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1. PURPOSE

The purpose of this analysis is to develop the design of the emplacement drift invert for the
Underground Facility portion of the Engincered Barrier Segment (EBS) of the repository. The
underground facility portion of the EBS consists of emplacement drift openings, emplacement
drift backfill (if needed to enhance the EBS) and invert system.

The objective of this analysis is'to support the Viability Assessment with an emplacement drift
invert design compatible with the ground control system, the subsurface waste handling system,

'andthewastepaekagesupponsystem.

The scope of this analysis covers design of the emplacement drift invert structure that provides
support for the ground control system, the subsurface waste handling system, and the waste
package support system. This analysis will evaluate concrete and steel materials for the invert
structure and will determine the invert configuration, the structural properties, and the strengths
of materials proposed for the invert. This analysis will include investigation of loadings from
construction operations, ground control, waste package handling for emplacement and retrieval -
and for off normal conditions, and waste package support (pedestal and pier). This analysis will .
identify interfaces with ground control, waste handling, and waste package support systéms as
shown in Reference 5.30. Developments in the design of the waste package emplacement

equipment, power supply system, waste package support system, and in-drift monitoring will be
incorporated. The impact of potential application of fill material (which may be added to

enhancetheEBS)andanyﬁmzrebackﬁllmgneededwmbeaddressed.

 The desxgn of the emplacement drift openings, emplacement drift backfill, and waste paekage
support pier essembly is not covered by this analysis. .

2. QUALITY ASSURANCE

The EBS and the emplaeement area of the ground control system are classified as QA-1 and QA-
2, according to Classification of the Preliminary MGDS Repo:itory Design (TBV-228)
(Reference 5.5, page 17), therefore, the emplacement drift invert is considered quality affecting
and subject to Quality Assurance Requirements and Desenptian (OARD), (Reference 5.11)

reqmrements

‘This design analysis activity has been evaluated in accordance with QAP-2-0, Conduct of
Activities, and has been determined to be epplicable to the requirements of the QARD (Reference
5.11). The outputs of this analysis are subject to QA controls in accordance with NLP-3-18, |
Documentation of QA Controls on Drawings. Specb‘ications Design Analyses, and Technical

Documents,
)

The ﬂdstinghmeonﬁrmed input data uscd in this analysis are preliminary and unconfirmed and,
therefore, the outputs require confirmation. Because of the preliminary nature of this analysis,

[av983.wpd 06/05/98
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the formal tracking systeni described in NLP-3-15, To Be Verified (TBV) and To Be Determined
(TBD) Monitoring System, is not applicable. The conclusions from this design analysis cannot
be used as input to documents supporting procurement, fabrication, or construction without
further confirmation. ' ' ‘

- 3. METHOD

The emplacement drift invert will be designed by hand calculations and computer analyses,
considering rock, therma, and seismic loads. Installation and operating loads and loads from
- potential backfilling materials are also considered in the invert design.

4. DESIGN INPUTS

41 DESIGN PARAMETERS |
4.1.1 Category 1 rock mass mechanical properties used in this analysis are as follows:

Young’s modulus: 7.76 GPa (Reference 5.21, Table 4, page 48)

Poisson’s ratio: 0.21 (Réference 5.27, Table 7-6, page 7-13)

Cohesion: 1.5 MPa (Reference 5.21, Table 5, page 49)

Friction angle: 43 (Reference 5.21, Table 6, page 50) ﬁ

Tensile Strength: 1.32 MPa for the Tsw?2 unit (Reference 521, Table 8, page 52)

These rock mass mechanical properties are based on full peripheral mapping data
obtained during the ESF construction. Compared to similar properties based on
scanline mapping data, rock mass properties are generally lower, and therefore,
are considered to be conservative for this analysis.

412 Theremaining applicable design parameters used in this analysis are included in
Section 4.3 as assumptions. . : ‘

42 CRITERIA

The folloﬁhg design criteria, applicable to this analysis, were developed in response to
requirements in the Repository Design Requirements Document (RDRD) (Reference 5.1),
and to related requirements in the Engineered Barrier Design Requirements Document

(EBDRD) (Reference 5.6),

42.1 The Repository Segment shall be designed so that facilities (inverts) are easily

: maintained. Maintainability considerations shail include the use of durable
materials. These criteria are addressed (Section 7.2) by the selected use of
concrete or steel components for the invert segment, which enhances durabilit

Inv983.wpd 06/05/98
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and allows fot €ase of maintenance and/or replacement with cast-in-place concrete
if required (EBDRD 3.2.5.2.8.A.1 and RDRD 3.2.5.2.8.A.1).

The Repository Segment shall be designed for & maintainable service life of at
least 100 years (RDRD 3.2.5.4.A) which is exceeded by Assumption 4.3.2 which
assumes a service life of at least 150 years for the EBS (CDA EBDRD 3.2.5.4).
Both of these requirements equal or exceed Key 016 of Section 4.3.1. This
criterion is addressed (Section 7.2) by the selected design of the invert segment
using concrete or steel, which allows access for maintenance and/or replacement
for the service life of the structure. ,

Geologic Repository Operations Area Systems, Structures, and Components
important to safety shall be designed to accommodate natural phenomena such as
carthquakes. This criterion is in the analysis (Section 7.3) following the
methodology of Reference 5.2. The concrete invert is designed to withstand loads
shown in Section 4.3.1, Key 064 (EBDRD 3.2.6.1.A and B and RDRD 3.2.6.1.A).

The design of structures shall include the effects of stresses and movements
resulting from variations in temperature, including the effect of emplaced waste
packages. This criterion is addressed (Sections 7.1.5 and 7.3) in the analysis and
thcconmtcmvertwasdwgnedtomtbsmndthese loads (EBDRD 3.2.6.1.D and
RDRD 3.2.6.10).

The Repository Segment facilities shall be designed to incorporate the use of
noncombustible and heat resistant materials. This criterion is addressed (Section
7.2) by specifying concrete or steel materials for the invert segment (EBDRD

- 32,622 and RDRD 3.2.6.2.2.D).

- 426

All des:gns shall comp!y with U.S. Nuclear Regulatory Commission direction
supplemented by the criteria of DOE Order 6430.1A to the extent there isno
conflict. The applicable criteria of DOE Order 6430.14, i.e., Division 1 (General

- Requirements) Sections 0109 (Reference Standards and Guides), 0111-1

(General) 0111-2 (Loads), 6111-3 (Structural Systems for Buildings and Other .
Structures), 0111-99 (Special Fecilities); Division 3 (Concrete), Sections 0320
{Concrete Reinforcement), 0340 (Precast Concrete); Division § (Metals) Sections
0512 (Buildings and Other Structures), 0532 Meta! Fastening; and Division 13

~ (Special Facilities) Sections 1300-1 (Coverage and Objectives) and 1300-3.2°

42.7

1av983.wpd 06/05/98

(Safety Class Items) ere addressed throughout this analysis (EBDRD 3.3.1.B and
RDRD 3.3.1.A, 3.3.4.B).

The Repository Segment shall accommodate the emplacement concept (TBD)
selected during advanced conceptual design. Advanced conceptual design related
to the emplacement drift invert has changed from & scenario of fill material to
curreatly one of structural materials, i.c., steel or concrete. In addition, the
advanced conceptual design showed emplacement with railcars; however, Key
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066, Sectiori 4.3.1 requires gantry emplacement {(EBDRD 3.2.3.3.A.8 and RDRD
3.23.2.2.A.7) (Section 7.1.5).

43 ASSUMPTIONS
All assumptions below require confirmation as the design brocceds.

43.1

The following Key 2 ptions from the Controfled Design Assumptions
Document (CDA) (Reference 5.3) relate to the design of the emplacement drift
invert segment. : R

Key 011: Waste Packages will be emplaced in-drift in a horizontal mode,
(Sections 4.3.5 and 7.1.5) ‘ ' ‘

Key 016: The repository will be designed for a retrievability period of up to 100
years after initiation of emplacement. (Section 4.2.2) '

- Key 064: The seismic design of repository Systems, Structures and Components

important to safety shall be based on the methodology presented in Reference 5.2.
(Section 7.3) : :

* For the emplacement drift invert, seismic design parameters in Reference 5.4, are

assumed to correspond to Frequency-Category I, Reference 5.2. Based on
Reference 5.4, Table 1, page 6, a mean peak horizontal acceleration of 0.27 gand

‘mean peak horizontal velocity of 16 cm/sec are obtained, These values are further

assumed to be applicable both to vertical and horizontal ground motions. Asa
conservative consideration, factors for reduction of ground motion with depth -
(Reference 5.4, Table 3, page 17) are not used in the analysis. Furthermore, based
on Reference 5.2, page 3-21, a seismic wave frequency of 10 Hz is chosen for

~ The seismic waves are nmnéﬁcally represented by the sinusoidal velocity waves
‘(P-wave and S-wave) propagating vertically ipwards through the emplacement

Iav983.wpd 05/05/98

The fo!lowing parameters are at the earth's surface and apply to analysis for

vibratory ground motion in both the horizontal and vertical directions:

Peak acceleration: 0.27g (Reference 5.4, Table 1) (Rounded to 0.3 geand
used in Section 7.3 and Attachment IT) A

- Peakvelocity: 16 cm/sec (Reference 5.4, Table 1) (Section 7.3, Table 1 and
Attachment I) _ . :

Frequency: 10 Hz (Reference 5.2) (Sectioﬁ 7.3, Table 1 and Attachment 1))
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Duration: up to 3.0 sec (Reference 5.2) (Section 7.3, Table 1 and
Attachment IT) ,

Key 066: Waste packages will be placed center in-drift, on pedestals, using
gantry emplacement (Sections 4.3.5, 7.1.5 and 7.1.3).

Kéy 070: The following diameters are essumed for underground openings:
Emplacement Drift (TBD) (Sections 4.3.5 and 7.1.5).

The following Engmccred Barrier Design Requirements Document (EBDRD)
assumptions from the CDA (Reference 5.3) relate to the design of the
emplacement drift invert segment.

CDA EBDRD 3.2.5.4: EBS structures, systems, and components shall be -
designed for = maintainable preclosure service life of at least 150 years following
first emplacement of waste (Section 7.2).

CDA EBDRD 3.7.1.J.2: The waste package mass shall not exceed 83,000 Kg
(Sections 4.3.6 and 7.3).

The following Design Concept Subsin'face (DCSS) assumptions from Reference
5.3 relate to the design of the emplacement drift invert segment.

DCSS 023: Maximum allowable preclosure rock surface temperature in the
emplacement drift will be 200° C (Section 4.3.4).

DCSS 027: Concrete (subject to restrictions on chemical composition of
cementitious materials) and steel are allowable preclosure construction material in
all opcmngs (Section 7.2).

DCSS 034: A single ground support type will be used in the emplacement drifis.
Candidate ground support types under consideration (Sections 4.3.4 and 7.2):

¢  Precast concrete
¢  Cast-in-place concrete
. Steel sets.

DCSS 037: Invert material will consist of concrete/crushed tuff material
combination. Other material additives may be used as necessary. Note, the

- concrete/crushed tuff combination has been ebandoned due to consideration of

434

full lining systems. Concrete material is being used for the invert (Section 7.2).
Materials for the emplacement drift invert segment will be of reinforced eoncreic

" or structural steel and shall have the following design strengths in this analysis

Inv933.wpd 060558

(Sections 7.2 and 8.2):
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* Concrete: compressive strength 62.1 MPa (f'=9000 psi) minimum
» . Concrete Reinforcement: yield strength 413 N MPa (60000 psi)
" minimum

*  Structural steel: yield strengtbs 248.22 MPa (36,000 psi) and 344.75
Mpa (50 000 psi) depending on applications shown in Attachment I.
The tunnel is judged to be a non-corrosive environment because of the
gencrally dry conditions (Reference 5.26, Section 6.3.2.2), therefore
corrosion allowance beyond reserve capacny of the steel members is
not considered necessary.

Concrete and steel meet the requirements of Section 4.2.5 for the maximum
emplacement drift temperature of 200° C (Section 4.3.3, DCSS 023). Design
strength of concrete was selected because it represents the lower range of high
strength concrete; i.e., high-strength concretes have specified compressive
strengths of 6000 psi (41.31 MPa) or greater (ACI 363R-92, Chapter 1). Design
strengths of structural steel were selected because they represent the most
frequently used grades of steel (ASTM A36 and ASTM A572)

The following properties are assxgncd to the concrete invert for use in the
numerical analysis,

Young’s modulus: 27.58 GPa (4 x 10¢ psi, ACI-318, Section 8.5)
Poisson’s ratio: 0.21 (ACI 363R-92, Section 5.4)
Density: 2000 kg/M? (Reference 5.29, page 8-4)

EmplacementdnﬁdxametermllbeSSmetemmammummthxsanalysxs .
Section 4.3.1, Key 070 does not assume a diameter for the emplacement drift.
The value assumed above allows waste packages placed horizontally center in-
drift, on pedestals, using gantry emplacement (Section 4.3.1, Key 011 and Key
066). Any change to the emplacement drift diameter will most probably be a
small increase which will not have a significant impact on the invert analysis.
(Section 7.1.5)

Construction and operating loads shall have the following maximum vﬁlues in this
analysis: ‘

TBM: 285 MT (2796 kN)

TBM transport dolly wheel load: 20 MT (196 kN)

Impact load: 25 percent of TBM dolly wheel load which is reasonable for a one
time removal of the TBM in each emplacement drift.

Gantry: 60 MT (588 kN) Derived in Attachment 1.

Waste package: 83 MT (814 kN) Rounded to 85 MT (834 kN) in Attachment I
and bounded at 90MT (883kN) in Attachment II. (Section 4.3.2, EBDRD
3.7.1.J.2) The waste package was bounded at 883kN for analysis of the
concrete invert because the waste package is stored directly on the invert
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43.7

43.8

439

4.3.10

Inv983.wpd 06/05/98

which results in more impact to the design with any waste package weight
change.

Waste package emplacement impact: Load will not exceed the vertical seismic
valueof 0.3g. = ’

The weight of the tunnel boring machine (TBM) will be 285 MT which is
reasonable for a TBM of 5.5 meters diameter. The TBM will be removed from
the completed drift over the construction access rails and will be supported by two
rail mounted dollies, each with eight wheels. The weight of the TBM will be
supported equally between the dollies. The weight of the TBM (285 MT) divided
by sixteen wheels results in & wheel load of 17.8 MT which is rounded up to 20
MT (196 KN) for this enalysis and provides an upper bounding value. A system
of rollers could also be used and could be designed to be within the upper bound
of 20 MT per wheel. The 20 MT wheel load will be larger than any construction
wheel load. Construction wheel loads for locomotives and muck cars will be the
largest construction loads and will not exceed 20 MT per wheel. Spacing of dolly
wheels along & single track will not be less than three feet between centerline of
wheels. Using two feet diameter wheels, the three feet spacing allows a minimum
of one foot between outside perimeter of wheels.

Gantry weight of 60 MT is reasonable for & heavy steel frame and lifting
mechanism, including drive motors, necessary to handle waste packeges of 85
MT. (Section 7.3 and Attachment I) ‘

The configurations of the emplacement drift invert segment developed in Section
7.1.5 and analyzed in Attachments I and II, ere based on preliminary layout of
drift opening, garitry emplacement, steel ground support, and precast concrete
liner segments. Figure I-4, shown in Attachment IT and extracted from Reference
5.8 shows the waste package support layout, specifically the steel support, pier,
precast concrete invert scgment, and related dimensions to be used as the basis for
the precast concrete invert configuration in Figure II-3 of Attachment . Figure
II-3 shows the dimensions of an upper bounded condition for this design analysis.

Initial stresses used in this computer model are estimated based on gravitational
stresses generated by the overburden weight. The horizontal to vertical in situ
stress ratio of 0.5 was used in the computer model. (Reference 522, pages 15 and
19) (Attachment I, page I-67) .

A 60 percent initial ground relaxation prior to the installation of invert and lining
is assumed and used in this analysis. The rational is based on Reference 5.19,
Section 7.12.4.1. (Section 7.3) .

The hoop stress level induced in the concrete invert by the heat output from
emplaced waste packages will remain in & range not exceeding 15 MPa.
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43.11

4.3.12

43.13

4.3.14

4.3.15

43.16

43.17

(Reference 5.15, Sections 7.6.2.2.1 and 7.6.2.2.2) {Section 7.3 and Attachment II,
Section 4)

A uniform spacing of 28 m for the emplacement drifts is assumed. (Rcfcrcnée
5.9, page 56) (Attachment I, page -50)

A normal stiffness of 50 GPa and a shear strength of 10 GPa are assumed for
simulating the interface between the tunnel rock and concrete invert. The values
are based on the summary of joint stiffness values for the tuff, (Reference 5.10,
page 19) (Attachment II, page 11-53) o .

A live load of 24 kPa (500 psf) will be used to design the cover plate for the steel
invert. This uniform load exceeds the load required for storage facilities (UBC,
Table 16-A) by a factor of two and is used to provide durability to the steel invert
allowing multiple reuse of the invert. (Attachment I) :

Loads on the emplacement drift invert from equipment used during off-normal
conditions and other off-normal loads will not exceed the operating loads in
Section 4.3.6. Equipment used during off-normal conditions will access the
emplacement drift using the gantry rails, or over a layer of crushed rock fill -
material. Gantry rails can support multiple wheel loads equal to the gantry wheel
loading. Crushed rock £ill will spread any wheel loads and reduce the loading on’
the inverts. Off-normal equipment loads can be managed to not exceed operating
loads. Some off-normal loads, such as a dropped waste package, may damage the
invert and repair or replacement of the invert may be required. (Section 73)

Loads on the emplacement drift invert from backfill materials to enhance the EBS
will not exceed the loads of the waste package support and loaded gantry.
(Sections 7.1.4 and 7.3 and Attachment ) I

A soft layer undemeath the concrete invert is assumed to have one tenth of the
Young’s modulus of the rock mass and to have the same Poisson’s ratio as the
rock mass. This soft layer represents a layer of grout to be injected under the
invert after installation to provide uniform support for the invert. (Attachment I)

A bulk density of 2274 kg/m® is used for the TSw2 unit, (Reference 5.19,

- Attachment 1, page 1I-67) .

44 CODES AND STANDARDS

4.4.1

Inv983.wpd 06/05/98

American Concrete Institute (ACT) , ‘
ACI 117R-90 Standard Specification for Tolerances for Concrete
 Construction and Materials
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ACI 211.1-91 Standard Practice for Slecting Proportions for Normal,
Heavyweight and Mass Concrete
ACI301-96 Standard Specification for Structural Concrete
ACI 305R-91 Hot Weather Concreting
ACI 305R-88 Cold Weather Concreting

ACI318/318R-95 - Building Code Requirements for Structural Concrete
(ACI 318-95) and Commentary (ACI 318R-95).

ACI363R-92 State-of-the-Art Report on High-Strength Concrete
(Reapproved 1997)

442 American Institute of Steel Construction (AISC)
AISC MO16-89 AISC Manual of Steel Construction, Allowable Stress
Design, Ninth Edition, 1989.

443 American Raflway Engineering and Maintenance-of-Way Association
(AREMA)

AREMA-97 AREA Manual for Railway Engineering

444 Notused.

445 American Society for Testing and Materials (ASTM)

ASTM A6/A6M-96b Standard Specification for General Requirements for .
Rolled Structural Steel Bars, Plates, Shapes, and Sheet

Piling
ASTM A36/A36M-96  Standard Specification for Carbon Structural Steel

ASTM A307-94 Standard Speciﬁcahon for Carbon Steel Bolts and
' - Studs, 60,000 psi Tensile Strength
ASTM A325-952 Standard Specification for Structural Steel Bolts, Steel,

Heat Treated, 120/105 ksi Minimum Tensile Strength

ASTM AS10/AS10M-96  Standard Specification for General Requirements for
Wire Rods and Coarse Round Wire, Carbon Steel

Inv983.wpd 06/05/98
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ASTM A563-96

ASTM AST2/A572M-97

ASTM A615/A615M-96a -

ASTM C31/C31M-96

ASTM C33-97

ASTM C39-96

ASTM C9%4-97
ASTM C109/C109M-95

ASTM C138-92
ASTM C143-90a

ASTM C150-97
ASTM C171-97

ASTM C172-97
ASTM C173-%4a
ASTM C231-97

ASTM C260-95

Standard Specification for Carbon and Alloy Steel
Nuts :

Standard Specification for High-Strength Low-Alloy
Columbium-Vanadium Structural Steel

Standard Specification for Deformed and Plain Billet
Steel Bars for Concrete Reinforcement

Standérd Practice for Making and Curing Concrete
Test Specimens in the Field

. Standard Specification for Concrete Aggregates

Standard Test Methods for Compressive Strength of
Cylindrical Concrete Specimens

Standard Specification for Ready-Mixed Concrete

Standard Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2 Inch or 50 mm
Cube Specimens)

Standard Test Method for Unit Weight, Yield and
Air Content (Gravimetric) of Concrete

Standard Test Method for Stump of Hydraulic
Cement Concrete

Standard Specification for Portland Cement

Standard Specification for Sheet Materials for Curing
Concrete

Standard Practice for Sampling Freashly Mixed
Concrete

Stardard Test Method for Air Content of Freshly
Mixed Concrete by the Volumetric Method

Stardard Test Method for Air Content of Freshly

Mixed Concrete by the Pressure Method

Standard Specification for Air-Entraining Admixtures
for Concrete
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ASTM C309-97 Standard Specificatition for Liquid Membrane-
' Forming Compounds for Curing Concrete
ASTM C494-92 Standard Specification for Chemical Admixtures for
: Concrete
ASTM C1064-86 Standzard Test Methods for Temperature of Freshly
(Reapproved 1993) Mixed Portland Cement Concrete
ASTM C1107-97 Standard Specification for Packege Dry, Hydraulic-
Cement Grout (Nonshrink)
ASTMD75-87 . Standard Practice for Sampling Aggregates
ASTM F436-93 Standard Specification for Hardened Steel Washers

44.6 American Welding Society (AWS)
AWS D1.1-98 Structural Welding Code-Steel, 16th Edition
44.7 Concrcte Reinforcing Institute (CRSI)
CRSI-DA4-90 Meanual of Standard Practice, 1990, 25th Edition
448 Department of Energy (DOE) Orders
DOE 6430.1A-89 General Design Criteria
449 International Conference of Building Officials (ICBO)
UBC-97 Uniform Building Code (UBC)
4.4.10 Precast Prestressed Concrete Institute (PCI)
PCI MNL 116-85 Manual for Quality Contro! for Plants and Production
of Precast Prestressed Concrete Products, Third
Edition
5. REFERENCES
51 USDOE OCRWM 1994. Repository Design Requirements Document. YMP/CM-0023,

Rev. 0, ICN 1. Yucca Mountain Site Characterization Project. Las Vegas, Nevada:
USDOE. Rev 0, NNA.19931220.0064. ICN, MOL.19950728.0140.
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52 USDOE OCRWM 1997. Preclosure Seismic Design Methodology for a Geologic
Repository at Yucca Mountain. Topical report. YMP/TR-003-NP, Rev 2. Yucca
Mountain Site Characterization Project. Las Vegas, Nevada: USDOE.
MOL.19980127.0697. S

53 CRWMS M&O 1997. Controlled Design Assumptions Document. "B00000000-01717-
4600-00032 REV 04 ICN 4. Las Vegas, Nevada: CRWMS M&O. MOL.(Not Avzilable)
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Package Support Layout (300 mm Gantry Wheel). '

59: CRWMS M&O 1997. Repository Thermal Loading Management Analysis, BO0G0000O-
01717-0200-00135 Rev 00. Las Vegas, Nevada: CRWMS M&O, MOL.19971201.0501.

5.10 CRWMS M&O 1997. Emplacement Drift Preclosure Environment, BCAAODOOO-OI?W-
0200-00006 Rev 00. Las Vegas, Nevada: CRWMS M&O. MOL.19971204.0133.

Sll USDOE OCRWM 1997. szallgf Assurance Requirements and Description for the
Civilian Radioactive Waste Management Program. DOE/RW-0333P
Rev 7. Las Vegas, Nevada: USDOE. MOL.19970731.0427.

S.12 Itasca Consulting Group, Inc., 1995. FLAC Fast Lagrangian Anélysis of Continua, User's
Manual, Volumes I, Il, Il and VI, Version 3.3. Minneapolis, Minnesota: Itasca
Consulting Group, Inc, '

5.13 CRWMS M&O 1998, Software Qualification Report for Structural Analysis and Design
(STAAD-IT]), Version 22.3a. Computer Software Configuration Item (CSCD) Number
30024 V22. Document Identifier (DI) 30024-2003, Rev 00. Las Vegas, Nevada:
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Equipment Design. BCA000000-01717-0200-00012 REV 00. Las Vegas, Nevada:

CRWMS M&O MOL.(Not available)

CRWMS M&O 1998. Repository Ground Support Analysis for Viability
Assessment. BCAA00000-01717-0200-00004 REV 01. Las Vegas, Nevada: CRWMS

M&O. MOL.(Not aveilable)
Prestressed Concrete Institute (PCI) 1978. Design Handbook, Precast Prestressed
Concrete. Second Edition. Chicago, lllinois: Prestressed Concrete Institute.

Blodgett, O. W., 1996. Design of Welded Structures. Cleveland, Ohio: The James F.
Lincoln Arc Welding Company.

CRWMS M&O 1997. Preliminarjr Waste Package Transport and Emplacement
Eguipment Design. BCA000000-01717-0200-00012 REV 00. STAAD-MI analysis and

stability analysis portions of Attachment H, comprising pages II-68 through II-804, in
electronic media form. Las Vegas, Nevada: CRWMS M&0O. MOL.19971125.0397 and

MOL. 19971125.0398.

CRWMS M&O 1995. ESF Ground Support Design Analysis. BABEE0000-01717-0200-
00002 REV 00. Las Vegas, Nevada: CRWMS M&O. 'MOL.19960418.0245.

Salmon, C. G. and Johnson, J. E., 1980. Steel Structures Design and Behavior. Second
Edition. ISBN 0-06-045694-9. New York, New York: Harper & Row, Publishers, Inc.

| CRWMS M&O 1997. Confirmation of Emperical Design Methodologies. BABEE0000-

01717-5705-00002 REV 00. Las Vegas, Nevada: CRWMS M&O. MOL.19980219.0104.

