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FOSTER ENGINEERING, INC. 

ENCZNEERNG AND ARCHITECTURE 2' - 

SAN FRANCISCO SACRAMENTO SAN DIEGO 

December 15. 1989 

Mr. J. E. Crawley 
Southern California Rapid Transit District 
425 South Main Street 
Los Angeles. CA 90013 

Dear Mr. Crawley: 

Subject: Metro Rail Project 
Value Engineering For 1408-fl. Final Report 

We are pleased to transmit for your record and use three (3) copies of the Final 
Report, comprised of four (4) volumes, which documents the Value Engineering 
Studies and final disposition of Value Engineering Proposals. 

We appreciate this opportunity to be of service in furthering the planning for 
the 2-lOS-fl extension of the Metro Rail Project. We would like to thank you and 
others at SCR'rD and MRTC for their help and cooperation. Special thanks to Al 
Levy. Ramesh Thakarar. and Douglas Low for their helpful comments and assistance 
during the course of the Value Engineering Study Workshops.. 

Sincerely. 

FOSTER ENGINEERING. INC. 

H. A. Foster 
President 

File 453-Aol. Chron 

847 Howard Street, San Francisco, CA 94103 (415) 543-1193 
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SCRTD has retained Foster Engineering. Inc. of San Francisco and CVS. Inc. of 

Portland. Oregon to undertake Value Engineering Studies of the second Minimum 
Operating Segment (MOS-2) extension of the heavy rail Metro Rail Project from 
downtown Los Angeles into Hollywood. This extension will provide a branch 
line extending from the current MOS- I terminal at the Wilshire/Alvarado 
Station along a subway alignment within Vermont Avenue and Hollywood Boulevard 
to the intersection of Hollywood and Highland. a distance of about six (6) 

miles. Also includedin the scope are six (6) proposed stations located along 
the alignment. 

The scope of the project necessitated the separation of the Value Engineering 
effort into three (3) separate Value Engineering. namely: 

Value Engineering Study #1: 
Value Engineering Study #2: 
Value Engineering Study #3: 

Design Criteria and Directives 
Line Structures 
Stations. 

These studies were completed between the months of July 1989 and September 

L 1989 and draft issue was made to the District in October 1989. Review was 
undertaken by the District and its general engineering consultant immediately 
thereafter and comments were issued to Foster Engineering. Inc. for response 

5 on November 29. 1989. 

A letter was issued to the District by Foster Engineering. Inc. on December 8, 

1989 responding to specific comments and suggesting a Final Review Meeting for 
December 13. 1989. This meeting was convened on the appointed date and a 

final disposition of Value Engineering Proposals was decided upon during the 
course of the meeting. 

I 

Of the four (4) Proposals developed during VE Study #1. all were accepted by 
the District for implementation or further study. Of the ten (10) Proposals 
developed during Vt Study #2. four (4) were accepted for implementation or 
further study. two (2) were deferred to Vt Study #3. two (2) were withdrawn by 
the Vt Team, and two (2) were rejected. Of the seventeen (17) Proposals 
developed during Vt Study #3. fifteen (15) were accepted for implementation or 
further study and two (2) were rejected. 

Table 1 following is the summary tabulatiotA of the Proposals and the decisions 
concerning the District's actions. Of a total of thirty-one (31) Proposals 
developed during this study effort, only four (4) were rejected. The 
potential Vt savings resulting from acceptance of the Proposals is estimated 
to be on the order of $110 Million. Excluded from consideration is potential 
latent cost savings on the order of $80 Million, which would be measured 
against cost overruns. Therefore, based on a present design cost of $640 
Million, the minimum savings potential would be on the order of 110/640 or 

17.1 percent. 

1 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING FOR MOS-Il 

TABLE 1 - FINAL REVIEW (Page 1 of 4) 

!Ij tJ 4 Eel I II H I 1*1 ;Isl *cJ EVA I el '1 SI FI E. I fl I H 

VIP No. 

VE STUDY #1 - MOS-lI CRITERIA AND STANDARDS 

Description Potential VE Savings SCRTD Comments MRTC Comments 
CC HS 

FINAL SCRTD ACrION 

Accepted Accepted w/ 
Reservation 

Rejected 

1 Contract Packaging $ 13,1 71,000 -- -- C w/E 

2 Change Orders, Claims 
and Disputes Resolution 

$ 50,000,000 C w/E NC -- 

3 Design Quality Control $ 30,000,000 -- NC 

4 Field Management -- NC 

Latent Cost Savings 

LEGEND 

C Concur 
C w/E Concur with Exception 
NC Not Concur 
Study Further Study Required 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAiL PROJECT 
VALUE ENGINEERING FOR MOS-Il 

TABLE 1 - FINAL REVIEW (Page 2 ot 4) 

1, 

VE STUDY #2 - MOS-II LINE STRUCTURES FINAL SCRTD ACflON 

Accepted Accepted w/ Rejected VEP No. Description Potential VE Savings SCRTD Comments MRTC Comments 
ItT HS Reservation 

1 Reduce Tunnel Diameter $ 8,073,000 -- C NC 

2 Change Tunnel Lining from $ 13,500,000 C NC NC WOTHID AWP1 IY VIE TIEAM 
12" Reinforced Concrete to 
8" Unreinforced Concrete - 

3 Substitute Double Track $ 26,378,000 -- -- NC woieoc *w iwv VIE IEA 

4 Modify Tunnel Invert $ 2,541,000 C NC NC 

5 Modify Tunnel Walkway $ 2,591,000 C --- Study 

6 Reduce Size of Tunnel Cross $ 6,798,000 C C w/E NC 
Passages 

7 Modify and Reduce Size of See VE Study #3 -- -- -- 

Cut-and-Cover Crossover 
Structure 

B Substitute Double Crossover See VE Study #3 -- -- -- 

For Pocket Track At Holly- 
woodfvine Station 

Relocate Pocket Track To See VE Study #3 -- -- -- 
Coincide With 
Hollywood/Vine Station 

9 Raise System Profile $ 3,541,000 -- -- C w/E 

10 Modify Wet Standpipe $ 483,000 C C w/E 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING FOR MOS-Il 

TABLE 1 - FINAL REVIEW (Page 3014) 

VE STUDY #3 - MOS-Il STATIONS FINAL SCRTD ACTION 

Accepted Acccpted w/ Rejected VEt' No. Description Potential VE Savings SCRTD Comments MRTC Comments 
RT I-IS Reservation 

1 Reduce Station Depth $ 4,150,000 C -. NC 

2 Eliminate Station Columns $ 3,995,000 C -- Study 

3 Reduce Station Platform $ 2,622,000 C -- Study 

4 Station Foundation $ 1,859,000 C -- NC 

5 Relocate BRS Outlets $ 9,910,000 C C C 

6 Provide Noise Control by $ 12,030,000 C -- NC 
Restricting Emergency Fan 
Activation To Emergency 
Events Only 

7 Relocate UPE Outlets $ 2,562,000 C .- C 

8 Modify Smoke Exhaust $ 432,000 NC NC NC 
System Design 

9 Delete Dedicated under- $ 10,314,000 C -- Study 
ground Space For Future Air 
Conditioning 

10 DeLete Fresh Air Supply $ 7,706,000 C NC NC 
Shafts and Fans 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING FOR MOS-Il 

TABLE 1 - FINAL REVIEW (Page 4o14) 

VE STUDY #3 - MOS-Il STATIONS FINAL SCRTD ACTION 

Accepted Accepted w/ Rejected VEP No. Description Potential VE Savings SCRtD Comments MRTC Comments 
DL US Reservation 

11 Extend Mezzanine Through- $ 557,000 C -- C wIE 
out Station and Provide 
Open Space Over Platform 
Center 

12 Reduce Size of Major Not Quantified C w/E C NC 
Entrances and Provide 
Secondary Entrance 

13 Open Station Entrances To $ 1,027,000 C -- Study 
Atmosphere with Approach 
Concourses 

14 Rearrange Emergency Exits $ 3,509,000 C C Study 
and Eliminate Sidewalk Ap- 
pendages and Hatches 

15 Modify Crossover ContIgura- $ 13,833,000 C C wIE Study 
tion At Vermont/Beverly and 
Vermont/Sunset, Narrow 
Track To I 3-0° Centers, and 
Change Station Platforms To 
Side Configuration 

16 Substitute Two Double $ 16,961,000 NC -- NC 
Crossovers For Pocket Track 
At Hollywood/Vine Station 
and Change Station Platforms 
To Side Configuration 

17 Relocate Pocket Track To $ 9,707,000 C w/E -- NC 
Point North of Highland 
Station By Modifying Dwell 
Time Criteria. Add Double 
Crossover In Front of Holly- 
woodft/ine Station For 
Interim Terminal Operations 
In Side Platform Configura- 
tion 
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JAMES E. CPA WLEY, P.E. 
Oirector of Engineering 
Rail Facilities 

Mr. Harry Foster 
Foster Engineering, Inc. 
847 Howard Street 
San Francisco, CA 94103 

Dear Mr. Foster: 

686L ( AWl 
01 

'OWl 'ONIa33NIDN3 H]ISOJ 
OJAI333èJ 

November 29, 1989 

Subject: Contract No. 5085 
Value Engineering Consulting Services 

Attached is a set of comments on Value Engineering Studies No. 1 through No. 3 from 
District staff and consultants for your consideration. After you have reviewed these 
comments, a working meeting should be set up to discuss them and finalize the Value 
Engineering Reports. 

If your schedule permits, it would be desirable to hold the meeting in Los Angeles during 
the week of December 11. Let me know the exact date that would be convenient for 
you. 

I would appreciate it if you would prepare an agenda for this meeting and send me an 
advanced copy. 

Sincerely, 

(7nes E. Crawley, P.E. 

J 
Attachment 

Southern California Rapid transit District 425 South Main Street. Los Angeles. California 90013(213) 972-4300 



GENERAL: 

mis is THE SECOND REVIEW OF TI-US SECTiON. I DON'T SEE ANY EVIDENCE OF RESPONSE TO 
PREViOUS COMMENTS. 

PROPOSED ALTERNATiVE CONCt (PAGE 22) 

FOSTER RECOMMENDATION 

'Establish Dispute Revleyoard to project image of fairness and expeditiousness? 

CC RESPONSE: 

Agree. This recommendation has been made by every consultant we've had review the claim resolution process 
and should be seriously considered. An Internal 'Dispute Review Board' was written into the first draft of the 
aalms Managentant Procudures but was deleted on direction of OCPM. As a side note, the phrase project and 

H image of fairness...' Is unfortunate since it sounds likpdie Board is being estabIlsfled for public relation 
L:: purposes only. 

ç- OSTER RECOMMENDATION #t 
'Enhance authority of the Resident 
Resident Engineer therefore sho 
authority to negotiate field chqfle 
Officer. / 

'7 CC RESPONSE: 

rIgineer to match Contractors Representative on a one-to-one basis. The 
be a District employee acting as deputy to the Contracting Officer, with 
up to $100,000 or more, subject to review and approval by the Contracting 

Agree that the Resident Engineers should be given change approval and execution authority. However, I do not 
agree with the suggested $100,000 level. $25,000 is the typical authority level allocated to the field (WMATA, 
L&CTC). Above $25,000 FAR requlatlons (FAR 36.203) require greater documentation (independent estimates, 
etc.) and changes above this level are subject to more stringent audit 

FOSTER RECOMMENDATION #3: 

'Keep number of inspectors and clerk3Latif to a minimum required for proper supervision in the District's 
H interest' 

CC RESPONSE: 

Agree (of course,),Fer does not present any finding or backup indicating that this is not already the case. 

- FOSTER RECOMMENDATION #4: 

Svoid duplication of effort 



tupilcatlon 
of supervision by P000 and District must necessjPtflead to P0CC RE to defer to the District FE, 

even though the contractor has to report to the RE. If thefib1ct feels that (thej RE is not able to function alone, 
the FE should replace him. 

CC RESPONSE 

Agree. Organizations structure and r bUllies need to be reviewed. 

FOSTER RECOMMENDATiON #5: 

tistrict should establish well-qualified and weiI.tralned 
conclusion of its construction program. 

Agree. Foster recommendations concerning 
Schedules, etc) as well as training and orient 

OTHER: 

L 

ci 

F' 

force necessary for the 

ig for RE's/FE's related to specialized areas (Claims, 
procedures should be considered. 

Foster does riot appear to understand the role of the RE vts.a-tJltCCB related to change negotiation. 
The CCB does t place a limit on negotatlons at the tlmeØ4flange approval. Under the current 
procedures the PB has authority to negotiate and exeçst(up to $10,000 (excluswe of time extensions), 
and the CA has authority to negotiate up to any aryc6nt although the agreed amounts are subject to 
approval by whoever is authorized to execute)) change order. Increases in costs during negotiations 
after change approval are reported to theCS for acknowledgement - not approval. The COB does 
sometimes set a limit to Initial not-to-eçpdéd costs for force account work; however if increases are 
required specific CCB approval is opif necessary if the scope of the change is revised. 

It is true that RE's do not currgnfly have specific negotiating pàwer since they do not have change 
execution authority. / 
If Foster picked this irnptession up from RE's or FE's, we need to clarify negotiation responsiblities and 
authority. 

2. Foster states that the volume of changes is unusually high but does not provide any support for this 
statement Who are we being compared to? 



MEMORANDUM 
SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 
TRANSIT SYSTEMS DEVELOPMENT DEPARTMENT 

SYSTEMS AND CONSTRUCTION SAFETY 

DATE: November 7, 1989 

TO: James B. Crawley 

FROM: Harold B. Storey 

SUBJECT: Phase II Value Engineering Study 

The Systems and Construction Safety Department and the Fire/Life 
Safety Committee have reviewed the subject study. Our comments 
are indicated on the attached 11 pages of review comment fans. 

In addition, I have enclosed a copy of a memorandum dated August 
U 29, 1989, to Mr. Rhine from Byron Ishkanian denoting a number of 

cost saving ideas that may fit with the Value Engineering Study. 

Attachments 

cc: F/LSC 
L. Boyden 
M. Ingrain 
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The t011 owing is subnttted in the interest of profl ding cost cutting ideas for the 
construction of Phase II of the }tro Rail Project. 

Iten presexted can be considered starting points for discussions in attenting to 
get as much flaags or 'bang for the bitk", so to speak, from ninnja ayp?riatsd 
for the Phase fl portion of the 1btro Rail. 

r Subjects discussed are the result of experience acciriulated dm'ing the construction 
Os }tfl-1, Ictowledge and. experience from other tna Ing projects and discus sio 
with others in the discip11" of imdergroimd construction. 

If the ideas pcj7 to be of valtt, the savings generated could allow the Phase II 
portion to reach the Th,ivergal City Station location rather than stalling out at 

2iwood and. ffiglilaml Station. 

Conçletion of the system to the north side of the Th,ll7woØd m" would allow 
greater ridership and materially drain traffic from the Ibllywood freeway from 
Cahuanga. Pass to the Ciflc Center. 

Ideas presented fall into three large categories which win be discussed in greater 
r 

detail on the following pages, and are as foflowss 

H 1. tend each tinmel. drive excavation sequance. 

2 )tne the stations from the timnel. a1{tzw_nt or from two shafts to the 
smttace. 

3 Materially reduce the number of prinary excavation contracts. 

flJ.ustrations of the ideas presented in this unit are included. 

r 



1. frtend each timnel drive sequence. 
H In WS.l, tmnel drives were short dual tunneled sections between large cut 

and cover station excavations I propose to drive tuzmels in Phase U greater 
lengths, and right through the proposed station locations 

This would save tla and ntney i,j setting up the tunneling s'quence, since fewer 
setups would be needed; and a partial. excavation of the station location would be 
nade by the tunneling machine passing through the length of tin station. 

Reztval of two cylinders of earth, by the tunneling sequte, 22' in diameter 
the length of the station would lessen excavation cost of the station. 

Since this proposal provides for 'ndned' stations (discussed later), the extensive 
groimd control and s,ort and extensive excavation of a cut and cover station 
would be elixtated and th a saving malized in earth vioveient and bacfrf1ll. 

Qily the earth needed for the station would be removed by the tunnel excavation 
nchnn1sma and no bac1cf'illiag would be necessaay. If shafts were needed at the 
station locations for ventilation, one could use these for mtrk removal if that 
mode was deened appropriate. 

Since, in this modus opernnII, the station construction could not start imtil 
the tunneling was through the station, it would be absolutely necessary that Lthe dm1 tunnel drives start almost sinultaneously. We prepartd for this in $t4, 

i -i but none of the contractors elected to nn parallel tunneling operations and we 
were not able to force them to do it. As a result, tunnel-1ng operations in dual 
tunnels were done sequentially rather than si mnl taneously. 

This lua. would not be allowed in this proposal. If necessar parallel titmel 
contracts could be split with one contractor bnIl ding the SE and the other the AL, 
to make sr bath ttnels progress at a pace to allow station 6onstruction to 
start. Cross jss sage and intennediate construction between the tunnels would 
have to be designated to be cbze by one or the other of the contractors in this 

cases 

In or present sTh,annnt for Phase fl, tl drives would consist of cont1nuo 
excavation by one machine as allowed by the rock to be cut. For example, from 
the present geotechnical information the drives could be distributed for contracts 
in the following tanner. 

a (e tinmei. drive from ?kcArthr Park to WV! cth4re and Western or veering 
off at Veat, from )c Arthr Park to Vermunt and Beverly flvd. 
Either way, this could result in two tunnel drives. 

b. There appears to be a possible stratigraphic change jit north of Beverly 
on Vermont, wherein massive sandstones in the nd.ddle and lower Puente 
Formation night necessitate a toil face cutter head boring umehine to 
cut the rock. 

c, If an ext avator type machine could work in this areas then the tunnel 
drive could be extended all tie way to Hollywood and }ftghtnd Ave. 



c. (Continird) 
Obviously, an excavator type nmch{ns could not be used to cut through 
the basalts and heavy conglomerates of the Topanga ?ornation n&dng 
the ffollyvood Wttiu 

d. Thus, from ?tcirthe Park to Western Ave and ic Veni.mt and 
flvd. through the hnenga Pass to Universal City, ie would have three 

f: or possible toe tuwa]. drives, at the most. 

L 
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2. }fins the stations from the time]. alignvent or from two shafts to the surface. 

Underground nththig of the stations would necessitate Sning and supporting the 
area between the tunnel drives, and Dd.ning the irazzanine area above the tunnels 
and the thterniedi.ate ground between tunnels. 

If the area between tra]a at the stations did not need to be 20', twine]. drives 
could be angled slightly upon approach to the stations to lessen this distance. 

Otherwise, the nsd portion of the station would resemble a ntdffied -avrse 
NkM(New Austrian Tunneling ?thod) sequence. Rather than the central portion 
(beten timnels) being udned out first, supported and then the tunnel extensions 
udned, in this case the tunnel drives would al.ready be in place and the central 
portion rennin to be rted and supported. 

