are ASTM A3€ steel plates,
3/4" thick connected to concrete walls and the under
side of slabs by means of Nelson studs embedded in the
concrete and welded to the plate. They are used to
support hanjers and other structural supports which are
connected to the embedded plate by welding or by
threadec Nelson studs. The design of the threaded
Nelson studs anc the welds at the connection to the
embecdded plzte is the respcnsibility of the designer of
the hanger or other structural support.

AFPLICABLE RITEZIRNECES
Manual of Steel Construction AISC 7th Edition

Design Data e = B nent Properties of Eeaded
Studs - TRW Nelson Division 2-77.

ALLOWABLZ LOADS ON EMBZIDDED LARGCE STEEL PLATE

- ——— -—

For design purposes each steel plate is divided into
four different regions: Cantilever, Exterior, Exterior
Corner, and Interior. There is an additional region
called "Exterior Region Near Opening" if an opening in
the steel plate exists. See Sheet AS-1. Designation of
regions 1s as folliows:

Area A; Interior Region
Area B; ZIXTerior Region
Area C; EIxterior Corner Region

Area D; Exterior Region Near Opening

+
"
14
m
"

cantilever Region

al is A-36 Nuclear Safety Related zs
©. 2323-5-0786 £for embedded p.ate
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For allowable tension and shear loads at any location of
each particular region of the steel plate see Sheet A5-2
through AS5-4 and Sheet A5-8 through A5-10. No loading
is permitted in the cantilever region except if special
design is made for adegquate load distribution.

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

When moment is transmitted to the plate, the moment may
be converted into a couple acting on the plate; the
coupie 1is calculated as the resultant tension and
compression force of the distributed pressure acting on
the plate cue to the moment. The tension compcnent of
the couple and the direct tension locad shculd be
combined numerically. The resulting tension force and
the simultaneous shear force should be used in
conjuction with Sheets AS5-2, AS5-3, AS-4, A5-8, AS5-% and
AS5-10 in order to ensure that the plate is not
overloaded. Cther design methods may be used if proven
by analysis.

Weld contours of adjacent attachments, 1
auxiliary steel, =shall be separated by i2
minimum. See Sheet AS5-5.

For examples, see Sheet AS5-6 and Sheet AS5-7 for pin and
moment connections to the large steel pliate,
respec<tively.

a) Allowable 1load capacities for attachments smaller
than 6"x 6" are shown on Sheets A5-Z through A3-4.

b) Allowable load capacities for attachments €"x 6"
anéd larger are shown on Sheets A5-8 through AZ-10.
Ttachments shoulc be welded all arcund.

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

Tor p.ate attachments larger than 16" x 16" the use of
Sheets AS~-8 through AS-20C may be <=0 conservative. in
~hese cases, =the =otal tension and shear forces may pe
gistributed %20 a ‘ew lumped <force points along the
tens:on welds. Zach lumpec ZIorce point shoulc maintain
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a minimum of 12" from any adjacent lumped force point.
The allowable load capacity shown on Sheets A5-2 throuch
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 allowable 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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. FOR ALLOWABLE LOAD CAPACITY AT ANY LOCATION OF
AREA A, INTERIOR REGION,SEE FIG.2 AND FIG.8.
AREA B . EXTERIOR REGION,SEE F1G. AND FI1C.9.
AREA C ; EXTERIOR CORNER REGION, SEE FIG.3 AND FIG.D. -
AREA D; EXTERIOR RE&GION NEAR OPNG.,SEE FIG.4 AND FIG.10.
12. THE DIMENS|ION'De" IS THE FREE EDGE DISTANCE AS SHOWN.
3. FOR LOCATION OF STEEL PLATES SEE DE/CD S-1643.
4. FOR NELSON STUD PATTERN SEE DE/CD 5-1582
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_ALLOWABLE LOAD CAPACITY FOR COMBINED TENSION AND
SHEAR - For ATTACHMENTS SMALLER THAN 66"
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FIG. 3
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NOTE:

ATTACKHMENT.

PLAN or ELEVATION

FIGURE 5

L FOR ANY SUPPORT WHERE ONE ATTACHMENT 18 IN TENSION AND
ONE ATTACHMENT 18 IN COMPRESSION, THE MIN. 12° SELARATION
CRITERIA () REFERS TO THE DIS TANCE BETWEEN THE WELD OF THE
TENSION ATTACHMENT TO THE CENTERLING O THE :aunuula»/

TUSI
OMANCHE.

PEAK

MINIMUM CLEAR .
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NONE
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HANGER AT EXTERIOZ REGION (AZEA B) OF LACGE STESL PLATE

WALL OR CEILING
- =
Ls

CHANNEL

JU

PLAN ©2 ELEVATION

(’4'1

L

LCHANNEL.

