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W|LLBROS ENGINEERS, INC.

APPENDIX D1

DRAWINGS AND CORE INFORMATION

D14 General

This Appendix contains schematics and isomeric sketches of the Red Hill Complmx, core sample

information and a compression test report on the cores.

131'2 Drawings

A schematic of the Red HQ 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 D11-3. This sketch shows the location of

in the Lower Access Tunnel andl lin the Harbor Tunnei.-------------------------------------
Critical Infrastructure 1

D1'3 Core Information

information onthe six cores taken in the Lower Access Tunnel and Harbor Tunnel are provided on Tables

O1'1 and D1-2.

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

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

08104/98
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WILLBROS ENGINEERS, INC.

Specimen
Number

4

TABLE D1-1

CORE INFORMATION

Door
Designation-------------------------------

Critical Infrastructure

Location
Core

DescriptionP._._._._._._._._._._._._._._._._._._._._._._._._

Critical Infrastructure

08/04r9a Table D1 - Core Information

A H SMIT/winw©rdlhawaii/am3vo-I I
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LAW ENGINEERING, INC.
1540 N. 107TH EAST AVENUE
TULSA, OKLAHOMA 74116

(918) 8344700

DEPORT NUMBER  03508

REPORT DATE  May 23, 1994

TABLE 01-2

REPORT OF COMPRESSION TEST OF CONCRETE CORES
DATE RECEIVED AUTHORIZED BY
CLIENT  Willbros Butler Engineers

PROTECT  Building pad concrete cores

CONTRACTOR  Not indicated

SOURCE Not indicated

LABORATORY NO. 396-40083-01

CORED By  Not indicated

TEST RESULTS

SPECIINIEN INTiMIBER 1 2 3 4 5 6

DATE PLACED

DATE CORED

DA i h TESTED

AGE WHEN TESTED-DAYS

DLANIETER IN INCHES 1.742 1 .741 1.734 1.735 1.742 1.741

HEIGHT IN INCHES 3.859 3. 754 3.756 4.841 3. 757 3. 712

L/D RATIO 2.215 2,156 2,166 2-790 2- 1 97 ?_119

CORRECTION FACTOR N/A NIA NIA N/A N / A N/A

AREA IN SQUARE INCHES 2.383 2. 381 2.362 2.364 7.383 2.381

TOTAL LOAD IN LBS. 13,600 12,300 5,840 6,700 9,000 15,350

CONfPRESSIVE STRENGTH-PSI 5,710 5,165 2,470 2,835 3,775 6,445

STRENGTH REQUIRED DAYS

CURING CONDITIONS

5-1 1-2 3 6-4 5-3 2-LSTRUCTURE LOCATION

TOTAL. HEIGHT BEFORE TRIM

REMARKS; 

OPIES: Willbros Butler Engineers
File
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2

RDHLCCO025066



VVI[|BRF)S ENGINEERS, INC.

APPENDIX D2

STRUCTURAL ANALYSIS OVERVIEW

TUNNEL BULKHEADS AND OIL-TIGHT DOORS

02'1 0xnens)

---------------------This Appendix contains a structural analysis cf Critical Infrastructure 1 due to the hydrostatic pressure in

DcenarioC}ne. |~|.~~.~~~|isfull and discharge begins thonugh| Critical Infrastructure !and!.~~~~~~|isclosed

before fuel reaches it, the final liquid level would create a hydrostatic head of Critical Infrastructure
n e 10%hnp~o~ factor is added. Using the same logic, if |s closed, the resulting

hydrostatic head would be| i The tunnel volumes and elevations used are
/ Critical Infrastructure |

provided in Appendix O3, -----------------------------------------------------

Critical Infrastructure

This bulkhead is constructed o{gunhe that is 24 inches thick with 1-inch square bars e/G'inch centers

each way in each face, The bulkhead has an opening 
6''0^ 

by 
4''4^ for a door which allows the train to

--------------------------------pass plus the bulkhead between the opening and the iunne|wall. The pipes

havediameier Critical Infrastructure

The bulkhead had two 2-inch diameter cores drilled during the site visit in May of 1994. One of the cores

was drilled at a 45-degree angle to determine if the bulkhead is keyed into Uho rock as shown on the