1Th - 

rhe nez znnl t would then be dned si-S 1a2y, only the sequsnce would revert to 
the central, oval iidned first and the pareflel. ovals nd.ned secondarily. For 
these excavations, rick could be red out with the sa system as the timnsl- 
i k. i.z additiorm]. X1Mornia S4tcb could be insthfled at the Station 
excavation location for ik trains In this namer, forward tunnel excavation 
would not be inten ted by work at the Station. 

If this mtic reiitval system proved to be imprsctical, two thai purpose shafta 
could be sunk(of nd.ithnum diateter) at each end of the station. These shafts 
would be constricted to handle the extrication of tic and also ventilation 
for the station and forward tunnel. constriction. Since the tnel and Station 
construction would probably be classified Gassy, the exhaust mode of ventilst.. 
ion would be required. As the tunnel. constrtion progressed past one Station 
to another, the nin ejchait fa location could be moved along accordingly to 
the station nearest the priaiazy tunnel excavation location. 

Fans on blow and exhaust would then be used on the bypassed Station to prge 
those locations while constriction was progressing. Detailed diagraur are present- 
ed at the conclusion of the nemo, with elenentary drawings presented on this and 
the excavation nethod described above on this page. 

Vezftflat4 on While tmmell ng is Proceeding 

Ground Surface Vent/Thick Shafts to Street level. &chatsting 

- 
H . if fl assedb7t U U J!eed p twinelisig rS. -* 0111C )%ZVSII1ThS 
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Station construction contracts, by this nethod, woul4 consist of the mezzanine 
area pitmri2y. These could be nade a part of the tunnel drive contracts if 
the tmmeling contractor had the mining expertise for this type of work. 

If otherwise, they would have to be desigxmted as separate contracts and/or 

afl the station-cnzzan1-r contracts groied as one contract, with the specialty 
contractor doing alt the uthiing portions of the Stations. 

With this procedm'e we could. ltitt the nrber of Station contracts to three or 
foir, and possibly as few as two. 

If separate contractors were selected for parallel tunnel drives, one t,rl 
drive and the first station encotmtered could be in one contract and the next 

station in the contract for the other tunnel dxtve. 

An eraile of the configm'ation f or excavation of a station proceeding wbiia 
the tinmel drive was worletnE ahead is shown in the illustration as follows. 

Plan View of Separate Tizmel(Parallel) Contracts 

ri .TC 

Station 1 AL T1, 

A2 T=1 Station 2 sa Titmel 

Dnn.t 

If station construction could not proceed in this nnner because of conflict 
with ttmi]. constnttion, shafts could be nik at the end of the statioi as 

shown in the diagram on the previous page, and the plan flew below, 

tans - tat3m Possible 

Scale 1" equals hr 
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Scale 1" equals 2' 

7olun of earth removed by this nethod from a rectangular station box 80'O'x6Q) tue 
t axes under the irding is as foflowes - -- 

Station Ba tue wider' nnrttng is i&?7E sqdt. x 6cxift. is 2,865,000cu,ft. or 1f5,lVTni,yc 
L Area removed by through tin,rrling of the station(asstmd 20' dir, tunnels) is 

311t.lósq. ft. x 600ft. is lB8,lj9ócn.tt. or 6981cnyds. per tunnel. 
Balance of the earth removed by the station excavation proposal is l,026,5Ol&cudt. or 

38 ,Ol8cn.yds. 
A total of l,98a cn.yds. wotid be removed from the rectangular box station by the stat.. 

ion nd.nliig and tunneling excavation(timnelsl3,962cu.ydand staticn-38018cu.yds.) 
Notes Further reductions in earth removed from the stations could be made Sn red*t.. 

ing the size and/or configuration of excavation steps 3,b and 5. 
Final savinn in grod that need not be excavated or bacld'illed is 2D6,lUcu.yds 

rthni5l,980 cu.yds O1'5li,131 C1.i.ydS 

Ga-c. Ifs, 



Materin.ljy reduce the nimber of priary excavation contracts. 

Reduction of the nuoter of contracts would bring reduced costs fruit an nASnl ta.. 
tim standpoint, both for the Mstrict, Construction Yanager and the eontracb,r. 

since contmctors would 1 doing repetetjn operations, ideally, their efficiency 
would thprove Preparation tla for tine]. drives would be dni.ticaljy reduced, 

th nwibn of drives would be fewer. 

3tat wantioi would ass a patten which Would ore ate a more efficient 
operation, Coordination of the twmeung sequence and the Station excavation 
won be iortaS for separate cnctore and also if cnctor ed 
both operations on one contract. 

Surface disruption of the city would be far lass, which could result in reduced 
liability claia, traff in accidents, guard services and transient invasion of 
the work site problem and the attendant exposures that are created. 

1. 

t. 

fff Conc].usiongs 4g.4nst 

1. }*in4ng type construction z not be practical. 
2 Interiid.ng]J.ng of parafle3. contracts idght not work. 
3 Seismd.c requlrezents udght not be at. 
It. Building settlement md4tt result if nd.ning is not done properly. 
ç. TnaMl ty to find contncton experienced in this type of station construction. 
6. The possibility of changing tireling machines on drives, it geotech reports are 

not complete, 

ES 
1. Reductiom of at least 2(% cost in station excavations and lt in tmni. drives 

could be realized. 
2 Faster construction of Phase II. 
3 Fewer contracts and entities to des]. with. 
14. Less disruption of tie city in general, 
5. No large street support "1' beans or street plates required. 
6. No major strut stwport across. wavatiozzg needed 
7. Use of Ut natal strata bridging effect, 
8. tess utility disnption and hazardot material uzitigation, 

Ideas presented here are subnttted to pL-%avide a radical solution to the problem of 
extending the ?%tro Rail Project to the north flank of the HOUy wood Hills with the 
limited funds available. 

- arold S. Storey 
5Janss Crvrley 

L Samlcuj, 
Fen,amj Q'sada l Polateic 

r- Jin }bnsees 
Nadeem Tahjr 
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MEMORANDUM 

SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 
TRANS IT SYSTEMS DEVELOPMENT 

RAIL FACILITIES 

TO: James E. Crawley 

FROM: Ramesh Thakarartrb.0_.. 

DATE: October 13, 1989 

SUBJECT: Value Engineering Study #2 - 
Line Structures 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAL&AA 

I have reviewed the subject report and below are my 
recommendations: 

(1) Value Engineering Proposal (VEP) #2. 

The recommendation is for the District to install 8" 
unreinforced concrete lining. This recommepdtion has merit 
and needs further evaluation. I quote f;o6 Guidelines for 
Tunnel Lining Design, prepared by the ethnical Committee on 
Tunnel Lining Design of the Undergroj,ufd Technology Research 
Council, published by American Socjdty of Civil Engineers, 
Section 3.3.3. Lining Capacity,ytge 21: 

"There is considerable divergCe of opinion on the 
necessity and utility of re,Thforcing steel in cast-in-place 
concrete linings. If it je6 accepted that the initial 
support system absorbs 1Te ground deformation and 
redistributes unequal essures before the concrete lining 
is installed, the poaIibility of outward bending that could 
overcome passive prsure is virtually nil. This indicates 
that an outer rinVof reinforcing steel is not required. 
Nevertheless, inward bending, particularly in the crown, can 
result from graUity loading. If it is considered that this 
may exceed the' capacity of embedded initial support members, 
an interior ring of reinforcing steel will be needed. 
Consideration may be given to an inner layer of longitudinal 
reinforcing bars to resist shrinkage and temperature 
cracking that occurs preferentially over embedded steel 
ribs, combined with sufficient circumferential rebar to hold 
the longitudinal steel in place against the pressure of wet 
concrete sliding down the forms from the slick line. 



James E. Crawley 
Page Two 

It should be recognized that many unreinforced concrete 
linings have given long satisfactory service in rock tunnels 
tunnels, and it is not clear that the investment in rein- 
forcing steel is cost-effective. High quality grouting 
between the lining and excavated ground can promote 
favorable conditions for lining response to loads. 
Reinforcing steel will increase lining costs by adding 
materials and impeding lining construction." 

The present design requires two layers. of reinforcing steel 
(#5 @ 12" transverse) and #5 @ 18" longitudinally, with a minimum 
lining thickness of 12 inches. I..believe that a more careful 

1 analysis would reduce the thickness of the lining and the amount 
of reinforcing specified. Perhaps a lining design based on the 
geotechnical conditions encountered in the field may be more 
appropriate. 

(2) VEP #4 - Tunnel invAt. 
The recommendatipfis for the District to delete reinforcing 
steel in the cqgcrete of the tunnel invert. This recommen- 
dation has meyLt and warrants further evaluation. 
The currentj4esign may be the result of the structural 
engineer's/tendency to always reinforce the surfaces of 
concrete./ I also realize that/ACI Code requires reinforcing 
for shrifikage, temperature a,a load distribution purposes. 

L Since mist codes have beenAritten for above ground 
structlres, a special revfew and analysis of tunnel inverts 

n' may show that no such sel is necessary. 
(3) VEP #5 - Tunnel Walkwpf 

VEP #6 - Cross-ass$es 

The sketches presp'ted in the Report eliminate many of the 
complexities of/urrent design and warrant serious 
consideration 1 the District. 

Overcoming r 
have been in 
difficult. 
be raised. 
exists for s 

Isis tance to changes in Standard designs that 
existence Ear several years is always 
Concerns about Professional Liability may also 
But, despite these obstacles, an opportunity 
ome significant cost reductions. 
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MEMORANDUM 
SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 

TRANSIT SYSTEMS DEVELOPMENT 
RAIL FACILITIES 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
TO: James E. Crawley 

FROM: Ramesh Thakarar 

DATE: October 13, 1989 a 

SUBJECT: Value Engineering Study #2 
Line Structures 

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A kA A A A A A 

1 
I have reviewed the subject report and below are my 
recommendations: 

(1). Value Engineering Proposal (VEP) #2. 

The recommendation is for the District to install 8" 
C? unreinforced concrete lining. This recommendation has merit 
Li and needs ftrther evaluation. I quote from Guidelines for 

Tuñhel Lining Design, prepared by the TechnIcal Committee on 
Tunnel Lining Design of the Underground Technology Research 
Council, published by American Society of Civil Engineers, 
Section 3.3.3. Lining Capacity, page 21: 

"There is considerable divergence of opinion on the 
necessity and utility of reinforcing steel in cast-in-place 
concrete linings. If it is accepted that the initial 
support system absorbs the ground deformation and 
redistributes unequal pressures before the concrete lining 
is installed, the possibility of outward bending that could 
overcome passive pressure is virtually nil. This indicates 
that an outsr ring of reinforcing steel is not required. 
Teverthe1ess, inward bending, particularly in the crown, can 
result from gravity loading. If it is considered that this 
may exceed the capacity of embedded initial support members, 
an interior ring of reinforcing stee.1 will be needed. 
Consideration may be given to an inner layer of longitudinal 
reinforcing bars to resist shrinkage and temperature 
cracking that occurs preferentia-ily-over- embedded steel 
ribs, combined.witt sufficient. ci-rtinnfererrtial rebar to hold-. 
the longttiidaaal steeL in place against the pressure of wet 
concrete slidithg down theforms from- the slick line. 

H 
. 



James E. Crawley 
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It should be recognized that many unreinforced concrete 
linings have given long satisfactory service in rock tunnels 
tunnels, and it is not clear that the investment in rein- 
forcing steel is cost-effective. High quality grouting 
between the lining and excavated ground can promote 
favorable conditions f or lining response to loads. 
Reinforcing steel will increase lining costs by adding 
materials and impeding lining construction." 

The present design requires two layers of reinforcing steel 
(#5 @ 12" transverse) and #5 @ 18" longitudinally, with a minimum 
lining thickness of 12 inches. I believe that a more careful 
analysis would reduce the thickness of the lining and the amount 
of reinforcing specified. Perhaps a lining design based on the 
geo technical conditions encountered in the field may be more 
appropriate. 

(2) VEP #4 - Tunnel Invert. 

The recommendation is for the District to delete reinforcing 
steel in the concrete of tbe tunnel invert. This recommen- 
dation has merit and warrants further evaluation. 

The current design may be the result of the structural 
engineer's tendency to always reinforce the surfaces of 
concrete. I also realize that ACI Code requires reinforcing 
for shrinkage, temperature and load distribution purposes. 
Since most codes have been written for above ground 
structures, a special review and analysis of tunnel inverts 
may show that no such steel is necessary. 

(3) VEP #5 - Tunnel Walkway 
VEP #6. - Cross-passages 

The sketches presented in the Report eliminate many of the 
complexities of current design and warrant serious 
consideration by the District. 

Overcoming resistance to changes in Standard designs that 
have been in existence for several years is always 
difficult. Concerns about Professional Liability may also 
be raised. But, despite these obstacles, an opportunity 
exists for some significant cost reductions. 
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MEMORANDUM 1,-' 1' 

SOI7I1N CALIFORNIA RAPID TRANSIT DISTRICI' ,/fl. \. \/ 
TRANSIT SYSTE24S DEVEIOR1nC DEPARDT 

RAIL TRANSIT FACILITIES 

TO: James K. Crawley 9 
ROt: ug].as A. 

TE: October 17, r1 
SUBJEcr: Evaluation of ThasetI 

Value Engineering Study #3 Proposals 

My analysis of Subject yE proposals is as fo1las: 

VEP # 1 Reduce Station Depth 

Gaierally agree with the concept of limiting clearance to l0'-O". 
Impleneitation is tied to VEP #9 and #10, which defer initial air i 
conditioning provisions and eliminate station fresh air supply. 
These elenenta, as presently designed, require added clearance. 

VET # 2 Station Columns 

Strongly concur with recamdation to eliminate columns. Will 
require investigation of satisfactory methods to achieve ceiling 
liting and sound control. 

VEP # 3 Station Length 

Concur with recoimnendation to reduce platform length by 10 feet, " 

if reduced train overrun is acceptable to Operations. 

VEP Ift 4 Station Foundation 

Concur with recommendation to provide eccentric continuous one-way 
footings, if soils under foundation can support loads over reduced 
area. 

VEP # 5 ERS Outlets 

Strongly concur with recommendation to place ERS outlets in 

streets, if Fire/Life Safety Coimnittee and City of ths Mgeles can 

VEP 1k 6 Noise Control 

Concur in principal that attenuators should be eliminated, because 
L. this potentially reduces length of station. Will require 

investigation to determine configuration and cost of required 
auxiliary ventilation systen. 



J. E. Crawley 
Page 2 

VEP # 7 UPE Outlets 

Strongly concur with recotrinendation to place UPE outlets in 
streets. See content on VET #5. 

VET It S SnEke Exhaust System 

Question logic of reconEiendation to eliminate present system. 
Sucke pushed out of the station at track level will not 
necessarily rnve smoke from upper portion of mezzanine, 'which 
could be serious evacuation problem. 

VEP # 9 Future Air Conditioning 

Concur with reconraidation to defer all air conditioning 
requirements, unless it can be shown that some or all of the 

CT present provisions cannot be implemented later. 
VEP #10 Fresh Air Supply 

Concur with reconnaidation to eliminate fresh air supply, which 
U does not presently service trst of the station, unless it can be 

shown that it is required for the future air conditioning system. 

VEP #11 Mezzanine Configuration 

Strongly concur that proposed horizontal be configuration in 
open mezzanine areas should be adopted, eve if cost reduction 
estimate is Incorrect and there is a ttdest increase in cost. 

VEP #12 Secondary Station Entrances 

Concur in principal that second entrance is preferable to 
emergency exit. Need to investigate their functions and relative 
costs before making final judgenent. Disagree that primary 
entrance should be downgraded in capacity. 

VET #13 Open Plaza Entrances 

Concur that plaza type station entrances should be encouraged, 
with determination made on a site-specific basis. (iestion 
whether ancillary space needs to be substantially relocated. 

VET #14 Emergency Exit Location 

Concur that energency exits located at the ends of platforms 
should be incorporated within the platform length, where possible. 
Also agree that sidewalk hatches for exits have disadvantages, and 
should provide alternative exiting method where possible. 
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VEP #15 Crossover Length/Width Reduction- Side Platform Stations 

Concur in principal with narrowing of tracks to reduce crossover 
length and thus cost, requiring side platform stations at Veiuüut/ 

IT Beverly and Verntnt/Sunset. Requires additional investigation to. 
verify all functional requireetts and true cost savings. 

VEP #16 Pocket Track in Station 

Disagree with this recommendation, which provides a double 
crossover on narrow track centers at each end of a side platform 
station, and creates pockets in the berthed train positions. It 

H is doubtful whether Operations tculd consider this arranganent 
satisfactory. Unless absolutely necessary because of considerable 

CT cost savings, a iide platform station at Hollywood/Vine is not 
acceptable. Utilizing a center platform with widened double 
crossovers nild not appreciably save cut-and-cover length. 

VEP #17 Relocated Pocket Track 

Strongly favor this proposal. in lieu of VEP #16. This alternative 
provides the pocket track in a location west of Hollywood/Highland 
Station under the Santa 4mica ucuntains. While the proposal 
shows a side platform station with one double crossover at 

1' Hollywood/Vine, a center platform configuration with wider 
crossover could be utilized and still substantially reduce the 
overall cut-and-cover length. 

cc: 3. Bali. 

A. Levy 
Lrthy 
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METRO RAIL TRANSIT 
DMJM/PBQD/KE/HWA 

September 08, 1989 

Mr. James E. Crawley, P.E. 
Director of Transit Facilities 
Southern California Rapid Transit District 
425 South Main Street 
Los Angeles, California 90014 

8931335 

CONSULTANTS 

RECEIVED 
SCRT0 - 
IRANSIT FACILITIES 

SEP U1989 

- 

L Subject: Metro Rail Project RECEiVED 
Value Engineering Proposal Comments SCRTD-TSD 

Purpose: Information Transmittal 
1389 

File No. P050X004 
CORRESPONosg 

Dear Mr. Crawley: CONTROL. 

Per your request, here are some general observations on the draft 

to proposals. 

VEP No. 1 Tunnel/Station Excavation contracts in lieu of 
present concept. 

0 The Value Engineering team has considered the time 
savings in the tunnels only. The station structu- 
ral contracts will be delayed due to the excava- 
tion duration. This has not been considered in 
their analysis. 

o Repackaging provides some definite benefits in 
longer tunnel drives and in reducing the number of 
shields but it also creates new interfaces such as 
the responsibility for the excavation support 
system, utility maintenance and protection, 
decking, limits of restoration, entrance structure 
limits and sequence of construction, etc. 

Reduction of tunnel diameter from 17'-lO" to 16'-6" I.D. 

o We understand and concur that the vehicle design 
will not be altered at this time. 

