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APPENDIX D1
DRAWINGS AND CORE INFORMATION
D11 General

This Appendix contains schematics and isometric sketches of the Red Hill Complex, core sample

information and a compression test report on the cores.
D1-2 Drawings

A schematic of the Red Hill Complex is given on Figure D1-1. Enlargement of schematic sections are

provided on Figure D1-2.

An isometric sketch of the Red Hili Complex is given on Figure D1-3. This sketch shows the lecation of

| Critical Infrastructure | IN the Lower Access Tunnel and in the Harbor Tunnel.

. D1-3  Core Information

Information on the six cores taken in the Lower Access Tunnel and Harbor Tunnel are provided on Tables
D1-1 and D1-2.

Table D1-1 gives the Door Designation, Specimen Number, Location and Description of each core. The

results of compression test performed on the core samples are given in Table D1-2,

08/04/98 Di-1 Appendix D1 ~ Drawings and Core information
AHSMITIwinword/hawaiifam3vo-il
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. TABLE D1-1

CORE INFORMATION

Door Specimen Core
Designation Number Location Description
1
3
4

@~ * Critical Infrastructure

08/04/98 Table D1 - Core Information
AHSMITwinword/hawaivam3vo-ll
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. LAW ENGINEERING, INC.
" 1540 N. 107TH EAST AVENUE
TULSA, OKLAHOMA 74116

(918) 834-4700 ‘
TABLE D1-2

@:corr vuvBER_ 03508

REPORT DATE___May 23, 1994

REPORT OF COMPRESSION TEST OF CONCRETE CORES

DATE RECEIVED AUTHORIZED BY LABORATORY NO. 396-40083-01

CLIENT Willbros Butler Engineers

PROJECT Building pad concrete cores

CONTRACTOR Mot indicaced

SOURCE Not indicated CORED BY Notr indicated
TEST RESULTS
SPECIMEN NUMBER 1 2 3 4 5 6
DATE PLACED
.DATE CORED
i DPATE TESTED

AGE WHEN TESTED-DAYS

DIAMETER IN INCHES : 1.742 1.741 1.734 1.735 1.762 1.741
HEIGHT IN INCHES 3.859 3.754 3.756 4,841 3.757 3.712
L/D RATIO 2.215 2.156 2,164 2,790 2,157 2,132
CORRECTION FACTOR N/A N/A N/A | /A N/A N/A
AREA IN SQUARE INCHES 2.383 2.381 2.362 2.364 ’2.383 2.381
TOTAL LOAD IN LBS. 13,600 12,300 5,840 6,700 9,000 15,350
COMPRESSIVE STRENGTH-PSI 5,710 5,165 2,470 2,835 3,775 6,445

STRENGTH REQUIRED  DAYS
CURING CONDITIONS

STRUCTURE LOCATION 5-1 1=
TOTAL HEIGHT BEFS)&E TRIM

—

5-3 2-1

2]
[¥%)
fonl
{
o

REMARKS:

.OPIES: Willbros Butler Engineers
File

T AT

ENGINEERING TECHNICIAN

-———
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APPENDIX D2
STRUCTURAL ANALYSIS OVERVIEW
TUNNEL BULKHEADS AND OIL-TIiGHT DOORS

D2-1  General

This Appendix contains a structural analysis of Critical Infrastructure ;due to the hydrostatic pressure in

Scenano One. i e 16 fUll @and discharge begins through! critical Infrastructure 1 800 | .. 1S closed

before fuel reaches it, the final liquid levet would create a hydrostatic head of Gritical Ilnfrastructure

olumes and elevations used are

The tunnel

Critical Infrastructure

provided in Appendix D3,

D2-2 | Critical Infrastructure

This bulkhead is constructed of gunite that is 24 inches thick with 1-inch square bars at 8-inch centers

each way in each face. The bulkhead has an opening 6'-6" by 4'-4” for a door which allows the train to

have diameters Critical Infrastructure

The bulkhead had two 2-inch diameter cores drilled during the site visit in May of 1894. One of the cores
was drilled at a 45-degree angle to determine if the bulkhead is keyed into the rock as shown on the
drawings. The cores indicate that the gunite is keyed into the rock as shown on the drawings. The cores

were tested for compressive strength. They broke at 2,835 psi and 3.775 psi.