drawings. The cores indicate that the guniteis keyed into the rock aoahownon the drawings. The cores

were tested for compressive strength. They broke at2.836 psi and 3775psi

The drawings show nG'foot thick pipe anchor that is integral with the bulkhead. However, the bulkhead

does not have any pipe anchors, The 24-inch reinforced gunha transfers the bad to the tunnel wall and

rock key,

The bulkhead was analyzed using the finite analysis portion ofSTAAI} U| structural program which uses

the ultimate strength design of concrete that has a load factor of 17 for hydrostatic loads. The 24'inch

thick wall was divided into 133 elements that are approximately 1.0 to 1.25 square feet. The hydrostatic

bmdn from the door were applied as point loads around the perimeter of the opening at the joints of the

elements.

08104f98 D2-/ Appeogixox - Sxuctural^nmrmsOverview
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W|LLBROS ENG|NEERS, INC.

The analysis showed that the 1.0 inch square bars at6~inch centers are adequate to resist the bending

forces from the hydrostatic load of 68.38 poi but the shearing forces exceed the allowable stresses ofAC|

318'89. "Building Code Requirements for Reinforced Concrete", The reinforcing was assumed to be an

intermediate grade billet steel with a yield point of4O.00U psi which was available in the 1940y

Using an average compressive strength of 3.500 psi, the allowable shear in the concrete is 118 psi

There are 12 elements that have shear stresses greater than 116 psi, the largest over stress is 180 psi,

The structural analysis of the Critical Infrastructure

Critical Infrastructure

! . Critical  Unfrastru=*ure !.'

is provided in Appendix 05,

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 i Critical Infrastructure
--------------------------------------

Thisbu/kheadhaUtwua2-inohdiameteroovesdhUedduhngUneakevioit inMayof1SQ4, One o[ 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 core indicates that the gunite is keyed into the rock as shown on the drawings. The cores

were tested for compressive strength, They broke otS.165 and G,445psi,

D24 | |
| Critical r

^
t

^
ca U Infrastructure  !

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

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

for Infrastructure ~~saVN5x2O~ndon V~8x33.Critical ------------------------------------------------------------------------
Both oil-tight doors were fabricated using the V\6x 20 wide flange sections, i Critical infrastructureL__________'
has one VVGx20 vertically on the centerline and two VV6x2Oohorizontally at the third points, |Critical Infrastructure i
-
-------------------------------------------------

Critical Infrastructure 5as two W15 x 20s, both vertically and horizontally located approximately on the----------------------------------------------------
thhd points.

The doors were analyzed using the finite element portion cfSTAAO'UL The 318 inch plate was modeled

with GOO elements and 651 joints, the wide flange sections were connected to the centerline joints under

the Oangessothat the plate and wide flanges acted together, The elements were 27 inches by 3,5

inches and 2.7 inches by 2.9 inches. The door edges un the centerline of the seal were modeled toallow

rotation, translation was restrained,

08/04198 ou'z Appendix 02- Structural Analysis Overview
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WIL[BROS ENGINEERS, INC.

ASTK3`A7 steel was e 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 O.4(o obtain an allowable shearing stress of1U.8OOpsi.

The oxneosen in the W6 x 20 in (h ed (heAJSC allowable -in shear and

bending. The stresses in (hep|o~werem|snexceeded,

ure
The stresses in the plate exceed the allowable

---------------------------------------------------------------------------------------
bondings(nyys bYi Critical Infrastructure

The plate stresses from the 6ohe element program were chocked using classical methods in

Timoshenko's 'Theory ofPlates and 
5hwUs^ to verify the stresses and deflections given by STAAO'Ui

Element 205 and 206 were used to verify the results, These elements are in center of the door with the

edges clamped at the beam, The moment and stresses nfthe classical solution and the program mmu|ko

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, o|nasnes

and deflection between the classical and program results were greater for element G which has 3 beams

with damped edge conditions and one edge free to vo(ate, the classical solution assumed four edges

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

wao a|mzanahzed using the W8 x 33 section, two horizontal atthe third points and one vertical at

the center as designed. The deflections were greater than the door with the two vertical VVG x 20

stiffeners but ,he beams did not have any overot,esyes in bending, There were o few places near

supports that had shearovecskesuey. The 3/8-inch thick plate is overstressed in bending, the stresses

are greater than the door with the two vertical VV6 x 20 stiffeners because of the greater plate span.