548 5. Spring Street, Seventh FToor, Los Angeles, CA 90O13 (213)612.7000 
19882 



Mr. James E. Crawley 
09/08/89 
Page 2 

a We also point out the possibility of shaving 
inches from the re-rail procedure and gaining 
inches in the reconfiguration of tunnel electrical 

H and mechanical hardware. Nowever, the envelope 
should be protected for future vehicle purchases 
and other unforseen conditions such as liner 
repairs. 

Reduction of tunnel lining thickness. 

o We have stated our position with respect to 
reducing the cast-in-place lining thickness and 
are opposed to reducing this dimension since 

p misalignment of the tunnel primary support could 
LI reduce the nominal dimension of 12 inches to 9 

inches. 

o Reduction of the free annulus between the vehicle 
and the tunnel wall will increase local air 
velocities, increase the piston effect of the 
train and increase power requirements in 0 & M 
costs. 

Removal of reinforcing steel in liner and invert. 

o we believe that the dowel inserts for the walkway 
are potential for forming cost reductions in the 
tunnel. This could be changed, if studies indi- 
cate economy, to female inserts to eliminate 
forming and stripping delays. The experience on 
other projects indicate female inserts are either 
plugged or misaligned during concrete placement 
and require redrilling for placement of new 
inserts. 

o The re-steel in the tunnel is less than the amount 
required for temperature steel but is designed to 
create a blanket protection for the concrete liner 

U should there be a failure of the liner integrity. 

ii 0 The invert steel is minimal and serves to support 
the stirrup steel dowels for the trackwork 
plinths. 

o We do not consider either of the above to be a 
major cost item or a deletion item. 

VECP No. 3 Design Quality Control 

a We concur with the alternative concept of one 
design entity preparing all the tunnel design. 

19882 
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0 A Peer Review of design documents was included in 
our current work plan and approved by RTD. The 
first review will occur this month with the 
pre-final documents for P.136, P.147 and P.157. 
Budgetary -and schedule considerations shall be 
reviewed to include this. 

We are attaching an internal memo from Mr. Bill Armento dated 
September 6, 1989 which discusses in detail the pros and cons of 
V.E.P. No. 01. 

We recommend a thorough review of all the VEP items together 
as interrelationship of many of the considered items play an 

U: important role in cost reduction consideration. 

MET 0 RAIL TRANSIT CONSULTANTS 

I. 

Murthy 
L Project Director 

[A KNfl:gr - 

Attachments 

cc: W. Rhine, SCRTD 
A. Levy, SCRTD 
TSD-OCC (2) 

19882 



METRO RAIL TRANSIT CONSULTANTS 
DMJM/PBQD/XEJHWA 

MEMORANDUM 
H. 

H TO: N. Murthy 

FROM: W. J. Armento 

DATE: September 6, 1989 

SUBJECT: Interim Draft, Value Engineering Study No. 1 

FILE NO: T700X004.00 

L Review was made of VEP No. 1 - Contract Packaging dated July 27, 
.1 1989 and my comments follow. 

The concept of providing a separate contract for decking, excava- 
H tion and shoring for the cut-and-cover work followed by another 

contract for the concrete and finish work of stations, crossovers 
and pocket track is questioned in regard to practicality, time 
efficiency and cost savings. 

For subway projects there is a large group of contractors who are 
quite familiar with the requirements of the full range of activi- 
ties that go into the construction of a cut-and-cover project. 
Underground construction, or "heavy construction" for an urban 
transit system involves the planning and execution of decking 
arrangements, sheeting and bracing installations and removals, 
excavation procedures, underpinning and protection of adjacent 
structures, and dewatering as these relate to the actual cons- 
truction of the subway structure. A contract that embodies the 
excavation work together with the concrete shell construction is 
certainly more practical than dividing the responsibilities into 
two separate contracts. With separate contracts the design 

Li office would have to cope with trying to direct the excavation 
contractor in many aspects of the work to accommodate the follow- 
up structure contractor. The excavation work will not neces- 

(.. 

sarily be free from cross-lot bracing, as the VEP assumes, since 
there is the likelihood of the presence of deep basements adja- 
cent to the excavation or the inability to attain easements for 
tiebacks under adjacent properties. Then, of course, the struc- 
ture contractor would have to be given all the as-built data of 
decking, sheeting and bracing so that he would be aware of 
conditions under which he would be conducting his work. 

20944 



Memorandum 
09/06/89 
Page 2 

Two separate contracts would be more time consuming than a single 
contract that combines the excavation work with the structure 
construction. A separate excavation contract contemplates the 
full length? of trench excavation to virtually subgrade and then 
leaving the area for the second contractor to start work. Under 
a single contract the excavation is not usually carried down to 
subgrade for the full length of the trench before concrete work 
can start. Instead, the excavation proceeds down to subgrade in 
a longitudinal sequence with concrete work installed in similar 
order as the excavation work reaches completion. 

There are cost penalties in two separate contracts. Decking 
materials, the deck beams and timber decking panels, are very 

H often re-usable materials by subway contractors. If the second 
H contractor removes these and keeps them then the full charge for 

these materials will be assessed to the District by the excava- 
p tion contractor. Also, of what use will a so-called "building 

contractor" have for the deck beams and timber panels? Likewise 
the cross-lot bracing, wales and particularly struts are re-usa- 
ble. What would a "building contractor" do with a lot full of 
pipe struts? Not to be overlooked is the assortment of claims 
that a second contractor would make because of changed cnditions; 
i.e., sheeting intruding in the neat line of his work, wales 
interfering with rebar installation, dewatering not functioning 
properly, difficulties in removing internal bracing, etc. 

WJA/ca 

cc: G. M. Cofer 
DCC (2) 
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H METRO RAIL TRANSIT CONSULTANTS 
DMJM / PBQD / KE / NWA 

pq 
November 20, 1989 

Mr. James E. Crawley, P.E. 
Director of. Transit Facilities 
Southern California Rapid Transit District 
425 south Main Street 
Las Angeles, California 90014 

Subject: Value Engineering Study #2 and #3 

Pile $1: POOl X004.00 - 

1.. Purpose: Information Transmittal 

Dear Mr. Crawley: 

Per your request, we have reviewed the Value Engineering studies 
pert ormed by Foster Engineering and C V S Inc. We had previously, 
forwarded to you, comments on Study #1. Hence, these comments are 

L directed to the other two reports only. 

MRTC's comments on each proposal, in the study, are in the 
following three categories: 

* Concurrence with suggested proposal. 
* Concur with reservations pending further detailed 

1.: analysis and costing. 
* Disagree with the proposal. 

As expressed in the meetings, with the Value Engineering Team and 
the District staff, we have great difficulty in acknowledging the 
method and the value of the dollar savings projected by the Value 
Engineering Team. Therefore our comments concerning cost savings 
against each proposal are very general in nature. It is our 
recommendation that upon finalization of the Vt study a detailed 
cost estimate of the accpeted proposals should be done. 

Attached for your information, review, and comments are: 

* Summary of the response to each of the proposals. 
* An Appendix that includes more detailed discipline 

responses for the proposals. 

891086gb.ltr 
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Mr. James E. Crawley, P.E. 
11/20/89 
Page 2 

Should you require further technical evaluation, clarification, 
(.1 and/or discussion concerning this response please advise us. 

yours, 

F 

à4 Murthy 

KNM:mqb 

cc: W. J. Rhine, SCRTD 
A. Levy, SCRTD 
SCRTD-TSD/DCC 
DCC (2) 

Attachment 
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H. 

Ffl'J!IS? 

o MRTC concu3Chat there may be an opportunity to reduce 

rera,p4'clearances. 

o >auest that the District carefully consider the 

,,Vproposai. to use the Breda vehicle envelope in lieu of the. 

composite one. Future vehicle procurement competition 

could be impacted. 

o One of the parameters considered in the determination of 

the standard l7'-lO" diameter was a clearance annulus. to 

penit a steel liner repair of the tunnel should the 

membrane and/or concrete lining be damaged by an 

earthquake or should gas leaks develop. We recommend 

that this space remain. 

o We consider the estimated savings to be about half of 

what is shown in the proposal. 

o MRTC doe,_,,pasragree that the reinforcing steel can be 

e.kfqted. Earthquake design and the requirements of 

ACI-3l8 dispute the removal of longitudinal reinforcing 

steel. 

o For tunnel traveller-type forms, reinforcing steel 

setting is never a critical path activity. The cure, 

891068gb.ltr 1 
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strip, move, and set sequence always is the schedule 

controller. 

a We do not agree with some unit prices used which in turn 

overstate the potential savings. 

Proposal No. 3 -Double Track Tunnel 

o Current tunneling history on HQS-1 has supported the fact 

that soil stability in the L.A. area appriaches the point 

of limiting equilibrium at the pr.dt diameter. To go 

to a non-circulat, and/or)44er cross-section would 

require a major r,pe(aluation of methods and 

stabilization procedus. 

o We might consi7tthe double track circular tunnel in 

sound rock 4ut not in the study segrent. Further, 

Fire/Life hety requirements must also be considered. 
o MRTC does not recommend this proposal. Any material cost 

savirgs for the alignment under consideration is for the 

removal of cross passages and reduction of crossover 

structures. What is not considered is the increase in 

schedule due to the reduced heading progress which would 

be in the order of 6-15 feet per day compared to 30-40 

feet per day per single tunnel. 

Proposal No. 4 -Remove Reinforcing from Tunnel Inve Concrete. 

a Our design follows design concepts used in Washington, 

Baltimore and Atlanta and uses minimum reinforcing steel 

in the invert slab. The savings realized due tc 

891068gb.ltr 2 
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elimination of this steel, in our opinion, is far less 

than projected. 

a Reinforcing steel stirrups fo5,Xsecond pour trackwork 

plinths must be suppopëC and secured for concrete 

placement. The te3pcture steel permits this as well 

as to reinfoyd'the invert concrete and provide a 

negative ysCrn bond continuity within the invert to 

mitia)" any stray current. We do not recommend 

e1imafing the invert reinforcing steel. 

o Although the proposed alternative has merit, all aspects 

of the walkway confiiration in tangent anrved tunnel 
require further design study. 

o frTC concludes that a fabricated''steel and non-ferrous 

walkway could be designedid constructed to satisfy 

criteria and Fire/Lift Safety requirements and 

potentially reduce th/capital cost of the current cast- 

in-place design. 

o Several factorsn(ust be considered before we would concur 
/ 

that tills altIrnative design is better in the long term. 

Deteriorat1in of bolts and structural steel will require 

higher wintenance costs and could result in a shorter 
/ 

life than reinforced concrete. 

o in addition, the possible damage of, or failure of the 

walkway could create a serious contact with a train. 

o We do not concur with the estimated cost savings of the 

alternative design. 

891068gb. ltr 3 



Procosal No. 6 -Tunnel Cross Passaaes 

V. a )ffiTC suggests that further study of a horseshoe tunnel 

design be done which could reduce the amount of fill 

concrete in thestructure. 

0 Fire/Life Safety requirement of clear passage width and 

height as well as fire rated doors cannot be altered. 

(See Study #3) 

Pronosal No. 9 - System Profile 

L o Profiles shown on the Phase II Preliminary Engineering 

drawings are approximate and subject to revision. 

Station profiles have been selected based upon the 

existing information of utility depths, surface 

elevations, entrance Locations, and station vault 

H conceptual layout. The final positioning of each station 

p and adjacent line will be determined in the continuing 

preliminary engineering or early final design. MRTC will 

consider all the parameters such as invert elevation(s) 

and grade of the stations to assure that the final 

H alignment sets the structures at the optimum design 

:1: 
depth. 

o MRTC does not see the proposal as a savings but only as 

a statement of fact which will be carried out. 

. 
891068gb.Ltr 4 



Procosal No. 10 -Wet Standpine Redesiari 

a Relocation of the wet standpipe is contingent upon 

acceptance of Proposal No. S -Tunnel Walkway 

Modification. 

o We do not have any concerns with the functional aspects 

of the proposal. However, we recommend that the issue 

of cooking or burnng of joint gaskets in a tunnel fire 

situation be studied. We understand that high temperature 

gasket material is available and should be specified if 

this proposal is accepted. 

I 
891068gb.ltr 5 



STUDY ,3 VALUE ENGINtziING PROPOSAL 

proposal No. 1 -Station Depth 

This proposal suggests that the station structure be 

reduced in overall depth by reducing floor to ceiling 

heights. 

o Platform to underside of mezzanine is controlled by 

vehicle envelope height and the top of rail to platform 

Uheight. The ceiling area above the platform requires a 

space of 3.5 feet for the air supply duct system. 

H Lowering this clearance would impact the vehicle envelope 

in mezzanine areas. 

o The vault ceiling height is controlled by the clearance 

ITo requirements above the handicapped elevator shaft or by 

the ipace requirement for the smoke exhaust duct and the 

fT minimum head clearance of 10 feet at the exterior wall 

line. 

o This proposal does not have merit. 

proposal No. 2 -Station Coluans 

o Considerable discussion took place during the system 

definition period as to the merits and negative impacts 

of station center columns. It was shown at that time 

that by reducing the span length of the vault roof 

proportionate reductions in the thickness of the roof 

H slab occurred. Although we generally concur that column 

free stations are architecturally more pleasing, the 

89l068gb.ltr 6 



previous V.E. analysis identified the cost-effectiveness 

of the center column design. 

a The design requirement to mitigate buoyancy may add 

concrete to the invert and walls of the stations where 

the aquifer is above or has the potential to introduce 

hydrostatic pressures. 

o There are no considerations or discussion in the proposal 

text as to the design connection problems of precast 

beams to cast-in-place exterior walls or the logistical 

and virtually impossible task of trying to thread 55 foot 

precast beams through the maze of decking support beams 

fl and supported utilities. 
Li 

a MRTC does not agree with the estimate cost savings shown. 

The figures are based upon erroneous assumptions and 

contradict earlier evaluations of the cost-effective 

center column station design. 

Protosa]. No. 3 -station Length 

o Although we forsee no difficulties from an exiting or 

platf on capacity point of view, the topping accuracy 

1.: of the ATO system would require further study to assess 

the merits of the proposed 10 foot reduction. Train 

berthing interlocks currently require that all doors of 

a train be within the platform confines. The proposed 

10 foot reduction in platform would result in more 

H frequent overshoot if the berthing boundries with 

resultant operational delays. 

891068gb.ltr 7 



Pronosal No. 4 -Station Foundation 

o The proposed design of one-way footings is based upon a 

false assumption of no hydrostatic uplift pressure. 

o We do not concur with the estimated cost reduction; it 

is based upon quantity reductions which are not 

achievable. 

Pronosal No. 5 -Eaeraencv Vent Shaft 

0 MRTC concurs that cost reductions are possible, if the 

City of Los Angeles agrees to the change. SpaFe 

availability and safety concerns have dictated the 

current sidewalk location of these structures. 

[:1 
o If the District can convince the City to reconsider their 

position, recording the positioning of the vent 

structures within the cut-and-cover limits, the 

structures could be reconfigured to reduce concrete and 

improve ventilation efficiencies. 

Li a We are presently studying this concept for the Wilshire 

P Corridor Stations in Phase II. 

Procosal No. 6 -Emeruency Vent Shaft Noise 

o The vent shaft fans are all automatically contrulled and 

can be operated day or night. Current-noise reduction 

measures, such assprayed-on acoustic material in the 

shafts, does not sufficiently attentuate the noise from 

the fans. This must be done at the source. Therefore, 

attenuators cannot be eliminated. 

291068gb.ltr 8 
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proposal No. 7 -Under Platf on Exhaust Outlet 

o KRTC concurs that a redesign of the vent structures to 

the middle of the street could save costs. However, we 

suggest that this is a "standards" change which must be 

carried forward to the City by RTD for their approval. 

o Typical rearrangements showing the mid-street design, 

require further study supported by order-of-magnitude 

savings and safety risk analyses. It appears that the 

City's major concern is the release of the surface 

easement which limits the space in the street for 

utilities. 

Procosal No. 8 -Smoke Exhaust System 

o The smoke exhaust system cannot be deleted for the 

following reasons: 

U 1. It will be used to expell smoke from the 

pmezzanine area after a fire in the system. 

2. The smoke exhaust system will be used in 

H conjunction with the Underplatform Exhaust 

System and Supply Air System to ventilate the 

tunnels in the purging of methane gas during 

non-train operating periods. 

o The functional concept of the Smoke Exhaust System in the 

V.E. Proposal is misunderstood. The Smoke Exhaust System 

will be off when the emergency fans are activated. The 

system will be activated to expell smoke and hot gases 

which accumulate at the mezzanine ceiling after the 

emergency fans are turned off. 

891068gb.ltr 9 



proDosal Np. 9 -Station Ventilation (Provisions for future A.C.) 

a MRTC recognizes the proposal to eliminate the chiller 

room wi-thin the station complex as a potential deferring 

of capital costs. However, to locate the facility on the 

p surface at a later date would generate premimum costs. 

o In addition, chases or conduits for future piping would 

have to be included in the station design and the future 

cost of connecting the chiller plant to the station A.C. 

I- system would be increased considerably. 

1 Pr000sal No. 10 -Station Ventilation (SuDnlv Air Systemi 

a The environmental Control System Report (August 1985) 

concluded that the station temperature will exceed 90 F 

at peak hour operation when outside air is at 84 F and 

the station supply air system is not used. 

o To orercome unacceptable environment conditions in the 

pstation, based on LRDS perameters, it is not recommended 

to delete the Station Air Supply System. 

a Station Supply Air System will be required in conjunction 

with the Underplatform Exhaust and Smoke Exhaust Systems 

to purge the line and stations of methane gas when trains 

are not in operation. 

V Proosa1 No. 11 -Mezzanine Confirauration 

a MRTC supports the concept of continuous mezzanines from 

the point of view of simplifying structural design and 

improving the functional characteristics of the stations 

for current and future development. 

891068gb. ltr 10 



a MRTC does not concur cd.th the proposed alternative design 

of cantilevered walkways since the structure would add 

additional bending stresses and strain to the exterior 

walls. 

a We conclude that the additional mezzanine reinforced 

concrete would be more than offset by the savings in 

exterior wall thickness and overall structure width 

savings of a full mezzanine but not with the cantilever 

concept. 

Proposal No. 12 -Station Entrances 

a MRTC considered the concept of upgrading the emergency 

exits to standard entrances. The idea was rejected for 

the following reasons: 

1. Emergency exits are typically in public space. 

This is not the case with standard entrances. 

2. Emergency exits can be combined with vent 

shafts to minimize costs. 

3. Patronage figures for many of the Phase II 

stations do not justify the capital and 

operating costs of a second entrance. 

Proposal Np, 13 -station Entrance Conceot 

a MRTC supports any recommendation to reduce the cost o 

structures. However, the concept of open entrance 

designs, which may have merit at some locations, 

generally restricts the potential sale of aerial rights 

generally. 