Transmittal from: M. C. Brady, Sandia National Laboratories, to L. R. Hayes, M&O,
dated January 30, 1997, of Level 4 Milestone 083273411, “TDIF Stress Measurement

Data/Analysis,” WBS 1.2.3.2.7.3.4. TDIF Number 305878, Data Tracking Number
(TDN) SNF37100195002.001.

Wang, C. and Salmon, C. G., 1979. Reinforced Concrete Design. Third Edition. ISBN 0-
7002-2514-5. New York, New York: Harper & Row, Publishers, Inc.

CRWMS M&O 1997. Repository Rail Electrification Analysis. BCAC00000-01717-
0200-00002 REV 00. Las Vegas, Nevada: CRWMS M&O. MOL.19980122.0463.

CRWMS M&O 1997. Performance Confirmation Data Acguisition System. BCAI00000-
01717-0200-00002 REV 00. Las Vegas, Nevada: CRWMS M&O. MOL.19971029.0590.

CRWMS M&O 1995. Retrieval Conditions Evaluation. BCA000000-01717-5705-
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CRWMS M&O 1997. Yucca Mountain Site Geotechnical Report. B00000000-01717-
5705-00043 REV 01. Las Vegas, Nevada: CRWMS M&O0. MOL.19980212.0354.

Dayton Superior Corporation, 1986. Precast-Prestressed Concrete Handbook Msion
4-89. Miamisburg, Ohio: Dayton Superior Corporation.

Merrit, F. 8.,1976. Standard Handbook Jor Civil Engineers. Second Edition. ISBN 0-07-

041510-2. New York, New York: McGraw-Hill Book Company. -

CRWMS M&O. MOL.(Not Available)

CRWMS M&O 1997. Software Qualification Report for Fast Lagrangian Analysis of
Continua (FLAC) Version 3.30. CSCI Number 30022 V3.3. DI: 30022-2003, REV 00.
Las Vegas, Nevada: CRWMS M&O. MOL.19980123.0651.

6. USE OF COMPUTER SOFTWARE '

STAAD-I, Version 22.3a, (Reference 3.13), is the computer software used for the
analysis of the steel invert presented in Attachment I. The computer software has been
verified and validated, according to QAP-SI-series of CRWMS M&O Computer Software
Quality Assurance procedures. STAAD-Iisa specialized computer code developed
specifically for solving structural analysis problems.

The computer software used in this analysis is appropriate for this application since the

STAAD-III program was specifically selected and validated for the purposs of analyzing

and designing steel frames and accessories, The program was used within the validated
range as described in the verification and validation documentation. The program was
obtained from Software Configuration Management in accordance with appropriate

The computer software is installed on an IBM-compatible PC equipped with a Pentium

microprocessor.

Fast Lagrangian Analysis of Continua (FLAC) Version 3.3 (Reference 5.3 1,and
Reference 5.12), a finite difference code, was used to perform the mechanical analysis of
the concrete invert segment as presented in Attachment II. The analysis was performed on
2 Pentium PC. FLAC is approved for use in design in accordance with M&O Computer
Software Quality Assurance procedures. FLAC is appropriate for the applications used in
this analysis. FLAC was obtained from Software Configuration Management in
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63

6.4

7.1

accordance with the applieéble M&O procedures. FLAC software was used within the
range of validation as specified in sofiware qualification documentation.

Computational support software Mathcad Plus 6.0 was used in Attachments I and [V to
perform structural calculations for determining steel and concrete requirements. User
defined formulas, inputs and results are shown in attachments. Mathcad represents
equations, text and graphics as would be seen in a text book. Mathematical computations
are performed internally. Mathcad is appropriate for this gpplication. :

The computer sofiware is installed on 2 Compaq Desk Pro with a Pentium microprocessor,
Graphic support software MicroStation 95 was used in Attachments IV and V to perform
measurement analysis of areas and to determine the centroid of areas and volumes.

Results arc shown in attachments. MicroStation 95 is appropriate for this application.

The graphic software is installed on a Compaq Desk Pro with a Pentium microprocessor.

7. DESIGN ANALYSIS

INTRODUCTION

7.1.1 Generzl :

This design analysis develops configurations for the emplacement drift invert suitable for
use with steel, precast concrete, and cast-in-place concrete ground control systems. The
emplacement drift invert is designed to support the subsurface waste handling system
gantry and the waste package support system. Loads from construction operations are
evaluated and included in the invert design. Loadings from retrieval operations and off-
normal conditions are assessed. The impact of fill materials and future backfilling is
determined. Interfaces with ground control, waste handling and waste package support
systems are identified (Reference 5.30). Impacts from the developments in the design of
the waste package emplacement equipment, power supply system, waste package support
system, and in-drift monitoring system are identified and incorporated into the design.

7.12 Ground Control System

The ground control system design is not part of this analysis. The ground control system
may consist of concrete or steel materials or a combination of concrete and steel or may be
of rockbolts and shotcrete. This analysis will consider steel sets with and without 2 steel
liner, precast concrete liner segments, and cast-in-place concrete for the ground control.
Concrete liners will be not exceed 200 mm thick as analyzed in Reference 5.15, Section
7.6222. .
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7.13 Subsurface Waste Handling System

Waste packages will be transported by the subsurface waste emplacement system from the
surface to the entrance of the emplacement drift. A rail mounted transporter will carry the
waste package to the emplacement drift entrance, The waste package within the -
transporter will sit on a special railcar designed to hold it in place during transportation.
At the emplacement drift entrance the railcar and waste package will be pushed from the
transporter onto an unloading dock immediately inside the drift. A rail-mounted gantry
(Section 4.3.1 Key 066) will then straddle the waste package and railcar, lift the waste
package, and carry it to an assigned location in the emplacement drift. At that location the
gantry will lower the waste package onto the waste package support system which is
installed on top of the concrete invert system. (Reference 5.14, Section 7.1.1, page 16)
The waste package support system will require redesign to be compatible with the steel
invert. (Reference 5.8) The ground control system, gantry, waste package support
system, and invert systems are shown in Figures 7-1 and 7-2 for illustrative purposes. The
power supply for the rail mounted gantry within the emplacement drifts will be provided
through a third rail collector system which will be mounted on the drift invert system.
(Reference 5.24, Section 8.3, page 62)

7.1.4 Waste Package Support System

The waste package support assembly is of a modular design allowing flexibility in waste
package placement within the drifts and component replacement of the support assembly
if the support becomes damaged. The waste package support assembly consists of a steel
and concrete pier and a steel “V” shaped support that is directly in contact with the waste
package. Attachment I, Figure 1I-38 shows the waste package support layout designed to
be placed on the concrete invert, The support pier may be placed or can be designed to
be placed directly on the invert of the drift or on top of a concrete invert if installed. The
waste package support system keeps the waste package off of the invert and allows
drainage along the invert through an opening in the base of the pier. The waste package
support system is designed to accommeodate the potential application of fill material that
wou!dactasaﬁlterbedtoaﬂowdrainageoranyﬁltmbackﬁmngthatmaybenwded.
(Reference 5.8 and Section 4.3.15) '

7.1.5 Invert Configurations

The emplacement drifts are configured for in-drift horizontal emplacement of the waste
packages in accordance with assumption in Section 4.3.1 Key 011, and will be placed
center in-drift, on pedestals, using gantry emplacement in accordance with the assumption
in Section 4.3.1 Key 066. The emplacement drift invert system is considered part of the
underground facility portion of the EBS and the invert will form the support structure for
the subsurface waste emplacement system and the waste package support system. The
invert may also be part of the ground control system in the emplacement drift forming the
base support structure for the ground control structural system and be capable of
withstanding loads resulting from installation and from thermally induced strains from the
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hot emplaced waste packages, Section 4.2.4, creating'a preclosure rock surface
temperature of 200° C maximum, Section 4.3.3, DCSS 023.

The invert structure must also accommodate a number of other functions. During .
excavation of the emplacement drift, the invert structure will be installed behind the TBM

head and will support the TBM construction rail.

The invert must be robust enough to accommodate loads from the TBM trailing gear and
rail traffic for muck removal and materials handling. On completion of emplacement
drift excavation, the TBM will be partially disassembled and backed through the drift
over the rail on rollers'(or dollies) designed to support the heavy TBM.

The configurations of the emplacement drift invert segment shown in Attachments I and
1, are based on preliminary evaluation of waste package handling in accordance with the
criteria in Section 4.2.7, andassumpnonsmSecuon4.3 1Key 011 and Key 066 . All
dimensions shown defining the invert geometries are in accordance with the assumption
in Section 4.3.7, and are used here to determine the minimum properties of the invert
materials. The precast invert configuration shown in Figure II-37 is used as the basis for
the analysis of the concrete invert in Attachment Il. Diameter of the emplacement drift
opening is TBD in accordance with the assumption in Section 4.3.1, Key 070, but is
assumed to be 5.5 meters maximum (Section 4.3.5) for this analysis.

The invert configuration must accommodate the above requirements and must be made of
materials suitable for anticipated conditions. Various invert design configurations are
described below and analyzed in this analysis.

7.15.1 Steel Invert

The steel invert will be a two part system consisting of a construction support system and
an emplacement gantry support system. The construction support system will carry
construction loads and will be removed for reuse upon completion of the emplacement
drift excavation. The construction rail will be carried on special steel supports placed
between the steel sets. The gantry support system will serve the subsurface waste
handling operations and will be & permanent part of the repository. The gantry rails will
be mounted on heavy steel supports placed between the steel sets. Figures 7-3 and 7-4
show the configuration of the steel invert. Both parts of the steel invert will be
constructed of steel materials consisting of structural shapes and plates. This invert will
be suitable for use with steel sets and a steel liner as a ground control system.

7.152 Steel Ixivert and Cast-In-place Concrete Invert

This alternate will beamropénsystemconsisﬁngofasteel invert for the construction
support system and & cast-in-place concrete invert for the emplacement gantry support
system. The construction support system will carry construction loads and will be
removed for reuse upon completion of the emplacement drift excavation. The
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construction support system can be used to carry the forming and concrete placement
equipment for installing the cast-in-place concrete invert. The cast-in-place gantry
support system will serve the subsurface waste handling operations and will bea
permanent part of the repository. Figure 7-5 shows the configuration of the cast-in-place
concrete invert. The removable steel part of the invert will be of the same configuration
described in Section 7.1.5.1 and shown in Figure 7-3. The cast-in-place concrete invert
will have the advantage of a controlled alignment that will facilitate rail instaflation and
equipment operation. This invert will be suitable for use with steel sets and a steel liner
as a ground control system. The cast-in-place invert will enclose the lower part of the
steel sets and steel liner.

7.1.5.3 Precast Concrete Invert

. The precast concrete invertwillbeaonepaﬂsystemconsistingofasing!e concrete
structure providing both the construction support system and the emplacement gantry

emplacement drift construction is completed and the TBM is extracted, the construction
acccssrailwillbcremovedforrenseandtheganu'yrailswillbeinstauedonthemised
haunches of the invert. The gantry support system will serve the subsurface waste
bandling operations and will be a permanent part of the repository. Figure 7-6 shows the
configuration of the precast concrete invert. This invert will be suitable for use with steel
sets and a steel liner, a concrete segmental liner, or a cast-in-place liner as a ground

7.1.5.4 Precast Concrete Invert With Cast-in-place Concrete Invert
And Haunches .

This alternate will be a two part system consisting of a precast concrete invert for the
construction support system and a cast-in-place concrete invert with haunches for the
emplacement gantry support system. The construction support system will consist of an
access rail installed in the ccntcrporﬁonoftheprecastconcreteinvmtocarry :
construction loads. Once emplacement drift construction is completed and the TBM
extracted the construction access rail will be removed for reuse, The construction support
systemcanbemcdwcmytheformingmdwmwp!accmcmmpmmtforinstamng
the cast-in-place concrets invert. A cast-in-place concrete invert with haunches will then
be installed for the gantry support system to serve the subsurface waste handling
operations. Bothpmaftheinvertsyst:mwillbeapcxmancntpan of the repository.
Figures 7-7 and 7-8 show the configuration of the precast concrete invert and the cast-in-
place invert. The cast-in-place part of this alternats will have the advantage of 2
controlled alignment that will facilitate rail installation and equipment operation. This
invert will be suitable for use with steel sets and a steel liner, a concrete segmental liner,
or a cast-in-place liner as a ground control system.

7.1.5.5 Partial Precast Concrete Invert with Cast-in-place Concrete Haunches
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This alternate will be a two part system consisting of & partial precast concrete invert for
the construction support system and cast-in-place concrete haunches added to the precast
portion for the emplacement gantry support system. The construction support system will
consist of an access rail installed in the center portion of the partxa! precast concrete invert
to carry construction loads. Once emplacement drift construction is completed and the
TBM extracted, the construction access rail can be used to carry the forming and concrete
placement equipment for installing the cast-in-place concrete haunches. After haunch
construction is completed the construction access rail will be removed for reuse. The
cast-in-place haunches will provide the gantry support system that will serve the
subsurface waste emplacement system. Both parts of the invert system will become 2
permanent part of the repository. Figures 7-9 and 7-10 show the configuration of the
partial precast concrete invert and cast-in-place haunches. The cast-in-place haunches in
this altemnate will have the advantage of & controlled alignment that will facilitate rail
installation and equipment operation. This invert will be suitable for use with steel sets
and a steel liner, & concrete segmental liner, or & cast-in-place liner as a ground control

7.1.6 IN-DRIFT MONITORING

In-drift monitoring will be achieved with the use of a proposed “remote inspection
gantry” that would operate over the emplacement drift invert gantry rails. The
monitoring would include vision systems, thermal instruments, radiological instruments
and air and gas instruments. (Reference 5.25, Section 7.6.5, page 55)

7.2 INVERT MATERIALS

Two types of materials are considered for the emplacement drift invert system in this
analysis, inverts constructed from either concrete or steel. Two types of invert materials
are considered because of potential performance assessment concerns stemming from
extensive use of concrete in the emplacement drifts. If concrete becomes unacceptable,
the alternative steel material will be used. Invert material consisting of a combination of
concrete and crushed tuff, Section 4.3.3 DCSS 037, was considered and abandoned when
full lining systems were selected.

The invert segment is usually part of the ground support acting in ring compression and
forming the foundation for any ground support structure. Assumption 4.3.3 DCSS 034
addresses three types of ground support; i.c., precast concrete, cast-in-place concrete, end
steel sets.

Steel and concrete (both precast and cast-in-place) materials are proposed for use for the
emplacement drift invert in accordance with assumpﬁons in Section 4.3.3 DCSS 027.
Steel and concrete materials satisfy the criteria in Sections 4.2.1, 4.2.2 and 4.2.5. Steel
and concrete are durable materials that can be maintained as necessary for a service life of
150 years. Concrete, cast-in-place or as precast invert segments or steel inverts can be :
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repaired as necessary or replaced with like materials, Steel and concrete materials are
noncombustible and heat resistant. Structural steel yield strength is 248.22 MPa
minimum and concrete compressive strength is 62.1 MPa, Section 4.3.4, for this analysis.

Section 7.1.5 describes invert design configurations with steel, steel and cast-in-place
concrete, precast concrete, precast and cast-in-place concrete and precast concrete with
cast-in-place concrete haunches. Invert configurations will be suitable for use with stee]
scts and a steel liner, a concrete segmental liner ora cast-in-place liner as ground support.

Structural steel ground support will consist of stesl sets made of wide flange shapes. The
steel ground support may be a continuous steel ring or a partial steel ring supported on a
precast concrete invert. Where the partial steel ring is supported on a precast concrete
invert, the invert will be designed as described below.

Where a continuous steel ring (steel set) and a steel liner is used for ground support, a two
part steel invert, Section 7.1.5.1 and Figure 7-3, will be placed between the steel sets and
will support the construction access rail and be designed with clearances and load
capacity to allow removal of the TBM. After the emplacement drift is completed and the
TBM removed, the construction access rail and steel invert will be removed for use in
constructing another emplacement drift. The gantry support rail will then be installed on
a steel support beam independent of the steel sets,

As an alternative to attaching the gantry rail to a steel support beam, a cast-in-place
concrete invert, Section 7.1.5.2 and Figure 7-5, can be used for gantry rail support.
Initially a steel invert, Figure 7-3, would be installed to support the construction access
rail and for TBM removal. After the dﬁﬁiscomp!etodandtheT’BMexu-acted,theaccess
rail and steel invert will be removed for reuse. A cast-in-place concrete invert, Figure
7-5, will then be instal!edtowrythegan&ysupportrail.

Where steel sets with a steel liner, precast concrete segmental liner, or cast-in-place
concrete liner are used for ground support, precast concrete inverts ora combination of
precast invert segments and cast-in-place inverts, Sections 7.1.5.3, 7.1.5.4 and 7.155,
will be used. A cast-in-place concrete invert and/or liner may be placed as a second stage
ground support following installation of rockbolts or steel sets. A cast-in-place liner
would most likely include a cast-in-place invert over precast inverts installed for
construction access, Figures 7-7 and 7-9.

A precast concrete invert suitable for construction and repository, Section 7.1.5.3 and
Figure 7-6, can be used with the ground control support described above. The precast
invert would support both the construction access rail and the gantry rail. The
construction access rail will be removed prior to installing the gantry rail,

A combination precast and cast-in-place concrets invert, Section 7.1.5.4 and Figures 7-7
and 7-8, are also suitable for use with the ground control support described above. Figure
7-7 shows a precast invert segment that will be compatible with the ground supportand -
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will carry the construction access reil. Once the empIaeement drift construction is
complete a cast-in-place concrete invert, Figure 7-8, is installed directly over the precast
invert. The cast-in-place portion will carry the gantry support rail.

Another combination of precast and cast-in-place concrete is shown in Figures 7-9and 7-
10. A partial precast concrete invert, suitable for use with the ground control described
above, is installed to support the construction access rail, Figure 7-9. Once the
emplacement drift construction is completed cast-in-place concrete haunches, Figure 7-
10, are installed to carry the gantry support rail.

7.3 LOADING CONDITIONS

As part of the EBS, the emplacement drift invert provides support for the following
loading conditions resulting from construction and waste emplacement operations:

Ground control structures

Construction access rail

TBM removal by rail

Waste package handling during emplacement and retrieval

Waste package handling during recovery from off-normal conditions.
(Off-normal equipment loads wﬂl not exceed operating loads.) (Section
43.14)

«  Emplacement drift backfill to enhance the EBS. (Loads will not exceed the
loads of the waste packege and gantry.) (Section 4.3.15)

The emplacement drift invert segment is subjected to dead (rock) loads, seismic loads,
thermal loads, installation loads, construction loads, and operating loads. An allowance
for thermally induced stress is shown in Section 4.3.10. Seismic loads are shown in
Section 4.3.1 Key 064. Construction and operating loads are shown in Section 4.3.6 and

are bounded by the following related values in this analysis:
TBM: 285 MT (2795 kN)
TBM transport dolly wheel load: 20 MT (196 kN)
Gantry: 60 MT (588 kN)
Waste package: 85 MT (834 kN) Bounded at 90 MT (884 kN) for concrete inverts .
Waste package emplacement impact: Load will not exceed the vcrncal seismic value
of 0.3g. .

Stee] Invert Loads

Loads on the steel invert for construction and gantry support are:

Construction Support
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- Liveload on cover plate: 24 kPa (500 psf) Exceeds UBC-97, Table 16-A,
Storage, by a factor of two '

- TBM transport dolly wheel load: 20 MT (196 kN) Section 4.3.6
- Impactload : 25 percent of TBM dolly wheel load Section 4.3.6

Gantry Support
- Gantry Joad: 60 MT (588 kN) Section 4.3.6
= Waste package load: 85 MT (834 kN) Section 4.3.6 '
- Seismic load: 0.27g, used asa percentage of weight, is included in
Reference 5.18, file GANTRY-H, used in Attachment 1. Section 4.3.1
- Thermal load: Not applied. Expansion joint in steel members can be readily
added in final design.

Seismic load is not applied to the construction support invert because there is a low
probability that the site seismic event will occur at the time the TBM is being
removed. As it is proposed that the construction support invert be removed and
reused, no waste package loading for the invert is considered. In addition, thermal
loading is not considered because the invert will be removed and reused. If the steel
invert remains in place an allowance for expansion under thermal load needs to be

evaluated,

Combinations of dead load, live load, and seismic load specifically related to the
analysis of the invert are shown in Attachment L. '

The steel invert is analyzed in Attachment I in accordance with the criteria and
assumptions of this analysis and adheres to the dimensions shown in Figure I-37,
Attachment I for the construction and gantry rails. The steel invert is modeled with
the loading conditions above and the results are shown in Section 8.

Concrete Invert Loads

For the two dimensional FLAC models, the invert segments and lining segments are
numerically installed after a 60 percent elastic ground relaxation, ( Reference 5.19,
Section 7.12.4.1) due to excavation, has taken place. The balance of ground '
relaxation will load the invert and lining. '

Seismic and thermal loads incorporate the criteria requirements of Sections 4.2.3 and
4.2.4 and the assumption of Section 4.3.3, DCSS 023. Reference 5.4 provides the
seismic acceleration and velocity values in Section 4.3.1 for analyzing the seismic
impacts of emplacement drift equipment on the invert. )

Installation loads include forces from handling of the precast invert and forces from
the expansion of the precast concrete ground support wall and crown segments.
Handling and placing of the precast invert will be by lifting lugs installed in the invert
segment at two locations. (Attachment IV) Forces from expanding the precast :
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concrete ground support scgments and installing key wedges, by inspection, will not
exceed the heat induced hoop stress shown in Teble 1.

The cast-in-place concrete invert Figure 7-5 and the cast-in-place haunches Figures
7-8 and 7-10 ere not loaded in the same manner as the precast invert loadings shown
in Table 1, i.e., rock load, TBM load, and heat induced load are not applicable. The
precast invert is subjected to all the loads shown in Table 1. The cast-in-place

- concrete invert will be analyzed based on evaluation of the applicable stresses

developed in this analysis for the precast invert and will not be modeled separately.
Table 1 identifies the loads a precast concrete invert will be subjected to during

preclosure of the repository. The concrete invert segment is analyzed as continuous
along the emplacement drift alignment.

Table 1. Loads of Concern with A Precast Concrete Invert Segment

Type Description Mapnitude Orientation Sources
end
Distribution

| In sltu rock boadthat ads on Invertis Both Reference
the Iner and kvert after] installed . horizontally | 5.19,
instaliation. This kad is afler €0 % and Section
caused by elastic ground elastic vertically 7.124.1
relaxation of the in shu ground
sresses. - frelaxation

L] TBM transportation load. 186 kN per Vertically on Section
This Is a moving load that Is contact the 436
concentrated at whee! construction :
contact points. raflon the

_ invest
] Gantry lcad. Thiskadls & 688 kN Vertically on Section
’ moving load, concentrated both 43.6

at whee! or roller contact shoulders of ’
points. Listed Is the total . the Invert
weight of gantry. .

w Individua! waste package 883 kN Vertically on Section
welght the knverts. 436

v Load range of heat- 15 MPa Hoop Section
Induced concrete liner's &t 200 mm direction. 43.10
hoop stress {foree) that will thickness
transfer to the invert in form
of adal thrust acting on the
Einerfinvert connection joints.
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Type Description Magnitude Orientation Sources
and
Distribution
Vi Potential earthquake . Acceleration " BothP-and Section
induced dynamie load on 0.3g9 S-waves 431
the Invest. Frequency: propagate
’ 10Hz vertically
Peak ground towards the
velocity: 16 ground
cm/s surface
Duration 3

sec.

" Loading Combinations for the Concrete Invert

This analysis is based on existing,

Pre-emplacement rock load (T) + TBM Transportation Load (i)
Pre-emplacement rock load (I) + Gantry Weight (TIT) with Waste

Pre-emplacement rock load () +Heat-Induced load (V) + Emplaced

Pre-emplacement rock load (I) + Heat-Induced load (V) + Emplaced
Waste Package Weight (IV) + Seismic Load (§'2))

Pre-emplacement rock load (T) + Gantry Weight (IIT) with Weste
Package Weight (IV) + Emplaced Waste Package Weight (IV)

Scenario 1:
Scenario 2:

Package Weight V)
Scenario 3:

Waste Package Weight (TV)
Scenario 4:
Scenario 5:
The precast concrete invert confi

8. CONCLUSIONS

gmaﬁonisana]yzedinAtta.ch.memlIinaccordancg
“with the criteria and assumptions of this analysis, The concrete invert is modeled
with the loading conditions above and the results are shown in Section 8.

unconfirmed input data and the use of any data from

this analysis as input to documents supposting construction, fabrication, or procurement is

required to be controlled as TBV

Conclmionsland recommendations are
included in attachments. Attachments

8.1 The structural steel invert is analyzed in Attachment I Figures I-1 through I-7 of
Attachment I, show the plan, elevation, sections, and details developed by this
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analysis for the steel invert and components. The steel invert consists of two majof
parts:

A. A removable/reusable steel section placed between the steel sets supporting
construction access rails, Figures I-1 through I-4. The steel invert for construction
access was designed in Attachment I using ASTM-A36 steel materials and

consists of the following major components:

«  Floor Plate: 3/8 inch thick with 23.9 kPa (500 psf) live load.
« Framing: W8 x 48 with 20 MT wheel load.
«  Construction Rail Size: 438 N/m (90 pounds/yard) Attachment I

B. A gantry nmway beam and rail anchored to & structural steel support, Figures I-5
through I-7. The gantry runway and steel support were designed in Attachment I
using ASTM-AS572 steel materials and consists of the following major
components: :

«  Gantry Runway Beam: W8 x 67 with 406.5 kN (91.4 kips) per wheel
¢  Gantry Rail Size: 657 N/m (135 pounds/yard) Attachment V

The steel invert, as analyzed, is satisfactory for the TBM loads shown in Section
4.3.6.

8.2 The precast and cast-in-place concrete invert is analyzed in Attachment II for the
loads shown in Table 1 and concrete stresses were determined. Figure II-3 of
Attachment I shows & section through the invert analyzed. Figure II-2 shows an
invert configuration based on using a 600 mm diameter wheel which lowers the top of
the haunches and demonstrates the feasibility of using a larger wheel diameter. This
configuration is bounded by the invert section shown in Figure II-3 and was not
analyzed. Using concrete stresses determined in Attachment II, the concrete invert is
analyzed in Attachment IV to determine steel reinforcement and concrete
compressive strength required. A concrete compressive strength of 62.1 MPa
(Section 4.3.4) is suitable. Steel reinforcement is shown in Figure IV-1. Figures
IV-2,IV-3, and IV-4 show a plan and details.

