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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 Hill Complex is given on Figure D1-3. This sketch shows the location of

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

. 01-3 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.

Q804758 D1 Appendix D1 ~ Drawings and Core Information
AHSMITIwinward/hawaiifam3vo-l!
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TABLE D11

CORE INFORMATION

Door Specimen Core
Designation Number Location Description
1
3
4

@ - ° Critical Infrastructure

08/04/98 Table D1 - Core Information
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. LAW ENGINEERING, INC.
" 1540 N. 107TH EAST AVENUE
TULSA, OKLAHOMA 74116
(918) 834-4700 ‘
TABLE D1-2

@:rorT 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 indicacted

SOURCE Not indicated CORED BY Not indicatred
TEST RESULTS
SPECIMEN NUMBER 1 2 3 4 5 ]
DATE PLACED
DATE CORED
i DATE 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 9.132
CORRECTION FACTOR N/A N/A N/A | w/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 -
TOTAL HEIGHT BEFO&E TRIM

—

5=3 2-1

2]
(%)
foal
{
i

REMARKS:
.OPIES: Willbros Butler Engineers
File -~
T AT
ENGINEERING TECHNICIAN
RDHLCC0025065
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APPENDIX D2
STRUCTURAL ANALYSIS OVERVIEW
TUNNEL BULKHEADS AND OIL-TIGHT DOORS

D21 General

This Appendix contains a structural analysis of Critical Infrastructure | du€ to the hydrostatic pressure in

Scenano One. | e 16 fUll @and discharge beging through! critical Infrastructure | 800 || 18 closed

before fuel reaches it, the final liquid level would create a hydrostatic head of cyitical Ilnfrastructure

L.—.when a 10% impact factor is added. Using the same logic, if ..

[ [ -4

hydrostatic head would be The tunnel volumes and elevations used are

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 §-8" by 4-4" for a door which allows the train o

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 psiand 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-H 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.

QB/a/a8 D2-1 Appendix D2 - Structural Analysis Overview
AHSMITAwvinword/hawaitfam3vo-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 hillet steel with a yield point of 40,000 psi which was available in the 1340s.

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

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

The structural analysis of the! critical Infrastructure |1S provided in Appendix D3.

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 1894, One of the cores
was drilled at 2 45-degree angle o determine if the bulkhead 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 5,185 and 8.445 psi

024 | Critical Infrastructure

The plans calied for the oil-tight doors to be fabricated from 3/8-inch thick plate 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. | cucal nfrastructure

Critical Infrastructure 185 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 resirained.

08/04/98 02-2 Appendix DZ - Structural Analysis Overview
AHSMITMwinwordihawaifamdvo-it
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ASTM-AT steel was @ 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 siress 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 the! Critical Infrastructure i£xceed the AISC allowable 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-IL
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 resulls
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, siresses
and deflection between the classical and program resulls were greater for element 8 which has 3 beams
with ¢lamped edge conditions and one edge free 1o rotate, the classical solution assumed four edges

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

was alsg analyzed using the W8 x 33 section, two horizontal at the third points and one vertical at

fe o
i i

Lt_he center as designed., The deflections were greater than the door with the two verdical W6 x 20

stiffeners but the beams did not have any oversitresses 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.

. WAS Checked using ai Critical Infrastructure §wiihout any impacl.
This simulates the maximum head and pressure that the Harbor Tunnel oil-ight 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 plale would deflect

and act like a membrane.

.. based on W8 x 33 stiffening beams is given in Appendix D6 and the

The structural analysis ofi.,

structural analysis using W8 x 20 étiﬁening beamns is provided in Appendix D7. The structural analysis of

e USING WE x 20 stiffening beams is given in Appendix D8,

To be safe in the event of a catastrophic failure of a iank,f Critical Infrastructure {should be redesigned fo

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

controls with the bulkhead keyed into solid rock.