!wascheckod using ~ w~hnu~~nyknpao~'~L ' 

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 (hick plate has elements that exceed the allowable bending

stress. The original may have used a higher strength xkae| plate or assumed that the plate would deflect

and act like amembrane.

-----------------The structural analysis baaednnVV8 x 33 stiffening beams iogiven in Appendix DG and the

structural analysis using VVG x 20 stiffening beams is provided in Appendix O7. The structural analysis of

| using VV6x2O stiffening beams is given in Appendix D8.

To be safe in the event ofe catastrophic failure of a tan should be redesigned to

withs\anU the potential peasunao from a full tank failure, The design should use updated maVaha|s,

controls with the bulkhead keyed into solid vook

08104/1)8 o2'3 Appendix D2-s!rumura/Analysis Overview
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WILLBRQS ENAINEERS, 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

draw|ngy, not as-built drawings. The elevations of the k/nnm| 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 of

Themooumu|aoeUvo|unmesandheadsw/enea|souaedtodebenninei/fue|wiUUowou<nfoxistingexits.

Tunnel volumes and elevations are provided on Table O3'1 following this page,

ooxwax oo Appendix o» — Tunnel Volumes and Elevations

xxmw/rx^mwum/oa=ammmavo'x
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TABLE 03-1
TUNNEL VOLUMES AND ELEVATIONS-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Critical Infrastructure

8:25 AM 6/23/94 Page 1 TNLVOL.XL
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TAB= D3 -1
TONNEL VOLUMES AND EUVATIONS

Critical Infrastructure

8:26 AM 6/23/94 Page 4 TNLVOLXLS
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TABL-r-W-1
TUNNEL VOLUMES AND ELEVATIONS

Critical Infrastructure

8:26 AM 6/23/94 Page 7 TNLVOL.XLS
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TABLr—D3-1
TUNNEL VOLUMES AND ELEVATIONS

Critical In frastruct ure
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TAB03-1
TUNNEL VOLUMES AND ELEVATIONS

Critical  Infrastructure

8:26 AM 6/23/94 Page 9 TNLVOLXLS
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Critical Infrastructure
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TUNNEL VOLUMES AND ELEVAT IONS

ritical Infrastructure
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TUNNEL VOLUMES AND ELEVATIONS
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Critical Infrastructure
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WI[LBR[)S ENGINEERS, INC.

APPENDIX D4

STRUCTURAL ANALYSIS Q Critical Infrastructure

O4-1 General

The 24-inch Uhickgunbe bulkhead is reinforced with 1-inch square bans at 6-inch centers each way in

each to ure the bulkhead as well as electrical conduits, The

Critical Infrastructure The electrical conduits were ignored due to their

small diameter.

The G~G~by4'-4~ opening for the railroad was modeled into the bulkhead. The loads from the door were

applied au point loads at the joints n/ the elements around the door perimeter,

The bulkhead was checked using Critical Infrastructure
which

includes the impact factor of1Ope,c

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

Reinforced Concre(e', AC| 318'88, The allowable shearing stresses of this code are exceeded in 12

elements.

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

gunite was assumed to have o compressive strength o/3.50Opsi.

D4'2 Liquid Level, Pressure and Load Calculations

Calculations for determining the liquid leve, pressure and load on the

provided in Exhibit D4-11 

D4-3 STAAD-111 Computer Stress Calculations

----------------------------------------------------
Critical Infrastructure

STAAD-111 computer stress cabu|aho»sfox! Critical Infrastructure lare given in Exhibit D4-2.

are

OEV04em
AHoM/TIwim°pmmawaaumxvm| Critical Infrastructure

----------------------------------------------

ROHUCCOO25O80



WILLBROS ENGINEERS, INC.

EXHIBIT D4-1
--------------------------------------------------------------------

LIQUID LEVEL, PRESSURE AND LOADING CALCULATIONS: ~i Critical Infrastructure I
--------------------------------------------------------------------

OWD4198 D4-2 Apdx D4 — Struc, Analysis ol Critical Infrastructure

Al-ISMIT/winword/hawaidam3vo-II .................................................