The drawings show a 5-foot thick pipe anchor that is integral with the bulkhead. However, the bulkhead
does not have any pipe anchors. The 24-inch reinforced gunite transfers the load to the tunnel wall and

rock key.

The bulkhead was analyzed using the finite analysis portion of STAAD-I structural program which uses
the ultimate strength design of concrete that has a load factor of 1.7 for hydrosiatic loads. The 24-inch
thick wall was divided into 133 elements that are approximately 1.0 to 1.25 square feet. The hydrostatic
loads from the door were applied as point loads around the perimeter of the opening at the joints of the

elements.

08/04/98 D2-1 Appendix D2 - Structural Analysis Overview
AHSMITAwinword/hawaiVam3vo-H
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WILLBROS ENGINEERS, INC.

The analysis showed that the 1.0 inch square bars at 6-inch centers are adequate to resist the bending
forces from the hydrostatic load of 68.38 psi. but the shearing forces exceed the allowable stresses of ACI
318-89, "Building Code Requirements for Reinforced Concrete”. The reinforcing was assumed to be an
intermediate grade billet steel with a yield point of 40,000 psi which was available in the 1940s.

Using an average compressive strength of 3,500 psi, the allowable shear in the concrete is 118 psi.

There are 12 elementis that have shear stresses greater than 118 psi, the largest over stress is 180 psi.

D2-3 Critical Infrastructure

Critical Infrastructure !is integral with the anchors which give it a thickness of 60 inches,

except at the top which is 18 inches thick, and the maximum hydrostatic head would be! Critical Infrastructure

This bulkhead had two 2-inch diameter cores drilled during the site visit in May of 1984, One of the cores
was drilled at a 45-degree angle o determine if the buikhead is keyed into the rock as shown on the
drawings. The core indicates that the gunite is keyed into the rock as shown on the drawings. The cores

were tested for compressive strength. They broke at 5,165 and 8,445 psi.

024 | Critical Infrastructure

The plans called for the oil-tight doors to be {abricated from 3/8-inch thick piate stiffened with wide flange

heams, one on the vertical centerline and on the 1/3 points horizontally, The wide flange section called

for oni Critical Infrastructure :was @ W6 x 20 and on: Critical Infrastructure was W8 x 33.
Both oil-tight doors were fabricated using the W6 x 20 wide flange sections. | Critical Infrastructure !

has one W6 x 20 vertically on the centerline and two W6 x 20s horizontally at the third points. | crical nfrastructure

Critical Infrastructure 125 two W6 x 20s, both vertically and horizontally located approximately on the

third points,

The doors were analyzed using the finite element portion of STAAD-IL. The 3/8 inch plate was modeled
with 600 elements and 851 joints, the wide flange sections were connecled to the centerline joints under
the flanges so that the plate and wide flanges acted together. The elements were 2.7 inches by 2.5
inches and 2.7 inches by 2.9 inches. The door edges on the centerline of the seal were modeled to allow

rotation, transiation was restrained.

08/04/98 02-2 Appendix D2 - Structural Analysis Overview
AHSMITwinwordihawaifamvo-it
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ASTM-AT steel was a common steel during the era in which the tunnel was constructed. The yield point
of this steel is 27,000 psi which is multiplied by 0.66 to obtain the allowable bending stress of 17,820 psi
and 0.4 to obtain an allowable shearing stress of 10,800 psi.

The stresses in the W6 x 20 in me; Critical Infrastructure gexceed the AISC sllowable in shear and

bending. The stresses in the plate were also exceeded. The stresses in the plate exceed the allowable

bending stress by Critical Infrastructure

The plate stresses from the finite element program were checked using classical methods in
Timoshenko's "Theory of Plates and Shells” to verify the stresses and deflections given by STAAD-L
Element 205 and 208 were used to verify the resuits. These elements are in center of the door with the
edges clamped at the beam. The moment and stresses of the classical solution and the program results
are within 2.2 percent of each other. The deflection from the classical solution is 0.137 inches and from
the program the relative deflection from the beam is 0.16 inches. The variations of moments, stresses
and deflection between the classical and program results were greater for element 6 which has 3 beams

with clamped edge conditions and one edge free to rotate, the classical solution assumed four edges

clamped. The results are close enough to confirm the validity of the program solution.