0B/04/88 023 Appendix D2 - Structural Analysis Overview
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APPENDIX D3
TUNNEL VOLUMES AND ELEVATIONS

03-1  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 floor 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 failure in Critical Infrastructure |

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

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

OBHI4I98 031 Appendix D3 - Tunnel Volumes and Elevations

AMSMITAiwinword/hawsaiVam3vo-i
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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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TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure
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TUNNEL YOLUMES AND ELEVATIONS
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TUNNEL VOLUMES AND ELEVATIONS
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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 st 6-inch centers each way in

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

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

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

The bulkhead was checked using a Critical |nfrastructu re which

includes the impact factor of 10 percent.

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

Reinforced Concrete”, ACI 318-88. The aliowable shearing siresses of this code are exceeded in 12
. glements.

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- computer stress calculations for] Critical Infrastructure @re given in Exhibit D4-2.

QBRAIg8 D41 Apgdx D4 ~ Struc. Analysis ©

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

Critical Infrastructure

0B/04/98 [4-2 Apdx D4 - Steue. Analysis of Critical Infrastructure
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624 ENGINEERING MATERIALS, Cuar. XV.

{6) Three bewd suwl three flattening testa shall b made from cach size in cach lot of rivets &
offered for inspeetion, cieh of which shall conform ot roquirements specified.

., WORKMANSIHEP AND FIMISIL P Phin Rars, Dieformed fira,
20, Workmanship. Rivers shall he true o form, ceicentric, and shall he made in a work- ad é’mty:;nica; - . Cotd-
H N ouRueTed, Siructoend- Intess Stru " i twisted
maglike mannce. H H iniur Bl medinte Hard 'iﬁflllm Inter Hard Bare.
21, Finish.,  The finished rivets shall be free from injurious defeets, Gese, e Grade. Stect. l‘zc;(it(';:v Hard
1. INSPECTION AND REJECTION. . ‘ﬁ;ﬂ’“c strength, 55000 | 70,000 T55.000 | 70000 Reeorded
. . Ty e . POT BgL in., ... 10 E in N ) N . :
22. Inspection. The inspertor representing the purchaser shall have free entey, at all times ' ! 0000 S’W 80,000 min. oo o F.'m fo.000 ming  only
while work on the contract of the purchaser is being ;m;fﬂrs;\cd:‘}t«» ail ;mr%s of the n}::xﬁuf%ct:%fu;; P> Yield point, min.. g 3000 P00 5,000 .
wurks which concern the manufacture of the rivets ordered, e munubncturer shall aftord the 3G EE th. per sq. i, ... _— 0.000 .
inspuctor, free of cost, all reasonable facthities to satisfy him that the rivets are tmm% fum;,shed la‘}‘gm o 1 EE 49 50,000 31000 40,000 50000 | g3.000
L o sgr Shestinns <hr s e 1 ¢ it TR RS i o .
acsordance with these specifientions, Al wsts and wspection shall e made at the s ace ol e, > Elongation in 8 in.,} 1,100.00% | 1,300 AL o » )
fm:mrt; prior to shipment, unless otherwise specified, and shall be so conducted as not to mmm,’:‘._ H min., per cent.. .. Nl I *00"” ZODOX | 1,250,000% | 1,125,0007 | 1,000,000
panecessarily with the operation of the works, . i) i Tens. str, |'lens. str | 1o oy vy - 3
23. Rejection.  Rivets which show injurions defects subisequent to their seceplance at the ot wns. str { Peas. sie Plons, sin | Tens. sin | Pens, sir,
3 N 3.
X

o
L

o
Eih o

anulicturer's works will be rejected, and the manulacturer shall be notified. - -
manuficture s ¥ , < Sec Section o,

e e

1 250k,
i

(&) The viekl peint shall be determinesd by the drop of the beam of the ing hing

9. Modifications in Elongation. {1} For plain :mid deformed !mrs‘ c;'ctfsi";; ll{x":&:;z}ifgnpﬁ
ot diameter, a deduction from the percentages of clonpgation speaifiad in Se:ct‘iun's {a) of o 25
per cent shall be made for cuch inerease of 4y in. of the specified thickness or dinmoter above i

(b For plain and defonmed bars under 1% in. in thickaess or diameter, 1 z!cxliu‘ctim:f;(:‘:'
the percentages of clongation specificel in Seotion 8 (1) of 0.5 per cent shall be made for e;aéi:

"