S9lOGBgb.ltr 11 



a The open concept may have merit at some sites where a 

plaza-type design is permissible. 

r 
a Open entrance structures have two disadvantages which 

must be considered. They generate additional maintenance 

costs and security costs. 

a The cost savings projected do not address or include the 

additional operating and maintenance costs. In addition, 

the loss of potential real estate revenues is not 

accounted for. 

Pronosal Mo. 14 -Emergency Exits 

o 1TC notes a number of functional drawbacks which must 

be considered. 

o The alternative design does not provide for stair width 

dimensions which meet design criteria for evaluation. 

U a The building code requires a maximum 20 foot distance 

p between the end of platform and the exit door. Meeting 

the code would create headroom clearance problems over 

the tramway. 

o Circulation conflicts at the entrances would not permit 

this alternative in a double end mezzanine station. 

o Cost savings appear to be exaggerated. 

IT Provosal No. 15 -Crossover Lenatflidth Reduction 

a MRTC supports the concept of reducing the cut and cover 

special structures length and width where practical. Our 

concern is that this cannot be done without the complete 

S9lO6Sgb.ltr 12 
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reconfiguration of the Vermont/Beverly and Vermont/Sunset 

Stations from center platf on to side platform. 

o MRTC is concerned that the line tunnels can be converged 

to a safe column separation of one (1) foot in the 

oxidized Puente soils as propesed. We can safely predict 

that a ten foot column could be achieved. 

o To-date we have not experienced tunneling in this 

material which, due to its fine grain size cannot be 

grouted. 

o The horizontal alignment adjustments to effect the 

transition from wide centers to narrow (1Y-O") centers 

requires approximately 250 feet of tunnel. Therefore, 

shield position control becomes the critical task and 

impedes advance rates in tracking the curve geometry. 

1405-1 tunneling contractors experienced difficulties in 

maintaining alignment through the curves. 

o The anticipated savings in construction cost of the cut- 

and-cover special structure must be offset by the 

additional costs of the side platform station, the 

transition structures at each end of the station and the 

tunneling production rate in the transitions. 

Procosa). No. 16 -Pocket Track in Station 

o The alternative concept generates a major cost reduction 

due to the elimination of the pocket track by replacing 

the Hollywood/Vine center platform station with a side 

platform configuration and double crossovers at each end 

of the station. 

891068gb.ltr 13 



a MRTC is concerned that Hollywood/Vine Station is a 

interim terminal station as well as a key tourist 

ridership station. The center platform configuration 

should be maintained for the operational advantages as 

well as passenger safety and convenience. 

a This proposal only has merit with Hollywood/vine Station 

a side platform configuration. MRTC does not support the 

side platf ant design f or this station and thus does not 

Lconcur with this proposal. 

Procosal No. 17 -Relocate Pocket Track and Add Crossover 

o This proposal is similar to No. 16 and our comments 

against Mo. 16 are consistent for this proposal with 

respect to the Hollywood/Vine Station. 

a We cannot respond with any assurance at this time that 

relocating the pocket track to Sound rock in the Santa 

Monica Mountains can fulfill all the operational and 

safety criteria and in fact be built for less than the 

present cut-and-cover concept. 

o Comparitive castE of the current concept of the proposed 

rock tunnel pocket track cannot be evaluated using 

existing order-of-magnitude costs per foot. The 

complexities of openning up a wide area transition vault 

F. between parallel tunnels must be studied and evaluated 

to assess the costs of rock excavation. 

o The triple track tunnel segment must be positioned and 

horizontal and vertical alignments would most likely be 

affected. 

891068gb.ltr 14 



£3 

Li 

a Methodologies analysis and additional geotechnical 

information would be required to properly assess the 

merits of the proposal. 

891068gb. ltr 15 11/20/89 
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METRO RAIL TRANSIT CONSULTANTS 
DMJM/PSQD/KE/HWA 

MEMORANDUM 

TO: K. N. Murthy 

PROM: W. 3. Anento Ui L,t. 

DATE: October 27, 1989 

SUBJECT: FOSTER' S VALUE ENGINEERING STUDY 

FILE NO: POO1XOO4..O 

Per your request I have reviewed Study #2 and Study #3 and offer 
the following comments related to my area of discipline/expertise. 

U Study #2 deals primarily with tunnelled line structures and I yield 
to others to comment on the specifics of the tunnel proper. 
However, I find I can and should comment on VEP No. 5, Tunnel 
Walkway, since this has implications also for cut-and-cover line 
structures. 

The proposed prefabricated wireway supported on steel brackets does 
not have merit because: 

1. The prefabricated wireways would not permit flexibility 
in the horizontal location of the edge of walkway which 
might be required to provide the proper distance from the 
centerline of track to the clearance location of the 
walkway. 

2. Positioning of steel bracket in the horizontal plane is 
problematical to assure proper alignment and a smooth 
walking surface. 

3. Proposed attachment of steel bracket to tunnel lining 
apparently assumes a cast-in-place concrete lining. 
However, contractor has the option of using precast 
concrete segmented liner which would make attachments not 

p only difficult but also variable due to the configuration 
H of ribs and recesses inherent in precast liners. 

4. Exposed steel bracket not fireproof so that in the event 
of a fire would be subject to buckling and possible 
collapse of the walkway system. 

5. The steel brackets are subject to corrosion unless 
galvanized, or otherwise treated. 

6. Construction might take longer than present design of 

H concrete walkway since phasing in of another trade 
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person, ironworker, would be required to handle the steel bracket; 
also to match the bolt holes of the cable tray with the steel 
brackets. 

7. To contain the grout, formwork might be required 
particularly if precast concrete segmented liners are 
used. 

I do not concur with the estimated cost reduction since the 
preparation of the materiai.s that would be used, along with the 
multiplicity of operations involved, coupled with the diverse 
trades required, all magnified by the uncertainties of the 
installation processes would lead one to feel that the real cost 
of the proposed prefabricated wireway supported on steel brackets 
would cost more than a conventional cast-in-place concrete walkway. 

Study #3 deals with cut-and-cover structures for which comments 
related to structural items are as follows: 

VEP #2 Station Columns 

This proposal to eliminate center columns as a cost reduction 
proposal has no merit. The center support cuts the slab spans 
to half the length of the clear span thus reducing the 
thicknesses of the slabs to half; since slab thicknesses 
automatically are proportional to span lengths. Reductions 
in slab thicknesses result in decreases in station depth, 
excavation depth and sheeting and bracing requirements. 

on Page 18 the statement is made "there does not appear to be 
any need for resistance to hydrostatic pressures as the 
existing water table appears to be below invert level." This 
statement is not borne out by the Geotechnical Reports. The 
report for Vermont/Beverly Station shows ground water level 
approximately 35 feet above subgrade. Preliminary 
Geotechnical Investigation indicates that along the Vermont 
Avenue alignment the ground-water levels vary from about 10 
to 30 feet below the ground surface. In 1405-I station designs 
the existing water levels were high necessitating added 
concrete weight in one case and hold-down piles in another 
case. 

The sketch of proposed design shows the base slab with a 

thickness of ± 3'-O (should have been correctly shown as 3'- 
0±) for the trackway portion, same as shown in the sketch of 

H present design, and only ± l'-6" (more correctly l'-G"±) for 
the portion under the platform area, or one-half the thickness 
indicated for the present design. The thicknesses shown for 
the base slab for the proposed design, compared to those for 
the present design, are absolutely wrong. Regardless of 
assumed distribution of subgrade reaction the thickness would 
be dictated by shear and with comparable design should be 
twice that of the present design. The l'-6" shown under the 
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platfora area is woefully inadequate regardless of subgrade 
reaction assumptions and certainly vulnerable to failure due 

H to hydrostatic pressures. 

The sketch of proposed design shows the mezzanine slab 
thickness (graphically, and confined by the cost estimate 
table) to be the same value as that shown for the present 
design. This is obviously incorrect since basic mechanics of 
materials and fundamental concrete design would expect the 
thickness of the mezzanine slab of the proposed design to be 
twice that of the present design due to the relative span 
lengths. Deflection might also be a problem since it varies 
with the fourth power of the span. 

In the proposed design, precast prestressed clear span beams 
and a poured-in-place slab structure is used for the roof. 
No mention is made of the connection problems between the 
precast beams and the poured-in-place exterior concrete walls, 
nor of the loss of beneficial continuity that a monolithic 

U cast-in place concrete frame structure would obtain. The 
problems of transporting 55-foot plus beams and lowering them 
through the decking level and threading them past the interior 

I 
bracing to set them on the walls are not even mentioned in the 
proposal. 

Page 20 describes the proposed design of column free stations 
and concludes with the statement "The cost of the complex 
column finishing in stainless steel is eliminated." This is 
a misleading assertion. The columns can certainly be left 
with concrete surface finish without any architectural 
adornment! 

I disagree completely with the estimated cost reduction since 
it is based on erroneous assumptions of the relative designs, 
as described above. Correct designs would in general show 
greater quantities and more operations required for the clear 
span approach than for the center column design and the 
results would indicate that clear span would be more costly 
than a center column station. 

VEP #4 St 

The proposed design consisting of eccentric one-way footings 
does not have merit because it is based on the false 
assumption that there is no hydrostatic uplift pressure, and 
because even in the absence of hydrostatic pressure it would 

Li lead to much thicker invert slabs than the present design 
stiff mat requires. Thicker invert slabs mean deeper 
excavation with resulting increases in sheeting and bracing 
requirements and quite likely increases in concrete and 
reinforcement. 

Hydrostatic uplift pressure would generate upward bending 
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moments in the clear span creating maximum moment at the 
center and thus requiring a considerably thicker slab than the 
proposed design assumes, at least twice the value than would 
be required by the present design of center column whereby the 
slab spans are cut in half. 

Slab thicknesses are generally dictated by shear. In the 
clear span proposed design there would be only two resisting 
shear sections whereas in the center column present design 

H there are four resisting shear sections. Regardless of the 
upward soil pressure distribution assumed for either design, 
and even in the absence of hydrostatic pressure, the proposed 
design would have twice the shear force acting at each shear 
resisting section than is the dase for the center column 
design, hence the slab thickness for the former case would of 
necessity be twice that of the latter case. 

Let us now consider the matter of bending moment in each 
design case. Page 33 of the Vt Study assigns a width of 8'- 
0" to the eccentric footing which is expected to behave as 
a cantilever. With a total uniform upward load of W acting 

(1 on this cantilever the maximum bending moment at the wall 
section would be 4W. In the center column case the total 
uniform load acting on each half span would be the same W 
value, the span would be, say 24 feet, but the bending moment 
would be no more than 1/12 W x Span, or 2W. Thus the bending 
moment for the clear span base slab is twice that of the 
center column slab. Since depth of concrete required varies 
as the square root of the moment it is seen that the clear 
span cantilever slab would have to be about 1 1/2 times the 
thickness of the center column slab, with accompanying 
increases in rebar requirement. 

Disadvantage of proposal: deeper excavation, increases in 
sheeting and bracing, increases in concrete and reinforcement. 

Li I do not concur with the estimated cost reduction because it 
is based on completely erroneous quantities for the 
comparative study. The quantities for the V.E. proposed 
design should be greater than those for the original design, 
thus resulting in an indrease in cost with the proposed 
design. 

Ma 14 

Continuous mezzanine, however of the full width type not with 
H. side cantilevers, has structural and functional merit and 

should be given serious consideration because: 

1. Full width mezzanine slab serves as a diaphragm support 
for the exterior walls thus reducing substantially the 
required thicknesses of the walls. 



K. N. Murthy 
Page 5 
October 30, 1989 

2. A full width mezzanine slab serves tà brace the station 
columns thus helping to reduce their cross-sections by 
making them more efficient due to lesser unsupported 
height. 

H 3. Full width mezzanine slab simplifies internal bracing 
H removal which is a major consideration where tie-backs 

are not feasible for installation. 

4. In the absence of the mezzanine slab and where tie-backs 
cannot be employed, the sizes of soldier piles would be 
greater than at mezzanine locations to permit the soldier 
piles to span greater lengths as internal bracing is 
removed to facilitate HOPE installation and the exterior 
wall pours. 

U 5. continuous mezzanines makes possible more opportunities 
for private entrance which can be accommodated in the 
initial station design or for which knock-out panels can 
be provided at very nominal costs. 

6. The dispersal and horizontal movement of passengers along 
a mezzanine level rather than on a platform level is more 
efficient and less irksome to the transit users. 

I... 7. Full length mezzanines can provide for more points of 
vertical circulation rather than having concentrations 

p of travel at only one or two locations. 

S. Full length mezzanines provide more flexibility for the 
locations of handicap elevators from street level to 
mezzanine level, and more flexibility for the locations 
of emergency exits. 

9. Full length mezzanines make easier the passage from 
ancillary spaces of one end of the station to ancillary 
spaces at the other end of the station. 

10. Full length, full width mezzanine provide areas for 
installation of miscellaneous facilities, such as 
telephones, change machines, ticket vending machines, 
maps, concessions, 

11. Full length, full width mezzanines facilitate the 
installation of lighting and signage required at the 

H platform level. 

It must be pointed out that the proposed concept of 
providing cantilever mezzanines is not acceptable from 
a structural point of view. The 12' wide walkway would 
not act as a "horizontal beam" as the Sketch of Proposed 
Design on Page 84 indicates, but rather as a cantilever 
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supported by the exterior wall due to its length. Cross 
struts--and only ona is shown at mid-length of the 
walkways--would not provide the necessary vertical 
àupport to the walkiay to relieve it of its cantilever 
action. Cantilever walkway would add more bending 
stresses and strains to the exterior walls. As a matter 
of actual occurrence, in a Caracas Metro Subway station 
where similar walkways as those proposed by the V.E. were 
installed, the thick 5-foot exterior walls developed 
diagonal cracks at the ends of the walkways. The effects 
of the cantilever walkway would also be of concern where 
openings for private entrances are contemplated to the 
extent that perhaps such openings might be precluded. 

I concur with the conclusion that there would be a cost 
savings of station construction with full length- 
mezzanines, but with full width area and though not 
necessarily With the takeoff items shown in the Cost 
model Sheet No. 85. The savings would come from 
reductions in concrete and rebars fOr exterior walls and 
columns, reductions in excavation volume, decreases in 
decking area, and benefits in sheeting design with 
internal bracing. These overall reductions plus those 
derived from simplifications of architectural and 
electrical items will more than offset the cost of adding 
more mezzanine area. 

Study #3 - Conclusion and Recommendations - Page 5 

I take exception to the statement "The preparation of DIRECTIVE 
drawings delineating both the structural system and architectural 
treatment for the District's stations, and the use of these 
drawings by section architects and engineers, would not work in the 
District's interest." The purpose of Directive Drawings is to give 
useful guidance to the section designer that enables him to arrange 

U and detail his work in the directions that satisfy the needs of the 
project. They are as valid as criteria and codes that apply to the 
design work. 

A general indictment of Directive Drawings is not valid. There is 
always room for improvement and suggestions are welcomed. If the 
Value Engineering Study results in the adoption of new concepts for 
arrangement and details then the benefits of the study obviously 
should be reflected in updated Directive Drawings, as well as 
criteria, otherwise the V.E. exercise would be lost by freeing the 

H designer to express his "imagination and creativity" toward costly 
products. 

WJA/kcr 

cc: J. Ball DCC (2) 
G. Cofer 



METRO RAIL TRANSIT CONSULTANTS 
DMIM/PBQD/KE/HWA 

MEMORANDUM 

TO: K. N. Murthy 

FROM: Ralph Desimorie £4) 

DATE: November 2, 1989 

SUBJECr: Foster's Value Engineering Study 

FILE NO: T100XOO4.00 

Per your request, we have reviewed Foster's Value Engineering 
Study. The following are our comments related to planning and 
architectural issues based on our expertise. 

PROPOSAL ii 

The proposal erroneously suggests a reduction in headroom 
requirements. SCRTD Criteria is based on the following 
calculations: 

H 1. Train dynamic envelope requires 14'-O". 

2. Clearance required for mechanical air supply register -2'-6" 
mm. and framing and finish grille clearance - 6" mm. 

3. Structural Slab 

4. Thickness of floor finish 4-1/2" 

5. Top of rail to platform 

6. Structtral beam depth 

Nl2'-8 1/2" from top of platform to underside of beam is the result 
of the above minimum requirements, not like the suggested lO'-O". 

Not included in this exercise is a modification to exit stair 
Li configuration per USC 1985. Exit stair headroom requirements, the 

stair crossing over the tramway mm. 14'-O" from T.O.R. requires 
locating the mezzanine slab at l6'-3" to l7'-O" above platf on, as 
previously recommended by design directives. 

891040KC.NEM 
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The proposal suggests a continuous mezzanine configuration offering 
connections between the two end mezzanines. Architectural design 
emanates from special considerations for the user of the space 
which includes wayfinding, defensible space, traffic flow and ease 
of orientation amongst others. 

Although this proposal suggests savings due to a more efficient 
structure and reduced construction costs, it does not satisfy basic 
functional directives. The purpose of building the entire system 
couldbe affected if we did npt have adequate organized functional 
passenger traffic flow. 

* This proposal disorganizes traffic flow and will increase the 
duration required. for orientation cueing, etc., within the 
station. 

* It increases ongoing security problems as monitoring would be 
difficult. 

* When faregates are added to the system, the "free areas" would 
be connected by two 12"-O" wide corridors which are 390' long. 

* Savings in structural costs would be offset to a degree by 
additional costs resulting from increased finishes and public 
areas and their on-going maintenance costs. 

* It is possible to achieve similar structural improvement by 
the use of bracing elements, without changing existing 
architectural functional layouts. 

Pronosal #12 

The proposal suggest upgrading the emergency exit to a full 
entrance. We had considered this option in the past and rejected 
it for the following reasons. 

1. Emergency exits surface within the public right-of-way 
resulting in major Ø land acquisition savings. 

2. Emergency exits can be combined with ancillary shafts and 
construct at minimal additional costs. 

891040KC.MEM 
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3. The design for each station provides f or future entrances but 
currently projected patronage numbers do not support the need 
for a complete second entrance. 

4. Acquiring additional real estate includes tenant relocation, 
demolition, and additional construction cost. 

Premium price is paid for the street frontage of any property. The 
proposal impacts this aspect more than the current design. SCRTD 
is currently resolving a similar situation with a property owner 
on the SE corner of 5th & Hill Streets. 

The proposals suggests entrances that are open to the sky and not 
covered as currently designed. 

There are disadvantages in the proposal when studied on a macro 
level which more than offset any potential savings: 

* Future joint development options are restricted du& to a loss 
of street level space. 

* Proposal #13 seems to contradict proposal #12 which suggest 
minimizing entrance areas on any one location. 

H * Concept is feasible if integrated into a major urban plaza with 
commercial and other pedestrian activities like shopping, food 
court, entertainment center etc. 

* Passageway ancillary spaces, currently located on the mezzanine 
will need to be relocated to accommodate this option, resulting 
increased excavation and construction costs. 