The construction rail size is 438 N/m (90 pounds/yard), Attachment I and the gantry
rail size is 657 N/m (135 pounds/yard), Attachment V, the same size as used for the
steel invert, for this analysis. The precast concrete invert, as analyzed, is satisfactory
for the operating loads in Section 4.3.6.

8.3 The configuration of casting-in-place an invert with haunches, Figure 7-8, over an
installed precast invert and adjacent ground support, Figure 7-7, involves the
additional cost of anchoring the cast-in-place section to the installed precast invert.
Anchoring the cast-in-place section is necessary for stability against movement of
the cast-in-place section during loading. Transfer of ground support loads to the cast-
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in-place invert through any anchoring system would most likely over stress the cast-
in-place section. No further analysis of this alternative is considered.

8.4 Casting the concrete haunches in-place (Figures 7-9 and 7-10, Attachment II, Part 4,
and Figure II-1) on a precast invert appeared more costly than a precast invert that
included the haunches because the haunches must be attached to the precast invert
with a system of dowels including threaded sleeves installed in the precast invert and
steel reinforcement attached to the dowels that are inserted into the sleeves.

8.5 Design of the steel invert supports construction and TBM loads and allows removal
and reuse of the invert part placed between the steel sets. The gantry rail structural
steel support is bolted to the tunnel floor and conforms to waste package placement
centered horizontally in-drift, on pedwtals, using gantry emplacement (Section 4.3.1,
Key 011 and Key 066).

Design of the precast concrete invert conforms to waste package placement centered
horizontally in-drift, on pedestals, using gantry emplacement (Section 4.3.1, Key 011
and Key 066).

8.6 The steel invert, designed to support construction access, is only usable with
structural steel ground support and is removed and reused in another drift. The gantry
runway beam and rail are installed for gantry support and remain in place for :
emplacement drift waste emplacement operations.

8.7 Attachment IV analyzes the steel reinforcement required for the precast concrete
invert based on a concrete compressive strength of 62.1 MPa. Steel reinforcement
required for the precast invert is shown in Figure IV-1 and is compatible with the
concrete compressive strength.

9. ATTACHMENTS

ATTACHMENTS '~ DESCRIPTION

Structural Steel Invert
Concrete Invert
Miscellaneous Reference Data
Reinforced Concrete Design
Gantry Rail Design

<dgRr"-
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- ATTACHMENT I
STRUCTURAL STEEL INVERT

DOE policy requires the subsurface design be performed using metric units.
Much source information (e.g., vendor data/steel member sizes) used for
design, however, is available only in English units. Because of this,
calculations ere generally performed in English units. The results are
converted to metric units in the main body of the analysis, followed by the
corresponding English values in parenthesis.
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12 1 -12.63 13,02 =22.61 21.38 16.73
2041.56 2041.56 .00 .00 .00

TOP : SMAX= 11S1.67 SMIN= .1203.351 TMAX~ 11783.59 ANOLE= -13.6

BOTT: SMAXe 1205.51 SMIN= -1151.67 TMAX= 11783.59 ANQGLE~ -13.6
13 1 13.16 41.33 5.486 «3.67 2.20
: 376.351 376.51 .00 .00 .00

TOP : SMAX=- 254.33 °'SMIN= .173.13 TMAX= 216.26 ANGLE= 12.9

BOTT: SMAX~ 178.12 :SMIN= +234.335 TMAX~» 216.26 ANGLE= 12.9
14 1 -183.16 41.33 3.46 -3.67 -2.20
376.51 376.51 .00 .00 .00

TOP : SMAX= 254.35 SMIN= -173.1% TMAX= 216.26 ANCLE= -12.9

BOTT: SMAX= 1728.18 SMIN=s .254.35 TMAX= 216.26 ANGLE= -12.9



ATTACHMENT 1
. DI: BBDC00000-01717-0200-00001 REV 01
TITLE: Emplacement Drift Invert Structural Design Analysis . Page: I-7 of I-55

.- . . -

.- .. .. -

User ID: Research Engineers, Inc.

COVER PLATE FOR INVERT -« PAGE NO. s

ELEMENT FORCES FORCE,LENGTH UNITS= POUN INCH

FORCE OR STRESS = FORCE/WIDTH/THICK, MOMENT = FORCE-LENGTH/WIDTH

ELEMENT LOAD QX QY MX MY MXY
.1 VONT VONB FX FY FXY

1s 1 12.65 18.02 -22.61 21.38 -16.73
: 2041.56 2041.56 .00 .00 .00
TOP : SMAX= 1151.67 ~SMIK= -1305.S1 TMAX= 117%2.59 ANOLE= 13.6
BOTT: SMAXe 1205.51 SMIN= -1151.67 TMAX= 1178.59 ANOLE= 13.§
16 1 39.01 182.18 -14.45 64.34 .23.08
353¢2.17 33532.17 .00 .00 .00

TOP : SMAX= 3012.60 SMIN= .383.65 TMAX= 154£.12 ANQLE= 15.2
BOTT: SMAX=- £83.65 SMIN= .3012.60 TMAX= 194%2.12 ANOCLE~- 135.2

21 1 -39.0) -182.19 -14.43 64.34 -23.08

3338.17 353¢.17 .00 .08 .60
: SMAX= 3012.6C SMIN= -283.65 TMAX= 1548.13 ANGLE- 15.2
BOTT: SMAX= 283.6S SMIN= -3012.60 TMAX= 1942.13 ANCLE= 135.2

22 1 -12.€5 -18.02 «22.61 21.35 «16.73
2041.56 2041.56 .00 .00 .00

TOP : SMAX= 1151.67 SMIN= -1205.51 TMAX= 1178.59 ANGLE~ 1.6
BOTT: SMAX= 1205.51 SMIN= -31151.67 TMAX= 1178.5% ANOLE~ 12.6

23 t 12.1¢€ -41.33 S.46 -~3.67 -2.20
37¢.351 376.31 .00 X .00 .00

TOP : SMAX=- 254.335 SMIN= +178.1%8 TMAX= 216.26 ANOLE= -12.°9
BOTT: SMAX~= 178.18 SMIN= .2354.35. TMAX= 216.26 ANGLE= -12.9

24 1 -18.16 -43.33 5.46 © «3.67 2.20

376.351 376.51 .00 .00 .00
SMAX= 234.335 SMIN= <178.1%8 TMAX= 216.26 ANOLE- 12.9

TOP :
BOTT: SMAXs’ 178.18 SMIN= -254.35 TMAX= 216.26 ANGLE=- 12.9
25 1 12.65 «12.02 -22.61 21.33 16.73
2041.36 2041.56 .08 .00 .0C

TOP : _SMAX= 11S1.67 SMIN= -1205.53 TMAX= 1178.39 ANOLE= -18.6
BOTT: SMAX= 12035.51 SMIN= «1151.67 TMAX= 1178.59 ANGLE= -13.6

26 1 -35.01 «182.19 ~14.43 64.34 23.08
3531.17 353t2.17 .00 .00 .00

TOP : SMAX= 3012.59 SMIN= -883.65 TMAX= 1948.12 ANGLE= -15.2
BOTT: SMAX- £23.63 SMIN= .3012.59 TMAX= 1942.12 ANGLE~ -15.2

3 1 3.89 73.09 -32.72 «93.05 -18.12
3704.93 3704.53 .00 .00 . .00

TOP : SMAX= -1417.76 SMIN® -4204.47 TMAX= 1393.35 ANGLE~ -16.9
BOTT: SMAX= 4204.47 SMIN= 1417.76 TMAX= 1393.35 ANGLE~ -16.9
32 | 37.36 29.43 «33.49 -53.02 «20.15
2478.56 2478.56 .60 .00 .00

TO? : SMAX= -290.26 SMINe -2200.73 TMAX=~ $55.23 ANOLE~ -32.1
BOTT: SMAX= 2200.73 SMIN= $90.26 TMAX= $55.23 ANGCLE= -32.1



ATTACHMENT I
DI: BBDCU00000-01717-0200-00001 REV 01

TITLE: Emplacement Drift Invert Structural Design Analysis Page: I-BofI-55

User ID: Research Engineers, Ine,
COVER PLATE FOR INVERT -« PAOE NO. - §
ELEMENT FORCES FORCE,LENGTH UNITS= POUN INCH
FORCE OR STRESS = FORCE/WIDTH/THICK, MOMENT = FORCE.LENGTH/WIDTH
ELEMENT - LOAD Qx QY MX ' MY MXY -
VONT VONB FX FY FXY
33 1 -27.19 41.25 'e.89 -54.33 -5.60
2351.66 3381.66 1) .00 .00
TOP : SMAX= - +.59 SMIN= -2351.93 TMAXe 11735.6% ANGLE= .3.9
BOTT: SMAX= 2351.935 SMIN= .$9 TMAX= 1173.63 ANOLE= .5.9
34 1 27.19 - 41.23° «.39 «34.35 $.60 -
2381.66 2331.6¢ .00 .00 .00
TOP : SMAX= .59 SMIN= -2351.935 TMAX= 117S.68 ANGLEe 3.9
BOTT: SMAX= 2351.93 SMINs .59 TMAX= 1175.68 ANGLE= S.9
3s 1 -37.36 29.43 «33.49 -53.02 20.15
2472.36 2478.56 .00 .00 .00

¢ SMAX=  -390.26 SMIN= -.28300.73 TMAX=- 935.23 ANGLE= 32.1
BOTT: SMAX= 2300.73 SMIN= $90.26 TMAX~ 93535.23 ANGLE= 32.1

36 1 -5.29 73.09 -32.72 -93.05 13.12

3704.93 3704.95 .00 .00 .00
TOP : SMAX= -1417.76 SMIN= .4204.46 TMAX» 1393.35 ANGLE~ 15§
BOTT: SMAX= 4204.46 SMIN= 1417.76 TMAX= 1393.33 ANGLE= 16

......O....‘O.h‘....zﬂn OF éLs”m FORCES?®*o20s52200000890000)

45. PRINT JOINT DISPLACEMENT



ATTACBMENT I

DI: BBDC00000-01717-0200-00001 REV 01
TITLE: Emplacement Drift Invert Structural Design Analysis

- Page: -9 of I-55

COVER PLATE FOR INVERT

JOINT DISFLACEMENT (INCH RADIANS)

JOINT

LOAD  X-TRANS

.00000
.00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.06000
.00000
.00000
.66000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000
.00000
.060000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

~"“hﬂﬂ“hnnﬂ“””-“_”ﬂﬂ-~—ﬂ-~—“ﬂ--

.00000 -

Y-TRANS

.03032
.03934
03466
.02913

-.01466

.03934
.0303¢
.02083
.00000
.00000
.00000
.00000
.00000
.02093
«12524
.09963
.00000
.0565¢
.00000
.09963
.12324
.02093
.00000
.00000
.0000¢C
.g0cc0
.00000
.02083
.0303¢
.03934
.0146¢€
.02913
.0146¢
.03934

.03032

Z-TRANS

.00000
.00000
.00000
.00000
.00000
.00000
.00000
. .00000
.00600
.00000
.60000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.C0000
.60C00
.00000
.00000

X-ROTAN Y-

.00239
.00421
-.003€3
-.00506
«.00303
.00421
.00239
.00977
.060730
-.00052
-.0007S
-.00052
.00730
.00977
.00000
.00000
.00000
.00000
.00000
.60000
.00000
-.00877
-.00730
.00052
.0007S
.000532
-.00730
-.00977
-.00239
-.00421
.00303
. 00306
.00303
-.00421
-.00239

STRUCTURE TYPE = EFACE

ROTAN

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0000¢
.00000
.00000
.00000
.00000
.¢0c00
.00000
.00000

User

Erlsanhlmauc;kn

<= PAGE NO.

z

.00000 °

.60000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.g0000

cssssesseoscsesess END OF LAT:ST’ANALY:" RESULT sssesssssocste

46.

FINISH

‘e

sesssoveDOoTOESSOS E“D or :TAAD.'II s088000080CISRSS

seses DATE= MAR 12,1992

TIME=

‘9:16:12 ®see

-ROTAN

.00066
.00167
-.0023S
.c0000
.00233
-. 00167
-.00066
.00460
.00238¢
-.00154
.00000
.00134
-.00238
«.00460
.00687
.00669
-.00036
.00000 -
..0003¢

< =. 00668

E8605C2CSSERTCOESEPOPENEOEEENSENSECOTUPROPEPSCISOIRSESPESOSSSESSES

S§TAAD-1I11, cortgect:

L Fer guestions on

® West Cosst:
® Ezst Corst:

Research Engincers,
(714) 974.2500
(s0t) €632-3626

Phe-
| 4 B

Ize at

Fax- (714) 921-2343

Fax-. (%02%) 685-.7230

0095668000000 PSPCSPSOOIPIDONNSIPIEISNISISSEESIESPREDSESOESRD

-.00687
.00460
.00232

-. 001354
.00000
.001354

-.002382

-.00460
.00C66
.00167

-. 00233
.00000
.00233

-.00167

-.00066
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| ATTACHMENT I
. DI: BBDC00000-01717-0200-00001 REV 01 -

TITLE: Emplacement Drift Invert Structural Design Analysis Page: -/l of I-65

User ID: Research Eagineers, Inc.
PAGE NO. 1

G000 ENRIROPREREEEERCE00CE0C000ROCERSRORSIOSEROGRRRSE

[ ] . -
. S TAAD - 111 .
. Revisien 22.3s bd
i ‘Preprictary Pregrs of .
e Research Eanglinecrs, Imc. =
. Date= MAR 18, 1938 L]
. Tipe= $10:27:87 hd
[ 4 L J
. USER ID: Resesrch Engimeers, Imec. .
[ *

t. STAAD SPACE Wt BEAM SUPPORT WHEELER OF TEM

2. * FILENAME: INV-WHEL ’

3. UNIT KIP FEET

4. * 2358, IMPACT LOAD

S. * MAX ALLOWABLE DEFLECTION = L/5000

6. * LOAD OF WHEELER = 20 MT/PER WHEELER = 44.1K

7. * WHEEL SPACE = 3°

£. ¢ ADD 2* X 3/8" SHEAR PLATE AT TAPERED SUFPORT ENDS
9. ¢ ADD 378" SHEAR PLATE AT BEAM CONNECTIONS

10. * USE ASCE #5C RAIL

11." ¢ SEISMIC ACCELERATION = ©

12. JOINT COORDINATES )

13. 1 -.2.54 ¢ 032 -2.04 ¢ 0;3 -1,6 0 034 -1.2 0 0

14. S 0.0 0;6 1.2 0 0;7 1.6 0 0;% 2.04 0 039 2.354 0 0O
15. 11 -2.54 0 2.67:12 -2.04 0 2.€7;13 -1.6 C 2.67;14 -1.2 0 2.67
16. 15 0 0 2.67;16 1.2 0 2.67;17 1.6 ¢ 2.6731¢ 2. 04 6 2.67;19 2.54 0 2. 67
17. 21 -1.6 0 0.5;22 -1.6 0 2.17

1¢. 31 1.6 0 €.5:32 1.6 ¢ 2.17

1. MEMBER INCIDENCES : :

2¢. 1 3 2:;2 2 3;3 3 4;4 &4 5;5 5 6:;6 6 T:7T 7 ;8 8 8
21. 11 11 3132:12 12 13:;13 13 14;14 14 15:15 13 16

22. 16 16 17;17 17 1¢t:1¢ 1¢% 19

23. 21 3 21:22 21 22:23 22 13

24, 31 7 31:;32 31 32:33 32 17

2s. UNIT INCH

26. SUPPORT

27. 1 9 11 19 PINNED

28 . CONSTANT

29. E STEEL ALL

30. DENSITY STEEL ALL

31. START USER TAELE

32. TAELE !

33. WIDE FLANGE

34, WEBX4S .

3S. *ADD 3/2" PLATE TO INCREASE SHEAR CAPACITY

36. 16.39 ¢t.3 0.77 £.11 0.685 184 60.95 1.96 ¢ 0

37. END

3. MEMBER PROPERTIES

39. 4 5 14 15 22 32 TABLE ST WiX4g

40. 1 8 11 18 TAPERED £.5 1.15 6.53 .11 0.685 \
41. 2 3 6 7 12 13 16 17 21 23 31 33 UPT 1 WIX4&S )
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ATTACHMENT 1
- DI: BBDC00000-01717-0200-00001 REV 01 .

TITLE: Emplacement Drift Invert Structural Design Analysis . Page: I-[20fI-55
User ID: Research Engineers, Ine,
W8 BEAM SUPPORT WHEELER OF TBM e« PAGE NO. 2

* FILENAME: INV-WHEL

42. UNIT KIP FEET

43. LOADING 1

44. SELFWEIGHT ¥ -1.0

45. MEMBER LOAD

46. 21 TO 23 31 TO 33 UNI GY -0.03

47. LOADING 2 CASE!} .

4%3. MEMBER LOAD

49. 22 32 CON GY -44.1 0.2

$0. LOADING 3 CASE2

31. MEMBER LOAD

332. 21 31t CON QY -44.1 0.1

33. JOINT LOAD .

S54. 13 17 FY -33.1

33. LOADING 4 CASE3

56. JOINT LOAD

37. 13 FY -33.1

$3. 17 FY -33.1

39. 3 FY -44.1

60. 7 FY -44.1 ) .

61. LOAD COMBINATION 11 STATIC LOADING CASEl
62. 1 1.0 2 1.0

63. LOAD COMBINATION 12 STATIC LOADING CASE2
64. 1 1.0 3 1.0 ’

65. LOAD COMBINATION 13 IMPACT LOADING CASElQ
66. 1 1.0 2 1.23

67. LOAD COMBINATION 14 IMPACT LOADINO CASE2
6. 1 1.0 3 1.23

69. LOAD COMBINATION 15 IMPACT LOADING CASE3
70. 1 1.0 4 1.28

71. PERFORM ANALYSIS

P ROBLEM S§TAT!1ST1CS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 237 337 4
ORIGINAL/FINAL BAND-WIDTH = 164 4 )

TOTAL PRIMARY LOAD CASES = 4, TOTAL DEGREELS OF FREEDOM = 120
S5I1ZL OF STIFFNESS MATRIX = 3600 DOUBLE' PREC. WORDS

REQRD/AVAIL. DISK SPACE = 12.067 1100.9 MB, EXMEM =« 19§2.% MB

Processing Element Stiffness Matrix. 10:27:38
Procsssing Global Stiffaess Matrix. . 10:27:58
Prossssing Trisagular Facterization. 10:27:38
Calculating Joint Displacsments. 10:27:33
Calculating Member Forcssx., 10:27:53

72. UNIT INCH

73. PARAMETERS

74. CODE AISC

75. PROFILE WB ALL

78§. PRINT SUPPORT REACTION



o ATTACHMENT 1
DI: BBDC00000-01717-0200-00001 REV 01

TITLE: Emplacement Drift Invert Structural Design Analysis - - Page: I-|Z20f -4
User ID: Research Engineers, Inc.
wt BEAM SUPPORT WHEELER OF TEM -- PAGE NO. 3

¢ FILENAME: INV-WHEL

SUPPORT REACTIONS -UNIT KIF INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-.Z MOM.X MOM-.Y MOM Z
1 1 .00 .24 .00 .00 .00 .00
2 .00 22.113 .00 .00 .00 .00
3 - .00 42.45 .00 .00 . .00 .00
4 .00 44.10 .00 .00 .00 . .00
1l .00 22.3¢ . .00 .06 .00 .66
12 .00 42.69 .00 .00 .00 .00
13 .00 27.91 .00 .00 .00 .00
14 .00 33.3¢0 .00 ) .00 .00 .00
15 .00 55.37 .00 .00 .00 .00
9 1 .00 .24 .80 - .00 .00 .00
2 .60 22.13 .00 .00 .00 . .00
3 .00 42.45 .00 .00 .00 .00
4 .00 44,10 .00 .00 .00 .00
11 .00 22.3¢ .00 .00 .00 .00
12 .00 42.69 .00 .00 . .00 .00
13 .00 27.91 .0C .00 .00 .00
14 .00 53.30 .00 .00 .00 .00
13 .00 $5.37 .00 .00 .00 .00
11 1 .00 .24 .00 .00 .00 .00
2 .00 21.97 .00 .00 .00 .00
3 .00 34.73 .00 .00 .00 .00
4 .00 33.10 .00 .00 .00 .00
11 .00 22.21 .00 .00 .00 .00
)2 .00 34.5%9 .00 .00 .00 .00
13 .60 27.70 .00 .00 .00 .00
. 14 .00 43.6¢ .00 - .00 .00 .00
13 .00 41.62 .00 .00 .00 .00
19 1 .00 .24 .00 00 .00 . .00
2 .00 21.97 .00 .00 .00 .00
3 .00 34.73 .00 .00 .00 .00
* 4 .80 33.10 .00 .00 <C0 .00
11 .00 22.21 .00 .00 .00 .00
12 .00 34.98 .00 .00. .00 .00
13 .08 27.70 .00 .00 .00 .00
:; .00 43.68 .00 .00 .00 .00

.00 41.62 .00 .00 .00 .00
ssseeseesseses END OF LATEST ANALYSIS RESULT ¢o¢scsesssssess

77. PRINT SECTION MAX DISPLACEMENT



ATTACHMENT I
- DI: BBDC00000-01717-0200-00001 REV 01

TITLE: Emplacement Drift Invert Structural Design Analysis . Page: I-K{of I-55
User ID: Research Engineers, Ine.
W3 BEAM SUPPORT WHEELER OF TBM <= PAGE NO. 4

» FILENAME: INV-WHEL
, \ .
MAX MEMBER SECTION DISPLACEMENTS

PR YT YT R R R R RN RN X RN R RN N AN NN X

UNIT» INCH FOR FPS AND CM FOR METRIC/SI 3YSTEM

MEMBER MAX DI3? LOCATION LOAD L/DISPL
1 .00030 . 3.350 15 ~ 293689
2 .00031 2.64 13 16906
3 .00034 2.40 13 14233
4 .00303 7.20 13 4747
3 .00303 . 7.290 13 4747
§ .00034. 2.40 13 14233
7 .00031 T 2.64 13 16%07
.00012 2.30 13 33321

11 .00016 y.s59 ‘14 37227
12 .00023 2.64 14 21431
13 .00027 2.40 14 13041
14 .00240 7.20 14 5003
13 -00240 7.20 14 6002
16 .00027 2.40 14 13041
17 .0002s 2.64 14 21432
13 .00014 . 2.50 14 42870
.21 .00007 3.50 13 ]
22 .00329% 10.02 i3 6033
23 .00007 2.50 13 ] ]
31 .00007 3.3 13 ]
32 .0032) 10.02 13 s08S
33 .00007 2.350 13 ]

L EXREREEREEDR BN J END or SECT Dls,L xzsul"rs ....‘..‘.““
78. PRINT MAXFORCE ENV NSE 4 .



ATTACHMENT I
DI: BBDC00000-01717-0200-00001 REV 01

TITLE: EgyﬂaanncntfkﬂinnnntSuuannﬂIkshghAnahsﬁ:' : Page: I-150f1-55
User ID: Research Engincess, Inz.
Wt BEAM SUPPORT WHEELER OF TEBM .- PAGE NO. s

¢ FILENAME: INV-WHEL
MEMBER FORCE 'ENVELOPE

ALL UNITS ARE KIP INCH

MAX AND MIN FORCE VALUES AMONGST ALL SECTION LOCATIONS

MEMB FY/ DIST LD MZ/ DIST LD
FZ DIST LD MY DIST LD FX DIST LD

1 MAX 55.37 .00 15 .00 .00 -1
.00 .00 1 .00 .00 1 .00 .00 1

MIN .21 6.00 1 -332.12 €.00 1s
.00 6.00 15 .60 €.00 1 .00 6.00 1s

2  MAX $5.34 .00 13 -1.37 .00 1
.00 .00 1 .00 .00 1 .00 .08 1

MIN .19 s.22 1 -624.24 S5.28 15 .