RDHLCC0025090
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f.NGINEHRiCC, MATIa(IAI S. CIIAP. XV.

ctrl three: flaltr.nin}; tests shall tin ttllde froth CM-11 Size in each lot of ri
, each of which %hall ronfurm to the: requirenients sfxeifiutl.

1 1. WORKMANSI1I1) AND FI,NISIL ;.V
2n, Workmanship. Rivets shall iie true art forin, co+in:niric, and shall be made in a work.

manlike nr:uuxrr.
t l. Finish. 'I'Itt fiuislild rivets Shall lit: free frown injurious defects.

I ll. INSI IiCTION AND R --jr.c'riON.

22. Inspection. The inalnetnr rrpreNcntint: taw purohacrr Shah have lieu coca}', at all times-N, z: {

while work un the cunt racl of the pun:ha-er is 1wintt perform !'Pall t all harts rif the ntanufnctutees tit
works which concern the ntanufactllrt: of the rivets r)rdered. `That manufacturer shall afford the ;;':,s ;

inspm-tor, fret: of asst, 111 reasonaLh: faci6;it:S u, s:ui-fy hint that the rivets are being furnished

arCunlanct with tht:se siicltifiratinnN All tests andinslxxtion shall lx: made at the place of rnosy-":,

fact tire prior to shipment, unless ulherwisi NIKi Cifieal, a1u! shall Ix w t~unducicd as not to intcrlew~„

t

nnecessirily with the n;x:ration III the.works.
2)l. Rejection. 1{ivcls which Allow injnrimis Ilefect% Nnbsrquent to their acceptance at t1>N?~

nlirriut;tcturer's works will 1>L reimted, and the manufacturer ~fm I Ill• no ifil'd.

STANDARD SPECIFICATIONS F©i( Illl.l.li'I'-S'1'laa- IWINFOI(CE?AIENT UARS:14'L t'

F:

:

OF TII 

 

~ 
s 

`3• al=t:, ,,

A\IE,RICAN SOCirim, FOR 'I'GS'I'ING AIATERIALS, i-~ 7̀111• =i

AUOrTro Auru%T 25, 1913: Rrvisr•.n 1914.

I, Classes. (a) Thew: sptrifrcations cover three classt:s of billet-stel'l Concrete rein(orC7en11fII7<I
bar-, namoy: plain. dO,jrtn-fl. Wall ettld-twisted,

(b) I'lain and defurined bars are of three grades, namely: structural-sicel, iMermttlial0 anf •••r

2. Basis of Purchase. (a) The structural-steel Qrade shall be use:11 unless other'wisxepeciW---r,A- ,
(b) If dcsirvil, ra.lcl-twisted liars ntay ix: piircitasol, tot I he basis cif ((515 of the hot-rolled

!Afore twilling. in which cast: such Matt%shall govern and shall conform to the requimments r "
fied for plain bard of strnctural steel grade.

1. MATNur:1c rout:.
3. Process. (a) The %tetel may he inade by the. Ilessenier or the oficn•hearth protest.
(h) The I lsrs -hall (,c rollol front new• hillcts. No rerollvil ntatcriai will be accepted.
~. Cold-twisted Bars. Cold-twisted Ii. rs shall Ix twilled cold with one complete twist

length nut liver 12 times the thickness of the bar. ';'

1 1, CiIF.h1ICAL PRO IIEItTl2-4; AND "PESTS.

g. Chemical Composition. The steel shall conform to the following retluire
chemical vIllullo+ili"ll:

Pbusphofuaf 
llr'<ti. nier. ... , 'not nvi,r n,10 Ivir Cent

( Oilen.hcartlt-   a.os

6. Ladle Analyses. An analy%is to dcierrmine the licrccntage of carlion, mangane to
phorus and sulphur, slutll Inc made by tlx: manufacturer from a teat ingot Inken during th

h'of each melt, a copy tit which Shall Inc Given to the purchaser or his representative. 'I
shall conform to the rcquirerimuts --liecified in Section 5.