* Concept would increase on-going maintenance costs and raise 
security concerns. There is also the likelihood of these 

a spaces turning into congregation spots for anti-social elements 
conducting unhealthy activities. 

H 891040KC.l'IEM 
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Pronosal #14 

The proposal suggests relocating exit stairs within the 450' length 
of the platform. While it may result in a construction cost 
savings, it has the following functional drawbacks that need 
consideration: 

1. The concept allows for a 12' width for a combination of the 
UPE shaft, stairs and the structure walls. This leaves only 
5'-6" for stair widths, which is not sufficient in several 
cases (stair widths being determined by occupant loads, 
ridership and exit times by FLSC). 

2. The concept shows a 25' dead end condition, measured from the 
end of platform to the door opening. Building code requires 
that this distance not exceed 20'. If the proposed stair/tJfl 
structure would be revised to meet code, there would be 
headroom problems over the tramway (see answer to #3). 

3. The concept is not feasible in the double-end mezzanine 
stations due to entrances and public circulation conflicts. 
This figure should be excluded from the resultant savings 

1: suggested in the proposal. 

4. The condition caused by a constriction in the platf on width 
is unsafe for station patronage. 

5. Disregards FLSC resolutions. 

RD:kcr 

cc: J. Ball 
G. M. Cofer 
DCC (2) 

B91O4OKC.MEN 
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Im.aIL1 

Subway profile as described on 
pi.an and profile sheets for Phase 
II of the LEA. Specifically, 
average depths to top of rail of 

cross-over structure are as 
follows: 

Vermont/Beverly 48' 

Vermont/Sunset 45' 

Hollywood/Vine 52' 

RESPONSE 

Prof iles shown on LEA PHASE II 
drawings are preliminary in nature 
and reEl ect the best thinking at 
the time. Recent drawings done as 
part of "6 Stations + Line 
Segment" work show slightly 
different configurations wherein 
the profile was modified to 
accommodate the station structure. 

During continuing design profiles 
1 will be reviewed and revised as 

L required. 

We agree that a shallower 
structure results in a lesser 
cost; but it is al:o necessary to 
have sufficient cover over a 

Hstation structure to provide for 
supporting utilitio3, etc. 

Basic Cost $45,746,000 
Mark-up 17% 7.776.820 
TOTAL $53,522,820 

H. 
11/17/89 

Proposed profile would be raised 
to reduce depth of cross-overs as 
follows: 

Vermont/Beverly 40' 
Vermont/Sunset 40' 

Hollywood/Vine 46' 

Do not agree that estimate can be 
reduced to extent shown. 
Basically each structure was 
estimated at 25,700/L.F. 
regardless of depth. They were 
not estimated on the basis of 
amounts of excavation backfill, 
etc.; therefore it is not accurate 
to estimate a cost for differences 
in depth and then subtract this 
cost from a total that was not 
inclusive of this cost as a 
separate item initially. 

Basic Cost $42,120,000 
Mark-up 17% 7.262.400 
TOTAL $49,982,400 

$91081KC.CHT 



VEP #9 (cont..) 

Estimated Cost 
Est. Gross Savings 
Est. Implementation Cost 
En. Net Initial Savings 
Est. Life Cycle Savings 

$49,982,000 
3,541,000 

-0- 
3,541,000 
3,541,000 

Present design consists of a graphical solution of the subway profile as 
generally described on Phase II LPA plan and profile sheets. 

Profile is developed consistent with tunnelling requirements and location of 
existing utilities. 

DESCRIPTION OP PROPOSED DESIGN 

Generally follows present design but top of rail is raised throughout consistent 
with existing constraints at freeways and existing utilities. Criterion for 
single tunnel diameter clearances over tunnels is maintained with similar 
exception contained in present design. 

Low points in profiles are relocated so that sumps can be incorporated in cut 
and cover construction, thereby eliminating the need for sump/cross-passage 
structures. 

215 PONSE 

Where depths shown seem excessive at stations it is quite often the result of 
a Street at a grade steeper than the rail can be. (For example the grade of 
Vermont Avenue at Beverly goes up at an average of 5% whereas the top of rail 
is descending at 0.3%) (Similarly t? Vermont/Sta Monica Vermont rites 4Z+ and 
the station grade is set @ 0.7% [1.0% would be maximum)). In these locations 
the minimum cover is set @ the low end and the difference in depth of cover at 
a station of 560' length could be as much as 18' to 20' from one end to the 
other. 

Agree: That some low points may be shifted; but there are some that cannot 
1 be taken out of the line section between stations. 

11/17/89 Page 2 8910811CC. Cl-IT 



VEP i%17 

West of Hollywood/Vine station, 

the present design provides on 
combination double 
crossover/bidirectional pocket 
track to permit transit operations 
to recover from equipment failures 
and. other disruptions. This 
facility is housed in a long cut- 
and-cover structure approximately 
57 feet wide. By virtue of this 
construction, 65,000 square feet 
of space is created above the 
trackway, of which 31,000 square 
feet is allocated to adjacent 
station ancillary functions. 

RESPONSE 

Location of specific pocket track 
was placed on w/side of H/Vine 
Sta. - by Operations. They would 
actually prefer w/of H/Highland. 
Too much more westerly reduces 

Li efficiency of turnback operations. 

Train north of pocket track would 
have to return to universal city 
or advance to H/High.L and to 

discharge passengers before being 
stored. Then have to be pushed 
back to the pocket track for 
storage. 

Pocket track works most 
efficiently adjacent to a passen- 
ger station. 

Estimated Cost $18,041,000 

11/17/89 Page 3 

STATIONS RELOCATE POCKET 
TRACK & ADD CLOSURE 

This proposal relocates the pocket 
track function and its separate 
structure to a point within the 

Santa Monica mountains. A double 
crossover is provided at the west 
end of Hollywood/Vine station. 
The station is changed from center 
platform to side platform to 

permit closer track spacing and 
thereby minimize cut-and-cover 
structure length. Width is also 
reduced. 

The proposed concept creates 
17,000 square feet of space above 
the trackway. This space is 

consistent with that required for 
crossover stations. 

Advantages: 

1. Substantially less surface 
disruption. 

2. Enhances failure recovery. 
3. Permits maintenance vehicle 

staging. 
4. Reduces construction time. 

Disadvantages: 

1. Requires Revenue Service stop 
to pick up failed equipment 
train operator. 

2. Requires passengers to be 
directed between platforms 
occasionally. 

Estimated Cost $71,334,000 
Est. Gross Savings 9,707,000 
Est. Implem. Cost -0- 
Est. Net Initial Svngs 9,707,000 
Est. Life Cycle Svngs 9,707,000 

891081KC . CHT 



VEP 17 (Cont.) 

DESCRIPTION OF PRESENT DESIGN 

In addition, a reduction in width is made possible by narrowing the tracks 
approaching the crossover area form 38.3' CL to 13' CL. (See Response 1) The 

U space available for ancillary functions is about 17,000 LU. This amount of 
space is comparable to that required for the crossover functions proposed for 

C this station. 

Because the track spacing narrows to 13', the Hollywood/Vine station becomes a 
side platform station having 15 foot wide platforms through the vertical 
circulation area at mid-station and 12 foot wide platforms elsewhere. Mezzanine 
configurations are similar to the present dàsign, with vertical, circulation 
elements corresponding to that provided for the center platform designs. 

U The pocket track/crossover functions are comparable to or better than that of 
the present design and unneeded space is saved with less costly construction for 
a narrow box. Although somewhat inconveniencing patrons when they have to change 
platforms, the advantages of the proposed design lie in its substantial savings 
in construction costs, reduced surface disruption and reduced construction time. 
The savings estimated is the combined total for ZfCS-II and Ff05-Ill changes. The 
reduction in MOS-Il construction scope is almost $20 million; the increase in 
Ff05-Ill scope is just under $10 million. 

roRESPONSE 
1. This would require revision to criteria re: centerline to 

centerline spacing. (Vol. II Section 1 Paragraphs 1.4.23 shows 
minimum distance of 14'O".) 

2. Reverse curves necessary to go from tunnel certerline spacing to 
station centerline spacing have an effect on the operating speeds. 

3. Criteria requires 600' target track through station (450' platform 
+ 75' @ each end.) 

4. Previous attempt at placing double x-over @ 14' track centers was 
ruled out by systems. (We ended up providing two single crossovers 
to maintain operational advantages of turnback. This however, 
required more length of cut and cover construction.) - ((.410 double 
x-overs produce a long gap in traction power of 200' ±) (Break of 
12') 

L5. Do not agree with sizes estimated for reduced structure. Based on 
reverse curves needed to provide required speeds of 45 mph. (See 
sketch attached) 

Li 
11/17/89 Page 4 891081KC.CHT 
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METRO RAIL TRANSIT CONSULTANTS 

- 

DMIM/PBQD/ICE/HWA 

I! MEMORANDUM 

TO: K. N. Murthy 

FROM: K. V. Sain$.. 

DATE: November 15, 1989 

SUBJECT: FOs'risx'S VALUE ENGINEERING STUDY 

FILE NO.: T430X004.00 

Per your request I have reviewed Study #2 and Study #3. Following 
are my comments related to my area of expertise/discipline: 

1flkk1a4itTh,,tIa o;,xeze 

Reduction in space above the platform from (9'-?") + (4'-3-l/2") 
13'-1O-l/2" to (9'-7") + (2'-3-1/2" = 1l'-1O-1/2" will not work. 

3.'-6' is required for installation of the supply air duct, 
therefore, a minimum 9'7"+3'-6" = l3'-l" is required above the 
platform. This dimension will encroach on l4'-O" clearance above 
the top of rail. 

Reduction in space above mezzanine will not affect the mechanical. 

In the present design Sound attenuators on both sides of the 
emergency fans and acoustical lining in the ventilation shafts are 
provided to control noise generated by the emergency fans. These 
fans will be tested periodically in the non-reserve period, at 
night, when the background noise is lowest. Noise and vibration 
control as mandated by the E.I.S. and set forth in SRTD criteria 
Vol. IV section 7.1.3. will be violated by removing these sound 
attenuators, our acoustical consultants have established that 
acoustical lining alone without the sound attenuators will not be 
sufficient to reduce noise to acceptable levels. 

VALUE ENGINEERING PROPOSAL #8 (Study Ho. 3): 

Smok exhaust system cannot be deleted for the following reasons: 

1. It will be used to expel smoke from the mezzanine area after 
a fire in the system. 

891030CA.REP Page 1 
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2. Smoke exhaust system will be used in conjunction with the 
underplatform exhaust system and supply air system to 
ventilate the tunnels for purging methane gas in the non- 
revenue period. 

3. The functional concert of the smoke exhaust system in the 
proposal is incorrect. Smoke exhaust system will be of f when 
the emergency fans are activated. This system will be 
activated to expel smoke and hot gases, which will accumulate 
at the mezzanine ceiling in the fire incident after the 
emergency fans are tuned off. Therefore, partial vacuum and 
different air pressure is irrelevant. The system is safe and 
has a very useful function to perform. 

4. The function and use of this system f or purging methane gas 
from the tunnels have been analyzed in the August 1985 

f Environmental Control System Report. 

VALUE ENGINEERING PROPOSAL 19 (Study No. 3): 

1. Above grade property for the chiller room, when the air 

p conditioning is needed, may not be available near the station. 

2. The cost of such property is not shown in this proposal. 

VALUE ENGINEERING PROPOSAL 110 (Study No. 2): 

1. I disagree with the proposal to use grooved piping with non- 
metallic gaskets (victaulic type). A recent fire in a mine 
burnt out the gaskets and the fire piping failed. It is 
unsafe to use grooved piping in the tunnels. 

2. The new valve arrangement will not work. The proposed 
arrangement is an undimensioned sketch. Pipe cannot be 
relocated as shown on the sketch and there is no cost savings 
in this rearrangement. See attached dimensioned sketch for 
location of fire line in the tunnel. 

VALUE ENGINEERING PROPOSAL 410 (Study No. 3): 

The Environmental Control System Report (August 1985) addressed the 
elimination of station Supply Air System, and concluded that 
station temperature will exceed 90 F when the outside air is 84 F 
at three minute headway, LRDS, if station supply air system is 
deleted. There are many days in a year when the outdoor 

L temperature exceeds 84 F, which will result in even higher system 
temperature if the station supply air system is not installed. 
When the headway is further reduced it is predicted that the 
station temperature will range from 92 F to 104 F. At that time 
mechanical cooling will be required to maintain reasonable station 
environment, which is expected in a modern transit system. The 
station environment prediction is based on many assumptions 
including the effectiveness of the underplatform exhaust system, 

891030CA.REP Page 2 
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which may not be as effective as assumed resulting in higher 
temperature, and requiring mechanical refrigeration at longer 
headways. 

77 

r. 

1' 

4- 

The station supply air system in conjunction with underplatfora 
exhaust and smoke exhaust systems will be used to purge methane gas 
from the tunnels in the non-revenue period, in a push concept. 

KS/ca 

Thc: J. Ball 
G. N. Cofer 
DCC (2) 

891030CA.REP Page 3 
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UIJ METRO RAIL TRANSIT CONSULTANTS 
DMJM/PBQD/Kf/HWA 

MEMORANDUM 

November 1, 1989 

TO: K. N. Murthy 

FROM: A. Daleêfr 
StJ3JEcr: Foster's Value Engineering Studies 

FILE: WOOLXOO4.00 

In accordance with your request attached are our comments on Value 
Engineering Studies NOS. 2 and 3. 

AD/N8/sfl 

cc: .7. Ball 
N. Brown 
R. Harvey 
M. Ingram 

891065NB 



Systems Division 
Review Comments 

A. Value Engineering study #2 

1. VEP No. 1 - Tunnel Diameter 
This proposal does not take into consideration 

n antennae,lights conduit and other fixtures. Plus it does 
not allow 11" for jacking. Also it may not be advisable 
to limit design to the Breda car dynamic envelope. 

2. VEP No. 5 - Tunnel Walkway 
1. This proposal does not address how and where the wet 

p standpipe is to be located. 

2. It does not address possible interferences 
with the communications system, specifically 
the FTELS. 

3. In as much as NEXA VE-1 prohibits the use of 
cable trays as walkways, these specially 
constructed wireways may require considerable 
testing. 

4. The structure group will have to verify that 
the proposed structure will handle loads 
imposed during emergency conditions. 
(See SDC & S VOL II. 2.12.3). 

5. Verification will have to be made to determine 
if there is sufficient protection for vital 
circuits in the event of a tunnel fire. 

3. VEP No. 6 - Tunnel Cross Passages 
1. 1 1/2 hour rated doors are required at cross passages to 

provide safe refuge in the event of a fire in one of the 
tunnels. Also doors are required by ventilation demands 
(See 5DC&S 2.3.4.1.4) 

2. The opposite tunnel is considered as a smokeproof 
enclosure in the event of a fire. The crosspassage 
therefore serves as a required vestibule. As such it 
must have a ceiling at least 20 inches above the door to 
serve as a smoke trap. (see USC 3309-4 1988 addenda.) 

3. No consideration has been given f or fire protection 
equipment. The proposed change fails to consider many 
equipment items that must be located in the crosspassages 

89105 35T.mem 1 



U for supervisory functions relative to air flow, air 
quality, fire management and suppression, emergency 
coptnunications and fluid ejection. 

4. Exit calculations are based on 44" clear width openings. 
Also see UBC 3310-2 for minimum size of vestibule. 

5. Communication equipment may be too sensitive to the 
tunnel environment. If combined with smaller tunnel 
clearance problems may exist. 

4. VEP No. 10 - Tunnel Wet Standpipe Stage II (Exposed) 

1. Acceptable from functional and F/LS code stand point. 
Possible mechanical & structural. design considerations 
eg. adequate support of piping and walkway. 

B. Value Engineering Study #3 

1. yE? No. 3 - Station Length 
No apparent difficulties from exiting or platf on capac- 
ity point of view. However, as proposed a perfect stop 

r would leave the rear door within 5' of end of platform. 
Further study is required to determine if this is within 
the ATO berthing accuracy. The ATO system prevents the 
doors from being opened if berthing accuracy is out of 
tolerance. The change from about 15' to 5' accuracy 
requires further study. 

2. VEP No. 5 - Engineering Vent Shaft/Blast Relief Outlets 

1. The emergency vent/BRS serves as an air intake under 
certain emergency conditions. Toxic and other 
noxious fumes could be drawn into the air supply 
even with a sump below the opening. 

3. VEP No. 6 - Emergency Ventilation - Noise Control 

1. There may be local noise abatement requirements 
which, apply even under emergency conditions. 

2. Note auxiliary ventilation systems already are used 
to control NO?' and cwt 1 

4. VEP No. 7 - Under Platform Exhaust Outlet 

- --I 

1. Sumps will accumulate debris which will have to be 
cleaned out causing disruption of traffic. it7 o 

CXJ 

76o. 
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. 
2. Hazardous material can not be discharged into the 

City sewer system; therefore a disposal problem 
exists. av ;q PtaPtflL7 

5. VEP No. 12 - StatiOn Entrances 

1. This proposal appears acceptable 
from a P/S standpoint, provided the 
following: 

-Sufficient exit lanes are provided to 
evacuate station within 6 minutes. (See 
SDC&S Volume I 2.2.5.3.2) 

-Entrances are separated by a minimum of 40 feet. 
(See SDC&S Volume I 2.2.5.3.7) 

-No point on the mezzanine is more than 300 ft. 
H from an exit. (See SDC&S Volume I 2.2.5.3.8) 

6. VEP No. 14 - Emergency Exits 

1. This proposal seems acceptable as long as the 
minimum required clear width of emergency exit 
is maintained and adequate space is provided 
for the TYPE shaft. 

2. Please note that the Emergency Exit stairway 
must be separated from all other occupancies 
by a two-hour rated separation. (See wall 
rating schedule DCC No. 84-12050). 

3. The current concept of exiting has been 
carefully reviewed and analyzed by fire 
service and other safety professionals and is 
considered acceptable. 

7. VEP No. 16 - Pocket Track in Station 

1. There does not appear to be any adverse safety 
implications with this proposal. 

2. Further consideration needs to be given to 
operational aspects. Note that the third 
track storage capacity of the pocket rack is 
lost in the proposed side platf on 
substitution. 

891053ST.mem 3 



i. 
8. VEP No. 17 - Relocate Pocket Track 

A computer simulation should be performed byScRTD, 
similar to those performed for the recent Pocket 
Track Study, to determine if this pocket track 
location is acceptable from our operationc 

U standpoint. 

L. 

I - 
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METRO RAIL TRANSIT CONSULTANTS 
DMJMJPBQD/KE/HwA 

MEMORANDUM 

DATE: November 6, 1 

to: J. G. Ball 

From: J. E. Monsees 

Subject: Comments on yE Study #2 

File No.: P097 

These comments pertain to study #2 only. 

1. Reduce Tunnel Diameter 

l.a. Provide clearance f or Breda car, not for composite car. 