.00 s.18 15 .00 s.28 18 .08 $.128 18

3 MAX .08 .00 14 -2.42 .00 1
.00 .00 1 .00 .00 1 .00 .00 1

MIN .00 4.20 2 -624.68 4£.20 1s
.00 £.%0 15 .00 ¢.%30 1S .00 4.20 15

4 MAX .06 .0e 1 -2.75 .00 1
.00 .00 1 .00 .80 1 .00 .00 1

MIN .00 14,40 14 -634.49 14.40 15
.00 14,40 1s .00 14.40 15 .00 14.40 1S

S  MAX .00 .00 1 -2.75 14.40 1
: .00 .00 1 .00 .00 1 .00 .00 1

MIN -.06 14.40 1S «624.49 .00 13 . '

.00 14.40 1S .00 14.40 1s .00 14.40 15
6 MAX .00 ° .00 3 -2.42  4.80 1 .
.00 .00 1 .00 .00 1 .00 .60 1

MIN -.0¢ «.t0 18 -624.08 .00 1S
.00 4.t0 15 .00 4.20 1s .00 4.830 18

7 MAX ..19 .00 1 -1.37 s.z28 1
.08 .00 1 .00 .00 1 .00 .00 1

MIN -55.34 s.128 1S -634.24 .00 15
.00 s.2¢ 18 .00  S.2t 15 .00 s.2t 15

g MAX -.21 .00 1 .00 €.00 13
.00 .00 1 .00 .00 1 .00 .00 1

MIN -55.37 €.00 1S «332.12 .00 15
.00 €.00 15 .00  €.00 1s .00 €.00 15

11 MAX 43.68 .00 14 .00 .00 13

.00 .00 ] : .00 .60 1 .00 .00 1



, ATTACHMENT 1
DI: BBDCD0000-01717-0200-00001 REV 01

TITLE: Emplacement Drift Invert Structural Design Analysis Page: Llbof1-55

W3 BEAM SUPPORT WHEELER OF TBM - PAGE NO. s
e FILENAME: INV-.WHEL
MIN .21 6.00 1 .262.01 6.00 14 _
o0 6.00 15 o0 6.00 13 .00 6.00 1S
12 MAX 43.65 .00 14 .1.37 .00 1 T
Joo Joo 1 Y .00 1 .00 .00 1
MIN T19  s.23 1 492,43 3.2% 14
J00  S.28 1S 00 3.1 13 .00 5.28 1S
13 MAX .08 .00 15 -2.43 .00 1
Y Joo 1 Joo J0o 1 .00 .00 1
MIN .00 4.30 2 -493.10 4.30 14 -
Joo  4.30 13 o0 4.30 15 .00 .30 43
14 MAX .06 .00 ] -2.78 _ .00 ] )
Jo0 Joo 1 Joo Y 1 .00 .00 1
MIN .00 14.40 13 -493.51 14.40 14
Joo 14.40 15 Joo 14.40 1S .00 14.40 18
1S MAX .00 .00 13 «2.75  14.40 L
Y Joo MO Joo Joo0 1 .00 .00 1
MIN -.06 14.40 14 -493.31 00 14
J00 14.40 15 oo 14.40 13 .00 14.40 13
16 MAX .00 .00 4 .2.42  4.%0 1 )
Joo Joo 1 Joo Jo0 1 .00 .00 1
MIN -.08 4.30 13 <493.10 00 14
oo 4.30 13 oo 4.80 13 .00 4.30 15
17 MAX c.19 .00 1 «1.37  s$.238 1 : .
- Joo Y 3 Joo0 NT) 1 .00 .00 1
MIN -43.65 3.2¢ 14 -492.43 00 14
oo 3.23 1S Joo  s.az 1 .00 5.28 13
1T MAX -.21 .00 1 .00 6.00 13 ~
Y Joo 1 Joo .00 1 .00 .00 1
MIN -33.68  6.00 14 -262.01 00 14
00 6.00 15 00 6.00 13 .00 6.00 13
21 MAX $3.17 .00 14 .00 .00 14
Joo Joo 1 Y Joo 1 .00 .00 1
MIN .2.00 6.00 14 -166.53 6.00 13
oo 6.00 13 oo 6.00 13 .00 6.00 13
22 MAX 27.73 .00 13 .00 20.04 4
.00 00 1 J00 Joo t .00 .00 1
MIN -27.52 20.04 13 -440.74 10.02 13
7700 20.0¢ 13 Joo 20.04 15 .00 30.04 13
23 MAX .00 .60 4 .00 .00 4 :
Joo Joo 1 NY) NY) 1 .00 .00 1
MIN -27.37 6.00 13 -165.27 00 13
oo 6.00 18 b0 - 6.00 13 .00 6.00 _ 18
31 MAX $3.17 .00 14 .00 4.50 4
Joo Joo 1 .00 Joo 1 .00 .00 1
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- - . lh:uxkzunﬁtqﬁxcxha
we BEAM SUPFORT WHEELER OF TEM -« PAGE NO. 7
e FILENAME: INV-WHEL
MIN «2.00 §.00 14 -166.31 €.00 13
’ .00 .6.00 13 .00 6.00 1s .00 6.00 13
32 MAX 27.73 .00 13 .00 .00 4
.00 .00 | .00 .g¢ 1 .00 .00 1
MIN -27.52 120.04 13 «440.74 10.02 13
.00 20.04 15 .00 20.04 13 .00 20.04 18
33 MaAX .00 .00 4 .00 4.50 4
.00 .00 1 .00 .00 1 .00 .00 1
MIN -27.57 6.00 13 -165.28 .60 13
.00 ¢§.00 | ] .00 €.00 [ ¥ .00 6.00 13

sssessssss END OF FORCE ENVELOPE FROM INTERNAL STORAGE secsccsccss

7% . CHECK CODE

(Y g1 M2 M2 M J5 M5  J6€ HEJTNIJIE M8 JS )
= }2 1, ¢ + +=H3 Lot .
L\ J21 \ J31 :
Lo+ +
\ o \
Y \ A
+ . - \ M22 \ 32
x ‘ \ N
R \ J22 \ J3z .
. + HM23 + M33 -
\+z J11MIITIMITISHITI4  M14  J15 K15 JLOJTI7HIJLEMISLS
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W: BEAM SUPPORT WHEELER OF TBM

* FILENAME:

ALL UNITS ARE - KIP INCH (UNLESS OTHERWISE NOTED)

MEMBER

® N W oaw oW

11

13
14
13
16
17
13
21
22
23
31
32

ST
ST
ST
8T
ST
$T

3T
ST
3T
ST
ST

-8T

ST
8T
8T
ST
3T

TABLE

- .TAP ERED

wEX4as
wWEX4s
WX 43
WEX 43
WEX43s
wiX4s.
TAP ERED
TAP? ERED
WEX43s
wWiXes
wWiX 43
wiX 43
wixu
WEX4S
TAP ERED
WlX‘?
wsX 43
weX4s
wEX4as
wWiX 43

INV-WHEL

(A2 A R R R R ER RS RN E RN XN N ]

RESULT/
FX

PASS

User ID: Research Engineess, Ins,
e+ PAGE NO.  §
STAAD-111 CODE CHECKING - (AISC) T
CRITICAL COND!? RATIO/ LOADING/
MY M2 LOCATION
.l 1 2 1 X 2 ] »a L L -
SHEAR Y .312 13
.00 «332.12 6§.00
AlSC- H1-3 .607 18
.00 -624.24 5.282
AlSC- H1-3 .607 13
.00 -624.08 4.30
AlSC- H1-3 .807 13
.00 «624.49 14.40
AlSC. Hl1.3 .607 13
.00 «624.49 .00
AlSC- H1-3 .607 13
.00 -624.08 .00
AlSC. Hl-3 .607 13
.00 «524.24 .00
SHEAR ™ 4 .512 13
.00 .00 6.00
SHEAR Y .404 14
.00 «-262.01 §.00
AlISC- H1.) -479 14
.00 -492.43 5.28
AlSC. H1.3 .479 14
.00 -493.10 4.820
AlSC- H1-) .480 14
.00 -493.31 14.40
AlSC- Hi.3. .430 14
.00 -493.351 .00
AlISC- H1-3 479 14
.00 -4%3.10 .00
AlSC- H1-3 479 14
.00 -492.43 .00
SHEAR -Y .404 14
.00 .00 §.00
SHEAR -Y .223 14
.00 .00 .00
SHEAR -Y .366 13
.00 -166.51 .00
AlSC. HI-3 .161 13
.00 -165.27 .00
SHEAR -Y .228 14
.00 .00 .00
SHEAR <Y .366 13
.00 -166.51 .00
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TITLE: Emplacement Drift Invert Structural Design Analysis . ' Page: I-/9ofI-55
User ID: Research Engineers, Inc,
Wt BEAM SUPPORT WHEELER OF TEM -« PAOE NO. s

¢ FILENAME: INV-WHEL ,

ALL UNITS ARE - KIP [INCH (UNLESS OTHERWISE NOTED)

MEMBER TAELE RESULT/ CRETICAL COND/ RATIOZ/ LOADINCG/
FX MY MZ LOCATION
- - - e . e R Y I aB aS B & Y L T T T 1 r 2 O 1 1 QI 1 1 1 1 J 1 &1}
33 ST WgX45 PASS Al18C. Hl1-3 .161 13
.00 C .00 -165.2¢2 .00
80. FINISH

sssseosssssssess END OF STAAD.l‘x S8 CEEBOSESECSEDY

¢ses DATE= MAR 12,1958 TIME= 10:27:58 sess

SS8SSCO00CECCESEOEEEESEETICETBUECEENCeEEseeOtssOIRESERCSISETSTS

. For guestions on ETAAD-I11, contact: 4
b . Research Engloeccrs, Inec st : *
¢ West Cosst: Ph- (714) 8374-2500 Fax. (714) 921-.2543 ¢
¢ East Coast: Ph. (S0L) 688-3626 Fax- (308) 6835.7230 °

08 0SS0S0CESSEEECE00EEECECESTSEENOEECECsEEEsItECEtEOREESETRESS
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ATTACHMENT1

DI: BBDC00000-01717-0200-00001 REV 01
Page: 1-Zhf1-55

VRN ARALD-
L I I I R Y

s h 0 s o b
MAWBNED
L] * » L ] L) .

N ot b
DV
. - L] L] .

21.

VO
aAMAUN
o ¢ 0 s e

7.
3t.
29.
3¢.
31.
3z.
33.
34.
33.
3¢.
7.
it.
3.
40.

-

. S§TAAD - 1I11
. Revigsion 22.3a2
b Preprictary Pregra
. Research Enginecers,
. Date= APR €,
. Tl e= 18118134
[ ]
[ ]
-

USER ID: Rescezrch Englneers,

of
Ine.

000 CORENRENENESESERERERREEERNSROROORNOOGRRAEROIOETS

STAAD EPACE RAIL AT INVERT FOR TBM
* FILENAME: RAIL.STD

UNIT KIP INCH

s TBEM WEIGHT = 20 MT/PER ROLLER
¢ 25 1IMPACT LOAD

¢ MAX DEFLECTION = L/1000

JOINT COORDINATES

1 06¢0¢ 0:2 16 ¢ ¢

MEMBER INCIDENCES

112

SUPPORT

1 2 PIKNED

CONSTANT

E STEEL ALL

DENSITY STEEL ALL

START USER TAELE

TABLE 1

I1SECTION

ASCE-90

$.37 0.5¢ 3.37 2.62 1.30 35.37 ¢.31 ¢
END

MEMBER PROPERTY

1 UPT 1 ASCE-S0

LOADING 1
SELFWEIGHT Y -1.0 .
LOADING 2 LOAD AT EDOE FOR SHEAR
MEMBER LOAD

1 CON GY -44.1 0.1

LOADING 3 LOAD AT CENTER FOR MOMENT
MEMBER LOAD

1 CON GY -44.1 ¢

LOAD COMBINATION 11 STATIC LOADING CASE1L

11.02 1.0
LOAD COMBINATION
1 1.0 3 1.0
LOAD COMBINATION
11.0 2 1.28

12 STATIC LOADING CASE2
13 IMPACT LOADING CASE]

LOAD COMBINATION 14 IMPACT LOADING CASE2

1 1.0 3 1.25
PERFORM ANALYS1S
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TITLE: Emplacement Drift Invert Structural Design Analysis Page: 1-220f1-55
A User ID: Rescarch Engineers, Ine.
RAIL AT INVERT FOR TBM .- PAGE NO. 2

s FILENAME: RAIL.STD

PROBLEM STAT1S8STI1CS

..........-.----.....-..--.....-...

NUMBER OF JOINTS/MEMBER+ELEMENTS/ SUPPORTS = - 217 ) ¥4 2
ORIGINAL/FINAL BAND-WIDTH = 117 1
TOTAL PRIMARY LOAD CASES = 3, TOTAL DEGREES OF FREEDOM = [ 4
S1ZE OF STIFFNESS MATRIX = 36 DOUBLE FREC. WORDS ’
REQRD/AVAIL. DISK SPACE = 12.007 3303.3 MB, EXMEM = 196%.2 MB

++ Progessing Elemsnt Stiffmess Matrix. 15:15:33

+4 Prossssing Olodal Stiffasss Matrix. . 15:13:33

++ Procsasiag Triangular Faotorizatioen. 13:18:33

s sWARNING - IMPROPER LOAD WILL CAUSE INSTABILITY AT JOINT 2
DIRECTION = MX PROBABLE CAUSE MODELING PROBLEM .000E+00

+4 Calcnlating Joint Displacemsnts. 15:15:33

+4+ Calexliasting Membsr ~ Forsss. 15:15:33

41. SECTION 0.3 ALL

43. PARAMETERS

43. CODE AlSC

44. UNL 1.0 ALL

45. FYL 40.0 ALL .
46. PRINT SECTION MAX DISPLACEMENT
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User ID: Research Engineers, fac.
RAIL AT INVERT FOR TBM -« PAGE NO. 3

¢ FILENAME: RAIL.STD

MAX MEMBER SECTION DISPLACEMENTS

............................ coses
1]

UNIT= INCH FOR FPS AND CM FOR METRIC/E81 SYSTEM

MEMBER MAX DISP LOCATION LOAD
14 2746

L/DISFL

1 .00522 £.00
ssssssscssse END OF SECT DISPL RESUL"l" sescessseses

47. PRINT MAXFORCE ENV NS 12



ATTACHMENT 1
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TITLE: Emplacement Drift Invert Structural Design Analysis

-

Uset ID: Rescarch Enginecrs, Inc,
RAIL AT INVERT FOR TBM -- PAGE NO. 4
s FILENAME: RAIL.STD
MEMBER FORCE ENVELOPE
ALL UNITS ARE KIP INCH
MAX AND MIN FORCE VALUES AMONGST ALL SECTION LOCATIONS
MEMB FY/ DIST LD MZ/ DIST LD
FZ DIST LD MY  DIST LD FX  DIST LD
1 MAX $4.30 .00 13 .00 16.00 14
Joo Joo0 1 Joo .00 1 .00 . -.00 1
MIN .27.58 16.00 14 .220.56 8.00 14
Joo 16.00 14 Joo 16.00 14 .00 16.00 14

sssssssess END OF FORCE ENVELOPE FROM INTERNAL STORAGE °**°esevees

42. PRINT SUPPORT REACTION



ATTACHMENT 1
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TITLE: Emplacement Drift Invert Structural Design Analysis Page: [-250f1-55
: User ID; Research Engineers, ke,
RAIL -AT INVERT FOR TBM .- PAGE NO. s
¢« FILENAME: RAIL.STD
SUPPORT REACTIONS -UNIT KIP INCH = STRUCTURE TYPE = SPACE
JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z

1 1 .00 .02 .00 .00 .00 .00
2 .00 43.22 .00 .00 .00 .00
3 .00 . 21.05 .00 .00 .00 .00
11 .00 43.84 .00 .00 .00 .00
12 .00 22.07 .00 .00 .00 .00
13 .00 $4.80 BT .00 .00 .00
14 .00 27.5¢ .00 .00 .60 .00

2 1. .00 .02 .00 .00 .60 .00
2 .00 .28 .00 .00 .00 .60
3 .00 22.08 .00 .00 .60 .00
11 .00 .29 .60 .00 .00 .60
12 .00 22.07 .00 .00 .00 .00
13 .00 .36 .00 .00 .00 .00
14 .00 27.5¢% . .00 .00 .00 .60

ssesessssssees END OF LATES“‘ ANALY"‘ RESULT esssessceessss

49. CHECK CODE
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mE: EmplacemcntDriﬁIhvert Structural Design Analysis Page: I-250f1-55
: User ID: Research Engineers, Ine.
RAIL AT INVERT FOR TBM -« PAGE NO. 3

* FILENAME: RAIL.STD

STAAD-111 CODE CHECKING - (AlISC)

‘ALL UNITS ARE - KIP [INCH (UNLESS OTEERWISE KOTED)

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
: FX MY : MZ LOCATION
45 39 0 D 5D 1D 20 3 U5 B TE 1 1D & 60 U0 D 1B A6 4D A0 O 2D OF IN &S IS B 8D b i . - e
1 ST ASCE-9%0 PASS AlSC. H1-3 <983 14
.90 € .00 «220.36 .00
50. FINISH

ssevessssssssss BEND OF STAAD:-11] ®*sssssvsvsssssee

sess DATE= APR 6,199%8 TIME= 13:15:35 *se>3

XIS XX S E R SRS RSN RS2 E SRR R RN R RS R R R R R R QR Z)

. For qusstions on STAAD-111, contast: T .
e Rssearch Engimesrs, Ins at i
* West Cosst: Ph- (714) $74-2500 Fax- (714) 921-23543 ¢
* Eaxst Coast: Ph- (S02) 6838-3626 Fax- (302) 68335-7238 *

0009980089000 890000 DENDSPPSSPIDINRNRISOERNEROIININRNTSTS
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Design Figures: _
See design figures for construction access invert and gantry structural support framing, pages I-48 thru I-54.
Construction access invert framing is unchanged from Rev. 00. Gantry structural support framing has been

modified with revised structural calculation included.

Calculation Purpose: ‘

" Calculate new Gentry Support Reactions due to increase Gantry Dead load and Waste Package Load. Gantry
reactions will be used to design gantry runway support structure.

Data:

The STAAD-III computer analysis, Ref. 5.18, file GANTRY-H. Maximum Gantry Dead Load and Weste
Package Load used: . '

Gantry Dead Load =45 MT
Waste Package Load = 69 MT

Design Procedure:
Determine maximum gantry support reaction to crane runway beam by scaling up Ref. 5.18 , file
GANTRY-H, support reactions. The new Gantry dead weight is estimated by propostioning the new and

original Waste Packege Loads. The maximum gantry support reaction will then be calculated by proportioning
the new and Jriginal gantry dead load + Weste Packege Load. The new Weste Package Load is: '

Waste Package Load = 85 MT (Section4.3.6) -

Czlculate new Gantry Dead Load (GDL):

GDL = Original Gantry Dead Load x New Weste Package Load / Original Waste Package Load
GDL =45-§—; =55435  Use Gantry Dead Load = 60 MT ( Section 4.3.6)

Calculate scale factor to be applied to original GANTRY-H support reactions:

SRSF = 85+60 _ 1272
(69 + 45)

kip= 1000-1bf Mathcad unit definition
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Maximum support reactions occur for Load Case 102 at joint 118 from Ref. 5.18, file GANTRY-H:

Fx := 38.74-Xip
Fy := 145.74-Kip
Fz:= 34.14-kip
Scale up GANTRY-H, support reactions at joint 118, Load Case102:
Fx j = 1272-Fx Fyq:=1272-Fy Fzy:=1272-Fz
Fx y =49.277 kip Fy,=185381-kip ~ Fzy=43426-kp

Determine Maximum wheel load forces for renway beam design, 2 wheels per column reaction:

. Fx :
Maximum wheel load X- direction MWL = —= , MWL x =24.639-Kip

. Fy :
Maximum wheel load Y-direcﬁonMWLy#—i-l- . MWL =92.691-kip

. ¢ . Fz :
Maximum wheel load Z-directionMWLzzs-—z-l- , MWL ,=21.713-Kip

Runway beam design parameters:
Wheel spacing, Ref. 5.14, Figure 7.42 =39.4 inches, ( 1 meter) BL 3/4md"3
- - PL 3/41"-3"
Trial Sections: W8 Beam and Plate 3/4"x 13" Y /2" eccentricity
section. Top of Rail
Try hl +h2=8.853 inches _ LL h1
hi := 5.375+in ° | Tho
h2 := 3.478-in Z Y4
/— ws
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Calculate runway beam maximum shear, moment and reactions

Maximum Beam Shear : Position wheel load 2 inches from centerline of support for calculation of maximum shear,
neglect beam weight : '

PYIN hiiad 41.4"

MLz
Risx_ _/ﬁ:_wm | PATE

]

] ; Rls y= 101.573 *kip

R1s

46\ [6.6
Risy =10 | (&) (&)

R2s = my-.(l) ¢ (—48—)] R2s,, =83.808 Kip

Rls, := MWL - (5‘;) + (EE ] . - Rlsz=23.794°kip

R2s , := MWL - (—2-) + (—)] , R2s,=19.632-kp
Rls, = MWL .2 , Rls, =49277-kp
Note: Analysis uses simple span condition for calculation of shears and moments. Runway beam is actually

continuous with Simple support occurring at beam splices, 40'-0" on ceater. Analysis is conservative for
flexure, however beam design is controlled by shear.
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Determine maximum flexural moments about the X and Y axis, neglect beam weight:
Maximum eccentricity for vertical wheelload  e:= 0.5-in

| 24 |
) MWLZ
R1 : /4__r.mu
' \'TWB&TWU
48"
R1 . R2

+ Y
»

MWL , =24.639-kip , MWLy=92.69l *kip , MWL ,=21713-kip
TWL ,:= (b1 +b2)- MWL, , ~TWL_,=18.177-ft -kip , TWL = MWI.y-e

Sum moments about R2 about Z axis:

R1 y20r Tz 0.89 ki
y = iR s Rly '5.9- p
Sum moments about R1 about Z axis:
vy MWLy28-TWL, B .
= . R2 ., =41.801 ki
y . 4R y 1 P
Maximum midspan moment about Z axis:
TZ ma = Rl y24in . TZ .y =1221.351 sinkip
Sum moments about R2 about Y axis:
MWL, .
Rl (— : : R1,=10.857-kip
Sum moments about R1 about Z axis:
MWL , .
R2, = — . R2,=10.857+kip

Maximum midspan moment about Y axis:

TY max = R1 24+in . TY 1y =260.556in-kip
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PL 3/4"x1"-3"
| 1/2” eccentricity
Top of Rail

Runway beam Design Data:

Maximum Y- Axis Beam Shear: Rls y= 101.573 -kip

Maximum Z- Axis Beam Shear: Rls, =23.794 kip

, — i
Maximum Moment about the Z-Axis: TZ ., =101.779-fc -kip ——— 3 h2
Maximum Moment about the Y-Axis:  TY p,, =260.556 in-kip z z
Axial Load from 2 wheelsP 5 := 22MWL , P, =49.277-kip /— ws

Plate Section Properties: Try PL3/4" 13" F . := 5&5‘-2‘3
in’
Acg=1125in? dg:=15in  t =075i xg: 3750 Igo=2104n°  Iyo= 52in

Wide Flange Section Properties: Try W8x67 F yw = so%’

m .
A=197i" d:=90in  ty=S57in I =2724in'  tp=935in bgi=828n
Iy = 88.6:in"
Calculate nuetral axis location of composite section:
d
Ac-(d+tm - xc) +A--2-

Y:= Y =6.272-in
Ac-l-A

Calculate StrongAxismon.lmt of inertia:
I.:= 2 d z . 4
?.-Ix+1yc+Ac'(d+twc-xc-Y) +A- Y—-z- 1,=442.7n

Calculate section modulus for top (St) and (Sb) fianges:

S,: 12 S , =127.286 +in’
t= T t= e
(d-rtwc - Y)
Iz' 3
Sb1=— Sh=70.583-in

Y
Calculate weak axis moment of inertia Iwy for W8 and cap plate:

- .4
SIS SS9 1y, =298.6-ic
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Calculate moment of inertia of top flange and cap plate about the weak axis of W section ( Iy):

b

- - b
Iyt--lxc*-l—z—’tf Iyt 25423 +in

Section modulus of top flange and cap plate:

I
‘= .—y—t- = 3 3
Syt » S 1 =33.897-in
3 _
Runway Beam Design, Ref. 5.7
Rls y - Kip
Check Y-axis beam shear: £y fry=198:— <Fyy=04'Fy=20ksi
tyd in®  AISC, Eq. F4-1, page 5-49
(Shear Ok)
. Ris, . Kip
Check Z-axis beam shear: £y f,,=2115— <Fvy=04*Fy=20ksi
: tucde in?  AISC, Eq. F4-1, page 549
(Shear Ok)

Calculate additional moment about Y-axis dus to 1/2" eccentricity. Use flexural analogy, Ref5.20, page 410::

BeamSpan  L:=48in

TWL
TY1:= x

-(d_-rt_—j.% “TY1 =57.04 -in-kip
wC,

Calmxlatelocalimdtopﬂangestressduetobcndingundawhcclload:

Use 135 Ib crane rail, see Attachment V,>page V-10, 90ib rail was used to this point. Difference is negligible to the
preceeding calculations.
Maximum wheel load: MWL}. =92.691 -kip

Moment of inertia of rail section: I 5¢:= 50.8+in*  AISC, Table page 1-113 Tty Etprte
3\
i

Moment of inertia of top flange: Lig:= (—iz—)b £ I£=3301 in*

Using bf in computing Itf is conservative.
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Calculate localized top flange stress due to bending under wheel load: Continued-

ty=2t+075in  d:=975in Top and Bottom Flange and top plate
thicknesses
1
£ it 0] PR ‘ Re
= (1 pai f. 5.7, page 86.

fowi= 1.952-!3;3 (Top flange bending stress due to localized wheel load)
o .

Check top flange stress ( axizl compression and Bending):  Fy:= 50— hp Fyg:= 33-l—n§ F by = 33. hﬁ
in? . in in

I. 05 _
= yy = .. = 4
Ty (AC+A) Ty 3.106+in L, =48in (r y controls)

Iz 05
L., = : r.,=3.782-1 L,, := 48
z (Ac+A) *Z in u . m

Calculate allowable compressive stress, controlied by plate yield stress Fy = 50 ksi

) . ; .
u kp AISC, Table C-50, page 3-17,

—So15453 F,:=2871—
Iy in? : for lufry = 16
. Pg kip fg
Axiz! stress from 2 wheels: f,:= f,=1592— — =0.055 <0.15use AISC
1z AgrA in? Fg EQ.H1-3
£ 7 —— + £ fiomz = 11.547-'“" |
S¢ in’
TY +TY1 15
oyt = s fost =9359-E§
AISC Equation H1-3
f, fi,. f ' '
Cp==ts 2, P =068y <10 O
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Check stress in bottom flange: S p = 70.583-in°
Ty = ma szb =17304 '-k-il-, <Fbz,0k
) S bz in®
. . kip .
Check deflection Y-axis: E:= 2900()~—2 L:= 48-in
in
il 0 1/1000 Ok.
A,z —=— A =0.017-n. <1/1000 O
Y 48.El z y m
Check deflection Z-axis: E:= 29000--k1—§ L:=48-in
. in -
MWL L 5
Ags——— A,=6.785-10" <+in <L/400 Ok.
48-E-1 y‘t : '

Use W8x67 Fy=50ksi and
Plate 15"x 3/4" Fy=50ksi

Calculate Maximum Support Reaction to transfer beam:

" MWLy " MWLy
0 - , . 39.4 s
MWz MWLz

Risxia7, __ MWx ,,‘(M
|

R1s ' R2s|

48\ _ (8.6\] - :
Rlsy = MWLy-[ ('4_8) + (78-) » Rls y 109.298 -kip

Rls = MWL z-[(%)of(%)J . Rls,=25.603-kip

Ris, := MWL -2 » Rls, =49.277-kip
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Design Transfer Beam: Try W12 with sloped base plate on bottom of beam; Base plate slope to match tunnel wall
- slope. Analysis assumes frictionless supports due to the required friction angle for 2 base plate sloped at 28.76 deg.
£/ N = sin 28.76 / cos 28.76 = 0.58 >> allowable coefficient of static friction = 0.08

The required friction angleu=
. for steel supported on concrete with & factor of safety = S (Support of Temporary loads), Ref. 5.16, page 5-6.
R1Sy 118 WLy 128
L €——
y h ‘1 rBZSZ
R1 \R2
104 s

_28.76 = 0.50196 rad. TYP.