7• Check Analyses. Analyses inlay lira mach by the purchaser from finished liars rep
earn melt of uliaLn-henri h steel, antl each melt, err lot tit ttm tons, of Ilessonaer steel, in whi
exeacss of 25 Per tent al)rrve the reriuirenlents Sinxifi111 in S -china 5 siainll be allowed,

IlL Plll'SICAL i'ROPE.RTl1 5 AND 'nss,rs.

R. Tension Tests. (u) nit: hars shall cunfurnt to the following requirements
profitrri its:

};-Z

v'

I
SPECIFICATIONS FOR HII.Lflf-S'!}3fil. RI INFORCK—N1EiNT BARS, i 625

' ,- ~ J'itnsn.l: Pxvrlilt'rns. ~

Prntx•ra ir$
Considertotl.

Plain lit". tlCll,rlllrtl Italia.

Cold.
twisted
l{•rr<

51rueu+rti•
titre!
Cr;ute.

liar.
Inerlttnc
(:ode.

(lard
Grade.

titrnCsnrai-
titrrl,
(+rtdc.

3nvr
mc.linic
Grade.

Il:rrd
Oracle.

!'ensile r(reo}tih,
Ill. pc  sq. in.....

Yield laoint, min.,
lb. leer all. in.... .

Elongation Its It in.,
min., per cent,...

5S.000
to

70.000

33,000

1,400,00,30

70.000
to

35,om

40,000

1,300,000'

80,000 ntin.

$0,000 '

I,$00,00cr

$5.ot10
to

70,00ca

73,000

t,.SO,©OCFI

70.000
Ili

h5,000

fo,craj

r,r:j,OOW

30,0W min.

50.00c)

1,000,w0© ,

Rco,Wcd
unl~

j j,pC'0

i

__j

Tens- Sir. Tens. sir. 'tells. Sit. 'tuns. Sir. 'IC". SI r. I'1'l'll s. Sir.

• Sec See( ion 9.

(b) The yield paint shill be deterntinal by the drop of the beans of the testing nlachinr.,9. Modifications in Elongation. (a) For plain and deforntctl lmrs over i in, in shicknessor dinnieter, a detluctiort from the ltercentahcs of (aonration slxrifiol in Section 8 (n) of ri.:5per cent shall lx; matte for each increase of j t in. of the slx-cified thickness or diameter nlxwe(b) For plain and defornictl bars under 1T, in. it, thickness or diantrtcr, ;t ticrluctiort fromthe percentages of elongation s1weifted in Seclion 8 (n) of o.5 per cent shall bG made for catchdecrease of ar in. of the specified thickness or diameter laelow 17,in.
tu. bend Tests. '('he test NIX-Ciaaen sh111 I)cnil cold around a pin without cracking ors theoutside of tilt lint liurtiun, ns follow's:

Ihi.rn•'1'ItsT I{lteiuittel.ncxrs.

Thirkne,a
or

Dhmictcr
of $ar.

!'lain nacre• I7"fr,rmnl icars.

Cold-
twiiricd
ltam

Structnnd.
yml
Grade.

Inca-
rnrdiate
Code.

Ilard
Cradc•

S1rru-uirtt•
',I-]

hacr•
aierliatc

Il;v.l
Grade.

UnderUnder ; in,  

3 in or over 

I wo deft.
d - t

r Ro Jcg.
d = t

ISO deli.
d =zt
r)o dcg.
d =21

ISO Jet.
d =3t
7o -leg.
d = 31

ISO deg.
J =t
[lIo dc{.
all ='t

ISO del .
d =31
70 deg,
d = 31

r R0 deg.
d =.lt
go deg.
d u.µ

t No tier -
dazt
ISO clef.
d =31

Explanatory \rule: If — the diameter of pin about which ti a simcimen IS bent;' t = the thickltiss or diameter of the Six•'cilnen.

i t, Test Specimens. (a) Tensiolt anal head test vi,ecimens for plain and dc(ornitxl barsshall be taken from the finished liars, and shall be of [fie. full thickness or diameter of inaterial as'Iollnl: except Ihat the slxreimens for defornttyl bars may be m;ichiliell fair a letigtlt of at k•nSt 9iftlecinal neceswiry by the ntannfacturer to obtain t 4nnu cross-W.tion.. (b) Tension and liend test sitelintens for add-twisted bars shnit be taken from the finishttlbars, without further treatment; except as slWifiC11 in SeCti0n z (h)•
1 2, Number of Tests. (a) One tension and one !lend test shall Ii rnntle from each molt ofopen-hearth steel, nml front catch Inch, or lot of tell tons, of flesscinersteel; except ill.-I t if matvriAfrom one melt differs i in, or more in thickness or diameter, line tension and one bend test shallmade ade frown IXIIh the thickest and tht: Ihinnest mnterial rolled.