.Ans.: Not my area of expertise, but a call that should be 
made by the District. May restrict competition for 
future car contracts. 

l.b. Reduce re-railing clearance 

Mis.: Seems like a reasonable suggestion to me. In the 
very infrequent event Of a rerailing, additional 
clearance can be gained (as a last resort) by 
lowering the suspension. 

l.c. Reduce space above walkway. 

Ans.: Call comes from Fire-Life Safety. 

l.d. Modify traction power conductor 

Ans.: VE teams's proposal is unclear. They should 
clarify. 

QOlO-aI2.fl$I 



Comments on VE Study #2 

i.e. Remove annular repair space on inside. 

Ans.: My confidence in the membrane is higher now than 
when we started. However, we do not know how its 
properties hold up for 50-100 years. Also, in spite 
of our best efforts, earthquakes do strange things 
to structures. MWD experience shows that the steel 
skin can be installed at a later date --- granted 
service would be disrupted, but probably not as much 
as it would if a gas leak developed. I am not 
confident that the technology exists to use interior 
membranes. I recommend we leave the repair space 
in as insurance. 

Closure: 

1) Give strong consideration to saving 5"-G" by reducing 
rerailing space. 

2) Cost savings are unrealistic. 

o Incremental excavation is probably closer to $20/yd 
(disposal cost) than to $50 

S o Incremental lining is also far cheaper since we need pay 
only for slightly more concrete -- say $60/yd instead of 
$150/yd by VE team. (Al to check my costs.) 

2. Modify Final Lining Design 

2. a. Eliminate reinforcing 

Ans.: No. I would agree for similar tunnels anywhere else, 
i.e., NOT in earthauake country. Circumferential 
cracking potential (from longitudinal strain) is up 
to five inches per 100 feet of tunnel. To argue 
that minimum resteel does not distribute cracking 
is to dispute long-standing wisdom reflected in 
ACI31B requirements. If nominal longitudinal steel 
distributes cracks on 10. ft denters, the average 

891020bp.l020 2 



fl. 

Comments on yE study #2 

width becomes 0. 5in.; if on one ft centers the 
width becomes 0.05 in.. Granted the membrane is 
quite ductile and will span some cracking. However, 
we don't know its long term properties (50-100 
years) and must do what we can to reduce the 
potential cracks to be spanned. 

ii Nominal circumferential steel provides added 
f: 

ductibility especially for the believed most likely 
deformation of the tunnel, horizontal. ovalling. 

C.. 

For the record, experts may not fully agree as to 
earthquake reinforcing for normally stable tunnels, 
but I will remove my name from a design that 
contains no reinforcing. 

Closure: 

1) I must insist that reinforcing stays. We have reached 
my limit for minimizing it. 

2) Al should comment on costs: 

o Cost for concrete must be material cost only. 

o Membrane cost appears high by factor of approx. 3. 

o Excavation cost must (basically) be disposal cost only. 

3) I seriously question that eliminating steel will reduce 
construction time. Tunnel pour times are very seldom 
govertied by time for setting steel. 

3. Double Track Tunnel 

This proposal requires that SCRTD pioneer in several areas: 

0 I am not aware of a tunnel by shield of this 
cross/section ever being driven in the U.S. Thus a whole 
new shield concept must be designed, built, and debugged. 

891020bp. 1020 3 



Comments on VIE study #2 

o All shields tend to roll. Should this one roll it 
critically impacts the vertical track alignment. 

o Face stability will surely be a problem. This shape and 
size are far less stable than a 20 ft (+) circular 
tunnel. In my judgment Shank's work has shown that we 

UT are near the point of limiting equilibrium for LA 
alluvium. A larger, flatter opening can only be less 
stable, I would not be surprised if the VIE proposal 
pushed us over the edge on face stability. 

o Possible problems are probably reduced should the tunnel 
be well-buried in the "bedrock". 

L 
I suggest AL comment on costs. If VIE team is correct, perhaps we 
could consider alternative bids provided RTD pays for considerable 
extra design and accepts full liability for pioneering 
design/construction. 

4. Tunnel Invert 

Our design follows practice (I believe in WHATA, Salt., 
Atlanta, etc.) I do not know where reinforcement requirement 
first came from; I suspect experience may show deterioration 
with age due to train pounding (just as has been found for 
highways). I recommend we take two steps: 

o Check requirement with other systems. 

o Consider reinforcement without bonding. 

In either case (or both) $2.4m seems a small premium for additional 
insurance. With regard to costs: 

o VIE does not make it clear how invert concrete is reduced. 
Plus, reduced concrete should be priced at material cost 
only. 

I. 
891020bp.1020 4 
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Comments on yE Study #2 

0 Rebar cost ($0.60) is too high. 
other estimates. 

5. Tunnel Walkway 

yE team used $0.38 in 

I recommend we consider this suggestion. The only item that 
occurs to me is that the steel brackets present a long-term 
maintenance question. Can (or will) they be cleaned and 
painted on a scheduled basis so that they do not suffer 
extensive rusting and corresponding short life. 

I assume yE'S assertion is true that the prefabricated 
wireways exist and that they are acceptable to electrical, 
Fire Life Safety, operations, etc. 

6. Tunnel Crosspassages 

These designs/construction follow successful applications in 
Baltimore. If yE's cost projections are accurate, we probably 
should revisit the design. This would include an update 
regarding experience elsewhere, construction experience (and 
cost) here, and then a re-look at the design 
approach/assumptions. NOTE that others (e.g., electrical, 
systems, Fire Life Safety,) should also address these 
crosspassages. 

7. system Profile 

Response to be provided by Don Logan. 

JEM/bp 
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STUDY NO. 3 

PronosLal No. 15 

These tunnels are primary in oxidized (weathered) Puente. This 
leads to several points not considered by the VE team: 

o we do not have experience with tunnels in this material. 

o I would have confidence in a 10 foot pillar. Without 
experience my confidence would fade with a 5-foot one, 
and I would have no confidence in contractors driving up 
to 300 feet of adjacent tunnels (i.e., tunnels one foot 
or less apart). 

o Tunnel stability is also complicated by converging 
tunnels - contractors consistently have problems with 
ground control on curves. (Granted VEts curves are long 
radii.) 

o Ground cannot be grouted (too fine). 

o Close tunnels at BART were by necessity. not by choice. 

o Vertical braces and horizontal ties can be used, but they 

p are expensive; a cost not reflected in yE numbers. 

o Additional exploration and design costs would be 
necessary to develop Vt proposed alignment 

Estimating should take a detailed look at Vt's costs (assuming 
operations et al want to pursue this Vt). 

cost for narrower station are obtained by Vt by scaling linearly 
from design station. This ignores the fact that many items are 
constants (or nearly so): 

o shoring and bracing 

o Station walls 

o Traffic control 

o Utilities 

o Lost business, and other intangibles 

Operations, fire life safety, and others should review and evaluate 
operations of having curves on each an doe the station (by choice, 
not by necessity). 

Pronosal No. 17 

Vt proposal apparently is based on the assumption that the new 



. pocket track will be built in hard rock that is self supporting. 
We should make several borings into that location and then study 
all the data to verify that assumption and to perform the design. 

yE apparently assumes double-wide crossover can be built in hard 
rock for $4000/foot. I doubt that, suspect it may be closer to 
$800C/foot. I strongly suggest estimating take good look at this 
cost. 

Note also that this estimate apparently assumes good rock 
conditions, which we would have to verify (per first paragraph). 
Operations should take a good look at having the crossover removed 
from the station (by 1000 feet or so), as should safety et al. 

1 

P 



ROCO 
500 SOUTH SPRING STREET 
SUITE 1200 
LOS ANGELES, CALIFORNIA 90014 
(2131 489-6050 

REF. CONTRACT NO. 3369 
CM-MR-5048 

November 27, 1989 

Southern California Rapid Transit District 
425 South Main Street 
Los Angeles, California 90013 

Attention: Mr. Samuel K. Louis, P.E. 
Director, Construction Management 

Subject: Phase 11 Value Engineering Study 

Gentlemen: 

Herewith are PDCD's connents on the following Phase II Value Engineering 
studies: 

o Study No. 1 - Design Criteria and Directives 

o Study No. 2 - Line Structures 

L 
o Study No. 3 - Stations 

V. E. Study No. 1 - Design Criteria and Directives/MOS II 

PDCD has no connents 

V. E. Study No. 2, LIne Structures/MOS II 

Item 1. Reduce Tunnel Diameter 
Present diameter a 17'-10°, reduce to 16'-lO". 
VE Proposal indicates less cost, faster construction. 

U The estimated saving of $230/LF has been determined on a volume 
basis. Excav. y/LF 

p Support CYILF 
Concrete Cy/LF 
Membrane Cy/LF 

Muck disposal and material costs do vary with a reduction, 
however, affect on labor, equipment and plant is questionable. 

As a matter of fact, by reducing diameter the clearance 
tolerances become more rigid and may slow down progress to 

maintain 
line and grade. There have been three projects 

A JOINT VENTURE OF THE RALPtI N, PARSONS COMP*NV DILLINCHAM CONSTRUCTiON. INC. AND DE LEUW CATHEP S COMPANY 

L. L -f 



r. Phase II Value 
Engineering Study 

poco 

-2- November 27, 1989 

equipped to excavate and line a 17'-lO" diameter tunnel. Three 
excavators, trailing gear, etc., and at least two ,ets of forms. 
A change in diameter may eliminate the benefits for utilizing 
existing equipment. 

Reduction in tunnel diameter would eliminate any future changes 
to the rolling stock. 

Item 2. Change the tunnel lining from 12" to 8" unreinforced concrete. 

Elimination of reinforcing steel is recomended If structurally 
satisfactory. Elimination of reinforcing steel and reduction in 
the wall thicknes.s together is questionable. Placing concrete 
in an 8" thick lining with resteel would slow operations. 

Reduction In lining thickness would reduce material cost but it 
is doubtful if labor and equipment costs would be affected. 

A reduction in lining thickness would probably change finish 

U diameter and thus would not benefit future costs with reuse of 
existing forms. 

Item 3. Substitute Double Track Tunnel for Twin Tunnel 

This item would be Influenced by competency of the ground. It 

would cause heavier supports and thicker lining for the 32' vs 
17'-lU"+ opening. It would require a redesigned excavator and 
shield. 

Item 4. Modify Tunnel Invert 

Agree. Elimination of resteel would be advantageous. Concrete 
volume would be unchanged. 

Item 5. ModIfy Tunnel Walkway 

No co'nent except that there are currently two sets of forms in 

existence. 

ii Item 6. Reduce Cross Passage Size 

This is a design consideration. 

Item 9. Raise System Profile 

Raising the profile may put tunnels in less competent ground. 
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PDCD 

Phase II Value -3- 

Engineering Study 

Item 10. Modify Wet Standplpe 

This is a design consideration.. 

V.E. Study No. 3, Statlons/MOS II 

November 27, 1989 

All stations should be Identical In layout within a comon 
footprint. Site adapt the entrances. 

Better utilization of the area within the body of the station 
would be to eliminate ancillary items outside the body of the 
station and utilize the area above the station. 

Architectural, electrical, mechanical layout, etc., should be 
the same In every station. Modify the interior finish within 
those parameters If a dIfferent or a variety in appearance is 

desirable. 

Attachments 
as noted 

cc: S. K. Louis (w/o att.) 
W. J. Rhine (w/o att.) 
150/0CC (w/o att.) 

Very truly yours, 

Polacek 
Construction Manager 
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FOSTER ENGINEERING, INC. 
IN(;INlutsr4t. ANtI 

SAN FRAN( 15CC) SACRAMENTO SAN I )JI ii) 

December 8, 1989 

Li Mr. J. E. Crawley 
SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 
425 south Main Street 
Los Angeles, CA 90013 

Dear Mr. Crawley: 

Subject: VALUE ENGINEERI14G STUDIES MOS II 

We have received your letter dated November 29 together with 
comments and discussions originating from within SCRTD and from 
your consultants. 

We appreciate the timely handling of this phase of our work with 
you and were very pleased to note that, for the most part, the VE 
Proposals were well received. 

The comments made in response to Value Engineering Studies 1, 2 

and 3 show that there are diverse opinions even among the 
respondents. These opinions reflect the backgrounds of those 
making the comments and their special fields of interest. During 
the course of preparing the reports, the Value Engineering Team 
sought to take all relevant matters into account, giving each 
consideration its relevant weight. The reports therefore present 
what we consider to be a balanced position, which does not give 
undue weight to tradition or criteria just because they exist. 
We are pleased with the amount of positive comments. 

S 

Marty of the negative comments focus on the amounts of the cost 
savings forecast to be achievable. The cost data used was that 
provided by SCRTD, supplemented by current data from contractors 
and others. In recognition of the inherent unreliability of cost 
projections based on unit prices, the forecasts of cost savings 
have been kept on the conservative side where possible. It has 
always been assumed that much more detailed analysis of costs 
would be made for any VEP accepted for system use. In addition, 
it is recognized and stated in the reports that some of the 
proposals are mutually exclusive. 

In general, we find nothing in the comments made which ou1d 
cause us to revise the proposals made in the three Value 
Engineering Reports. This does not mean that the comments are 
without merit - only that they are details rather than an 
overview; or that they represent differences in expert opinion; 

llnvt,,uct Siren, San Irant i'a u, (A 4lfli ii) ri 



Mr. J. E. Crawley 
December 8, 1989 
Page 2 

or that they are written versions of verbal comments already made 
at review meetings and taken into account in formulating the 
published reports. 

In order to assist you and other District staff to reach a 
conclusion with respect to the final disposition of each of the 
VEP proposals presentedf we are preparing a summary tabulation of 
the proposals concerning the Vt Team's recommendations and the 
Team's understanding of staff and consultants comments. 

We would propose that this tabulation be completed during the 
course of the meeting on December 13th by indicating thereon the 
final actions required by the District. This tabulation will 
eventually be included in the VE Reports for final distribution. 

Copies of comments received will also be included as an appendix. 

In the meantime, attached herewith for your consideration is a 
brief response to some of the comments received. We hope this 
will set the stage for our discussions next week. 

An agenda along the following lines may be appropriate for this 
meeting: 

1. opening statement by SCRTD Management outlining purpose of 
meeting and the need to finalize the disposition of the VE 
Proposals. 

Our approach to this matter would be to establish three 
specific categories for action that would be taken by SCRTD 
for each of the Vt Proposals presented. These would be: 

o Accepted for Implementation with appropriate directions 
to those concerned. 

L. o Accepted with reservations pending further study and/or 
refined design and cost estimates. 

o Rejected. 

2. A summary review of each VE Proposal presentec. by the 'YE 

Team. 

Each VE Proposal will be briefly presented followed by a 
discussion concerning the merits of the proposal by all 
concerned. At the conclusion of the discussion, a. decision 
would be taken by SCRTD management concerning the final 
action to be taken. 



Mr. 3. E. Crawley 
December 8,1989 
Page 3 

In view of the fact that there are thirty-one VE Proposals 
to be presented, it may be advisable to limit individual 
discussion on each yE Proposal to five minutes. 

3. Any concluding remarks by SCRTD staff. 

If you have any questions, please call. 

Sincerely, 

FOSTER ENGINEERING, INC. 

H. A. Foster 
President 

HAF/peh 

c: 453-Aol 
Chron. 
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RESPONSE TO COMMENTS ON 'YE STUDIES 

December 7, 1989 

VEP STUDY #1 

RE: MRTC letter dated September 8. 1989 - Contract Packaging 

The VE Team did in fact consider the time relationship between 
tunnel and station contracts and considered that from the 
standpoint of construction duration, there would be no delay to 
station contracts. Naturally, the start of construction would 
have to be coordinated with the tunnel works. 

In the team's opinion, there is no cost penalty involved for a 
later start on the station work, particularly when design time is 
taken into consideration noting that tunnel contracts will 
require far less design time than station contracts. 

The attached memo from Mr. Armento seemed to indicate that a 
separate contract would be let for station excavation whereas the 
VEP proposal suggests that station excavation be included in the 
tunneling contract. 

We did not find any compelling arguments in MRTC's response to 
this matter and continue to believe that the contract packaging 
suggested would have far reaching benefits to the District. 

Certainly there is work to be done to clearly identify interfaces 
and to prepare, "prior to bid", for normal construction 
difficulties and to take "positive steps" to mitigate potential 

H claims. These matters are of a routine nature and would be 
provided for in the various construction packages under 
preparation. 

RE: Mr. Storey's Comment 

We have nothing additional to add at this time concerning the 
comments on 'YE Study #1. 

VEP STUDY #2 

The 'YE Team has no further comments on VEP's # 1, 2, 3, 5, 6, 9, 
and 10. 

We disagree with MBTC concerning the rebar issue and continue to 
believe in the statement made in the 'YE Proposal #4 text 

Mr. Storey's Comments 

We have no further comment on Mr. Storey's comments. 

T. 



. 

1' 

I. 

RE: Mr. Ishkanaian's Comments 

We note the general agreement concerning the tunneling contracts. 
The notes concerning the tunneling methods proposed for the 
station work are interesting and naturally would need to be 
studied further. 

yE? STUDY #3 

fl MRTC Comments 

VEP #1 MRTC arguments not compelling. 

VEP 42 The team continues to believe in the economies and 
advantages of a no-column station. Economies do not 
come from the "structural" issues. Obviously more 
concrete and rebar are needed in the roof. Cost 
savings come from speed and simplicity of construction. 
Recommend strongly that columns be deleted once and for 
all. 

- Adding concrete to invert to mitigate buoyancy is 
rarely economical. 

- Beam to wall connection is routine when you know 
how. 

- The "virtually impossible" task of threading P-C 
beams through decking and utilities was performed 
with great success and economy is San Francisco. 
See attached pictures. Beams were installed at a 
rate of 11 per day on average. 

VEP 43 No content. 

VEP #4 Strongly disagree. Concept of one way footing has 
nothing to do with hydrostatic pressure. 

If water pressure exists, then this would be dealt with 
accordingly. Water loads would be superimposed on 
overburden loads. Discussion regarding statics of 
design is full of errors. Slab thickness is indeed 
determined by shear in the present design, but 
certainly not in the proposed design. Water pressures 
have to be dealt with and we concur that without 
columns, the slab thickness would be increased 
somewhat. The essence of the proposal has nevertheless 
been misunderstood. The VEP proposal notes the 
competency of the Puente soils formation and suggests 
that in lieu of uniform distribution of the loads over 
a rigid mat, a one-way type of foundation be 
substituted. If the District elects to use columns, 
the suggestion is still valid. 



Li 

Strongly disagree with comment re-estimated cost. VE 
team considers estimates to be very conservative. 

\7EP #5 See later continents by Mr. McCutchen. 

VEP #6 Do not agree. See comments by Mr. McCutchen. 

VEP #7 See comments by Mr. Mccutchen. 

VEP #8 See later response re ventilation and smoke control. 