Gantry wheel reaction WLy128 from Ref. 5.18, File Gahrry-H, load case 102, joint 128. This reaction is
opposite maximum reaction &t joint 118.
'WLy128 = (gantry column reaction/2 wheels)*( 48/4€ + 8.6/48)

.R gl28 (4_8 . §_§)

Gantry column reaction =R 5198 *= 1.272-27.67-kip WL B2
& | 128" 75 \ag” 48
WL y128 =20.751 *kip Rls yl 18 :=Rls y - - Rls z118 = Rls z

k:=21.7-in L:= 104-in

Calculate Beam Reactions: Note: Horizonta! load R1Sz118 location taken from top of PL 3/4"x1'-3" to bottom
of Wi12,h:=21.7-ir. -

Sum Moments about R2 = 0:

R1 =130.772 -kip

RY:= Rls yug'L +Rls zlls‘h
' L-cos(.50196)

Sum Moments sbout R1 = 0:

WL }'128'1‘ -Rls zus'h
L-cos(.50196)

R2 =17.577kip

R2:=

Sum Forces in the Z-axis =0

R2sz := R1-sin(.50196) - R2-sin(.50196) - Rls 511¢ R2sz =28.86 -kip
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Transfer Beam Design continued:
0" _|Risy11s . 104"
—;—: —R1S2118 Wl-rﬂl.
h1 R2v
ho A - - - - - - -~ &% R2T
R1 J R2sz
e 104 >
| 28.76 = 0.50196 rad.TYP. | R2
Calculate Axial load in transfer beam:
P ,yia1 = R1-sin(.50196) - Rls 118 ' P oxia] =37.317 kip
Calculate Maximum Mz moment at centerline of beam and support R1:
hl:=1573n B2 -'-l-f—“-in For W12x40, sce figure -7
Mz ;o = R1-sin(.50196)-h2 + R1s ;11g°hl1 Mz .. =778.373 «inkip
Calculate Maximum My moment at centerline of beam using 3 inch eccentricity:
e:=3in ( See bracket sketch page I-40)

M}'m = Rls z118°¢ M}'max =76.81 -in-kip

Design beam - Use beam with 8 inch flange to facilitate connection of W8 to W12: Try W12x40,
= 50.15P '
y = 50—

m .
A:=118in" d:=1194in  ty:=295in " bp=8005in  tpmS15in k=125
I,=3100" Sy:=5190n° Iy =ddlin®  Sy=110°  rp=513@ ry=193

F

Calculate allowable stresses using AISC:

1, := 10%in " Unbraced length for Z & Y axis
Fpg:= 060F szsso-l—";-’ Equation (F1-5), Page 5-46
in ‘ \
Fpy:=075F, F by =37.5-k‘f . Equation (F2-1), Page 5-48
m
l .
= =53.386 F, =272 kip Table C-50, Page 3-17

Iy in
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Calculate beam stresses:
¢ Mz max £ MY max £ P axial
bz s by = a =
S v sy A
fpy =14.998 — fpy =6983— > fq=3.162 -
in’ in
Axial compression and bending coefficientsE =29000+ hf
Cmx =10 Cmy = 1.0 k=10
12r°E ki
o T F o =363345—2 Eler Stress, AISC, page 5-54
2 2
(k-l u) in' Fex =Fex
23.(— '
Ty :
12-7%E ‘ kip
Fey:= — F oy =51428— Euler Stress, AISC, page 5-54
(k-l u) in? Fey =Fey
23| —=
Ty
f C oo f C. . f
Cpprote— 2 VD Cpy=0836 <10 . Equationhl-l,page5-54
Fe 1- ._f.‘_ .F 1- _f_a.. F ' ok '
ex, bz F by
£, fpp f -
Cip:= 06; +Fby Cyp=0.752 <1.0: EquationHI-2, page 5-54
y Fpz Foy ok
£, fyz f
H3 = i’—a + -lf_"—z + Fbl Cms "-'0.319 <1.0 Equation H1-3, page 5-54
g bz Tby - ok

Use W12x40 , Fy =50ksi. Minimum 8" flange width required for W8 to transfer beam connection
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Design connection of W8 to W12 transfer beam:

Find W8x67 length of bearing (N) based on Local Web Yielding, AISC, chapter K, page 5-81, Equation (K1-3):
k:=1438in  ty =5 R:=RIs y  Fyiea= so-g'-f R =109.298 -kip

_R-66F ﬁ;,d-tw-z.s-k

b66°F yield't w
Find W3 length of bearing ( N) based on Web Crippling, AISC, chapter K, page 5-81, Equation (K1-5):

N: N =2216-in

t,, =0.57in tg:= 935-in d:=9%in . Fg:= SC)-2 For: N=2216¢in
w . _ y inz :

15
t Fy trlup
R, = 34.:,,,2-[1 +3-(§)-(—‘1"-) } Ly _f1BP g -13521-mp > 109.298 kips, ok

a/\tg (& twl in2
inz
4100-:‘,,3-7.07106-55 :
dg:= = = d =49.123+4in  >dc W8x67 ok, AlSC, Eq. K1-3

Conclusion: Bearing length controlled by Local Web Yielding. Provfde minimum 2.22 inches of bearing.

Check maximum wheel load permitted by Sidesway Web buckling, AISC, equation or K1-7, pg. 5-82.

to, =0.57-in | W38 beam web
- 1:=48-in ' Beam unbraced length

b g5 = 828in . Beam flange width
do=d-2% d . =6.124+in | Web depth clear of fillets
h:=d-2tp . h=7.13+in Web depth clear of flanges.

c:= ¢ =1.853 >1.7 Use AISC, equation K1-7, since loaded
1 - - flange is not restrained against rotation.
b w8 : '
6800-Xip-t.,> -
R:= = Y. (0.4-c3)--l2- R =449.73 <kip >R =109.298 kips ok
. in
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Design W12 bearing stiffener plates: )
Calculate minimum Bearing stiffencr thickness with material yield stress = 50 ksi
Minimum stiffener thickness: ° ts> 1.5 x minimumn weld thickness AISC, page 4-42
- > tw( beam) x Fy(Beam) / Fy(stiffener)  AISC, page 4-42
>b/t ratio Table B5.1, page 5-36
>Axial stress AISC,Eq E2-1, page 5-42

Minimum fillet weld thickness based on material thickness

ts based on: (minimum weld thickness) & := 2
16 preater than 3/4". AISC, page 5-67, Teble J24

tep:= 152 tg) =0.469-in
ts based on : tw (beam) x Fy(beam) / Fy{stiffiner) .
O &7 . <p. P e KP
twhbm = 0-57-in Fybm = 50'. > Fyst = 50«.—2—
in in
F
to:= t‘;,‘,bm-—-—yb--n—1 t82=0.57'in
, Fyst
tsbasedon: b:=4in tey:= -—:5—- tg3= 0.298*in Teble B5.1, page 5-36
( 50)
ts based on axial stress: try  tg:= 1.625-in h:= 10.91-in k:=0.75 AISC,K1.8,pg5-82,
_ (1 =4d-2bf) 0.75h .
b:=3-in Use gﬁ‘ecﬁve stiffener width concentric below beam bearing
bt
s I . k-h
A=btg I’=—ﬁ,— r:=£ r=0.469 +in c=—
kip .
c=17.443 F,:=285 = AISC, Teble C-50, page 3-17, using kh/r=18
in

Pall = F obt,  Pall =138986-kip > RI=130.772-kip ok, greater than maximum end reaction

Conclusion: Use 2 - 1 5/8" x 4" stiffener plates full depth of W12 beam, Fy = 50 ksi



, ATTACHMENT 1
DI: 'BBDC00000-01717-0200-00001 REV 01

TITLE: Emplacement Drift Invert Structural Design Analysis Pagel-40 of I-55

Design bracket at beam splice location with total lateral load imparted to one side of bracket with ecceatricity
equal to el, see bracket sketch.

Y el Y
. BRACKET VERTICAL PLATE
/— BRACKET STIFFENER PLATE

X | // z
T/ _ / H- R152118

h2 M ' j /

h1 h3 FASTENER Bf L pL 3

“.aL N -+ d=11/2"

1
= ’L// 7 77 77
TOP OF W12 kbt by 1 *112;[_'E w r‘_} 1172
B

RACKET BOTTOM PLATE k d
Design Bracket Connection: Use 50 ksi yield stress steel F y = soéh-f
_ in
Rls ;118 =25.603-kip Maximum shear in the Z direction b:=2.75in (halfgage for bolt
. holes W12)

ely:= 3-in Eccentricity about Y axis w:z 11-in

hl,:=9.7-in " Eccentricity about X axis h2:= 11-in -
Determine number and size of Fasteners connecting bracket to W12 top flange: Try 4 - 7/8" diameter bolts.

V:=Rls, 8 M,:=Rls,qpghl,  My:=Risggely

V=25603-kip ~ M,=248352-inkip . My =76381-irkip

_ 2 )
A := 6013-in’ I,:=A (E) -4 +b
e 4 . . 4
1,=72.757+n I, =90.947-ia
Mf; K
fy:= £y=18.774-— Bolt tensile stess
I, w2
ki
£, — £, =10645— Direct shear stress along Z axis
4A in?
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Detmmnc number and size of Fasteners: Try 4 - 7/8" diameter bolts, Continued:

fg,= Myb | f,=2323 -2 lﬂP Rotation! Shear along Z axis
I y in .
w
M.Y.E ki . .
foy f =4.645 b Rotational shear along X axis
1 < 2
y
fﬂ - (fz + fsz)2 + fgz th =13.774 .;kg Total shear stress p9r bolt
Find allowableTensile stress:
: \2 . . .
F:= j -E) _430f,2 F=33213E2 > £,=1877¢-2F ok  AISC,Teble ]33, page 574
in in® in? for A325N bolts

Conclusmn use 4 - 7/8" diameter, A325N bolts
Xp

Determine plate thickness (t1) for bracket bottom plate connected to top flange of bczm Fy =50—— 5
-in

T:=AAf,; T=11289+kp Maximum bolt tension
d:= 1.5-in Centerline of bolt to face of vertical plate
by:=2d by =3-in Effective width of plate resisting flexure,
T-d hp bolt gage/2 > bx/2 , no overlap

m:=b— m =5.644 —— Moment per inch of plate

x
Fg = I5F y ) Allowable bending stress

_ AISC, Equation (F-2.1), page 5-48
t1 34%2 £1 =0.95 i Required plate thickness

b

Use: 1" plate thickness  tl:= 1.0+in
Conclusion: Bracket Bottom Plate 1% x 12" x 1'-2" (see above sketch for Jocation)
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Design bracket stiffener plate, Ref. 5.17, page 5.3-1
Try: 2 := .625-in Thickness of stiffener plate
Ly:=h2-11 Ly =10-in Length of stiffener plate”
As=0Ly As =625 in* Area of stiffener
2-Ly2 3

S:= 5 S =10.417-in Section modulus of stiffener

Ly :
2:=hl,- X +tl] a=37-n ' . Eccentricity of load from centroid of plate

Rls Ris -a
f. :=( zlls) + 2118 Maximum compressive stress
As S .
£, =13.191 hf <Fb=0.6°Fy ~ AISC, Equation (F1-5)
in
" 95

Check b/t ratio using AISC, Table BS.1, page 5-36, bit =——
. " IF
' J y

L . ) : :
t: =—+h707 t=0.744+in Check weld size to see if plate thickness controlled by
welding requirements.
Determine weld size: ' b
Section properties of weld group L F | See fig. +7
b= 12 d:= 1025-n | |
SecﬁonModlﬂusabompointa, see sketch T.:yb '
d
d2(2b +d) .3
Sga= e )
Swa’ [ 3-(b+d) } wa = 33908 -in an
' —lt
Polar moment of inertia
bPrsdd) & ' s @
I, = - 11 =522.292 +} = =3.233 1
L [ (br2d)] Jw=sR2240"  ¥p=y5g b -
Mz = RIs 5 igLy M g =256.033 -inrkip Moment 2t top of base plate
about Z-axis
M y= 76.81 «in-kip : Moment about Y-axis, sce page 40
for My calculation.

Fy=RIs,118 F,=25.603 kip shear along Z-axis
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Calculate stress at point "a"

F : . :
£y £, =1249-22 Shear stress Z- axis
2-d-1-in in® :
M zpl ' kip
fo:=—— - £4=4.749— ' Compressive stress
S : in®
M (d y b) L V '
.= ___.___y = -.._.p 1ctl
fry' 3 fry 1.032 = Twisting shear stress
w 1) .
o le2 g2 2 = K Resultant stress for 2 1" effective weld
Ry ffy 1 +fy’ Ry =508 -
Determine weld size: Use E70 fillet weld, AISC, J2.2a
Fy: mh" _ Tensile strength of E70 electrode
R
hid &=0338in

8:x —————in
0.707-0.3°F

Use 3/8" fillet welds
Check stiffener plate thickness requirement for 2-0.33" fillet welds, Ref 5.20 page 213:

. 2-2-.707-3-F - .
tmin = 04F . tmin =0.502°in Required stiffener plate thickness

Conclusion Bracket Shﬁ'cner Plaie UsePL3/4"x 9 3/8" x 010", b/t ratio controls. -

Design fastener B1 (sce sbove sketch) connecting WS top plate to bracket, using A325N bolts

b3 :=hl_-2-in k3 =7.7in o Centerline Fastener ebove top of W12
hl ~
T:= Rls yy15—0 T=32253kip Maximun bolt tension for connection to bracket
. b3 -at beam splice location.

Fastener Bl: Use 1" diameter A325N bolts, T allowable =34.6kip AISC, Table 1-A, page 4-3
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Design stiffener plates to reinforce plate PL 1 (see sketch below): Try 3/8" stiffener plates each side of bolt, note
1" bolt spaced equally between stiffener plates:

tg:= 375:in a2 !l’l. :?I4"x1 5"
T=32253kp Tension bolt T<_ |
PL 1

T . ws
Py== P4=16.127-kip Tension per stiffener plate

2 STIFFENER PL.,
Fy:= 0.6-1-'y I-'t='30E Allowable tension stress in plate, AISC, D1, page

. : 2
in 5-40

Find required width of plate, " b™

P .
b — o b=1433+in Required width of plate

tsrFy

Plats PL1: Use PL2"x4"x 10"
Stiffener Plates: Use b = 3.0 inches, 3 - PL 3/8" x 3" x 0-5 3/16" Equally spaced along plate PL1

Determine expansion requirements for nmway beam.Use nuoway beam lcngth = 40'-0", fixed for X- axis translation

middle, Data: L:= 240-in Length of beam fres to move
ty, := 200 Tunnel tempature after closure, degree celcius,
(Section 4.3.4, DCSS 023)
tym =50 . Use 50 deg. fabrication temperature, degree
fahrenheit :
telta = (l.s-tb' + 32) -tym tdein =342 Structural steel temperature change, degree
¢ := .00065 : : . Coefficient of expansion, AISC, page 6-6 for
' mild steel ,
cL-t : :
delta = ——l-o%ela ' 1 delta =0.534+in Elongation of runway beam, AISC, page 6-6

Center 1" diameter bolt 3 inches from centerline of bracket, see "ely” on bracket sketch.
Design Bracket Vertical Plate (see bracket sketch above):

e:=ely-0375in e=2.625+n ' Distance between centerline of 1" diameter .

bolt and face of plate.
‘T =32253kip , ; bolt tension |
bi=2e : .. Effective width of plate resisting flexurs
. : : K -Spreads at 45 degress.
m:= T-— m = 16.127 *in- —2 Bending moment per inch of plate
m .

Allowzble bending stress in plate, AISC,

Fp=075F, | Equation (F2-1), page 5-48
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Bracket Vertical Plate design: Continued
6 : o :
treq ,\l _F—t—,  treq= 1.606 «in Required vertical plate thickness.
Bracket Vertical Plate : Use PL 1.5/8" x 10" x I'0", Fy = S0ksi
kip

Design W12 base plate end anchorage to rock: Use 50 ksi yield strength material F y := 50—

R1 =130.772 -kip

in

Maximum resultant beam end reaction due
to vertical loads.

Try: _
B:=18in Baseplate width
L:=6in Base plate length
¢ 1 := 1.625-in Centroid of load at inway beam sphee,
1= see Fig I-5, page I-52, for expansion
-joint width.
B .
L
e 2
. | b1,
BEAM ELEVATION BASE PLATE PLAN
Determine bearing pressure under bascplatc :
A:=BL A =108-in? Bearing Arca
L B® 3 .4 . . . e
I= ETH 1=2.916-10" -in Strong Axis moment of inertia
byj:=4in 1/2 beam flange width
Find bearing pressure at points 1 & 2: -
B
R1-(4-in- e 1)—
p R(-eq)g Kip .
Plg=—+ P g =2.169— Bearing pressure elong edge of base plate
A I in located at point 1a
B )
R1-(4-in- e {}— .
Rl ( m-e l) 2 kip . )
Pip=—4- I P 11,“0-252'—2 Bearing pressure along edge of base plate
A in located et point 1b
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Base plate design: Continued
Rl-(4in-eq)b ' -
pa:= E!.,. ( l) 1 pa=1 637-klp Bearing pressure at exterior edge of stiffener
A I i  ° located at point 2

Sum moments at exterior edge of stiffener located at point 2:

B

x’=§"'bl' . x=5n -L?ngthofplateextcndingpastedgeof
. stiffener
2 ‘
paX (P1a-P2)X |
m, = 2 + ( I2 2) m o =24.899in- E’E Maximum moment per inch of base plate
PTT2 3 P I Jength
Smp 996 base plate thickn

= tg= of i jickness

tol 4 o7 S-F}. ol 1 in Required P

W12 Base Plate: Use 2" thick base plate: Base PL 2" x 7" x 1'-6". Note 6" wide base plate used in calculation,
Use 7" wide Bass Plate to allow welding base plate to beam bottom flange.
Design anchor bolts: Use A307 threaded bar stock for Anchor bolt design

Fy:= Kp : Tensile strength of anchor bolt, AISC,
in® Teble 1C, page 44

. See page 1-35, for horizontal shear force R2sz and free body dxagram
- page I- 36 for anchor bolt forces R2v and RZT

R2sz =28.86 -kip - Horizontal shear force
R2v := R2sz:cos(.50196) R2v =253 -kip Shear force along bottom of base plate.

Try using two anchor bolts to restrain load. Shear forces per anchor bolt are:

v :=.R_:"- Ve=1265kip . Shearforce per anchor bolt
Try using 2 - 1 3/8" diameter A.B.:
d:= 1.375in . | Diameter of anchor bolt
ﬂ'dz 2 .
= A =1.485-in Area of anchor bolt

4
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Anchor bolt design: Continued
f,:= y | fy 85192 Anchor bolt shear stress
A .2
Fy=07Fy F, =102 -‘-“f AISC, Teble I-D threads included in

in shear plane
Conclusion: Use 1 3/8" diameter A307 anchor bolt '

Design Summary:
Runway Beam: W8 x 67
Runway Beam Top Plate: PL 3/4"x 15" x 39-10 1/2"
Runway Beam Plate PL1: PL2"x4"x 10"
with Stiffeners 3-PL318"x3"x5="/¢,
Bolting for inway Beam Bottom Flangc connectxon. 4- 7/8" diameter, A325
to Transfer beam top flange
Runway Beam Connection to Bracket Assembly:
Plate PL1: ' PL2"x4"x 1I'0"
Stiffener plates: - 8-PL3/8"x3"x53/16"
Transfer Beam: Wi2x 40
Transfer Beam Bearing Stiffencrs: ' ~ 2PL1 5/8" x 4" x full depth of W12
Transfer Beam Bearing Plate: PL2"x7"x1'6"
Transfer Beam Anchor bolts: 2-1 3/8" diameter, A307
Bracket Assembly: -
Bracket Bottom plate: ' PLI"x12"x1-2" g
' Bracket Stiffencr Plate: PL 3/4" x 9 3/8" x 010"
Bracket Vertical Piate: PL15/8"x10"x 1'-0"

Bracket Bolting to W8: : 2-1" diameter, A325
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¢ 5.5 m DIA EMPLACEMENT DRIFT
| :

STEEL SET

i€ FUTURE GANTRY RAILS; -
H ¥ ey
L. 1329+ 1329

L

J
]

FUTURE GANTRY
135#/YD CRANE
RAIL TYP
(NOTE 1)

TOP OF RAIL

490! 1 ! 490

1000

CONSTRUCTION ACCESS
STEEL INVERT

CONSTRUCTION ACCESS
RAIL (TYP)

NOTES:

1: GANTRY RAILS AND RUNWAY SUPPORT STRUCTURE TO BE INSTALLED
AFTER REMOVAL OF CONSTRUCTION ACCESS STEEL INVERT.

2. ALL STEEL FABRICATION AND ERECTION TOLERANCES SHALL BE IN
ACCORDANCE WITH AISC Mo1s.

FIGURE 1-1
ALL DIMENSIONS ARE SHOWN IN MILLIMETERS : CONSTRUCT I DN ACCESS
UNLEss OTiRIsE oito STEEL INVERT ELEVATION

03-JUN=-1398 09:17 CAD FILE: T:\repss\stru\fig\ssst0004.fiQ
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¢ STEEL SETS (BY OTHERS)
/\'

FUTURE 135#/YD CRANE RAIL AND
GANTRY RUNWAY (TYP)

90# ASCE RAIL
(TYP)

/—3/8 ” FLOOR PLATE
L —-r

CONSTRUCTIDN
RAIL

¢ FUTURE GANTRY RAILS

j
i
|
i,
._._.._“:{L__
|
]

)—3/8" SHEAR
PLATES
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1. INTRODUCTION

Concrete invert segments for emplacement drifts vary in configurations and consist mainly of two
key components: a flat pit for supporting the waste package support assembly and two haunches for
supporting the gantry rails. Figure II-1 shows a precast invert with a cast-in-place haunch on each
side to support the gantry crane rail. The advantage of the cast-in-place haunch is that optimum line
and grade of the crane rail can be achieved. The disadvantage of the cast-in-place haunch is the cost
and efforts of providing anchorage of the haunch to the precast concrete invert. Anchorage can be
achieved with a system of dowels and threaded dowel sleeves which allow the attachment of a rebar
cage to reinforce the haunch concrete. An alternative would be to precast the invert with the haunch
reinforcement exposed which would be a difficult safety issue to resolve. Casting the haunch in-
place appears more costly and time consuming than precasting the haunch with the invert. The cast-
in-place haunch will not be analyzed beyond the above conclusion.

Figures II-2 and II-3 show, respectively, the schematic of the precast concrete invert and haunch for
two different configurations that will lead to & different haunch height (measured from top of the rail
to bottom of the invert) and invert segment width. As represented in Figures II-2 and II-3, & change
in the diameter of the gantry wheel from 600 min to 300 mm could accommodate this change in
haunch beight. Other invert configurations are possible and can be evaluated as design progressess.
The configuration in Figure II-3 is the basis used for the models in this analysis and was developed
from the waste package support layout shown in Figure I-4. The configuration of the precast invert
can be modified to accommodate variations of the waste package support system.

2. NUMERICAL APPROACH -

A two-dimensional finite difference code, FLAC, was used to analyze the stress development in an
emplacement drift concrete invert under variable load conditions expected during preclosure. The
analyzed concrete invert was in both precast and cast-in-place form. A typical cross-section of
emplacement drifts was chosen for this analysis. Numerica! simulation began with excavation of
emplacement drifts, then was followed by installing the concrete invert and lining, and ended with
the detailed calculation of stresses in the invert under each loading condition. In light of the fact that
the invert is continuous and that rock strata plunge little along the drift alignment, usc of a two-
dimensiona! model instead of a three-dimensional one was considered to be adequate and effective.

Except for the potential seismic load, all other loads discussed in Sections 4 and 7 of the main text
of this analysis were considered as static loads. In carrying out numerical simulation using FLAC
models under seismic loads, the seismic loading was expressed in terms of a combination of
sinusoidal compressional and shear waves with their amplitude, frequency and duration equal to
specified values. In addition, the earthquake-induced ground acceleration of 0.27g was rounded off

to 0.3g (Section 4.3.1).
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3. MODELS AND BOUN?DARY CONDITIONS
3.1 BEAM ELEMENT (BE) REPRESENTATION

Figure II-5 illustrates 2 FLAC model that numerically represents a concrete invert in the middle drift
by beam elements. Beam elements are two-dimensional elements with three degrees of freedom (x-
translation, y-translation, and rotation) at each end node, and are used to represent a structural
member in which bending resistance and limited bending moments are important. The entire invert
is subdivided into 14 beam segments which are either numerically bonded at both ends to the,
underlying rock to simulate the cast-in-place concrete invert scenario or linked to the underlying rock
through a continuous interface in order to simulate 2 precast concrete invert scenario. The model
contains five drifts at a uniform spacing of 28 m (Assumption 4.3.11). From the middle drift, the
model extends 70 meters (approximately 13 diameters) horizontally to model boundaries and 50 m
(approximately 9 diameters) vertically to outer model boundaries. These distances are considered
to be sufficiently far away from the drift not only to diminish the boundary effect on numerical
results under the static loading condition but also to minimize wave reflections and achieve nearly
free-field conditions at the sides of the model. In addition, mutual influence due to excavation of
adjacent drifts are taken into account by mining the five drifts in sequence.

During the simulation of seismic loading, viscous boundary conditions are used at the base and top
of the FLAC model to prevent the outward propagating waves from reflecting back into the model
at those boundaries. The two vertical lateral boundaries are set to be free field conditions. The
seismic loads are imposed on the model after equilibrium has been reached under the in situ stress
field. Therefore, the initial velocity for each grid point prior to the application of dynamic loads
iszero. The sinusoidal veloclty waves (P-wave and S-wave) are applied at the bottom boundary and
propagate vertically upwards, i.e., at an incidence angle of zero degrees. The shear wave causes
borizontal ground vibration (shaking) and is a leading cause of structural damage while the P wave
oscillates the ground in compression and tension. As emplacement drifts are experiencing the
vibratory motion, the installed concrete inverts and linings will also respond to the seismic loading
accordingly.

As was mentioned earlier, the contact between rock and precast concrete invert is numerically
represented as an interface that acts just liks joints in the rock. Normal and shear stiffness propertics
as well as friction coefficient for the interface are input parameters. Both overcut caused by TBM
vibration and cutter wear will result in the drift diameter varying slightly along the drift axis.
Consequently, a precast concrete invert segment will unavoidably have a rather non-uniform contact
with excavated rock surface. Furthermore, the contact will be irregular from invest segment to invert

segment along the drift axis.

