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MEMORANDUM . :; _

• _00_DATE: January11, _ _

TO: jim Thomson,P.F_.,HP_I'BCorporation

IsxP' Es I ::=:
FROM: Michael Bailey, P.E., and Barry Chen, P.F..,Hart Crowser, inc.

RE: Geotechnicai Input to MSE Wall Design

Third Runway Embankment =--,
4978-30

CC: Mr. john Sankey,P.F-,RECo
Mr. Rob Millar, P.F_,HNTB

.E_n,r) F.C;

This memorandum presentsgeotechnicaidesignparametersand related information usedas
the basisfor design of the Third Runway MSE walls. The proposed geotechnical basisof
designinformationwas originallypresented in a Hart Crowser's draft memoranda dated _:=.,e_
June22 and August21, 2000, for discussionwith HNTB and RECd. Subsequently the
design team decided to adopt the 1996 A,_LSHTO code with interim addenda through 2000

("the/_LSHTO code') as the basisfor design.

. .ar.-.-=vZ':_

This memorandum retains the organization and much of the inTormation presented in the

previous draft versions. Hart Crowser has added inTormation to document changes in

geotechnical design parameters that we have adopted based on additional tests, analyses

and discussions with the Embankment Technical Review Board (ErRBI.
• ,:.le3_

Geotechnical Analysis

Geotecnn=cai design informagon summarized herein was used as input into RECo's internal

-' ..... - o, - .................. _, _.e i .

"_ote that the externat staoiiiw anaivsesindic3ted i_ seine '=_asestha%;etnTorc_=memstri_

cross se._ionai area. ien_. ann/or ael_tb of the remTorcea zone ' embedment) neecied to

0e _ncreaseo to meet AASHTC) target "ac:or of satetv cntena. Recommenoed chan_es to
satls'N the comoound ann _iooai SlOOestability rec_u_rements are _resentea in an ......

o
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Minimum Factorsof Safety

MSE design is based on 1996-2000 A/LSHTO criteria, as -veil as any other more strinRent

requirements based on RECcs experience with wall oesi_n and construE'don. Tames :anc

_" compare AASHTO and FHWA factors of safety, and other cntena to the RECo oesiRn
manual for static and seismic stability, respectively. (Note that while the FHWA critena

wer_. updateo in "2001, Tables 1 and : retain the onsinal values used for comparison, in the

draft versions of this memo)

Table 1 - Static Stabilit_ J,nliylil

t FHWA, 1997 AASHTO, 1996-2000 RICo Dt_ _n,,=i, I
1999

('rarllet F.._ or Other) (l"aqlet F.S. or Other) Ml'arset F.S. or Otherl ii

External Stabiim !
Siiam_ ;_!.5 MSEW'": :'1.3 RSS::: >1.'_ ;_'t.5
Ovenum_n$ I No: mtl_Ja_,, smleO __.2.0 >_.0

Iexal as maximum
eccenmotvl

F'cCe;lmclw at Base ) .f,_{3;I6 Not speaiicaliv stated Not specihcaJiy state0

Beann 8 Capacity ;r:r _.2..:, ;_1.3 RSSior..iJ _.?-0 (if)uslJfled bv _.2.0 (if aetamma seolech
siioms and overtumin_ beannl_ failure 8eotech Imidysis); _.2.5 info.); _-._.5lif general

ol_et_lse ,_eotech imo.i
_eep-Seated S_lbiliw I _I_I _ .3 (if soil pirlm. I0 Not speczficaJIyStaled
(i.e., Global ind 1 on labtests); :'1 .S
Comoound Slabililvl I oihel_vlse
Internal Stabiiil_

Pullout Resmance _ ,?.1.5(MSEW and RSS); >1.S, _Vnere mi_mum Defaults tOAASHTG,

_.t.3 flnlemiJ Slope annie of 34 0eg. Intenm 1996_c'Uon

i Slabilitv tor RSS) is usecl to calculate me
, honzontal mrce (if
; without the benefit o1:

tnax_&lor o,rect shear

mstm_ t0 prowcle soil
shear slrenl_tl_clatal

_u,ou_ Res_sle_ceJ' _$arneas AASHTC)_ T... _-',0.S.= F "T.._ ":-0.._S
" ,_iecnan_r._,v ._Diilzeo _-artll vvall.
" Remlorcea Soil StoDes.

.', Dimension Beou_usrne remtorcectzone length oius the fac_nl_panel wiab_.
' "_-i._,:_."-"I,'?.'. _":L;"-',t_..."__. "__""": °*_.'--':.'.:.."; ._r'.-*..'_

", - _'_(:;.lats"tension" _11¢1F eouaJs "'qelo stl'engb_.'