VEP #9 No further comment. 

VEP #10 No further continent. 

VEP #11 No comment on first paragraph, but disagree entirely 
with second and third paragraphs. Introducing the 
mezzanine configured in the proposal manner would 
reduce the wall thickness not increase it. A full 
mezzanine will create a confined space at platform 
level and does not add to the structural capacity of 
the station. 

VEP #12 No further comment. 

L VEP #13 The team believes that everything possible should be 
pursued to implement the concept of plazas and open 
spaces in the station. The MRTC arguments against such 
a proposal are not compelling. 

VEP #14 No further comment. 

VEP #15 VE team recommends side platf on stations to 
precipitate major cost savings. 

The VE team considers that the reservations concerning 
the reduction in tunnel spacing for a short distance 
are exaggerated. In practice a 5'-O,, separation would 
be readily achievable at no extra cost. The estimated 
cost savings take into consideration the factors noted. 
We do not expect any change in the overall tunneling 
production. 

VEP #16 The yE team continues to believe that in general there 
is little difference between side and center platforms, 

H even for the "so called" busy station. The cost 
savings are enormous. 

VEP #17 The S1E team has no doubt whatsoever that the additional 
space required for the pocket track constructed by rock 
tunneling methods will be far less than constructing it 



I. 

at Hollywood and Vine. Naturally, the details must be 
worked out and we strongly suggest that studies be 
conducted to examine this proposal further. 

The following additional response has been prepared by Mr. 
McCutchen. 

Rfl Mr. Storey 

1. Concurs with vent shaft relocation, VEP #5. 

2. Does not concur with smoke exhaust VEP #8. Says "smoke in 
trainways goes to each end of platforms and under platform - 
not mezzanine". 

Comment: Smoke exhaust system has exhaust ducts in ceiling 
of mezzanine. Operation of this system will draw smoke from 
platform area through mezzanine area to ceiling of 
mezzanine. VEP #8 still stands. 

3. Does not concur with Station Vent Proposal VEP #10. Says 
"Do not believe VE team has proper knowledge of station vent 
system". 

Comment: VE team has studied station vent system and lack 
thereof carefully based on design information supplied. Our 
conclusions and recommendations stand on VEP #10. 

B& Mr. Low 

1. strongly concur with VEP #5. 

2. Concur with VEP #6. 

3. strongly concur with VEP #7. 

4. Questions logic of VEP #8. "Smoke pushed out of station at 
track level will not necessarily remove smoke from upper 
portion of mezzanine, which could be serious evacuation 
problem". 

Comment: Smoke is exhausted at track level (1) to prevent 
intrusion into mezzanine space and (2) to draw away any 
smoke that does intrude into the mezzanine. Smoke should be 
exhausted by a fan draft as close to the source as possible 
and strong enough to exhaust fl the smoke at platform and 
mezzanine levels. VEP #8 stands. 

5. VEP #10 - concur. 

6. Prefer relocated pocket track. 



RE: MRTC 

1. Proposal No. 1. Station Depth. "Proposal does not have 
merit," [because] 

(a) "ceiling area above platform requires a space of 3.5 
feet for the air supply duct system". 

Comment: Air supply duct system is non-existent, therefore, 
VEP #1 valid. 

(b) "Vault ceiling height controlled by space requirement 
for the smoke exhaust duct.. ." 

Comment: Recommended in VEP #8 that smoke exhaust system be 
eliminated. VEP #1 OK. 

2. VEP #5. Agrees. 

3. VEP #6. "Attenuator cahnot be eliminated". 

Comment: Does not address criteria that emergency fans 
should be used for emergency use only. If this criteria is 
zollowed, attenuators not necessary, as recommended by FF1 
in VEt' #6. Savings in underground construction enormous. 

4. Concurs with VEt' #7. 

5. VEP #8. "Smoke exhaust system cannot be deleted for 
following reasons". 

H 1. Use to expel smoke from mezzanine area after a fire in 
system. 

2. Used in conjunction with tJPE and supply air system to 
ventilate the tunnels in the purging of methane gas 
during non-train operating periods. 

Functional concept of smoke exhaust system in vgp 
misunderstood. Smoke exhaust gj when emergency fans 
activated. System activated to expel smoke and hot 
gases which accumulate at the mezzanine ceiling after 
the emergency fans tuned off. 

Comment: Reason #2 is a normal, not emergency 
function. Seems an inefficient way to ventilate 
tunnels. Reason #2 not stated at District briefings; 
emergency fans stated as being used to purge methane. 
Reason #1 not stated at District briefing. Emergency 
fans should be designed with capacity to do smoke 
evacuation in tunnels and stations, including 
mezzanines. VEP #8 still valid. 



6. VEP #10. 
with UPE 

Comment: 
no ducts 
still va 

Does not concur in deletion. Used in conjunction 
and SES to purge methane. 

Supply air system not presently functional since 
are provided to distribute supply air. VEP #10 
Lid. 

1: Memo to K.N. Muhv 

1. VEP #6. Night testing of fans makes attenuators needed. 

Comment: Testing can be minimal with reliable fans and can 
be done at other than night time. Noise czi be reduced to 
acceptable levels if fans are used only in emergencies or 
training for emergencies. VEP #6. OK. 

2. VEP #8. See comments in MRTC report. 

3. VEP #10. "Need station supply system". 

Comment: Then put it in, with proper intakes and ductwork. 

A. Dale memo to K.N. Murphy 

Comment: Seems to be against everything. No reasons 
carried over into main MRTC report to change any VEP. 

* * * ** * 

The following additional response has been prepared by Mr. Bob 
Miller. 

L VEP STUDY #3 

VEP #3 station Length 

The proposal will iiQt compromise operation in the manual mode 
because the train must be aligned with the stopping antenna for 
the doors to open. Since the antenna length has not been 
changed, the stopping toleranceremains exactly the same as in 
the present design. The same is true for automatic operation as 
well. The proposal does not provide for automatic stopping in 
the reverse traffic direction because the Design Criteria 
specifically directs that manual berthing will be used for 
abnormal traffic conditions. We strongly recommend this proposal 
be seriously considered for adoption. 

VEP #16 Relocate Pocket Track at Hollywcod/Vine 

This proposal does not eliminate the pocket track as inferred by 
the comment writer's change in title. The double crossovers at 
both ends of the stations will jfl inhibit short turning trains. 
It will provide greater flexibility as more locations are 
available at which a train can turn. These locations are even 



available while a train is stored in one station platform. This 
proposal allows the simultaneous use of the facility as a storage 
location and a x-over and a short turn location. The pocket 
track in the present design can be used for only one of the three 
functions at a time. We strongly recommend SDA seriously review 
the proposal. The reasons given for strongly opposing it are not 
consistent with the facts. 

VEP #17 Relocate Pocket Track and hdd X-over 

This proposal will add to dead head time for short turning 
trains because a x-over at Hollywood/Vine has been included in 
the proposal for this purpose. Similarly, the proposal will jjg 
significantly reduce ability to recover service disruptions by 
increasing single track run times because the x-over at 
Hollywood/Vine maintains exactly the same single times as the 
present design. The requirements for fire department and RTD 
personnel access to stored trains can be provided in the proposed 
location from the surface in a manner equivalent to the present 
design's access from the station. We recommend this proposal be 
seriously reviewed. The reasons given for strongly opposing it 
are not consistent with the facts. 

t. 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT 
TRANSIT SYSTEMS DEVELOPMENT DEPARTMENT 

SYSTEMS DESIGN MD ANALYSIS 

/ 

DATE: November 6, 1989 
I 

RECEIVED 
I 

TO: James E. Crawley 
AI47 NOV 10 1989 

FROM: Joel 3. Sandberg 
I SCRTD 

TRANSIT SYSTEMS DFVF!CP.MENT 

SUBJECT: Phase II Value Engineering Study (3 Volumesj_ RA!JCILf7IES 

** * * * * 

In response to your memo dated October 19, 1989, Systems Design 
and Analysis (SDA) has performed a preliminary review of the 
subject study and identified those Value Engineering Proposals 
(VEPs) for which there is an apparent adverse systems or 
operations impact. Please incorporate the following comments 
into your transmittal to Foster Engineering, Inc. The absence of 
comments regarding a particular VEP is not intended to imply SDA 
endorsement. 

VALUE ENGINEERING STUDY #2 

VEP #1 - Reduce Tunnel Diameter: Reduction in tunnel 
diameter could inhibit rerailing of derailed trains, as well 
as performance of certain maintenance activities, 
particularly those requiring the use of a crane. Therefore, 
reduction of diameter is only acceptable to the extent that 
adequate provision for such activities can be maintained. 

VEP #9 - IRaisel System Profile: For an,tçs±an-et_system 
profile, consideration must be given to dier4t DM 1) 
terms of compliance with Criteria and afk5 MiIUErMrj INC. 

performance in terms of trip times and energy consumption 
SDA requires adequate train performance sinM.QHprj99 
performed on the proposed profiles before endorsing any 
specific configuration. 

VALUE ENGINEERING STUDY #3 

VEP #1 rneducel Station Depth: See comment for Value 
Engineering Study 42, VEP #6, [Raise) System Profile. 

VEP #3 rReducel station Length: SDA has serious 
reservations about this proposal as reduction of station 
platform length by ten feet would significantly compromise 
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operation in the manual mode and would require additional 
capabilities for multiple location train berthing be added 
to the B620 contract for Automatic Train Control equipment. 
Alternatively, SDA suggests that station cut and cover 
structures could be shortened by moving some of the systems 
rooms from the ends of the station box to a mezzanine over 
the platform and trackways, similar to the configuration 
discussed in Value Engineering Study #3, VEP #11, Station 
Mezzanine Configuration. Regarding station costs generally, 
single mezzanine stations should be considered. 

VEP #16 - lEliminatel Eoket Track at Hollywood/Vine 
station: Elimination of the pocket track would have several 
adverse effects on operation. It would inhibit short 
turning of trains and would eliminate the only location 
between Westlake/MacArthur Park and North Hollywood where 
trains or maintenance vehicles could be set out or stored. 
SDA strongly opposes this proposal. 

VEP 417 - Relocate Pocket Track: Relocation of the pocket 
track from Hollywood/Vine to a point north of the 
Hollywood/Highland station would have several adverse 
effects on operations. These include adding considerably 
deadhead time to short turning of trains; inhibiting fire 
department and RTD personnel access to stored maintenance 
equipment and/or stored revenue or bad-order trains in the 
pocket track; and, significantly reducing the ability to 
recover from a service disruption by increasing single- 
tracking rum times. SDA strongly opposes this proposal. 

We look forward to the conference which you are planning to 
facilitate discussion of the Value Engineering Study. Until 
then, if there are any questions regarding the comments, please 
contact Tom Frawley (x3985). 

cc: E. B. Pollan 

T. E. Frawley 

S 
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METRO RAIL TRANSIT CONSULTANTS 
D'AjMPBQD;KE. HV:\ 

December 11, 1989 

Mr. James E. Crawley, P.E. 
Director of Transit Facilities 
Transit Systems Development 
Southern California Rapid Transit District 
425 south Main Street 
Los Angeles, California 90014 

PURPOSE: Information Transmittal 

SUBJECT: Value Engineering Study #2 & #3 - Phase II 

H 
FILE NO.: POOl (Phase II) 

Dear Mr. Crawley: 

Further to our meeting of November 22, 1989 and in addition to the 
letter transmittal of our comments on November 20, 1989, we offer 
the attached additional comments for your consideration. 

To respond to your request we had to develop sufficient levels of 
engineering details and conduct analysis in order to establish 
definitive estimates of the individual proposal costs. 

You will note, however, that in almost every proposal reviewed we 
substantiated, by detailed estimate, that the V. E. team 
predictions of cost savings were greatly overstated. In fact, in 
study #3, Proposals No. 15 and 16, MRTC estimates a significant 
increase in cost as opposed to a reduction. Study #2 proposals with 
merit amount to two of eight for a savings of $460,000 in our 
estimation. 

We hope the additional details will assist you in your evaluation 
of potential cost reductions for the Phase II Study segment. 

543 S. Sprtn Street, Seventh Floor, Los Angeles, CA 90013 (21 
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Mr. James E. Crawley, P.E. 
12/11/89 
Page 2 

If we can be of further assistance to you in this regard please 
advise. 

MET RAIL TRANSIT CONSULTANTS 

K. . Murthy 
Project Director 

KNM: mgb 
Attachments 

cc: R. J. Murray - SCRTD 
A. Levy - SCRTD 
SCRTD-TSD/DCC 
DCC (2) 
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ADDITIONAL COMMENTS. 

V. E. STUDY *2. 
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S SOUTHERN CALIFORNIA RAPID TR*IT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING STUDY #2-LINE STRUCTURES - MOS-Il 

EXHIBIT B 

No. Description Remarks Potential Vt Savings MR-ic 
st. kIUs& 

flat 
I Reduce tunnel Diameter Ii appears that a reduction to 1 6'-1 0" 1.0. is feasible. $ 8.073.000 C 

12" I. cji 

Suggest further studies to make final determination. Cr>" a. 9-'l M 

2 Change Tunnel Lining from 12" Reinforced 
Concrete to 8" tJnreinforced Concrete 

3 Substitute Double Track Tunnel For Twin 
Tunnel 

4 4 Modify Tunnel Invert 

S Modify Tunnel Walkway 

6 Reduce Size of Tunnel Cross Passages 

7 Modify and Reduce Size of Cut-and-Cover 
Crossover Structure 

8 Substitute Double Crossover For Pocket Track 
At Hollywood/Vine Station 

9 Raise System Profile 

* 10 Modify Wet Standpipe 

(Jnreinforced lining is possible and 
practical. 

Potential for double track tunnel is present. Ground 
conditions are favorable and tunnel equipment is 
available. Suggest further study. 

Plain concrete invert serves same function. 

Prefabricated walkway will simplify and speed up 
construction. 

Present design very elaborate. 

Refer to VI Study #3. 

Refer to VI Study #3. 

Refinement in profile can substantially reduce cost of 
crossover structures. 

Use of Vitautic couplings will simplify and speed 
construction. 

$ 13,500,000 - 
$ 26,378,000" - 

$ 2.541,000 1o'2o3 -4 

$ 2,591,000 N 

$ 6,798,000 
O. ISo N 

$ 3,541,000 

$ 483,000 -t o.2%l 

YE Study #2 Total $ 37,527,000 

(Does Not Include VIP #3) 

MRTC £VAL4Do,u 01 1-T cizncc'st.Lc 

nrqrnlpTlnl.Je nr 

459 eec 
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1, o Further study of the proposal to reduce the finish 

diameter of the tunnel from 17'-lO" to 16'-lO" identifies 

the following negative impacts. Present vehicle 

envelope, the safety walk envelope and utility systems 

supported on the interior wall do not permit a reduction 

in diameter. (See memo N. Brown to J. Ball dated December 

1 1, 1989.) 

r 
o If a 12 inch reduction was possible our estimate of the 

cost savings is $1.9 million compared to F.E.I's $8.1 

million. 

o A hypothetical 6-inch reduction yielded a $0.94 million 

saving. 

a The proposal is not possible given that the vehicle 

envelope remains constant. 

i;i c;±i e 

No further comments.) 

:1 891097gb.rpt 1 
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0 A more detailed check of the length of single tunnels 

reveals that the total length of the study area is 

approximately 46,000 lineal feet not 60,000 lineal feet. 

1 o We estimate the net savings of removing the design re- 

steel to be $302,000 as compared to $2.54 million by 

F.E.I. 

o we have no strong objections to removing the reinforcing 

steel recognizing the magnitude of the savings. 

o We have prepared .a detailed estimate of the structural 

steel supported walkway as described in F.E.I.'s 

proposal. Our estimate for the capital cost only is a 

net increase of $46,000. In addition, OW.! costs would 

be considerably higher for the steel supported walkway. 

0 MRTC recommends that the current design remain as the 

system standard. 

o We have further studied the "horseshoe" versus the 

"circular" standard detail for driving the crosspassages 

and find that the two standard methods are close in cost. 

891097gb.rpt 



o F.E.I.'s proposal of a mine-type of rectangular tunnel 

is not compatible with the finished internal dimensions 

of the crosspassage to satisfy F/LS and mechanical and 

electrical inclusions. 

0 MRTC does not concur with the cost savings projected and 

does not support a change in concept. 

Pronosal No. 7. 8 and 9 

(No comment). 

o Further investigation of the victaulic coupling design 

substantiates our initial comments that the U.L. 

acceptance of a fire resistant gasket. 

o A more detailed estimate of the alternative design 

indicates a potential savings of $265,000 as opposed to 

p the F.E.I estimate of $483,000. 

o XffiTC supports this change provided the victaulic gasket 

is UL approved. 

891097gb.rpt 3 



ADDITIONAL COMMENTS. 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING STUDY #3- STATIONS - MOS-Il 

EXHIBIT B, Page 1 of 4 

No. Descrâption Remarks Potential VE Savings 
Ma-t-c 

esTti& S)M 
1 Station Depth $ 4,150,000 - 

,.-,-eI 

This proposal suggests reducing headroom Ha 
clearance in stations to &?0tentil to reduce overall station depth by over 

k 2 Station Columns 

This proposal suggests clininating interior 
station columns. 

-I- 

Station Lenh 

This proposal reduces the lensth of the 
platform by 10'-O but maintains piogram stop 
antenna length of 450'-O'. 

- 

- 4 Station foundation 

This proposal is additive to VIP #2 and 
suggests utilization of eccentric strip footings 
instead of stiff mat. 

S Emergency Vent Shaft (BRS Outlet) 

This proposal suggests locatins 8145 shalt in 
the middle of the street directly over tracks and 
providing system for collecting hazardous 
spills. 

- 
'. 6 Emergency Vent Shaft (Noise Control) 

This proposal deletes requirement for attentua- 
tion of emergency fans by substituting an 
auxiliary vent system for methane detection. 
This proposal is additive to VIP #5, 

Continued Next Page 

Introduces clear span concept with prestressed 
concrete long-span beams. 

All doors on trains will open on to platform while 
10-fr of train at trailing end will stop beyond 
platform. 

Considerably less concrete and rebar needed and 
capitalizes on good bearing capacity of Puente 
formation. 

Deletes sidewalk vent shafts and extensive associated 
underground passages connecting to station. 

Reduces considerably space requirements (or emer- 
gency fans. Complies with noise control criteria. 

$ 3,99S,000 - 

$ 2,622,000 I -So I-I 

$ 1,859,000 <.it l-l2BM 

$ 9,910,000 

$ 12,030,000 

3.4S H 

4 



CALlPORflARAM; Tn IT S1RIC1MEiROàAIL PROJECT I 
VALUE ENGINEERING S Y #3- STATIONS - MOS-Il 

EXHIBIT B, Page 2 of 4 

No. Description 

1 ,,. Under platform Exhaust (UPE) Outlets 

This proposal suggests locating UPE outlets in 
center of street in lieu of sidewalk placement. 
This proposal is additive to VEPS IS & #6. 