SECTION GA -GA
FIGURE &

QUESTION 1 IF Pe OO AND S 3.0 1S THE (ARGE
STREL £ ADESVATRT

BOUTION : BROM BIGURE 3 P:6.0F
S ALLOWABLE F £.6% > 3 OF

e %, TLUS

ANS '+ R 1S ADGRQUATE., COMANCHE PEAL
PIN CONNECLTION

' TO LARGE STEZL PLATE

amo-cm.:l__‘_ NoNE

H=_1 . p-
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HANGER AT INTERIOR REGIONCAREA A) OF LARGE STEEL PLATE
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W TEEL PLATE ADEQUATE 2

SOLUTION: AT WELD A
SHEAR | %4 =572 = 2.0/ =1.0" g
TENSION DUE TO CANTILEVER MOMENT @ Fa

TP 3.5 K
P a2 24 .GJL'a_m_ZJ..aA :
TENSION DUE TO DIRELT TENSION WAD T FPA
Pa’'= FA = |,0%
RESULTANT TENSION, ZPS: PA+Pisn & 4+|59 4K
FEOM FIGUZE 2, SHEET 4
S alloweble =5.4%> 2.0% o.K.

ANS:! R 1§ ADEQUATE

% . IF P PA" THEN THE BESULTANT
TENSION, IPa=P+PA

TUSI
COMANCHE PEAK

MOMENT CONNECTION
TO LARGE STEEL PLATE
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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 Nelson 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 Nelson studs. The design of the threaded Nelson studs and the
welds at the connection to 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 Conmstruction 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 is as
follows:

Area A; Interior Region
Area D; Exterior Region Near Opening
Area £; Cantilever Region

3.2 Steel plate material is A-36 Nuclear Safety Relatad as defined cn Orawing
No. 2323-S-0786 for embedded plate details.
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3.3 Loads on attachments on the interior region (Area A) shall he evaluated

3.4

»—

n
.

by calculating stud tension and shear loads using the following alger-
ithms and evalu§t1ng'th¢s¢ stud loads using the stud interaction equation
given below. Loads on the attachment are defined 1s Fy, F,. Fz,

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

'a' shall be taken as the smaller attachment dimension but shall not be
taken greater than 6". The absolute value of the maximum load shell bte
used.

Soud temsion: 1" il ¢ ~[£—:—;’—2]“2
i e b S ey  sonili P

: - 10 2 3 2,1/2
Stud shear: V. yro—g [(Fx + 0.08 Hz) - (Fy .0S Hz) ]

T v
Allowable stud loads: (I%-g)sla + (11535)5/3 %3
No loading is permitted in the cantilever region except {f special design

{s made for adequate 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 is known such that the extent of the cantilever region is defined.
If Dg>> 4" loads on attachments may be evaluated in accordance wizh
paragraph 3.3. If Dg < 4" stud tension and shear load shall be
evaluated in accordance with paragraph 3.3 and these loads shall be
evalyated using the following interaction eguation.

v
e 153 o () < 1

« i e

w
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Stiffeners may be used between the attachment and the plate in order to
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 auxilfary 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 ana
3.5 may be tco conservative. [n these cases, the total tension and shear
forces may be distributed to a few lumped force points along the tension
welds. Each lumpea force point should maintain a minimum of 12" frem any
adjacent lumped force point. The allowable locad capacity of paragraphs
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 dimension refers to the dimension of the attachment at the
interface with the large steel plate. I[f the attachment consists of a
structural member and baseplate welded to the sheet plate, the dimension
a shall be the distance from the compressicon flange of the structural
member to the tension weld of the base plate to the sheet plate (see Fig.
ASW-13)
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INTERIOR CANTILEVER

# REGION REGION
__'__ 2 ¢ ‘ (TYP) (AREA A) (AREA E)

I
0o —

QPENING

0—0—0—0—0—0— 0— 0— 0—0—

EXTERIOR REGION CANTILEVER REGION
NEAR OPENING (AREA E)
(AREA 0)

PLAN OR ELEVATION VIEW OF SHEZT EMBEDDED PLATE
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PLAN or ELEVATION

NOTE:
L FOR ANY EUPPLRT WHERE ONE ATTACHMENT |18 IN TEN
NY S ' ! ! SION ALD
ONE ATTACHMENT /& IN COMPRESSION, THE MIN. 12° SELARATICN
CRTERIA () REFERS TO THE DIETANCE LETWESEN THE W . LD CF T