[P

the center as designed. The deflections were greater than the door with the two vedical W6 x 20
stiffeners but the beams did not have any overstresses in bending. There were a few places near
suppors that had shear overstresses. The 3/8-inch thick plate is overstressed in bending, the stresses

are greater than the door with the two vertical W6 x 20 stiffeners because of the greater plate span.

cneamenne, WS Checked using aé Critical Infrastructure Ewithaut any impact.
This simulates the maximum head and pressure that the Harbor Tunnel oil-tight door would sustain. The

beams are not overstressed, but he 3/8 inch thick plate has elements that exceed the allowable bending
stress. The original may have used a higher strength steel plate or assumed that the plate would deflect

and act like a membrane.

The siructural analysis ofi based on W8 x 33 stiffening beams is given in Appendix D6 and the

P |

structural analysis using W5 x 20 stiffening beams is provided in Appendix D7. The structural analysis of

coneamoncne) USING WB X 20 stiffening beams is given in Appendix D8.

To be safe in the event of a catastrophic failure of a tank Critical Infrastructure i should be redesigned to

withstand the potential pressures from a full tank failure. The design should use updated materials,

controls with the bulkhead keyed into solid rock.

08/04/58 D2-3 Appendix D2 - Structural Analysis Overview
AHSMITAvinword/hawatilfam3vo-ll

RDHLCC0025069



RDHLCC0025070



WILLBROS ENGINEERS, INC. @

APPENDIX D3
TUNNEL VOLUMES AND ELEVATIONS

D3-1  General

The accumulative volumes of the tunnel were computed using the sections shown on the original
drawings, not as-built drawings. The elevations of the tunnel roof and ficor are recorded along with the

volumes to facilitate computations to obtain the hydrostatic head in the Lower Access Tunnel or Harbor

Tunnel due to the {ailure in Critical Infrastructure |

The accumulated volumes and heads were also used io determine if fuel will flow out of existing exils.

Tunnel volumes and elevations are provided on Table D3-1 following this page.

0BH14/98 03-1 Appendix D3 - Tunnel Volumes and Elevations

AMSMITiwinwordihawaifam3vo-i
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TABLE D31
TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure
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TUNNEL VOLUMES AND ELEVATIONS
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TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure
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TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure
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TUNNEL VOLUMES AND ELEVATIONS
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TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure
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APPENDIX D4

STRUCTURAL ANALYSIS OF: Critical Infrastructure

D4-1  General

The 24-inch thick gunite bulkhead is reinforced with 1-inch square bars at 6-inch centers each way in

Critical Infrastructure The electrical conduits were ignored due to their
small diameter.

The 6'-8" by 4'-4" opening for the railroad was modeled into the bulkhead. The loads from the door were

applied as point loads at the joints of the elements around the door perimeter.

The bulkhead was checked using a Critica| Infrastructu re which

includes the impact factor of 10 percent.

The bending stresses in bulkhead are within the limits set forth in "Building Code Requirements for

Reinforced Concrete”, ACI 318-89. The allowable shearing stresses of this code are exceeded in 12
. elements.

The reinforcing was assumed to have a yield point of 40,000 psi which is an intermediate grade. The

gunite was assumed to have a compressive strength of 3,500 psi.

D4.2  Liquid Level, Pressure and Load Calculations

Calculations for determining the liquid level, pressure and load on the | gritical Infrastructure are
provided in Exhibit D4-1. '

D4-3  STAAD-I Computer Stress Calculations

STAAD-II computer stress calculations for] Critical Infrastructure @€ given in Exhibit D4-2.

Q8/04/98 oa-1 Apdx D4 - Struc. Analysis o

AHSMITIwinword/hawaivamIvo-il Critical Infrastructure
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EXHMIBIT D4-1
LIQUID LEVEL, PRESSURE AND LOADING CALCULATIONS:

Critical Infrastructure

0B/04/98 D4-2 Apdx D4 - Struc. Analysis of Critical Infrastructure
AHSMIT winword/hawaiifam3vo-ll
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EXHIBIT D4-2
STAAD-Ii COMPUTER STRESS CALCULATIONS:

Critical Infrastructure

08/04/98 D4.3 Apdx D4 — Struc. Analysis of

AHSMITIwinwordihawaiifam 3vo-i Critical Infrastructure
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APPENDIX D5
STRUCTURAL ANALYSIS OF Critical Infrastructure
BASED ON USING W8 X 33 SITIFFENING BEAMS

D&-1  General

This section analyzes the Lower Access Tunne! oil-tight door as designed with W8 x 33 stiffening beams.
The door was fabricated with W6 x 20 stiffening beams, which is analyzed in Appendix DE.