"IeJ $ Smoke txhaust System 

This proposal modifies present design for 
smoke exhaust. 

! '*rU 9 Station Ventilation 
(Provision for Future Air Conditioning) 

This proposal deletes underground spaces for 
future system chillers. Suggest installing 
chillers at surface with coolin9 tower when 
and if air conditioning is required. 

10 Station Ventilation 
[Fresh Air Supply) 

This proposal suggests deleting sidewalk shafts 
and tans providing hesh air to the station 
because, as presented, system is not adequate 
and therefore not functional. 

I 
. 

11 Station Mezzanine Configuration 

This proposal suggests extending mezzanine 
throughout station and providing open space 
over platform center. 

Continued Next Page 

Kemarks 

Delete sidewalk outlets. 

Insures best possible ventilation for passenger and 
tue fighter safety. 

Deletes air conditioning requirement from current 
program and suggests construction of facilities when 
and if required at surface. This proposal does not 
preclude provision of future air conditioning. 

As presented, ventilation and fresh air supply is ade- 
quately provided by vain piston action. 

Has major structural advantages and provides access 
for future entrances throughout entire length of 
station. 

Potential yE Savings 
MaTe- 

3AstiE 
$ 2,562,000 4 M 

$ 432,000 - 

$ 10,314,000 tO .7"(2 N 

$ 

$ 

7,706,000 

557,000 

DESCRIPTIONSOF VEPI2 
VEPHOPOSALS 

QTATIAMACDTU 
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SOUTHERN CALIFORNIA RAPID TRANSIT DISTRICT METRO RAIL PROJECT 
VALUE ENGINEERING STUDY #3- STATIONS- MOS-Il 

EXHIBIT B, Page 3o14 

No. Description Reinarki Potential Vt Savings 

12 Station fntrpnce Not Quantified - 
'2 

This proposal suggests reducing size of major 
entrances and providing secondary entrance 
off sidewalk. 

13 Station Entrances 

This proposal suggests opening station en- 
trances with approach concourses to atmos- 
phere. 

14 
1merency Exits 

This proposal suggests rearrangement of 
emergency exits and elimination of sidewalk 
appendages and hatches. 

15 Crossover/Station Width 

This proposal modifies crossover configuration 
at Vermont/Beverly and Vermont/Sunset by 
narrowins track to I 3'-O" centers. Stations are 
side platlorm configuration. 

16 Pocket Track At I-tnllywoodNine Station 

This proposal substitutes two double cross- 
overs for pocket track at HollywoocVVine 
Station and introduces side platform configura- 
tion. 

Continued Next Page 

Right-of-way implications are complex but proposal 
is considered to add value to the stations. Cost of 
proposed alternate is comparable. 

Will create open space feeling for station and create 
plaza entrance (or each station. 

Reduces cut-and-cover construction and makes 
exiting safer and more accessible. 

Major reduction of cut-and-cover construction. 

Substantial reduction in cut-and-cover construction. 
Disadvantage is that pocket track is maintained on 
main line. 

$ 1,027,000 

$ 3,509,000 

$ 13,833,000(410. 09 

$ 16,961,000 (2 .S2c9 
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0 A sketch of the control dimensions of the station box 

has been developed to indicate the current limiting 

critical dimensions. (See page 2). 

o Reduction of the overall box depth is only possible if 

a number of standard design features which address, air 

handling, methane gas venting, elevator clearances, etc., 

are reconsidered in the Phase II Design. 

o !'ffiTC will consider the minimal structure depth in each 

station. However, such factors as negative buoyancy can 

add additional structure depth and wall thickness. 

o MRTC additionally notes that the suggested savings in the 

proposed column free concept includes a reduction in 

concrete invert thickness which is not possible. 

o This proposal violates general design principles and 

constructibility logistics and has no merit. (See page 

3). 

0 MRTC's estimate of potential savings is $1.5 million as 

compared to F.E.I.'s $2.6 million. 

891097gb. rpt 1 
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o MRTC suggests that the focus to reduce station length 

should be on the ancillary areas. such pOssibilities, as 

vertically mounting the emergency fans, are being 

considered for Phase II Stations. 

o MRTC further notes that the three stations on Vermont 

Avenue will be designed to a final water table elevation 

above the roof of the station vault. The Hollywood 

corridor stations will encounter a hydraulic head from 
invert elevation to mezzanine elevation. In each case 

hydrostatic uplift forces are considered unif on across 
the underside of structure. 

o The attached station foundations - proposed design sketch 

(page #5) is marked up to show the shortcoming of the 

proposed station vault cross-section. 

o We estimate that the projected savings is, in fact, an 

additional cost of $2. to $3 million for the column - 

free roof design. 

Pronosal No. 5 - Emeruencv Vent Shaft Location 

o A more detailed estimate of the cost savings of placing 

the Blast Relief Shafts in the street and within the cut 

and cover area is $3.48 million as opposed to F.E.I.'s 

$9.91 million. 

o We encourage the District to open discussions with the 

City to place the vents in the street. MRTC will support 

these discussions with design detail and cost estimates, 

as directed by the District. 

S 891097gb.rpt 4 
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Proposal No. 6 - Noise Control of Emergency Vent Shafts 

0 MRTC reiterates that fan attenuators cannot be removed 

without creating two major impacts. 

1) Increases the platform and interior noise adjacent 

to the fan rooms to levels in excess of design 

standards when fans are operating. 

:11 

2) Noise attenuation can only be attained by increasing 

the length of the shafts, by creating bends or 

baffles, and by application of spray-on acoustical 

treatment. 

o The attenuators at the fans provide a 30 to 40 dB noise 

reduction. For example, the bends and spray-on treatment 

to accomplish the equici-alent noise attentuaion of the fan 

attenuators is as follows: 

.D Ea; ri 
'It 
40 dE 

30 dB 

40 dB 

30 dB 

Recuires 

2 bends, 40 feet shaft 

3 bends, 60 feet shaft 

150 feet shaft 

200 feet shaft 

1000 feet shaft (No 

acoustic treatment). 

o Lengthening and bending the shaft can only be 

accomplished by lowering the station vault or extending 

the cut and cover construction. 

o MRTC does not concur with the proposal estimate of $12.0 

million savings. If the attenuators could be removed 

(}TC does not agree that they can) we estimate the 

savings to be $1.0 million or less. 

891097gb.rpt 
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o We support the concept of placing the outlet vents in the 

street and within the cut and cover area. However, we 

estimate the net savings to be in the order of $1.0 

million as compared to F.E.I.'s estimate of $2.56 

million. 

0 The proposal has no merit. 

1Ut!fl itt,)iafl tflflt.i 
o ?mTC estimates the savings of removing the chiller plant 

spaces within the station ancillary areas to be in the 

order of $0.8 million as opposed to F.E.I.'s estimate of 

$10.3 million. 

0 ?'ffiTC cautions the District on the concept of placing 

chiller plants on the surfaces. This should be 

considered on a site by site basis so that a contingency 

plan for locating the plants is resolved in the early 

planning and design of each station site. 

o MRTC inquired of the status of station A.C. on the MARTA 

system and the following infoniation was transmitted: 

- In the summers of 1988 and 1989 the A.C. was operating 
in the six North Line Stations. 

- The conditioned stations maintained a comfortable 

temperature and humidity at approximately 10°F below 

ambient at peak afternoon rush hour. 
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MARTA plans to operate the A.C. systems for all 

underground stations in the summer of 1990. 

- In general, when condition air is not required, the air 

handling units supply outside air to the stations and 

heat from the trains is removed by the under platform 

exhaust system. 

k4!I 

o MRTC notes that in order to accomplish a strut supported 

design for a continuous walkway over the track bed the 

entire station vault would have to be deepened by ].'-2" 

to 2t4tt Exterior wall thicknesses could be reduced jj 

these areas. 

o The proposed V.E. cantilever design would add concrete 

and reinforcing steel to the exterior walls and 

connection point and therefore add costs. 

t. 
o Some future savings would be recognized but we conclude 

that additional current costs would be required to modify 

the station. 

o MRTC does not recommend this proposal due to the 

additional cost. 

o This is not so much a design concern as it is an RTD 

policy direction. However, the merits and concerns of 

doubling entrance structures to provide alternative 

emergency exits must be looked at on a .tation by station 

basis. Where emergency exits cannot be reasonably 

positioned without creating excessive costs then the 

alternative entrance may be the solution. 
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o NRTC predicts an increase in capital costs by adding an 

entrance; nt a reduction. 

rte) !JftWSI!*- 

(No further comments). 

o Please refer to the memo in the Appendix, Ralph Desimorie 

to K. N. Murthy, dated November 2, 1989. Page 4 of the 

memo addresses the concerns MRTC has with the concept. 

(A copy of the memo page is reproduced as page 10). 

o MRTC has done some further investigation of the 

transition geometry from wide track centers to narrow 

track centers. We note the following impacts of this 

proposal. 

1) The minimum track center dimension is 15,-a', 

for a No. 10 double crossover due to the 

askewness of the crossing diamond. 

2) The length of the cut and cover transition and 

crossover is approximately 700 feet long as 

compared to the modified standard double 

crossover of 300 to 320 feet. 

o Based on the Trial 1 arrangement (page 11) we estimate 

an increase in the cost due, in majority, to the increase 

in the length of the cut and cover construction. 

891097gb.rpt 9 



K. N. Murthy 
Page 4 

November 2, 1989 

Proosa1 #14 

The proposal suggests relocating exit stairs within the 450' length 
of the platform. While it may result in a construction cost 
savings, it has the following functional drawbacks that need 
consideration: 

1. The concept allows for a 12' width for a combination of the 
- UPE shaft, stairs and the structure walls. This leaves only 

5'-6" for stair widths, which is not sufficient in several 
cases (stair widths being determined by occupant, loads, 

- 
ridership and exit times by FLSC). 

2. The concept shows a 25' dead end condition, measured from the 
end of platf on to the door opening. Building code requires 
that this distance not exceed 20'. If the proposed stair/UPE 
structure would be revised to meet code, there would be 
headroom problems over the tramway (see answer to #3). 

3. The concept is not feasible in the double-end mezzanine . 
stations due to entrances and public circulation conflicts. 
This figure should be excluded from the resultant savings 
suggested in the proposal. 

4. The condition caused by a constriction in the platform width 
is unsafe for station patronage. 

5. Disregards PLSC resolutions. 

RD:kcr 

.1. Ball 
G. M. Cofer 
DCC (2) 
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Proposal No. 16 - Pocket mack at Hollywood/Vine Station 

o From the alignment analysis done f or Proposal No. 15, we 

estimate a net increase in cost for this proposal. The 

increased cost is attributed to art overall increase in 

cut and cover special structures from approximately 1200 

feet to 1400 feet for the two double crossovers at either 

end of the station. 

o MRTC does not recommend this proposal. 

891097gb.rpt 12 



METRO RAIL TRANSIT CONSULTANTS 
DMJM/PBQO/KEIHWA 

MEMORANDUM 
DATE: December 1, 1989 

TO: J. Ball 

FROM: N. Brown ').L-c- -' 

SUBJECr: Passenger Vehicle Requirements Relating to Tunnel 
Diameter 

U pinRfllcE: 1) Value Engineering Study #2 - VEP #1 - Tunnel 
Diameter 

2) Tunnel Maintenance and Rerailment Study 
prepared byZIRTC dated April, 1984. 

In accordance with your request we have examined the dimensional 
parameters related to operating the passenger vehicle in the tunnel 
to determine if, as far as the passánger vehicle is concerned, the 
tunnel diameter could be reduced. The proposed tunnel diameter 
reduction is discussed in reference (1). 

In reference (2) clearances required for rerailing are identified. 
Tables from this report are attached showing vehicle 1 tunnel 
clearances for a 17' 6" diameter tunnel and the results of a survey 
of related tunnel clearance dimensions on other transit properties. 

L.J The Breda vehicle static and dynamic outlines fit closely within 
the SCRTD static and dynamic outlines assuming that the tunnel 
diameter is reduced from 17'- 4" down to 16'- 4", the vehicle will 
no longer fit inside the tunnel due to significant dynamic 
interference with the construction tolerance zone. Other items 
that will no longer be able to be maintained are the 11 inches of 
jacking clearance identified for rerailing; the clearance envelope 
above the walkway as dictated by the design criteria; the walkway 
width, and adequate space for overhead gas sensors, conduits, 
antenna, lights, blue lights and signage. 

The 11" rerailing requirement could probably be reduced if this 
were the only impediment to going to a smaller tunnel. 

In addition to the interference being critical there are other 
negative impacts such as increased operating costs due to greater 
energy consumption for the train to overcome the piston effect, 
redesign of the ventilation system to handle the greater air 
pressures caused by a higher blockage ratio, and possible redesign 
of maintenance equipment to be able to access the smaller 
diameter tunnel. 
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Memorandum 
Page 2 

December 1, 1989 

To fully evaluate a reduction in the tunnel diameter redesigns 
would be required to shrink the tunnel around the vehicle while 
still maintaining dynamic clearances; the operating cost increase 
would have to be calculated along with any ventilation system cost 
increases; and then a trade off analysis would have to be performed 
based on a realistic expected reduction in bid prices for tunnel 
contracts. 

If we can provide further assistance on this VEP please advise. 

NB:mgb 

Attachments (2) 

cc: G. Wasz 
A. Dale 

DCC (2) 

L. 
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VEHICLE/flissit CLEARANCES 

CRITICAL CASES TANGENT TRACK 

1000' RadIus, 4" SupeTelevation 900' Radius, 6" Superelevation 0" Superevetvnttoc %4CtTtt %J'b" tunnel dIameter 
Floating Slab floating Slab 
(6.3Z System Trackage) (0.62 System Trackage) (102 System Trackage) 

CLEARANCE REQUIREMENTS OUTSIDE INSIDE OUTSIDE INSIDE FLOATJNC SLAB RIGID INVERT 
(See Paragraph I.]) WAlKWAY WALKWAY WALKWAY WALKWAY 

Tunnel walkway width 29" 29" 29" 29" 30" 30" 
Requirement: floor width ol 30" (worst case tolerance) (worst case tolerance) 

Minimum vertical clearance above static I, 
ii ,, ii a ,, a 9-3/4 * II 13-11/16 IS 

outline to tunnel lace 
Objective: 12" 

Minimum clearance between vehicle dynamic 
outline and tunnel face 4-3116" 5-5/8" 3-1/4" 54/16" 71/2" t011Z" 
Requirement: 2" to any fixed instatljtion 

Vertical distance between vehicle floor 
and tunnel walkway 4-3/16" 13/16" 4-3/16" 13/16" 5-1/2" 51/2" 
Requirement: 0" to 7" below vehicle floor 

Passenger clearance envelope above walkway 
maintained clear of vehicle static outline Yes Yes Yes Yes 'ten Yes 
Requirement: As stated (minor construction tolerance (minor construction tolerance 

InfrIngement) infringement) 

Haintentnce personnel walkway clearance Yes 14o Yes No Yes Yes 
envelope maintained clear of vehicle (minor construction (operational (minor construction (operational (minor constructton tolerance 
dynamic outline tolerance limitations tolerance limitations infringement) 
Objectiveas stared ink ringement) required) infringement) requited) 

Construction tolerance Yea Yes Yea Yes Yes Yes 
Requirement: t4" (23") (±3") (±3") (t3") (±4") (±4") 

(±3" on curves of radius 1000' or smaller) 

Note: Clearances and dimensions are current at the time of this report. Any future changes (if any) are expected to be minor. Remaining 
23.32 of trackage represents curves with a radius greater than 1000 feet, and also spiral segments associated with all curves. 
Only circular curves (having constant radius) are included in the listed track percentages for the two critical cases. 

* Vehicle/tunnel clearances are based on compnsite vehicle outlines. Actual clearances relative to any one specific candidate vehicle 
will he slightly greater. 

VEHICLES /TIYNNEI, CI.EARANCES 
TAStE I-? 
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Property RANGE OF 
Clearance MTA/ FJVE PLANNED 
or Dimension BART MPPTA MBTA RRRT WMATA PROPERTIES SCRTD 

Length of CrcuIar Apprx. Apprx. Apprx.' 

bore tunnel 10 mi. ¼ mi.? ml. 4 mi. N/A ¼-IA ml. 16 mi. 

CLEARANCES TANDARDS/- 
TOLERANCES 

o Tunnel Constr. See --- t2¼" 13¼" ±2" 0 - 13¼" 13 

Tolerance Notee 

o Track construction! liar --- --- --- 0 - 

maintenance tolerance 

Allowance for acoustical 1¼ 2" 2" --- --- 0 - 2 20 

treatment 

Allowance for 2" 6" 4" 20 0 - 6 20 

installation 

Clearance envelopet 50 --- 3" 2" 20 0 - 5 20 

Additional clearance --- --- --- --- 4 0 - 4 

specified 

ACTUAL VERTICAL 
DIMENSIONS 

Tunnel Diameter 16'6"- 18'6" l8'0" 17'O" 16'6" 166"-l8'6" 11'6" 
11100 

° Top of rail to tunnel 1V2"-1 14'O" 14'6" NA 12100 12'0"'14'6" 13,6" 
ceiling 14'2" 

Car heigjjt (static lO'6" lI'lO' 12'S" 12'S" 10.10" l0'6"-12'5" 12.3/4_I 

outlinel 

Not Applicable 
NA Not Available 

Source: Phone and document survey 
conducted August, 1983 

TRANSIT SYSTEM SURVEY 
CIRCULAR BORE TUNNEL CLEARANCES AND DIMENSION? 

TABLE 2-1 

a Reflects most recent availahl 
standards and newest construc 
tion, e.g. MUTA 

b Riqht-ofway miles. For ad- 
ditional comparison: TCC has 
5.4 miles, PATH approx. 6 

C ApproxImately 3 right-of-way 
miles of Metro Rail are 
through rock tunnel (Santa 
Monica Mountains) and are not 
expected to have clearance 
problems. No precast tunnel 
liner is required. 

Vertical and horizontal unles! 
otherwise noted: These fiqur. 

are not necessa?ily additive. 

e BART clearance envelope in- 
cludes cunning clearance and 
construction tolerance. 

3" in minimum radius curves; 
4" otherwise. 

g Included in vehicle dynamic 
envelope; max. lateral rail 
near = ¼' wheel gauge/rail 
gauge differential = 0.4 max- 
imum rail construction toler- 
ance of + 1/8" laterally, 1/8" 
cross level tolerance, plus 
¼" top of rail tolerance. 

it Can be omitted where clear- 
ance is critical. 

Beyond car's dynamic outline. 

Low figures are for tangent 
track and gentle curves. 
High figures for curves of 
less than JS00' radius. 

k Top of rail to top of root. 

Composite vehicle heiqht to 

top of vehIcle antenna is 

12' - 4 2/3". 