1, (b) If any test 9pucinutn Shows defective machining air ahwelops flaws, or if ;I Icitsion 1,-.,L,tspecimen lireaks outside thr: noddle third of the gngc length, it Inny be discarded and anothertnwirnen substituted.

W. i HICNI15SIBLE VARIATIONS IN IVE.IGHT.
13. Permissible Variations. The weight of any lot of hairs shall not very more than 5 perfrom the theoretical weight of that lot.
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WILLBROS ENGINEERS, INC.

EXHIBIT D4-2

STAAD-111 COMPUTER STRESS CALCULATIONS:! ------------------------------------------------------------------------ ;
Critical Infrastructure I

......................................................................... !
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AHS MIT/winword[hawa iiia m 3vo-1 I

D4.3 Apdx D4 — Struc, Analysis 01
i Critical Infrastructure I
------------------------------------------------
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W|LLBR[}S ENGINEERS, INC.

APPENDIX D5
--------------------------------------------

STRUCTURAL ANALYSIS O

BASED 0N USING W0X33~T|FFEN|NGBEAMS

D5'1 General

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

The door was fabricated with VVG x 30 stiffening beams, which is analyzed /n Appendix D8.

The door was analyzed using the head created by failure when full, The head of

whh an impact factor of 10 percent creates!! The door is assumed free to rotate

about the center u/ the seal but not free hain*ns|ote 

----------------------------
Critical Infrastructure

--------------------------

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 ina few places near orotsupports.

D5-2 Liquid Level, Pressure and Load Calculations

!Liquid level, pressure and load calculations for cdl-dghti~~.~ given in Appendix 4. Exhibit O4'1.

06'3 STAAD'U| Computer Stress Calculations

ST/4AD'U| computer stress calculations for the oi|'bohU | are gieninExhbhQ5'1.oil-tight:

08mw98
**em/Tx°inmvm/o»=xiU«mz,+x

D4-1 Apdx D4 — Struc. Analysis of! ~
I Critical Infrastructure
-----------------------------------------------
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EXHIBIT 135-11
i i

STAAD-111 COMPUTER STRESS CALCULATIONS; Critical Infrastructure i
--------------------------------------------------------------------

05/05198

AHSM ITIwi nwordthawa idam3vo- I I

D4-2 ApdX D4 - Strut. Analysis 
of;-_._._._._._._.—._._._._.-._._._._._._._._.;    
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WILLBR{}S ENGINEERS, INC.

APPENDIX 06

STRUCTURAL ANALYSIS OPO

BASED ON USING W6 X 20 STIFFENING BEAMS

D6-1 General

This section analyzes the Lower Access Tunnel oU-tight door es designed with VVG x20 stiffening beams

on the vertical and horizontal third points. The door was designed with W8 x33 stiffening beams. which is

- analyzed in Appendix D5,

~
The door was analyzed using the head created by failure cf/

|~~^~~~ymhenfull. The head of ! Critical Infrastructure!
------------------------

with an impact factor of 10 percent creates! The door is assumed free to rotate

The finite element analysis shows that the plate thickness is inadequate for this pressure. The VVG x 2

stiffening beams intended for the Lower Access Tunnel are not within the allowable A|3C stresses in

bending or in shear.

D6.2 Liquid Level, Pressure and Load Calculations

Liquid level, pressure and load calculations for oil-tight 
|-1-11111-r-,rJare given in Appendix 4, Exhibit D4-1.