OF THE
AMUERICAN SOCIETY FOR TESTING MATERIALS

PTE 3 : SVISED 10714, : g ; : N .
Avorren Aucust 25, 1913 Revisen 1914 o }:;( 2 decruacgf 3‘5 ? of thcts;;x:czﬁzrd thickness or Bameter below 1) in.
y . : - fNlpet YA to. Hend Tests. The test specimen shall bend cobd around o pin wi ;
“These stecifient o ree clhsse st agleg x J \ Hnen s > a pin without crackine
1. Classes. ({a) These specifications cover three classes of billet-stect concrete mnfcm P s = putside of the bent portion, as follows: 0 ¥ ut criacking on the
Bars, munely: pluis, deformed, and colid-twisted, ’ : o SE &
Y s ars are of threo grades, nunely s stroctural-steel, intermediate sad "S54 ¢ s Fen e
h“‘i({‘:‘3 Phun and deformed bars are of three g cly ; c‘“:' S BENO-TEST REQUIkEMINTS,

2. Basis of Purchase. (o) The structuml-stecl grade shall be used unless otherwise spocifind,

{5 I desiced, cobibtwisted bars may be purchasad on the basis of tests of the hot-rolled barpy Fhickness Plain Hars, Deformed Bars,
efore twisting, in which case such tests shall govern and shall conforny (o the requirements spedd o Cold.
ficdd for plain bars of structural swel grade. . Df{mﬂmcr Structural- Tnses. ard TI— ftcrs Hard tavisted
i bar. ':\!Nf! mrdintn o a': Serel melinee Gr;uk: fliee,
Grude. tenda, rane. Crado. Cracde., ’

I MANUFACTURE.
3. Process. {a) The steel may be made by the Bessemer or the openchearth process,

Py
Under §in. ... tSodep. | 180 dep. | 180 deg. | 180 dep. | 8o deg. | 1% deg. | 180 dep

{A) The hars shall be rolled from sew bilkas,  No rerolled material will be accepted, . doe g d = 21 o = o3t o =g d o= g d = gt d e a1
4. Cold-twisted Bars. Cold-twisted bars shall be twisted cold with one complete twisg'lg finoorover... ... tho deg. | 9o deg. % deg. 18 deg. | 9o dep. g0 dege 180 don
lengih not over 12 thmes the thickness of the Lar. i o = oy d o= 3y d = gt d = 2y d= 3 e “ P 3‘

Explanatory Note: o = the diameter of pin aboat which the specimen is bent:
;

11, CHEMICAL PROPERTIES AND TESTS. - ?
t = the thickness or diameter of the speelmen.

&. Chemical Composition. The steel shall conform to the following requirements 88:69
chemical composition: L,

! 1t. Test Specimens. (o} Tension and bend test specimens for plain and deformed bars
shalt be taken from the finishest Iars, and shall be of the full 1thickaess or diameter of mawri'nf as
& rolled; except that the specinmens for deformed bars sy be machined for a length of at least u in
# deermed neeessary by the mannfacturer to obtnin uniform cross-section. A
the pouth B {8) Tension and bend test specimens for cold-twisted hars shall be taken from the finished
K”m‘ S 2 bars, without further treatment; except as specified in Section 2 (A). ©
oA 12, Rumber of Tests. {(4) One tension amd one bend test shall be made from each melt of

f Ressemer. .., ..., not over 6,10 per cent
o

#
TFhosphorus LOpen-hearth. ... ¢ oo o1

- -« : RN e
6. Ladle Analyses, An asadysis (o determine the percentage of carbon, manganese, pl
phorus and sulphur, shall be ovde by the manufictarer from a test ingot taken durin
of each melt, a copy of which shall be given to the purchaser or his representative.

shall conforn te the requiremients specified in Section §. 18
7. Check Analyses. Amyses may be mace by the parchascr from finished bars represantl i3 openhearth steel, and from exchomelt, or fot of 1en tons, of Besseimer stecl: except that if materisd
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cach melt of upen-hearth steel, and ench malt, or ot ol ten tons, of Bessemwer steel, in which g
excuss of 25 por cent above the requirements specified ia Section 5 shall be allowed. ;