The door was analyzed using the head created by failure of ... when full. The head of| crica infrastructure

with an impact factor of 10 percent creates Critical Infrastructure | 1€ door is assumed free to rotate

about the center of the seal but not free 10 translate.

The finite element analysis shows that the plate thickness is inadequate for this pressure. The W8 x 33
stiffening beams intended for the Lower Access Tunnel are within the allowable AISC stresses in bending,

but overstressed in shear in a few places near or at supporis.

. D5-2  Liquid Level, Pressure and Load Calculations

Liguid level, pressure and load calculations for oslisghn are given in Appendix 4, Exhibit D4-1.

D5-3  STAAD-Il Computer Stress Calculations

STAAD-II computer stress calculations for the oil-tight! __iare given in Exhubit D5-1,

08/04/98 D41 Apdx 04 — Struc. Analysis of N
AHSMIT Aviaword/hawaivam3ve-it Critical Infrastructure
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EXHIBIT D5-1
STAAD-IIl COMPUTER STRESS CALCULATIONS! Critical Infrastructure

08/05/98 042 Apdx D4 - Struc, Analysis of

AHSMITiwvinwordihawaidam3vo-ll Critical Infrastructure
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I APPENDIX D6

STRUCTURAL ANALYSIS OF OIL-TIGHT: cun e

BASED ON USING W6 X 20 STIFFENINGLBEAMS )

Dé-1  General

This section analyzes the Lower Access Tunnel cil-tight door as designed with W6 x 20 stiffening beams
on the vertical and horizontal third points. The door was designed with W8 x 33 stiffening beams, which is

.analyzed in Appendix D5.

The door was analyzed using the head created by failure of when full. The head of | ¢ieal infrastructure

with an impact factor of 10 percent creates: Critical Infrastructure | The door is assumed free to rotate

about the center of the seal but not free to transiate.

The finite element analysis shows that the piate thickness is inadequate for this pressure. The W6 x 20
stiffening beams intended for the Lower Access Tunnel are not within the allowable AISC stresses in

bending or in shear.

. D6-2 Liquid Level, Pressure and Load Calculations

Liquid level, pressure and load calculations for oil-tight i mw...j@re given in Appendix 4, Exhibit D4-1.

D6-3 STAAD-It Computer Stress Calculations

STAAD-II computer stress calculations for oil-tight are given in Exhibit 06-1.

Crifical Infrastructure

08/04/98 D41 Apdx D4 - Struc. Analysis o)
AHSMITiwinwordihawaiifam3vo-ll
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EXHIBIT D6-1

STAAD-IIl COMPUTER STRESS CALCULATIONS: OlL-T!GHTE Critical Infrastructure

D4.2 Apdx D4 - Struc. Analysis o} Critical Infrastructure
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APPENDIX D7
STRUCTURAL ANALYSIS OF OIL-TIGHT! covcaimssimctre
BASED ON USING W6 X 20 STIFFENING BEAMS

D7-1  General

This section analyzes the Harbor Tunnel oil-tight door as designed with W6 x 20 stiffening beams. The

door was designed with W8 x 20 stiffening beams.

no impact factor creates a pressure ! g nrastructure -

the seal but not free to transiate.

The finite element analysis shows that the plate thickness is inadequate for this pressure. The W6 x 20
stiffening beams used for the Harbar Tunnel are within the allowable AISC stresses in bending or in

shear.

D7.2 Liquid Level and Pressure

Eare given in Volume |, Section 6.5.2.3.

i

Liquid level and pressure for oil-tight:..

D7-3  STAAD-HI Computer Stress Calculations

STAAD-IIl computer stress calculations for oil-tight | cumnaeiare given in Exhibit D7-1,

08/04/98 D71 Apdx D7 — Struc. Anal. of

AHSMITiwinword/hawaiiam3vo-1! Critical Infrastructure
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EXHIBIT D71
STAAD-II COMPUTER STRESS CALCULATIONS: OIL-TIGHT

Critical Infrastructure
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