'

D6-3 STAAD-111 Computer Stress Calculations

| !STAAD'U|o»n`pukar stress ca~u~honsfor oU'bgh\ are given in Exhibit OG'1,

onmwyo 04'1 Apd^[w - Strma Analysis di
Critical Infrastructure I

A*ownxwpwvrdmowoi~aIrn3"o-11

'
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EXHIBIT D6-1

STAAD-111 COMPUTER STRESS C
ALCULATIONS-. OIL-TIGHT; Critical Infrastructure

08104198

AHSMlTtwinword/hawaii/am3vo-II

i
D4.2 Apdx D4 — Struc. Analysis of Critical Infrastructure

------ ------ --------

RDHLCcnn2.r;?nR



'' Cr'it'ical Infrastructure '.



--------------------------------------------------------------------------------------------------------------------------------- * --------------------------------------------------------------------------------------------------------------------------------- * --------------------

Critical Infrastructure

RDHLCCO025210



ritical Infrastructure

RDHLCCO025211



ritical Infrastr uc ture

RDHLCCO025212



Cr'it'ical Infrastructure

RDHLCCO025213



ritical Infrastructure

RDHLCCO025214



Critical Infrastructure

RDHLCCO025215



RDHLCCO025216



Critical Infrastructure

RDHLCCO025217



Cr'it'ical Infrastructure

RDHLCCO025218



Cr'it'ical Infrastructure

RDHLCCO025219



RDHLCCO025220



Critical Infrastructure

RDHLCCO025221



Crit ical Infrastructure

RDHLCCO025222



-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Critical Infrastructure

RDHLCCO025223



Cr'it'ical Infrastructure

RDHLCCO025224



Cr'it'ical Infrastructure

RDHLCCO025225



Cr'it'ical Infrastructure '.

RDHLCCO025226



Cr'it'ical Infrastructure

RDHLCCO025227



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure '.

RDHLCCO025231



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure '.

RDHLCCO025250



Cr'it'ical Infrastructure

RDHLCCO025251



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure

RDHLCCO025254



Cr'it'ical Infrastructure '.

RDHLCCO025255



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Critical Infrastructure

RDHLCCO025258



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure

RDHLCCO025264



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure '.

RDHLCCO025271



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



------------------------------------------------------------------------------------------------------------------
Critical Infrastructure-------------------------------------------------------------------------------------------

PAGE NO. 52

RDHLCCO025278



Cr'it'ical Infrastructure

RDHLCCO025279



Critical Infrastructure '.

RDHLCCO025280



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



RDHLCCO025285



'' Cr'it'ical Infrastructure '.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure

RDHLCCO025289



Cr'it'ical Infrastructure ''.



Cr'it'ical Infrastructure

RDHLCCO025291



ritical Infrastructure



t;ritic i inTr 

tructure

RDHLCCO025293



RDHLCCO025294



VVILLBROS ENGINEERS, INC.

APPENDIX D7
-------------------

STRUCTUR4L ANALYSIS OF OIL-T|GHT

BASED ON USING W6 X20 STIFFENING BEAMS

D7'1 General

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

door was designed vvithVV6x2Usdffeningbeams.

The door was analyzed using the head created by failure of _J!when full, The head of
................ .................._____

no impact factor creates a pressure! Critical Infrastructure The door is assumed free to rotate about the center of

the seat but not free to translate.

The Finite element analysis shows that the plate thickness is inadequate for this pressure, The \VG x 2

stiffening beams used for the Harbor Tunnel are within the allowable /USC stresses in bending or in

shear.

137'2 Liquid Level and Pressure

---------------LkluN level and pressure for oU'doht anegiveninVolume|.3wchon6.5.2.l

07'3 STAAD'U| Computer Stress Calculations

STAAD'U/ computer stress calculations for oil 'dght|~­1~.~.| are given in Exhibit 07'1,

08/04m D7-11 Anuxsr - Struc Ana/,a
| Critical Infrastructure
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EXHIBIT D7-1
-----------------------------------------

STAAD-111 COMPUTER STRESS CALCULATIONS: OIL-TIGHTi Critical Infrastructure

08/04195 D7-2 Apdx D7 — Struc, Anal.

AHSMITIwinwordlhawaiUam3vo•ll

-- - - - - - - - - - - - - - - - - - - - - - -----------
Critical Infrastructure I
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