I PHYSICAL PROPERTIES AND TESTS.

fA. Tension Tests. (4} The bars shall conform to the following requircments as to
propertics:

ALK, v

V. PERMISSIBLE VARIATIONS IN WEIGHT.

13, Permissible Varintions. The weight of any lot of bars shall « ;
k k ons, i aes shall not vary more tha r
- eent from the theoretical weight of that jot, ey ¢S pe
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EXHIBIT D4-2
STAAD-IH COMPUTER STRESS CALCULATIONS:

Critical Infrastructure

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

AHSMITIwinwordinawaiifam3vo-i Critical Infrastructure
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APPENDIX D5

STRUCTURAL ANALYSIS OF Critical Infrastructure

BASED ONUSINGWB X 33 éTlFFENING BEANS

De-1  General

This section analyzes the Lower Access Tunnel oil-tight door as designed with W8 x 33 stifiening beams.

The door was fabricated with W6 x 20 stiffening beams, which is analyzed in Appendix D6.

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

with an impact factor of 10 percent creates! Critical Infrastructure | 1 e door is assumed free {o rotate

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

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,

bui oversiressed in shear in a few places near or at supporns.

D5-2  Liquid Level, Pressure and Load Calculations

Liguid level, pressure and load calculations for oik-{ightiﬁ

D5-3  STAAD-l Computer Stress Calculations

STAAD-I computer stress calculations for the oil-tight: |

are given in Appendix 4, Exhibit D4-1,

_iare given in Exhibit D5-1.

0B/04/98 Da.1 Apdx 04 — Struc. Analysis of

AHSMITAvinword/hawaiVam3vo-It

Critical Infrastructure

RDHLCC0025138
BWS030467



' ’ WILLBROS ENGINEERS, INC. @

EXHIBIT D5-1
STAAD-IIl COMPUTER STRESS cALcULATIONS! Critical Infrastructure

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

AHSMITiwvinwordfhawaitam3ve-ll Critical Infrastructure
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I APPENDIX D6

STRUCTURAL ANALYSIS OF OIL-TIGHT: cuen e

BASED ON USING W6 X 20 ST!FFEN!NGLBEAMS )

De-1  General

This section analyzes the Lower Access Tunnel cil-tight door as designed with W8 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}w

| IS, o

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

- The head Qf Critical Infrastructure

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

The finite element analysis shows that the plate 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 Caiculations

Liquid level, pressure and load calculations for cil-tight Lo .. [@re given in Appendix 4, Exhibit D4-1.

06-3  STAAD-lIf Computer Stress Calculations

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

Crifical infrastructure

08/04/98 D44 Apdx D4 - Struc. Analysis o
AHSMITiwinwordihawaifam3ve-il

Critical Infrastructure
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EXHIBIT D6-1

STAAD-II COMPUTER STRESS CALCULATIONS: OIL-TIGHTE Critical Infrastructure

D4-2 Apdx D4 - Struc. Analysis o} Critical Infrastructure

08/104/38
AHSMIThwinword/hawaivam3vo-it

B-259 RDHLCC0025208
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APPENDIX D7

7.1 General

This section analyzes the Harbor Tunne! oil-tight door as designed with W5 x 20 stiffening beams. The

door was designed with W6 x 20 stiffening beams.

no impact factor creales a pressure | cicanmsmewrer 1118 do0r is assumed free to rotate about the center of

the seal but not free {o transiate.

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

shear.

D7.2 Ligquid Level and Pressure

Liquid level and pressure for oil-tighti.. i@re given in Volume |, Section 6.5.2.3.

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

D7-3  STAAD-H Computer Stress Calculations

STAAD-Il computer stress calculations for oil-light | cuumnawi@re given in Exhibit D7-1,

08/04/38 D71 Apdx D7 - Struc. Anal. of

AHSMITiwinword/hawaiilam3vo-1i Critical Infrastructure
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EXHIBIT D7-1
STAAD-Il COMPUTER STRESS CALCULATIONS: OIL-TIGHT! critical Infrastructure

08/4/98 07-2  Apdx D7 - Suuc, Anal. of
AHSMIT/winword/hawailfamavo-ll
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