For the interfacial contact between rock and precast concrete, a reasonable assumption is that the
shear stiffness of the contact will be very low, and that unknown gap distribution will cause a quite
variable normal stiffness distribution, with very low normal stiffness likely during the ground
relaxation after installation of the lining. The similarity in elastic moduli between concrete and rock
mass leads to a reasonable assumption that there is the similarity between rock joints and
concrete/rock interface. Thus, the low bounds of stiffness values for jointed rock specimens are used
for simulating the contact between rock and concrete lining. A value of 50 GP2/m for the normal
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stiffness and a value of 10 GPa/m for the shear stiffness were chosen to represent the interfacial
contact between rock and precast concrete lining (Assumption 4.3.12). These values correspond
approximately to the lower bounds of the joint stiffness values for the TSw2 unit. A friction angle
of 35 degrees was also assumed for the interface between rock and concrete.

It is further pointed out that the BE representation of a concrete invert approximates the invert
configuration by a curved beam with uniform thickness. No geometric account is given to such
invert details as haunches for hosting gantry rails or flat invert pit for hosting waste package support
piers. Therefore, the modeled beam section area is kept to & minimum and the comresponding

numerical results are conservative.
3.2 PLANE STRAIN ELEMENT (PSE) REPRESENTATION

Figure -6 shows a FLAC model that numerically represents the concrete invert by plane strain
clements. Plane strain elements are two-dimensional elements with two degrees of freedom at each
noda! point. Bending is not represented. Stress components are given at the centroid of each
element. These stress components include normal stress in the thrust direction, normal stress in the
radial direction, and shear stress. Principal stresses can be calculated based on the stress components
in the Cartesian coordinate system. This model is able to represent the geometry of a concrete invert
in greater detail than the BE model. For example, the waste package cross-section is represented by
2 2 m diameter circle centered at 0.715 m below the drift center (Figure II-4). Accordingly, the
primary objective of this model is to help show how stresses are distributed in a concrete invert

under a variety of Joading conditions. ,

Drift excavation-induced stress in the invert is realized by allowing & partial ground relaxation (60%)
prior to the placement of the concrete invert and lining. The balance of the ground relaxation will
load the invert and lining. Other subsequent loads such as gantry and waste package weights on the
invert are represented by concentrated nodal forces. Thermally-induced stress in the invert is not
directly simulated. Numerical results from the emplacement drift ground support report (Reference
5.15) are used to calculate the total loads in the lining. A quasi-static approach to the seismic
loading was adopted for this PSE model. A seismic ground acceleration of 0.3g leads to a force
equal to the mass times this acceleration. For the present analysis, an additional static load equal to
0.3W (where W is the weight of single waste package) is epplied to the mass center of & waste
package both vertically and horizontally, The extra load represents the quasi-static effect of
carthquake-induced peak ground acceleration on the invert.

In this PSE model, a thin and soft layer is inserted between concrete and rock elemeats along the
contact. This layer, being softer than both rock and concrete, accounts for 1) gaps and irregularities
along the contact, 2) damage or weakening to the exposed rock due to excavation, 3) weak bonding
between concrete and rock, and 4) contact grout. The layer should be ductile enough to.allow for
lateral (circumferential) movement of the concrete invert segment and, in the meantime, be stiff
enough to prevent unrealistic excessive shear stress and displacement from developing underncath
the concrete invert. The elastic modullus values for this layer are given in Section 4.3.16. With the
incorporation of this thin and soft contact layer in the PSE model, both precast and cast-in-place
concrete inverts are modeled in the same way. Numerical results apply to both precast and cast-in-
place concrete invert scenarios.
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4. NUMERICAL RESULTS AND DISCUSSION

All FLAC models constructed are capable of approximating such loading conditions for the invert
as excavation, TBM transportation load, waste package weight, gantry weight, and seismic loading.
However, the thermal load generated by the heating from emplaced waste packages cannot be
represented accurately due to the code limitatioh. To evaluate the invert stress caused by the long-
term thermal loading, numerical results are cited from an emplacement drift ground support report
(Reference 5.15) which uses a different numerical code to analyze the stress development in a full
lining where the concrete invert forms one segment in the lining. In principle, as a part of this
circular liner, the invert segment will experience the same thrust as lining segments do. According
to Reference 5.15, Section 7.6.2.2.2, the maximum lining stress caused by elastic ground relaxation
and heating combined is 19 MPa for the category-1 rock mass condition and 14 MPa for the
category-5 rock mass condition. Furthermore, the minimum compressive lining stress caused by the
ground relaxation alone is 4.6 MPa for the category-1 rock mass and 1.4 MPa for the category-5 rock

mass. Therefore, the maximum portion of the compressive lining stress caused by the heat alone is
14.4 MPa (= 19 - 4.6) for the category-1 rock mass and 12.6 MPa (=14 - 1.4) for the category-5 rock

mass. For this invert analysis, 2 maximum thermally-induced lining stress of 15 MPa was adopted
in computing the total stresses in the concrete invert.

4.1 RESULTS FROM BEAM ELEMENT MODELS

Figure II-7 illustrates the implementation of different loading conditions in the beam element invert
model while Figure II-8 shows the loading implementation in the plain strain invert model. TBM
transportation load is 2 moving load and simulated as concentrated loads at wheel contact points.
Waste package weights pass through a pedestal and pier to the invert and are simulated as a

- distributed load. Gantry weight is simulated as a concentrated load in the BE invert mode and as a
line load in the PSE invert model. Seismic waves are simulated as body waves that cause dynamic
strains in media they propagate through. Loads due to excavation, gantry weight, and wasts package
weights are static while the seismic loading is dynamic. :

4.1.1 Precast Concrete Invert .

Figures II-9 through II-14 show the development of thrust in a precast concrete invert under each
individual phase of loading. The cormresponding bending moment distribution along the invert is
shown in Figures II-15 through H-20. Table II-1 summarizes the maximum thrust and bending
moment for each loading scenario. Thermal Joading condition was not simulated.

Numerical results tabulated in Table I-1 indicate that external loads such as gantry and waste
package weights on the invert tend to decrease the thrust but to increase the bending moment in the
invert. By recognizing the fact that for a thick wall cylinder with uniform pressure on inside and
outside surfaces an increase in the inside pressure will decrease the compressive hoop stress in the
cylinder, a decrease in thrust is explained by roughly viewing the invert and lining as a pressurized
cylinder. An increase in bending moment can be explained by viewing the invert as a simply-
supported beam in which the bending moment increases as the external loads increase. Table II-1
also reveals that the seismic loading causes a momentary increase in thrust from 116.8 to 514.7 kN
per linear meter of the invert. Also, the bending moment is increased from 63.0 to 78.1 kN-m per
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linear meter of the invert. As a tesult, the maximum momentary Iricrease in the compressive hoop
stress caused by a vibratory ground motion of 16 cm/s in the concrete invert is shown to be 4.3 MPa,

a small fraction of the concrete strength.

The maximum compressive stress shown in Table I-1 is calculated based on the maximum thrust,

the maximum bending moment, end the narrowest sectional area per linear meter of the invert. Let
T stand for the maximum thrust, M for the maximum bending moment, h for the thickness at the
narrowest section (i.e., 200 mm), A (= 1xb) for the sectional area, and I (=1*h3/12) for the moment

of inertia, then,
Maximum compressive stress = [(M/D®/2)] +T/A .
Maximum tensile stress = [(MMD@2)] - T/A (only if (M/D(R/2) > T/A).

Teble H-1. Maximum Thrust and Bending Moment for 2 Precast Concrete Invert
(with an interface between concrete and rock)

Loading Scenario Thrust | BendingMoment | Max. Compressive | Max. Tensile

' ‘ . (KN)/m (kN-m)/m . Stress (MPa) Stress (MPa)
Afier Excavation 130.6 613 98 s

During TBM Transportation 135 | 660 . | 105 93 -
| During Emplacement: 1 WP+ Gantry | 1088 | . 946 14.7 13.6
During WP's Sitting on Invert 1168 | 630 100 8.9
| During Retricval: 2 WPs + Gantry 1085 T 108s 161 150
During Earthquake: WP's in Place 5147 78.1 143 1 9.1

It must be pointed out that the bending moment values shown in Table II-1 are quite conservative
because of the piecewise discontinuous contact numerically represented between rock and lining.
The lining and invert segments are represeated by a sided polygon while the drift perimeter is
represented by 2 sided polygon. The contact between these two polygons is piecewise continuous.

412 Cast-In-Place Concrete Invert

Figures II-21 through II-26 show the development of thrustin a cast-in-place concrete invert under
. each individual phase of loading. The corresponding bending moment distribution along the invert

is shown in Figures II-27 to I-32. Table II-2 summarizes the maximum thrust and bending moment

development. : : '
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Although maximum compréssive stresses are close to thoss tabulated in Table D-1, bending
moments are substantially less than those in Table II-1. In light of the fact that a numerically perfect
bond between concrete and underlying rock not only ensures a full and uniform contact but also acts
as a continuously-supported beam, it is plausible that the bending moment in a cast-in-place concrete
invert will be less than that for a precast concrets invert. With contact grouting for the precast
concrete invert, the thrust and bending moment will be close to those for a cast-in-place concrete
invert. It can be seen from Table II-2 that a vibratory ground motion of 16 cm/s causes a momentary
increase of 5.1 MPa in the compressive hoop stress in the concrete invert. The results is consistent
with that predicted by the model with an interface present between the rock and concrete. The
maximum compressive and tensile stresses shown in Table II-2 are calculated in the same way as
discussed in Section 4.1.1 for the precast concrete invert.

Table II-2. Maximum Thrust and Bending Moment for a Cast-In-Place Concrete Invert
(with a perfect bond between concrete and rock)

Loading Scenario Thrust Bending Moment | Max. Compressivs | Max. Tensile
v o : NYm |- (kN-m)m Stress (MPa) Stress (MPa)
After Excavation ] 14100 14.8 93 0
During TBM Transportation ] 1no. {187 94 0
During Emplacement: 1 WP + Gantry . |  1373.0 112 8.5 0
During WP's Sitting on Invert 13680 | 163 93 0
During Retrieval: 2 WPs + Gantry. | 13300 127 . 86 0
During Earthquake: WP's in Place’ 2312.0 187 144 0

42 RESULTS FROM PLANE STRAIN ELEMENT MODEL

With the plain strain element model for the invert, no distinction is made between precast and cast-
in-place concrete inverts. Stress distribution in the concrete invert under different loading scenarios
is shown in Figures II-33 through II-38. The stresses shown in each figure are the pnncxpal stresses.

The sign convention for principal stresses is positive in tension and negative in compression. Stress
distribution plots indicate that the major principal stress (0,) is in the circumferential direction while
the minor principal stress (05) is in the radial direction. From Figures II-33 to II-38, it can be seen
that highest stresses occur at the connection areas between the lining and invert. The circumferential
stress in the center portion of the invert is uniform. 'l'able H-3 further summarizes the maximum

stress devclopmcnt in the concrete invert.
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- Table Ii-3. Principal Stresses in a Concrete Invert
(based on the PSE element model)

Loading Scenario - - Maximum Major Principal Maximum Minor Principal Stress
Stress (MPa) ’ - (MPa)

Afier Excavation 98 ' <]

During TBM Transportation T g 94 : <l

During Emplacement: 1 WP+ Gantry § 96 ' <l

During WP’s Sitting on Invest . 96 <l

During Retrieval: 2 WPs + Gantry .94 <l

During Earthquake: WP's in Place 97 <l

Compressive stresses in a concrete invert based on the PSE model are in reasonable agreement
with those based on BE models. However, the PSE model indicates that there are no teasile
stresses developed in the invert, as the model ignores the bending. The PSE model predicts that
the stress across the thickness of a concrete invert is below 1 MPa under each loading condition,

as shown in Figures II-33 through H-38.

'§. SUMMARY AND CONCLUSION

Mechanical response of an emplacement drift concrete invert to the loading combinations from the
in situ stress, construction, operation ectivities, thermal load, and potential seismic eveats has been
gnalyzed using two-dimensional numerical models. These models have made conservative
approximation to the three-dimensional loading conditions. It is also poted that two-dimensional
FLAC models used for this analysis do not account for the seismic effect on the rock mass in the
longitudinal direction, i.c., along the drift axis. Shear waves vibrating parallel to the drift axis are
anticipated to have much less effect on the drift than that vibrating perpendicular to the drift axis,
as the former are confined while the latter are nearly unconfined near the drift wall. For the purpose
of examining the behavior of a concrete invert in an emplacement drift, a two-dimensional analysis
with the longitudinal direction treated as plain strain condition (confinement) is considered to be

adequate. |
The following summary is based on numerical results from BE and PSE modcls:

. For & precast concrete invert in 2 5.5 m emplacement drift, there is a considerable hoop stress
developed in the invert due to excavation, depending on the timing of invert and lining
installation with respect to the TBM advance. Gaps and nonuniform contact between concrele
and rock have a strong effect on the development of the bending moment in the invert. On
the other hand, & momentary increase of 4.3 MPa (Teble II-1) for the hoop stress in the
concrete invert is predicted during a vibratory ground motion of 16 cr/s caused by 2 potential
seismic event. Excluding the thermatly-induced stress, the numerical model predicts that the
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highest hoop stress in a precast concrete invert without contact grout is about 16 MPa in
compression and 15 MPa in tension (Table II-1) under the in situ and seismic loads combined.
With an estimated amount of 15 MPa caused alone by the waste package heat, the hoop stress
in a precast concrete invert adds up to 31 MPa under the in situ, thermal and seismic loads
combined, calling for the concrete with a minimum 31 MPa (about 4,500 psi) allowable
strength. Also, tensile stress development in the invert calls for steel reinforcement.

. For a cast-in-place concrete invert in 2 5.5 m emplacement drift, external loads such as TBM,
gantry and waste package weights have no significant effects on the stresses in the invert. In
this respect, the weight of any backfill materials, if used, over the emplaced waste packages
is anticipated to have little effect on the invert stresses. A momentary increase of 5.1 MPa
(Table II-2) for the hoop stress in the concrete invert is predicted during a vibratory ground
motion of 16 cm/s caused by a potential seismic event. Excluding the thermally-induced
stress, the load caused by ground relaxation due to drift excavation is the primary
consideration. Under the in situ and seismic loads combined, the maximum hoop stress in the
concrete invert is shown to be 14.4 MPa (Table H-2). With an estimated amount of 15 MPa
caused alone by the waste package heat, the hoop stress in a precast concrete invert adds up
t0 29.4 MPa under the in situ, thermal and seismic loads combined, calling for the concrete
with a minimum 30 MPa (4,350 psi) allowable strength, -

**  Thenormal stress component in the direction of thickness of the concrete invert, either precast
or cast-in-place, is predicted to be almost negligible (Figures II-33 to II-38). It must be
- pointed out that a considerable amount of conservatism was made in the modeling, e.g.,
lowest rock mass category used, and loads such as TBM, gantry and waste package weights
represented as line distributed or concentrated loads in a two-dimensional numerical model.
With proper contact grout, the stress development in a precast concrete invert will be similar
to a cast-in-place concrete invert, i.e., the bending moment and subsequent tensile stress will

be reduced. Then, the invert is primarily in compression. o

) Rcinforcemcntsuchassteelbarsspaccdincachdirecﬁonateachfacewillbcrcquiredinthe

. precast invert for bending stresses from constmction handling loads. As the bending moment

caused in a precast invert by construction handling and emplacement operation loads is not
significant, reinforcement can be conveniently done. L
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JOB TITLE : BE Modal w/o Interfaca: ering the sbiShnlo loading (10 Hz; 3 st Ko=0.5)

FLAC (Version 3.30) | 70

- LEGEND , | 250
4/24/1998-15:27 :

step 15714 . : | . ~250

-2.500E+00 << 2.500E+00
-4.000E+00 <y< 1.000E+00

Beam plot

L] Axtal Force # 2 {Beam )
Max Valuo = -2.312E+08
Axial Forco # 2 (Beam )
MaxValue = 2.312E+08
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Figure I-26. BE Model without Interface: Axial Force Distribution In the Iivert under the Emplaced Waste Package
Weight plus the Seismic Load. Forces Are in Nevitons/m and Dimensions Are in Metess.
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JOB TITLE : BE Model w/o Interface: Afler excavatioft tRo=0.5)

DG AARA

FLAC (Verslon 3.30) . |
 LEGEND ' . ' 2 |

2/02/1998°13:38 X

slep 0440 ) ’ | 250

. “2.500E400 <x< 2.500E+400
«4.000E+00 <y< 1.000E+00

Beam plot

Moment #2(Beam)
Max Valus = -1.483E4+04
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Figurc I-27.  BE Mode) without Interface: Bending Moineat Distribution in the Jnvert under the In Sitz Load. Bending
Moments Are in (Newtons-m)'m and Dimensions Are in Meters.
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JOB TMLE : BE Model w/o Interface: Conskdering TBM transportalion load (Ko=0.5)

FLAC (Version 3.30) ' . ) . 750
LEGEND . . 250

3/22/1998 11:40 : _ )
step 11440 ) [ -250

-2.500E+00 <x< 2.500E+00
-4.000E+00 <y< 1.000E+00
Bearh plot - ~750
Moment #2 (Beam)

Max Value = -1,667E+04

L. +$.250

. +1.750

o
| 225 o
| 2rs %
S
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3250
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£
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Figure II-28. BE Model thhont Interface: Bending Moment Distribution In the Invert under the TBM Transportation Load.
Bending Moments Are in (Newtons-m)Ym and Dimensions Are in Meters, '
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JOB MITLE : BE Model w/o interface: Consldering 1 WP welght + gantry welght (Ke=0.5) ... .

FLAC (Verslon 3.30)

\ EGEND

2/02/1998* 13:38
slep 12440
-2.500E400 <x< 2.500E+00
-4.000E+00 <y< 1.000E+00

Beam plot

Moment & 2(Beam)
Max Valua= -1.118E+04
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. FigureIi-29. BE Model without Imcrfaéc: Bending Moment Distribution in the Invest under the Loaded Gantry Welght.
Bending Moments Are in (Newtons-m)Ym and Dimensions Are in Meters.
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JOB TITLE : BE Model w/o Interface: Consldering 1 WP welght (Ko=0.5)

FLAC (Verslon 3.30) } L 750
LEGEND , | 250

2/02/$998+13:38 ) . .

step 12440 . . B

-2.500E+00 <x< 2.500E+00
-4.000E+00 <y< 1.000E+00

Beam plot
Momemt #2(Beam) .
Max Valuo = -1.831E4+04
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Figure 11-30. BE Model without Interface: Bending Moment Distribution in the Invert under the Emplaced Waste Packngs
Weight. Bending Moments Are in (Newtons-m)/m and Dimensionis Are in Meters. :
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JOB TITLE : BE Mode! w/o Interface: Considering the selsmic loading (10 Hz; 3 s; Ko=0.5)

FLAC (Version 3.30)

LEGEND

4/2411998 -15:27

step 15714

. -2.500E+00 <x< 2.500E+00
~4.000E+00 <y< 1.000E+00

Beam plot

Moment 22 (Beam)
Max Value = -1.874E+04

CRWMSM&O
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~2250
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FigursII-32. BE Model without Interface: Bending Moment Distribution in the Invert under the Emplaced Wasts Package
Weight plus the Seismic Load. Bending Moments Are in (Newtons-my/m and Dimensions Ars in Meters.
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TBM transportation load (Ko=0.5)

JOB TITLE : PS Modek: Conslde

FLAC (Version 3.30)

LEGEND

4/24/1993-13:28
step 9120
~2.500E+00 <x< 2.500E+00
~4.000E+00 <y< 1.000E+00

Boundary plot

| W N W |
0 1€ 0

Princlpal stresses
Max, Value= 9.360E408
Lt v 1 1 3

(] SE7
Beam plot
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Figure II-34. PSE Model: Principal Stress Distribution In the Invert undcr the TBM Transportation Load. Stresses

Are in Pa and Dimensions Ars in Meters,
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JOB TITLE : PS Mode!: Considaring the

FLAC (Verslon 3.30)

1eGEND

4/24/199813:28
slep 9120
-2.500E+00 <x< 2.500E+00

~4.000E+00 <y< 1.000E+00.

Boundary plot

Leas st e a0
o 1E 0

Piinclpal stresses
Max. Valus = §.573E+05
et 3 5

9 ‘ SE 7
Beam plot
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Figure [I-35. PSE Model: Principal Stress Distribution in the Invert under the Loaded Ganuy Weight. Stresses AreinPa -
end Dimensions Are in Mcms
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JOB TITLE : PS Modek Consldering 1 WP welght (Ko<0.5)

FLAC (Version 3.30) : . . . . | 350 a
LEGEND .. a | 25 4
412413998 +13:28 ' . : R ¢ ]
step 12120 : . -250 E '
-2.500E+00 <x< 2.500E+00 - ; ‘ : fod
-4.000E+00 <y< 1.000E+00 154
: . d
Boundary plot T | g .
Lasssa sl
P Eo g
Princlpal stresses 5
Max. Value = 9.640E+08
1 1 1 1 g
0 5E 7 29
Beam plot g g
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Figure II-36. PSB Model: Principal Stress Distribution in the Invert under the Emplaced Waste Package Weight, Stresses -
. Are in Pa and Dimsnsions Aré In Meters. :
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6. FLACINPUT DATA FILES

6.1 INPUT DATA FILE FOR THE BEAM ELEMENT MODEL
WITH THE INTERFACE PRESENT
new
hd Taput File Name: fnv_jatf.dxt
. .
L A FLAC model for analyzing s concrete Invert to be placed
. in an emplacement drift.
. Drift diameter: SSm
. Drift spacing: B
[ ]
. Loadings: Swtic + seismic ¢ therma!
b Static: ko=0.S
. sigv.scp = 10Mpa
. Scismic: PGVa16 em/s
. s =10z
: duration: 3 gec
. Thermal: Estmated based en
¢ ground support analysis
e
:Fahﬁmdonwhma!iumkm
defke_walue
ko_m={loat(ko)
catmat & intfeat_m)
sig yy=-1.%igvrep
esc=l.
ch sc=1.
fr_sc=1.
dila_scal.
da_gc=l.
end
[ ]
® Fish function to Est mechanical properties
.
def w2 pew
case_of cat_mat
&scl

st em=1.76c% v =021 ch_m=1.5¢6 £_ged3 dila_m=0 do_m=2274 tn_m=132:5
end_ecommand

I3
14

‘case2

st e_m=12.18¢9 v_m=0.21 ch_m=2.126 fr_m=45 dila_m=0 dn_m=2274 tn_m=1.786
end, command .

me3 v

¢ommand

set e m=15.75c9 v m=021 ch_m=2.6¢5 fi_malS dila_m=0 MWI’I@S
end_command

c:scl

command ;

et e_m=22.99¢9 v_m=0.21 ch_m=3.7es fr_m=45 dila_m=0 da_m=2274 tn_sm=3.00c5
end_command

cxse §

command -
scte_ma32.61cd v_m=0.21 ch_m=5.2¢5 fr_m=i§ dilk_gn=0 dn_m=2274 t_m=i2lcs
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set Istart=45 lend=56 x_int=1.0
b diift
[ 4

® Adjust the x-cord and y-cord for the middle drift

[ ]

set Istart=S6 kend=53 x_int=0.70
h diift

82t fstart=63 end=83 x_jnt=0.33S
b ddft :

et bstart=$3 lend=90 x_jnt=0.70
bddh
wmqmdzny_jmoss
wwjmd-ny.huo.!u

mpmwzjmmy_huu.ss
v drit

o Adjust the x-cord for the pillr between the middic kad rlght diifts

.
set Isart=00 kend=101 X _int=1.0
h_drift

® Adjust the x-cord for the right drift

[ ]
set Istartn101 Jend=125 x_fnt=0.6375
h_grift )

[ ]

i x 234 <70 © Sctthe ocighn back o the eenter of the eenter diift. - -
fnl y2dd4.50.0 -
L]

hix£01=5 : ) .
fnix S81=6

lnix 56 i=7

hix S48

hix 5289

L ]

inix 521=137
tnix 54 =138
fnix 562139
inix 58 1=140
fni x 601=141
L

ganeicle 0 0275 ® center drift

geneicle 2800275 ¢ immedize kft &iift

geacircle 2800275 © umediate sight drift

gencircie $6.002.75 * remote keft &rift

geaehcie 5500275 ® cemote right &rift

frsgt

¢ FISH function to find minima gnd maxima ef x- and y-coordinates
[ ]

def max_min
xmax=0,
xmin=10c5
ymax=0.
ymio=}0cS .
Joop §{1.3zp) ’
loop (1357)
20D > xmax then
xmax=x(if)

end i
¥ x(iJ) < xmin thea
xmin=x{1})
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end
bisve_c
Euunlo

!%Bognﬂgrnan

.9:.&
E..Hai.s.é.-ai_ 1742

Euqn.._.
hishel r
[ ]

 Monitoring s pasticular points sround the center drift
e .

Eisxdisp 168)36
bis ydisp 1681 36
his xdisp 170 35
bis ydisp £ 70] 35
bis xdisp 173 ] 35
bls ydisp 173 35
his xdisp 1 76§ 35
bis ydisp 16 ] 35
bis xdisp178] 36
bis ydisp178) 36
*

setnew 100
marcg 73,41 ¢ the center diitt .
siep 240 ¢ 60% ground relaxation upon diift excavation

Stage2.  Flacethe knvert and Eining

defgetup

yliner=0.

umnel=2.75

tliner=2.746

nbeam=56

end
setup
defLiner
dang=2.$piMoat(nbearn)
. eng=pifd.l

x1= tliner*cos(ang)

yl=1liner*sin(ang)

Joop 1 (1,nbeam)
eng=ang+dang
X2s=liner*cos(ang)extiner
ER\»E%

:nvﬁnﬁu .

np=2
end_if
comrand

struct beam beg x| yb ead x2 y2 prop ep-
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end_command

x1=x2

yl=y2

end_Joop

ead
finer
struct prop | e=28.85¢9 belght=0.20 width=1.0
struct prop 2 £=28.85¢9 height=0.20 widthal0
fnt 1 gside from node 3.nbeam 1o pode 1 bsids Joag from 73,37 t0 78.37
ot 1 ks 50¢9 kn 10c? fric 33
stuctrods 1 pin
struct sode 43 pin

step 2000
sav c1k1gld0.sav
®

mareg353] *istleR &ift
mareg 111,41 * Istright
step 2000 ¢

[ ]

mareg64] ®2nd ke &ilk
mareg 139,41 * 2nddght deift -

step 5000
sav clkiginO.sav scoptalin lining stress du to excavation
»

. Swge3. TBMLoad

struct nods 48 Joad 0-196200 0
stuct pods 52 kad 0-1962000
sep 2000

sav bkl _thm.say

*

. Stiged.  Ons Wast Packags Welght plus Gantry Welght . )

struct eode 45 Joad 0-51968.75 0

struct node 45 Joad 0-91568.75

swuct node 54 load 0-91963.75

struct pode 58 oad 0-91968.75 0 . .
step 3000

savclkl_wpgsav

.

g StageS.  Singls Wasts Packags Weight

reselkiglnOsay

& Vertical nodal kad Is exleulated as(1/2)*(50 MT)*(9810 N'MT)
struct node 47 load 0-365787.3 0
struct node 43 koad 0 -73575.0
struct node 49 koad 0+73575. 0
seruct zods 50 koad 0-73575. 0
struct node 51 Joad 0-73575. 0
struct node 52 Joad 0073575, 0
struce node 53 Joad 0-36787.3 0
sep 3000

sav ¢lkl_twisav

[ ] .