TENSION ATTACHMENT TO THE CENTER LINE CF Cm,"RE ’
AT ACHMENT / 7 THE CTm. R-J&/;&
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ALLOWABLE LOAD CRITERIA FOR 1-1/2" DIAMETER - Al93
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 1s as
follows:

l. Allowable Tensile Capacity

a. Ultimate load condition - 105 Kips
. Working load condition - 66 Kips
2. Allowable Shear Capac:ity
a. Ultimate load condition - 69 Kips
». Working load congdition - 234.5 Kips
3. Cecmbined Tension and Shear
a. Ultimate load condition
T R € 1.405 :in.2 (Tensile stress ares cf
75 Ksi 49 Ksi 1-1/2" Ziameter - AlS3 belt)
b. Working load condition
T * v € 1.405 in.?
&7 ¥si 24.5 Ksi

Use allowables given for ultimate load condition when designing
for emergency/faulted (service level C&D) lcads and when design
18 based on normal/upset (service leveli A&B) lcads use allowables
given for werking loac condizion.

The apove criteria can be used for a group of 4 tolts and 6 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.
In <the event of. a) overlapping due to another anchor of a near-
by support b) euye cdistance effect due to proximity of openin
tc. above criteria cannct be applied directly. Such situaticons
shculd then be .ndepencently examined on a case by case basis.
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ALLOWABLE LOAD CRITERIA FOR ("¢ -~ A |93
GROUTED-IN ANCHAOR BOLTS

Por a single grout-in’ Bolt iastalled “in
isssrcance with procedure set forth in CP-El-l3.0=3-Rev.l,
allowable load criteria is as follows: .

1. Allowvable Tensile Capacity =
2} Tlziz=ats load condition - 10S Eips
b) Working load condition - 66 Kips

2. Allovable Shear Capacity
a) Ultimate load condiszicn - 69 Kips
b) Working load condition - J4.5 Kips

J. Combined Tension & Shear
a) Ulzimate lcad condition
T +V & 1.405 in.?(Tensile stress area of lig-AlS$3 =iz
78ksi 43Rsi N
=) Werking lcad conditicn
e ’ in.?
2 =3 é 1.405 in
Th8i 24.5Ksi
JUse allowables given for ultimate load condisizs whan designia
for emergency/faulted (service level CiD) loads and when

design is based on normal/upset (sesvice level A&3) Lcacs
use allowables given for wor! lecad eondiiivun.

The above criteria can be used for a group cf 4 bolts and
6 Solts in a 2'-9" min. concrete thickness, provided a
[Walzum spacing of 14 in. for 4-bolt pattarn and 18 in.
£23r 6 bclt pattern is maintained.

I2 the event of, a) overlapping due t2 ancther ancher of
4 near-ty support b) edge distance effeact due =0 proxinucy
©f cpening etc. above criteria cannot be apelied direcsly.
Such situations shculd zhen be independently exam:ned

on a case by case bas.s.
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" ALLOWABLE LOAD CRITERIA FOR [5"s - ::‘ 19:) .
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' R S0 A Semetcie St installed im e
o 3 dccordance with procedurs set forth in CP=~EI-13.0=3-Rav.l,
A allowabla load critaria is as follows: . Roe fu: &
:'r-fg-' b ,v-fi;.._ﬁlovabic Tensile éapaci:y -
2 Rl S a) Uleimate load condition - 105 Rips
5. ‘=% 3~ B) Working load condition - 66 Kipas
o :':_Q.‘;?:;’f},;,_ % gpl®. ve R I '.
iy , Zf Allowable Shear Capacity -
i CLESTa) Ultimate -load condition - §3 Kips
GREE e AN B) ‘Working locad condition - 34.5 Kigs
ES DY .°';....’;: BBy 300 BT 4 % A be
3. Combined Tension & Shear P
ey =i a) Ultizate load cendition o8 : L s 4
G A : Af..'_ s &9 & 1.405 in.?(Tensile Stress area of 14g-A193 k=
’ =77 *75Red 4TRs1 N e S
- B) Working locad conditien . -
gl UMD £ 1.405 ia.2 ATR S
o ¥y — — -_— _: - :
.- 4TRsi  24.85Rsi P TR SO LS
~WIMME &5 R A33p - G T =
Use allcwables given for ultimate load condition when designing
for emergency/faulted (sexvice level ciD) locads and when
design is based on normal/upset (servics level As3) loads
- Gse allowables given for working load condition.
" The above criteria can be used for a SToup of 4 bolts and
6 bolts in a 2'-9~ min. concrete thickness, provided a
Spacing of 14 in. for 4-»0lt Pattern and 18 ia.
for § bolt Pattern is maintained.
In the event of, a) overlapping due to anctlier anchor of
4 near-by supporst b) edge distance effecs due to Froxinity
©f opening etc. above CIiteria cannot be azolied directly.
Suech situatiocns should then be indep-ndcnuy examined
On a case by case basis.
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Note:

APPENDIX &

M. ximum Longitudinal

Cable Tray Support Span

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