*  SmgsS  TwoWast Packege Welghts plus Ganzry Welght

struct node 45 koad 0 -51963.75 0
struct nods 46 Joad 0 -91963.75
struct sode 54 Joad 0 -91963.73
struce node 55 1ood 0-91968.75 0
step 3000

sav elkl_2wtsav

[ ]
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& Stage 8: Start for Seismic Loading

® qurs oa dynamic analysis
resclkl_Iwtsay
sctdyn on

sct harge

get st 3000000

apply syy sigy.Jop J=83

apply xquict yquict ju33 *top

apply xquiet ksl *jeft venical
apply xquiet §=143 Sright vertical

delp wave
freq=freq set

dura=dura_set
p.wave=1.%3in(2 $pi*freq*dytime)
i éytime > dura_setthen
pwave=0.0
end If
end
[ ]
defs_wave
freq=freq _set
dura=dura_get
s_wave=x].%5in(2 $pitfreqedytime)
if dytime > dura_set then
s wave=0.0
ed §f

end

L 4

st freq set=10 durx_get=3
[ ]

epply yvel 0.16kis p_wave J=1
:pp!y xvel 0.16 his s_wave jxi

def qun_time
wave_pa=dura_set
wave_jon=2 *dura_get

end

nun_fime

[ ]
setdytime O
t

{2 xdisp 0 ydisp O
o xvelaO yvel=0

his reset

his pstep 400

his gnbal

his dytime

* Horlzonta! velocity monitocing st the base ne
his xvelisl j=1 ® gt the keft comner

Ris xve! 73 =l € g the center .
bis xvel §=145 =1 & gt the sight comer

his xvel 473 =33 ® g2 the center

¢ Vertical velockty monttoring at the top
hisyvelial }=33  #*atthekeft comer
kis =73 ® gt the eenter
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gmmsuﬁnosnunggﬁamgnaacaﬁu g&ﬁﬁ wmmn.h.mmomuhw

solve dytime 0.3250
sav k1t1250:sav.
solve dytime 0.3375
savki3375.sav
solve dytime 0.3500
sav k113500.5av
solve dytime 0.3625
sav k13625 sav
solve ytime 0.3750
savk103750.5av
solve dytime 0.3375
savkI3875sav
solve dytime 0.4000
sav k114000.sav

" solve dytime wave_on
sav ciklgldb.sav
solve dytime wave_Jon
savelkigld2.gay .

et
]
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set istart=4$ lendaS6 x_int=1.0
b drit
*

* Adjust the x-coed and y-cord for the middls drilt

. ) :
sct Istart=56 fend=53 2_int=0.70
h_drift

set istart=63 lend=83 x_int=0.385

b drift .
ummawox_mmo

mwwy_hn:oﬁ

® Adjust the x-cord for the pillar between the middls and right &ifts

set Istart=00 lend=101 meI.O
L&iﬁ

® Adjust the x-cord for the right it

L]

sct lstartat0] lendn125 x_Jnt=0.6375
A diift N

L ]

inf x 28470 * Setthe origin back to the center of the center diift.
ind y 2d2-50.0
L ]

fnl 2 -601=5 -
Inix-53=6 :
ini 2 -56 =7 o

Inix-541=83

In} x -52 }=x9

»

Inix 522137
Inj 2 541138
inl x 561139
tnix 5812140
in.lx 601141

gackck 0 0275 *ceaterdilt
geacircle-28.002.75 ¢ immiedints ke drift
gencircle 28.002.78 *® immedinte right &ilt
gea circle -56.002.78 ® remote left &ift
geacircle 5600275 * remote right &rift

gea st
» FISH fonction 1o find minima 2nd maxima of x- 2nd y-coordinates
[ ]

def max_min
xmax=0,
xmin=10e$

ymax=0,
ymin=s10eS
Joop i (Ligp)
loop ] (14zp)
if x( ) > xmax then
xmax=x(1J)

if (1)) < xmin thea
xnin=x(1])
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ead If
Ey(D > ymax then

ymax;

end_If

# y(i)) <ymin then
ymin=y(iJ)

end 7
end_Joop
end_joop
ead
: .

® Assign material propertics and Initial stresses
ko_value ® execute the scak factors
b .

def mat_jnf
sigv._top w sigv_rep-9.81%dn_moymax
sigy.sop = «igv.sop
cJn=c_gcem

¢h_m=ch_sc*ch_m
fm=fr_sc*fr_m
€dilz_sm=dila_sgc*dila_m
sh_gma05%_mAl4vm)
Sk _m=(1/3.Y'e_m1-2% m) '
ang=f_m*pi180.
t_m=1%mn_m
grad_v=9.81%¢a_m*(ymax-ymin)
.md_'

¥)
sigha=ko_m*sigy

. Swgel.  Excavate the Center Drift

[ ]

fnl xdisp=0 ydisp=0

[

* Monitor the elosures for the center &ift
[ ]

defyc c
Wsﬁspmm

defbe e
be_cxxdisp(66,42)-xdisp(30,42)
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end
hisve ¢
hishe ¢
[ ]

® Monitor the closures for the left drilk
»

defvct)
volJeydisp(33.35)-ydisp(33,49)
end

defhcl)

kiswcl )
his kel )

.
® Monitor the closures for the right deifk
[ ]

defvel s
Ly pI1335) yaspI14)

defhaly
nwnc..ﬂ&uvas.ﬁv'u&ux- 17.42)

hisvcl s
wmuvnc..

uguglﬁgﬁ.ﬁn&»

his xdisp 163} 36

his ydisp 168} 36

his xdisp170j 33
hisydispi70} 35

his xdisp17333S

his ydisp173§ 33

his xdisp176 ) 35
hisydisp176] 35
bisxdisp178) 36

his ydisp178) 36

*

setnew 100

mareg73,4] *the center &rilt
step 240 * 60% ground relxxation upen drik excavation

b Stags2.  Place the Invertand Ening

“.ﬁfa&aag..__gﬁgan%

defboung
Toop1(1igp)

It s Mags(il 1).8)=8 then
ex 10)=1
ead if
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end_jif
end_loop
end_Joop
loop1(1.igp)
I and(flags(i.1),8)=0 then
ex 103.1)=1
ead_{f
if and(flags(tigp).8)=0 then
ex_1(Jzp)=t
end_If :
end_loop
Joop J {1J2p)
i end(ags(1)).8)=0 then
ex {1 D=1
end If
if 424(Bags(igp P).8)<0 then
ex_1Ggp =1
ead_if
end_Soop
end
[ ]
* FISH function to ereate st of STRUCT BEAM commands for segment of punnel
-
defbearn
1 ic=0 thed
fe=i>
end §f -
{f je=0 then
Je=p
end i

Jot=jet
1f ex_1GbtJbi+1)=1 then
let=ibt
Jet=fbts1
Mgl=0
beam2
#f fogl=0 then
exit
end jf
ead_{f
tfex_1(ibt-1 Jb0)=1 then
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TITLE: Emplacement Drift Invert Structural Design Analysis

fet=ibt-1
Jeabt
flagl=0
beam2

if Nagl=0 then
ext
end_if

end Jf ‘
irex_1(Gbt,jbt-1)=1 then
fet=ibt
Jet=ibt-1 °
flagl=0
beam?

if flag[=0 then
exit
end it

cad if
ifex_I(ibt+1 jbtiml then
=ittt
*Jet=itt
flagl=0
beam2

if flag1=0 then
exit
ead if
ead if
errlsl
end
defbeam2 -
if [et=ibp then
if jet=jbp then
flaglsl :
exit

esd It
end 3t

command .
stra beam beg prid bt Jbt end psid et jet prop Bprop
" end_command

count=count+1
g
set P w78 Jb=37 lestB jb=37 nprop=l
boung

bexmn

se2 ib=63 [bu37 lea78 J0=37 nprop=2
boung )

beam

* struct prop § ea28.25¢9 belpht=0.20 width=1.0

sTuct prop 2 £a28.85¢9 height=0.20 width=1.0

strucgnode 3 pin
struct nods 15 pin
step 2000

sav blkigldO.sav
»

mnreg 3541 ¢ Ikt ik
mareg 111.41 ® Istright deift
step 2000

[ ]

" morg64l *2ndkR&it

mnreg 139,41 ® 2nd dight &ift
5000

scp
savbikigicOsazy  *contain Ening stress du to excavation

. Stige3. TEMLoad

struct node 10 load 0 -1962000
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srruct rode 6 Joad 0-196200 0
2000

siep
gavblkl_tbm.sav
.

*  Smged.  One Wast Package Weight plus Gantry Weight

[ ]

res bikiginOsav
struct goce 4 koad 0 51968.75 0
struct gode § lood 0 -H1968.75 0
sruct sode 11 kad 0 $1568.75 0
struct zode 12 Joad 0 -$1963.75 0
step 3000

sav bikl_wpg.sav

o SmgeS.  Single Waste Package Welght

sesbikizgiaOsav

® Vertical nodal Joad ks calculated gs (30 MT)*(9310 N/MT)2
struct pode 6 koad 0 55181250

struct gode 7 boad 0 1103525 0

struct pode § load 0 -110362.50

struct sode 9 load 01103625 0

struct node 105004 0 -S5181.250

step 3000 .

sav bIkI_lwtsay

®

. Spge6.  Two Wast Package Welghts plus Gantry Welght

[ ]

. stuctpode 4 oad 0 -91968.75 0
struct ode S Joad 0 H1968.75 0
sructpode 11 koad 0 -91968.750
struct gode 32 koad 0 -91968.75 ©
step 3000 -

gav b1kl _2wisav

. -
®  Stage £: Start for Different Selsmic Loading

* gurz on dynamic analysis
resbikl twtsay -
sctéynon

sctlarge
s21 5t 3000000

epply syy sigy_top J=83

spply xquict yqulet j=83 *1op

epply xquiet k=1 Seft vertical
spply xquiet $=145 #right verzicnl

defp_wave -
freq=freq set
dura=dura_set
P..wave=1.%2in(2 Spi*freqg*dytime)
if dytime > dura_set then
pwave=0.0
end it
end
*
defs_wave
freqg=freq set
dura=dura_set
s_wave=] ‘s!n(?.‘pi‘fxcq‘dyume)
if ¢ytime > dura_set then
s_wave=0.0
end_jf
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ead

-

sct feq_sct=10 duraset=3
L ]

apply yvel 0.16 kisp_wave j=|
apply xvel 0.6 his 3_wave }=1
[ ]

defrun_time
wave_on=dura_set
wave_jona2.2dura_set

end

fun_time

[

se1dytime 0

[ ]

inj xdisp 0 ydisp 0

1n§ xvel<0 yvel=0

Bis reset

his nstep 400

his unbal

his dytime

# Horlzontal velocity moniteeing st the base line
haxvell=l j=i ® gt the lef} corner
Lis xve] =73 j=l ® 3¢ the ceater

his xved 1=143 j=i ® g2 the right comer
® Horlzontal velocity moaitoring at the top
hisxvelinl =83  ®atihelelk comer
hisxvclis?3 ja83  ®atthscenter

his xvel 1=143 j=33 * g2'the right comer
& Vertical velocity moaitoring a2 the bass Ens
his yvelixl j=l ® gt the left comer
his yvel 1=73 j=l ® gt the center

his yvel i=1435 j=i ® ¢ the right corner
® Vestical yelocity moaitoring at the top
hyyvelinl J=83  ®atthelelt comer
hisyvelin73 j=83  ®stthecenter
hisyvelinldSj=33  ©sttheright comer

his xfisp 170 35
his ydisp 170§ 33
his xdisp § 731 35
his ydisp 1731 33
his xdisp§ 7635
his ydisp 176 35

hisve e *
hisbe ¢

" pismxia72)=34

his sxx 1273 =34
his syy 1272 }=34
his syy 1273 j=34
his sxy 272 =34
kis sxy 73 |=34

his sigl =69 j=3S
his sig2 1=69 }=38
his sxy =69 |=33

solve dydme 0.0125
sav bk110125.sav
solve dytime 0.025
sav bk1:0250.sav
solve dytime 0.0375
sav bk110375.5av
solve dytime 0.050
sav bk1t0500.sav
solve dytime 0.0625
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63 INPUT DATA FILE FOR THE PLANE STRAIN ELEMENT MODEL

Input file pames inv,_plsm.dat
- »
s A PLANE STRAIN ELEMENT FLAC MODE
L ]
*  FOR THE CONCRETE INVERT IN EMPLACEMENT DRIFT *

..............

..............

¢ exsel

command

sct g_ma.76c9 vm=0.21 ch_m=1.5¢5 fr_m=43 dn_m=2274 _m=132e§
end_command .

casc2

command

scto_m=12.1225 v_m=0.21 ch_m=2.1e5 &_m=iS dn_m=2274 t_m=1.78:8
end_comruand

case3

command . .
st o_m=15.75c9 v_m=0.21 ch_ma2 6c8 fr_mndS dn_m=2274 tn_mu2.17cs
end_command :

cased )

command

st 0_m=22.99¢5 v.m=0.21 ch_m=3.7¢§ f_m=48 da_m=2274 ta_m=3.00cS
ead_command :
case S

command

set a_m=32.61e9 v_m=0.21 ch_m=5.2c5 &r_m=45 dn_m=2274 t_m=421¢8
end_coramand

end_case

end

set ko=0.50 c2t_m=1

[ ]

¢ Mesh construction
def mesh_grd
ral=l.}
ra2=tjratl

end

mesh_grd

- GR9090 .

mm* '

GEN <30,-30 <30, 30 30, 30 30,-30 ® mesh dimensions 60m x 60m

GEN 30,30 -30,-10 +10,-10-10,-30 Rera2.a2 J= 1,11 3= 1,11
GEN -30,-10-30, 10 -10, 10,-10,-10 R=ra2,] 1= 1,13 J=11,2)
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GEN -30, 10 -30, 30 =10, 30 -10, 10 R=ra2 rat] k= 1,11 J=81.91
GEN -10. 10-10,30 10,30 10, 10 R=], rarl k=11,81 723191
*

GEN -10,-10 -10, 10 10, 10 10,-10 =11,81 J=1),81
.

GEN -10,-30 -§0.-10 10,-10 10,-30 R=], ru2i=11,812= 1,11
GEN 10, 10 10,30 30, 30 30, 10 Rxzat] ratl J=31,91 J=8191
GEN 10.-10 10,10 30, 1C 30,-10 R=rxtl,1 §=31,91 J=11.81
GEN 10.-30 10.-10 30,10 30,-30 R=ratl,ra2 §=81.91 J= L,11
[ ]

delfxy ndid
foop1(1221)
loop J (1429}
P=G-1PH0AG

loop § (62.71)
foop I (11gp)
yaJ=y(iJ-1+{3410)
ead_foop
eund_Joop
end

xy.adj v
[ ]

Gelxy adj v
foop § (72.81)
foop 1 (14gp)
yOD=y(1J-1(1110.)

defxy ed} m
loop } (27.51)
Loop §(1.5gp)
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m nreg 30,55 *rock annulus

ma reg 40,56 *package
mnreg 45,45 Spestal

mnoreg 46,42 *pier

mn reg 45,37 *pit

m arcg 34,42 *ieft shoulder

m n reg 56,42 *right shoulder
step 620 *relax the ground to 50%
s3av p_excavlsav

*  Stge2: Soften the lavert foundation rock

def mark_gn
=285
tol_r=0.003
Soop l (1.igp)

*  Stage3: Install ths Invert, pestal and lining

 J
merg433)
mereg 3442

m 0 =85 j=46
prop be1S.85c9 s=11.40c9 den=2000 103 45,37 -
prop ba15.85¢9 $211.40c9 den=2000 reg 34,42
prop be15.85¢9 5211.40¢D den=2000 reg 5642 °
calt boung.fis

- callbeam.fis
52 (ha30 jomd$ lex=52 jbed§ nprop=1
beam
struct prop | e=28.85¢9 height=0.20 width=1.0
struct prop 2 e228.85¢9 keight=0.20 width=l.0
sep 6000
sav pk1_g1d0.sav
*

®  Stage 4 TBM Traospoctation Load
2pply yf -196200 1=42 j=40
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TITLE: Emplacement ant Invert Structural Design Analysis ‘Page: 0-72 of O-72

apply yf «196200 =50 J=40
2000
sav pkl_tbm.sav

®  StageS: Gantry load ¢+ WP

res pkl_gld0.say

#pp pressure S02560 $x33,36 j=48 A

gpp pressure 502560 §u56,59 48  Sbased on (15074)*9810/(0.366°1)
step 2000

gav pkl_gtry.say

[ ]

¢ Stge6: Single WP, Weight

res pkl_gldO.sav

mereg 40,56

mereg454S

meregd542

mbsxlmammmugm ‘Mmm‘lmm
prop bul14.94¢9 £232.64¢9 den=T300 sug 4445

prop b=x15.85¢9 2=11.40c9 den=2000 yeg 46,42

step 5000

sav pki_Iwtsav

*

¢ Suge?: TwoW.P. Weights + Gantry

&pp pressure 502560 $<33,35 juds

app psgm: 502560 256,599 J=46  *based en (150/8)*5810/0.356%1)
siep "

sav pk]_Zutsav

.

¢ Stage§: Seismic Loading

res pkl_lwtsay
kitzrior xf 332435 46 §=55
Iuterior yf-132435 146 §=55
step 5000

say pki_gldasay

=t
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1av983.wpd 060598

ATTACHMENT IV
REINFORCED CONCRETE DESIGN

‘DOE policy requires the subsurface design be performed using metric units.

Much source information (e.g., vendor data/steel member sizes) used for
design, however, is available only in English units. Because of this,
calculations are generally performed in English units. The results are
converted to metric units in the main body of the analysis, followed by the
corresponding English values in parenthesis.
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Check capacity of precast concrete invert due to lifiing loads. Lifting lugs assumed to be placed at centerline of
gantry rail.Refer to Attchment II figure II-3 for data shown in sketch below. Note: Where ACI is shown in this

attachment it refers to ACI-318-95.

Precast Concrete Invert symetrical about center line of tunnel
Data: " : -

fo:= 5000—-1% o . Goncrctccomprcssivestrenéth@ZSdays
. Note: fc =£"c, typical pages IV-2 thru IV-19

Ly:=282in (71.7mm) hj:=1232:in (313mm)L4:= = 37.77-in (959.3mm) b:= lZ-m (3048mm)
L3:=214n (5436mm)h2 = 7.874-in (200 mm)L 4:= 5209m(l323mm)

f = 60000--1% Reinforcing steel yicld strength

Ye= 150--3 : Unit weight of concrete

Concrete Areas and centroid locations calculated from Micro Station measure command.

V= 4.69-83 Volume of concrete per foot bounded to the

_ left of section 2-2
Vg:= 2318 o Volume of concrete per foot bounded to the
' right of section 2-2

Wi=yeVy - Wy =7035Ib concrete weight of element 1
Wa=yoVa W, =34651b concrete weight of clement 2

Riy=Wi+W, R {y =1050-Ib Total concrete weight of elements 1 42

and construction live load.
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Find moment and shea.t at section 1-1:

_Sum moments at section 1-1
Mq:=RyyLg-Wy(Lg-Ly)-Wo(ly- L) Moment at section 1-1
M= 15071.18 -in'Ib :

Sum moments at section 2-2
M2=[(R lvoL3)"Wr(L3-Ll)] T : | Momentatsccﬁon2-2

M, =9398.97+in-Ib
Try ACI Structural Plain Concrete, chaptcrzz, strength design procedure.

¢ = 0.65 : Strength reducuonfactorACI,
- ' section 9.3.5 .
U=14 : © Strength factor ACL, section 9.2,
o deadload
My = UMy My =21099.645+iclb Factor moment at section 1-1
My = UMy M, =13158.558 -in-Ib ' Factor moment at section 2-2
 Aq=bhy A =14784.in Area at section 1-1 per foot
bhyl ' N
1 . .3 -
Sq:= S 1 =303.5648+in’ Section modulus at section 1-1 per
6 ’ . . ) : foot
Ag:=bhy Ag=04488en® . Axcaatsecﬁon2-2pcrfoot
bh,? s :
Sq:=— s S 9 =123.99975in Section modulus at section 2-2 per
foot
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fe b ;
My =¢5S g T M 1 =69762.1368 «in-Ib . Factor nominal moment strength
' (_ll_:_) in ; at section 1-1, ACI, equation 22-2,
. -J 2
in
‘ M =21099.645 «in-Ib Factor moment at section 1-1 less
than factored nominal moment strength
fe B s .
¢M 5 = §-5S 5 oy 3. M 5 =28496.34629 in-Ib - Allowable factor moment at section 2-2,
(R)'in |  ACI, equation 222, |
e’/ ! o
M .= 13158.558 +inIb ] Factor moment at section 2-2 Jess
than factored nominal moment strength
,—L!FTING LUGS —/\

' Uzﬁ%f::m f__l\/ _ _ o \ Pu |- h avgf T/-
20.52" | At 4A . | ‘QQ’

(750 mm
l . = SECTION A-A

104.17"
N (2646 mm)

PRECAST INVERT PLAN
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Calculate bending momcnt in short direction of panel about lifting lug. Use an equxvalent rectangular beam to
resist bending, see Precast Invert Plan and Section above .

. R .

Wy 1.4-—3— Wy, =1225 2 Factor load ACI, section 9.2, see first page
12-n in of calculation for R1v.

Radius of Drift = 108.267" b:= 16in : Conservatively use 16" beam width center

about lifting lug, see section A-A above.
h avg = ﬁ 108.215’.I~in)2 -L 42 - (108.267-in -2133%in-h 1)Dcpth of concrete at centerline of lifting

lug, see section A-A above.
hgyg = 20.30446+in
bhgye o - -
Spm=— S pm = 1099.38966 «in Section modulus of equivalent rectangular
6 beam, see section A-A.
' 22 ’ .
My w02 =53375012¢in Db Cantilever Bending moment sbout
2 : lifting lug; see Precast Invert Plan
for dimension = 29.52".
My Ib | Required concrete tensile stress at poi
= — = —— , point A.
fy: Sbm b 854577 it see Precast Invert Plan and Section A-A.
| fe ' Ib | Ib :
for= 5 — fq= 8097 -—2> L =48.54977 = Allowable tensile stress, ACI,
RLAR: | ? o . i’ section22.53 greater than required
A \in® e : ‘tensile stress.

Conclusionﬁ Plain concrete adequate to carry lifting load at 28 day compressive
strength of fo= 5000 psi. ,
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Design Invert using the results from the FLAC analysis, Attachment IT, Teble I-2. Inspccuon of
Table II-2 indicates two controlling load cases:

" Load Case ! (During WP's sitting on invert) Design is based on contact grout between invert and
tunnel as dicussed in Attachment H, section 5.
Load Case 2 (During Earthquake: WP’smplaoe)Dwgnisbasedoneontactgrombetvreenmvm

and tunne] as discussed in Attachment H, section S.

The lSWahoopsmduetotbumalloading&omdiﬁposaleontainersisrequixedtobeaddcdtotheabove
~ Try: 200 mm minimum invert thicknes = 7.874 inches. Design Invert using one foot beam strip along tunnel length.

h:=7.874-in Thickness of invertathaunch - KNx224.809-Ib  Conversion kilonewton to pound

bi=12in Designwidhofinvert ~ = me328084-f  Conversion meterto foet
MPa=145.038:-psi Conversion from megap;sml to pounds
) per square inch
Load Case 1 (During WP's sitting on invert):
P thrustds = 1368-—ft P ghrustd] =93737.79642 +Ib Thrust load per foot of invert due to ground
m - support, Attachment H, Teble [I-2

P thrustdl » ' ’

P ground = P pround = 99206033 «psi Hoop compressive stress due to ground
bh g o loading
Use: _ i
P thermal = 15-MPa P thermat =2175.57 «psi  Hoop maximum compressive stress dus to
M groumd * SR M g =43972.64041b in  Moment per foot of invert due to gromnd
m - loading, Attachment I, Table -2
Factor loads use ACI: . | ‘ _
A:=bh  A=94488.in? © Areaof invert per foot of tunnel
D g = P proundA D g =93737.79642-1> " Axial dead load due to ground support
T = P ghermal'A T =20556525816°Ib Axial thermal load due to ground
. support
P ugr :=. (1.4-'1‘ + 14D gr) P ugr =419024.27641Ib Factored axial load, ACI, 9.2.7 equation ?-6
Mygr = ( 14-M ground) M yor =5130.14138-Ib-ft Factored moment due to ground support
ACI, 9.2.7 equation 9-5
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TITLE: Emplacement Drift Invert Structural Design Analysis - Page: IV -7 of IV -23
Load Case 2 (During Earthquake: WP's in Place), Attachment -2, Table B-2, Use:

P thrustEq 2312-%3 P hrustEq = 1584223576910 ;h;:ztﬂl,oadpcrfootofinvcrtduetogmund

P thrustEq '
P groundEq * g | P groundEq = 1676.63997 «psi gggi ;omprcsswe stress due to ground

_ 18.72KN'm
MgoumdEq™ l f M groundEq =50447.1396-;b -nxm per foot of invert due to g;'ound
Factor loads use ACI: | ’ - ,
E = P groundEq'A E = 158422357691 Axial dead load dus to ground support
T:=p permal'® T=2055652581615 Axial thermal load due to ground
' support

P yEq = 75(14T+1711-E) P uEq =438030.87773+Ib Factored axial load, ACI, 922 equation 9-2

M ygq = .7_5-(1.7-1-.!-M gromdl?q) MyEq =5896.00944-Ib-ft iag;.o;c; ;nomcn.toiu; t2° ground support

Compare Load Cases 1&2:

PuEq =438030.87773°1b > P uge =419024.27641-1b
Mygq = 5896.00944-1b-ft > M =5130.14138-1b-ft
Conclusion : Load Case 2 controls Invcrt Design. Set PuEq and Mqu equa.l to Pu and Mu mpecnvcly

Py=Pugg
My=Mygq

Designlnvert section for: Py =438030.87773+b M, =5896.00944-b-R
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¢ =0.16152+in

Find eccentriclty: M,
) B - ‘P_u
Try reinforcing with #6 @ 8" o.c. each face. Try:
f . := 9000-psi
A g = 13202
A g bh
$:=0.7

6P pmay = 084085 (A g - A g) + oA st]

OP ooy =443483.712+1

* Trial concrete compressive strength
~ Area of steel per foot.
Gross area of concrete

Strength reduction factor, ACI 9.3.2.2.b, Other
reinforced members.

ACI 103.5.2, Equation (10-2)

Check section for eccentricity equal to epproximately 0. 16inchu.Usetnalstramdxagmmtodevclopaxm1
- and bending loads with eccentricity greater than or equal to ¢ = 0.16" and compare design exial strength with

required axial strength.
£y = 60000-psi Yield stress of reinforcing
E := 29000000-psi Modulus of elasticity of reinforcing
Ag:= 66-in® Area of reinforcing per face per foot
(#6@8"o.c)
3626 _7.874" ,.
H, 23768" , 3124 2.375"
2" Clear : Pb 2" Clear
+ 1/2 bar €y — + 1/2 bar
l 6.001" |
e Est | i
o Es2 Ec = 0.003
- 1Cs1 1 A
y Cs2 :Io.as fo
ICc
g=B1*x
Use x=11.5"
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Bq:=065 i _ Factor for calculating the length of the
: equivalent stress block,ACI, 10.2.7.3
Try: x:=11.5-in ' Length of triangle base for the above trial

strain diagram. Purpose: To approximate
0.16" eccentricity

b:=12-in | Width of column strip

Eq1:° = .003- -61—2%1- g g =0.00157 N Strain in reinforcing located at Csl
9.125 ' : |
Eg= 003 .- Eg=000238 Strain in reinforcing located at Cs2.
115 £ Compression steel has yielded, use
>ey =-§ 6y =000207 fy=60ks, ACL, section 1024
&1, . - '
Cy=Ag f’l (fy- 85f;) €y =2614293904b  Forcs developed in compression seel Cs1
y
@
Cp=Ag(fy- 85-£) C o =345511b Force developed in compression steel Cs2
C .= 085f P 1-xb C . =686205Ib . Force developed by concrete
Pyp=C 31 +C 32 +C. - Py =746898.93904-1b Total force developed by liner cross section.

- per foot
Calculate oormspon&ng eccentricty assoclatcd thh Pb. Sum moment about centerline of invert cross section:

7.8744n _ Prx

2 ~ 2 ) Eccentricty corresponding to maximum
Py axial load Pb

-~ -C 11.562-m+0321.562m+0 (
€= —

e=02+n. > e=0.16in. ok Use: e:= 0.2'm

$P:=¢Pp  Ref 523, Exp13.19.1, page 433 P, '=522829.25733+1b Column design su-cngth vmh
e=02in.
However, ¢Pp > ¢Ppmax »Use ¢Ppmax with e=0.2 in. ccccnuicityfordcslgnamalloadand
(ACL 103.52) calculate design moment, ACI,10.3.5.2, Eq. 10-2.
Regquires Ties per ACIL, 7.10.5 .
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¢P 5 = ¢P pmax ¢P p =443483 712:1b>P ,, =438030.87773+1b Design axial load
greater than Required
¢$Mp = P e Ref. 523, Exp 13.19.1, page 433 . greater than Requs

¢M=T39L4:Ibft  SM, =5896.00944-1b-ft Design Moment greater than Required Moment.

Cross section adequate for maximum axial load and momext.
Plot interaction diagram, calculate £, =9000-psi f = 60000 -psi

¢F pmax
ot ‘ P =7919352°]b Nominal Axial load strength
¢-0.8 ' : ‘with zero eccentricity,
Calculate balanced condition ( Po & Mo): ' - ACI 103.5.2,Eq. 10-2.
. divided by strength
reduction factor and 0.8 factor

from ACI, 103.5.3.

2.375" |
il

4

Ec = 0.003
| \ :Io.as fo
a ICc 1
£ : X
Es1= g £ =0.00207 Strainintension stee), fy= 60000 psi
€ ¢ == 0.003 | ' Strain in concrete at extreme fiber

: £
Xp:= 5.499-in-( ° X p =325451 in Distance to nuetral m;is, see diagram
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 [ro-23750) 0.00081 steel
=g =0, strain in compression stee
B bl P in compression s
&9 : . .
fqp:= 60000°psx-2—- £ =23511.18385+psi Stress in compression steel
sl .
C 51 = 60000-psi-A ¢ C 41 =39600-Ib Force in tension steel
Co=ighs C ¢ =15517.38134-1b Force in compression steel

C s B5£, Xy - 085-E A ¢ Co=189147.623881b Force in concrete
Pp=-C51+Cpp+Co Py, =165065.00522+1b Axial load at balance condition

Determine moment at balance condition by summing moments sbout plastic centroid:
7.874in  *p'P 1)

Mb =C 31'1.5‘52'&[ +C 82-1.562~in +C c’(

2 2
My, =52558.59262-1b-ft Moment e balanee condition
Determine moment with zero axial load, neglect compression steel: ‘
Cg4p =39600b d=549%n .
Csi -
a:= T 3=0.43137-in Depth of stress block, ACI, section 102.7
¢ :

Mn--c,l-(d--;-) M, =17434935291b . Moment with zero axial load
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Draw interaction diagram, stng Axial Joads and Moments calculated above. Sketch pcrformed using MathCad
Drawing program &

. 800

Nominal axial load with
zero eccentricity

800

700 - .
Fo (Nominal Column Strength)

0.8(0.7Po) ACL Section
10.3.6.1, Eq. (10-2)

600
(0.7Pc)

§00 =
AXIAL d Case 2)
LOAD Pu=438.0k
Po (KPS) 400 {Mu=5.9 fik
300 ™ —Pu (Factored Column Strength)
Pb = 165.1 fi-kip
o Vb = 52,5 fi-kip
200 = ( Batanced Condttion)
100 - ' —~ 0.1fcAg, ACI, section
Nominal Mament_._ 6322
Mn with , . 0.7:n
zero axal boad, ' T yA ]
see page V-11 , 20 6'0
for calculation. 0.6Mn Nominal moment muftiplied by

strength factor with zero axal load, 6.3.2.1
MOMENT Mn (f - kip) :

CONCRETE COLUMN INTERACTION DIAGRAM

Conclusion: Comparison of Table H-2 loading scenario:

> During Earthquake: WP's in Place + Thermal
with concrete interaction diagram. Indicates 200 mm minimum invert thickness with longitudinal bars
#6 @ 8" each face and fc = 9000 psi is adequate to support Table H-2 loading.
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Using ACI, Structural Plain Concrete, chapter 22, design invert thickness and concrete strength
Try 16" minimum thickness of invert at section 2-2, see sketch on page to of calculations:
By inspection and calculation of table II-2, Load case 2 controls design of Invert.

Load Case 2: During Earthquake: WP's in place, see calculation above for factored load calculation.

P, =438030.87773-1b Factored axial load due to load case 2
M, =5896.00944-1b-ft Factored moment due to load case 2
b:=12in . h:=16in $:= 0.65 1,:= 0in
Try: £ = 10500-psi _ .
Aq=bh A =192+ Area at section 2-2 per foot -
bh? . 3 . :
Sy=— 81 =512in Section modulus at section 2-2 per
6 foot -

Ay 4Py =T86240+1b

1. \?
N :3 '006. » -
P a1 = 064011 (32-,1:1)

$M o =14209.10506 -t Ib

f
Mg = 458 ::2
4(513)

Allowable factor axial load at
section 2-2, ACI, equation 22-4.

Allowaﬁlc factor moment at section 2-2,
ACI. equation 22-2, _

Check combined flexure and compression on the compression face at section 2-2, ACI section 22.5.3:

P, M,

Cqa:= + C1.=2097
l.c 4P o1 M 1 1c

<100k

ACI, equation 22-5

Check combined flexure and compression on the tension face at section 2-2, ACI section 22.5.3: -

fe

£ 5 -—"'--- fm5333.0259-_1bz- Allowzble tensile stress
- E) in? in -
4 \in? .
s B = 21432231 % £y = b i
C 1t -s—l' - 'A—l C 1t -2143 l‘;; ct ?33-0259 '—;ACI, equation 22-6

in" Gk, All compression no tension
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Conclusion: 16" minimum mvert thickness with fc = 10500 psi is adequate.

Design gantry rail connection to concrete using .';caled up, Staad I, file Gann-y-H,‘R'ef 5.18., support reactions:
SF = 1272 Scale factor calculated in Attachment I

Controlling Load Cases from , Ref 5.18, Joint 118; scaled up end divided by 2 wheels

-38740 145740 34140
LoadCese 102 F yi02°= = SF- (_i—— ) FYIOZ = SF- b Fa02'° SF°— Ib

92460 24050

19140
lb F 2105 = SF- —2— Ib

Load Case 105 F y105 = SF(-——— ) Fylos = SFo—-

Determine ovemnnmgstablihtyofl35 1b crane rail for the above load cases, (see Attachment V for rail
geometry and design).

. Fy
' l _ b=518754n
‘f}r »F2 hesSm
Y:=.787in (20 mm),

h (Attachment V, page V-2)

A7.
|

L.

: ‘Gantry Rall i
L.oad Cese 102 ‘Gantry Rall Elevation
Sum Resisting Moment ebout point A, sce Gantry Rail Elevation.
b .
M,:= Fy102"2' Resisting Moment
- Sum overturning Moment about bottom of reil. see Gantry Rail Elevation.
Mg :=Fz0(k-Y) Overturning Moment
M,

FSO:= o FSO=2231 Factor of safety overturning
o )
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Load Case 105 |
* Sum Resisting Moment about point A, see Gantry Rail Elevation.

Resisting Moment

b
M;=Fy1053
Sum overturning Moment about bottom of rail. see Gantry Rail Elevation.

Mg :=F 3105(h-Y) ) Overturning Moment
M. |
. FSO:= -];d_z FSO =2.0092 Factor of safety overturning
o
Conclusion: No uplift, design rail connection for shear only, using Load Case 102.
&=13 | | | Factor shear, ACI, equation 9-1 and UBC
= . . = ) a mor 9 cquahon
Vu=ClIFyp  Vy=479858184D 19239, Col'3 special inspection factor, Provide
‘ special inspection for anchor bolt installation.
Design anchor bolts UBC-97, section 1923.33 -
¢ := 0.65 - ' L Strength reduction factor
f ¢ = 9000-psi ~ Concrete compressive strength from rcinfoi'ced
. _ concrete/ Precast design.
£ ¢ = 60000-psi o Minimum anchor bolt tensile strength, Use

Try 2 - 1" diameter bolts: ] ASTM A307, AISC, Table, page 4-4
d:=1.0-in - ' : Diameter of anchor bolt

2 : '
Ap=2L - Ap=0785398163 1 i Gross Area of anchor bolt, Used for concrets
4 : dwgn. .

Ayi= 0.606-in” " Tensile arca for tension and shear- threads

Va - ' . included in shear plane, AISC, page 4-147.
V= — vy =23992.9092-1b " Required anchor bolt shear strength per anchor

2 | . bolt Using 2 anchor bolts

Steel design strength: o .
V=075A¢fy - V=272701b . = Shearstrength for steel per anchor
Concrete design strength:

f .
BV o= $-800-A épsx $V o =38744.89-1b Shear strength for concrete per anchor
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Determine Anchor bolt tension thh 1* maximum shim pack thickneTry a:= 4375 ‘in
-.Distance between T.0.C. & centerline of load

¢:= 1.125-in
x := 2540 - = ' " Trial distance between force resultants, a = 7/16 *,
2 check "2" at end of calculation for Pu.
Rall Area Ap (UBC 1823.32)
RAIL STOP
e 212"
yi{ . Kl 3 E=7"
> ] .
T4 w4 T4 4 4 F
Pu v Cu
' Xy
-1" MAX. SHMPACK
vu;c . L .
P“:g—:—:— P, =11832.11961-b .Required pullout strength per anchor
b:=4in - effective width of base plate = 1/2 base plate
Py length. L=8".
" 8 15— =042963+in < a=. " ok , Sectt » 8 and 39.
a .9(085f b) e 963+in < a 4375 ok Ref 523 section 3.3, page 3 39
Find steel tensile strength of anchor, UBC, Section 1923.3.2 .
Pgog:=09-A¢f P =3272¢b Steel tensile strength per enchor
Design concrete tensile strength of anchor
E:=7-in o ‘ ' Embedment depth of anchor
s:=5in ' Anchor spacing

Projected Area of cone on surface of concrete, UBC,
Sect. 1923.3.2 for two anchor spaoed S" with 7" embedment, see

plan sketch above..
o Zacos(-l--s-) o =2.41118radians
2E
A = 2-0E? - (@ - sin(a))- E’ Ap=222. 4zoo9-m Projected erea of anchor at suface of concrete

P’

f - . .
¢P o= b4A P jp—:f-psz ¢P o =54861.61833:Ib Concrete design tension stength
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Check combined tension and shear, UBC-97, section 1923.3.4

Check steel combined tension and shear:

2 g\ o .
Cs=la—] *\v_ | C =090483 <100k
Check concrete combined tension and shear: .

3 3
3 3
1{| 2Py Va

Ce=llTmal TITw
Fell 1[Ve)l
NN

Check shear and tensile strength individually:

C,=052237 <100k

Com—2 ¢, =0.61925 <1.0 0k

v WV, v

Ml 043134 <10ck
pn'-;P— p,=043134 <100

’ c
Minimum Anchor bolt edge distance, UBC 1923.3.3 A,
daway""'d daway"4'in Minimum anchor bolt edge distance = 4xd
dyrg = 104 d yoprarg = 10+in Minimum edge distance for loading toward a free

edge. Inorder to use full design load.
Inspection of Figure II-3 and Base plate sketch page IV- 18, Precast invert shows edgédistz_mcwareadequate.

Conclusion: Use2.4 1* diameter anchors, spaced 5" o.g:.:, cnibedmcntdcpthﬂ?‘ and f'c = 9000 psi
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Design temperature steel for concrete invert:

d‘rnL. 135 b Rall
1 . 8.38". dge of concrete
) — 4.04" Haunch
2: ) §.5mDRIFT - : -— e
2 D FOTTT
_ 42 Vu ‘
Ag2 . 5"
1 Yo , '
_ 0 S )|
13 W2 \A91 < Vi
17 122 ) I
1 Ll [er
- g

. Precast Concrete Invert symetrical about center line of tunnel

Data: b
k«1000-1b psic—
in

Ly:282in (7L7mm) hy:=12324n GI3mm)L,

£ = 90002
2.2
.

Lj:=214in (543.6mm) by := 7.874in (200 mm)L 4 :=

Concrete compressive strength @ 28 days

= 37.774n (9593 mm) b= 12+n (3048mm)

52.09-in (1323 mm)

 Invert tempemun'e steel paraliel to tunnel: -
P temp = 0.0018 ‘ Temperture steel ACI, 7.12
v L ,
Agl :=-—2 Agl =332.64 +in® Gross concrete area per foot of tunnel
b between section 1-1 and 2-2
AS ternp = P tempA g1 AS tmp =0.5988+in" - Tempature stecl ACL, 7.12
Try #3 each face | | |
A g3 = 011
Find quanity of #3 bars:
AStemp ' ' . ‘
Q:= Q =5.4432 #3 bars Use 3 #3 top and bottom equally spaced
- in area between section 1-1 and 2-2,

Ag
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Invert temperaturs steel paralle] to tunnel, continued: o
P temp 0.0018 Temperture steel ACl, 7.12
v ‘ :
A 32 = it Ap= 675.36+in* 'Gross concrete area per foot of tunnel to
1-& | the left of section 2-2.
ASpemp™PrempAgz - ASpemp=12164i" Tempature steel ACI, 7.12
Try #3 each face ) ‘
A g3 := 0.11-in?
Find quanity of #3 bars:
AS temp | .
Q:= Q=1105 Use 12 #3 spaced in 3 layers equally
Ag : : : spaced in area to the left of section 2-2.

Determine moftempcmnn'csteclpefpendicular’toccnicrlimofumnel located in haunch at inside face:

b:=12:in
" ke 3 | , ~ Maximum depth of concrete in haunch
b= 12.891n ' _ ' “above 200 mm liner thickness.
Agy=bh Agh=154.68:in2 ' Area of concrete per foot at maximum .
: . depth in haunch ebove 200 mm liner
_ - thickness.
As -DOOlSAgh As =(), 13.92l°in2 Area of tem : steel at inside face of
temp’ > temp = 0- , : perature £
As3 . . . . M
$:= *12-in $=9.48194+in Use #3@9" o.c. inside face, area of steel
AS temp .. provided =15 sqin per foot.

Determine Column Tie Reinforcement to qualify Invest as a reinforced compression member. Use ACI,
7.10.5.1

Space Lateral tie mcmba's less than or equal‘bo s<= 16 longitudinal bar dia. = 0.75*16= 12"
48 Tie bar dia=.375x48 =18

Use : #3 ties @ 8" o.c. . least dimension of compression member= 8"

CALCULATION SUMMARY: Recommcnd usmg remforced concrete invert:
£'c = 9000 psi

Longitudinal bar: #6 @ 8" each face
Compression ties : #3 @ 8" on center
" Tempature Rcmforcmz #3 see sketch page IV-20 for spacing

Plain concrete requires a minimum invert thickness equal to 16 inches which may interfer with TBM and disposal
clearance requirements. .
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L] -
LIFTING ANCHOR
ST ABOUT ¢ DRIFT INVERT fE ERECAS? INVERT
i I
PRECAST CONCRETE I
INVERT SEGMENT :
-
I
4
|
L]
.. “
| «©

TEMPERATURE REINFORCEMENT { L L

FOR CAST-IN-PFACE INVERT ONLY SECTI ON A

See Fig 1v=2

PRECAST [NVERT| 313

<CAST=IN=PLACE
INVERT

VARIES~6.0 m CAST-IN-PLACE INVERT MAXIMUM !

o ... :.‘.- . -... - ':. ~ o ._.:_’. i '.. : ;'. |

SECTION B

- See Fig Iv=2
NOTES. '

1. ALL CAST-IN-P%;CE CONCRETE AND ALL CONCRETE FOR PRECAST lNVERTS SHALL BE IN

-ACCORDANCE W¥I
ACl 301. ACI 318, AC] 30OSR. ACI 3068- ACl 11TR. AND ACI 211
ASTM C31. ASTM C33. ASTM C39. ASTM C94. ASTM C109. ASTM 138, ASTM 143, ASTM 150.
ASTM 171, ASTM 172, ASTM 173, ASTM 231, ASTM C260s» ASTM C309. ASTM C434,

ASTM C1064, ASTM C1107. AND ASTM D75.
2. PRECAST CONCRETE SHALL BE IN ACCORDANCE WITH PCl MNL116.
3. CONCHETE RE INFORCEMENT SHALL BE IN ACORDANCE WITH:

ASTu ‘é.3“2~3°2s¥uﬂs1s.
i ‘ CONCRETE RE ]lﬁggFE?CéMENT PRECAST
4. CONCRETE SHALL HAVE A COMPRESSIVE -
STRERGTH OF 62.1 WPa. OR CAST-IN-PLACE INVERT SECTION

04-JUN-1998 10:36 CAD FILE: ti\repss\stru\fig\sistO0is.fig
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FIGURE 1Y-2
CAST-IN-PLACE OR PRECAST
CAD FILE: ti\repss\stru\fig\ssst00i8,.fig

CONCRETE INVERT PLAN

04-JUN-1998 09:56



Title: Emplacement Drift Invert Structural Design Analysis Attechment: 1V
DOCUMENT IDENTIFIER: BBDC00000-01717-0200-00001 Rev 01 Pege:IV-22 of IV-23

€ RalL

110

._-ﬁ%ﬁ{-}g—-

EMBEODED_PL
/ 19x230x372
4 - 26 OI&

ANCHOR
(¥ELD TO EMSEDDED FLATE)

: |
b3 . I
e td- &2
«© - .' : - : - e ¢ oEn o e
L S Y I |-
B i T X
- .
0 . .
T 1T \=Re 61. HOLE @
.l_r..&.z_n_ LIFTING LUG ONLY
PLAN
W $ RAIL
g ' 26 DIA THREADED ANCHOR
= " BENT PLATE 10x114x203
=
= PLATE 35x102x203
TOP OF -CONCRETE
© " v
gl v
EMBEODED PL

26 DIA. THREADED ANCHOR {WELD
T0 EIBEDDED PL COgCENTR ic

SECTION =~ M™w

DETAIL - /1T

Fig Iv=2

NOTES: - , :
1. ALL STEEL ANCHORS SHALL BE IN lCCORDANCE WITH ASTM A30T. MINIMUN.
2. ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED 19 sm (3/4°).
3. ALL UNFORMED CONCRETE SURFACES SHALL RECEIVE A BROOM FINISH.
, ALLCSTEEL SHAPES AND PLATES SHALL BE ASTM A36 IN ACCORDANCE WITH

A1SC MO16.
' FIGURE V-3
CONCRETE INVERT DETAILS

05-JUN-1938 08:29 CAD FILE: ti\repss\stru\fig\ssstO018.flg .
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14

¢ LIFTING ANCHOR

122

NOTE:

EMBEDDED PLATE

-y -1

v‘ -."-’ -’ 'b "‘ v. 3

-'v“.';- :’i' ¢ .'B'.'
%'.".. TiTh S

', * v dpe vl

T TRALY
DETAIL (2

AN

1. LlFTING ANCHORS TO BE “SWIFT I.lF'I’ SYSTEM' DAYTON SUPERIUR-

P-52SL+. STANDARD, RATED LOAD B8 TONS. S
0 LBS AND P-50SL UNIVERSAL LIFTING EYE. 8 TON RATED LOAD- OR

APPROVED EOUAL. (REFERENCE 5.28)

AFE_WORKING L

FIGURE IV-4
CONCRETE INVERT DETAIL

03-JUN-1398 14:47

CAD FILE: ti\repss\stru\fig\sss+00i3.7lg
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ATTACHMENT V
- GANTRY RAIL DESIGN

DOE policy requires the subsurface design be performed using metric units.
Much source information (e.g., vendor data/steel member sizes) used for
design, however, is aveilable only in English units. Because of this,
calculations are gcnctally performed in English units. The results are
converted to metric units in the main body of the analys:s, followed by the

corrcspondngnghshvalu&s mpa:mthcsxs.
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i1

L
¢ RAIL
36 21
I H ‘
3 »
Pz
=] @
. 13 |
| R 1
| \\i [
44 - '
“ 16
_'-:
y A - Z 2
, . @ : -
- JL.
@) ~
[ r
i ma
= ™ \
®_ l . o
. ‘ 12 | ! 1
33 :\—n
9 i '
- : ALL DIMENSIONS SHOWN ARE
IN MILLIMETERS
66 - T

.135 LB RAIL USED FOR CALCULATING SECTION PROPERTIES AND DISTANCES T0 .
CRITICAL SECTION FOR FLEXURAL CALCULATIONS. ALL DIMENSION SHOWN ARE
INTERMALLY GENERATED BY MICROSTATION 95/4/5¢, 72 &/2, pog= /-//3)_
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T RAX 'éuPPcmT\'w(, RAIL @ 2o" . with
G'x 6" PATES ‘..

rP\lP* 125 Ib RAIL e
2 . [“ oy —n X

‘ . 3
giﬁi‘%’u‘?i%% —:k‘?i’ﬁi‘ﬁg—-r\_ oL xG  SECTION&G
%X | L2208 | -
| . el
PETERMMIE MY LNz HOMENTS _..._._.g._(-)—z
) v — KAz

)
Ay 2 Pyls /4.5 92,60 (16)/4 = 370,764 in-los

My = P L /4 = 21,713@0) /4 = /08,365 Mnelos
CALCULATE STRESS C TOP  FLANGE

.= fﬁ (370 '764 /173 ) = 2/.4 l’~5t:.
ML TS Head *7eo - | -

fo= ML = (r08)562 , [4.48) 7 24.20 KU
5{ 7000 :

ororan = fop *foy = 2.t 1242 =456 m@

AA (L MATERIAL PROFPERTY (AREA, Chaphr &
PART 2. SPECUFICRTIONS TARLE 2-3 )Ffase
G-2- 0. | | _

Fy = 70 ksl - (YIELR STREWNGTH )
Fr = 140 Rs¢ . (TENSILE STREONGTH)
Fo = ©.G66 Fy ALLOWABLE BEUDING
, STRESS AISC Eq Fi-l,

= 45,6 Kse ok

7 —FUTOTI\L.
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CHRECKL SKHEAR. SET WOAD '\“ OFF EDGE, OF

RASE fa, FIND MAXIMQK  Vy e V, SHEAR

" . Y
" Y 2 —
- Y B Z—W T
qu - " 14“ . .‘,: RP\
' . - SECTION O.-C,

Ny max € Fx(%)'.-:z.o,m?; o

FOR Vy SHEAR USE WEB To RESIST VERTICA L
SVREAR  J

tTrwinn = 1AS o’

h = 5.7§ in.

A,z 7188 [n*

Forl vy SHEAR, usa HEAR OF RaiL CUTEIRE oF
VIER To RESIET éHEAR SEE. SKETCM,Pe | for rransléz.

A Hesp e, = Titen@®1 + ElTEH@] - 129 (1.67)
T Q.40+ ?'4“96- 1950 = 3.0 N

Fy = ©:4 Fy 2 04(70)z 26 ksl  AISC EQ. F4-|
| | | | Py S-4%
fv wevz 86,1 /7188 = /)90 Ksc WED SHEAMR
: < Fy 2286 Ks{ ok

fv Heed = 2016/3.0 = 6,72, Kol KEARSHEAR
' L Fyz2a kst oK
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