SIren Rth test data '._btaJned for the :role_ A,ere '_sed in ti_e ._n,ivses, as cIJsc;JsseG ',ater in

mrs memoranclum. _art C:owser 'Jseo a ;argo,. _ac;or _T saTetV o1: "._, Tor encl OT

:_ns;ruc:lon corl=:tlolls invoivJllR_ un(3ralne_ or I_ar_alK' ::nsoiioateo suoRraae soil

--: :_:;':':;:.- "."":_ ..;'_(-',__. ;'_;'_e; _,? . .-_ ;'GF"_ie;,iJ_ ._,;'_.e ._.JI'IUILIUIIb, ;n ;3art CO .',,OW Tor some

AR 053236



n
U

HNTB Corporation 4975-3C

jan_ar: +.I _,,.0- _a_e 5

variac)ilit_'intheembankment materialsitobe seiectedby theContrac':orinaccordance

withspecifiedcritenajrelativetothetestedmaterials.

Table 2 - Seismic Stability Analysis

FHWA. 1997 t AASHTO, 1996.2000 RECo Deslp Manual,

(Target F.S. or Other) I (Taq_ F.S. or Other) 1999
I fTar_et F.S. or Other_

External Stabilit_

Sliding 75% ot me m3et smuc 75% of me ta_et sumc j > 1.1
FS or about >1.1; (same FSor about 21.1; include t

approach as _,SHTO), 100% of inen,d _orce
and30%ofd,ma_c

thrusl_ll

Ovenumln 8 Not specifically sluued >1..5; inciude 100% of i >1.5
iner_l force and 50% of IdvnamH: thn_.t

i Eccenmow at Base .¢L."3"' NOt meoficallv suLteo NOt soecificaUv s_teO
! BeannS CaDacaw (for 75% mac Ii.e., 21.8/"); 75% stauc d.c.. >1.5 or NOt sl_ecJnr._ly state0

I sliding and overturning) isarne al_roach as >1,87 for MSE and RSS,
t AASHTO) respectTvely);include
I 100% inerl_,ldmrce arid
t 50% of dynamic thrust

Deeo-Seaten StaDililv 21.1 I_1.1 Not specifically staten
(i.e., Clobat and
Compound S_bitirv)
Internal Stability

Pullout Resisumce 75% smut; reduce F"_ 75% slant: rectuce F" to NOt sDeoficailv s_ieO i
to 80% static value 80% stauc value: include

_ntemaJinemal force
f

Pullout Reslstanc,e fSame as AASHTO) T._ <0.55 F T.,_ -<0.55 F +
_. Dynamic thrust Oetermlned by the pseuoo.-stau¢/ViononoDe-OkaDe analysis.
". F" is me iricaon motor vanable, which is Dan or the reiniorcement pullout mtaiysis.
"_. Other Dlrarneters as denned ;'orTable 1.
4. We unoerstancl me base eccenmcJlv is an alternate aooroach to "check" overturning reslslance, and

ones not can_' over to design reomremenls for beanng pressure.

Hart Crowser consideredseismic Sio0aland comoound stability to include both pseudo-

static analvsls,as inclicatedbv AASHTO. and staticanatvsis_orpost-earthQuakeconditions
using reouce0 residualstren_Pthto account TotliaueTactionoT_ranularsoilsand r.. v-,CdC

_?'_-'_'-'_"-:; ..... ''" - _:_ : "-'_""_:.C2_...7ao_=........ ,u_ ,_acu., ,JCatl__.-'"_b.

Other MSE Wall Design and Reinforced Slope Parameters

-.a_)ie_ ')rov_aes r, zomoarison ._r,'anous asoecs of \4SE wail aeslyn _at .vere identifiecl tc

_c:eD_eoLJse_T,.nese_,%ci-_'rc-_.-.ler_B.vi.'_c,-:--'.":2-_."::;,'::'..
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Table 3 - Comparison of Other Aspects of MSE Wall and Reinforced Slope Design

FHWA, 1997 A_HTO, 1996-2000 RECo De.In Manual

! (Taqvt F.S. or Other) (Tarlet F.S. or Othert 1999
(Target F.S. or Other_

MSEW Emneomenr H,- d_ same as H..T mr 2H:IV slope m Same a5 ._,ASHTC
AASHTO) front of will, where H is

_om mp of w,,q at wall

face to top of leveling
pad

MonzontlJ Bench m 4 met rmnimum wt_ltl 4 met minimum width 3 ieet rmmmum wiaff_

Front of Wails Founded t
on SloPes

E4uculaon of Sliding tot (Same as AASHTO) Nelpea i_sslve Not specmc_lv stated
ExternaJSr_bility resistance; incmae wtdth

and weillht of _IIlhu=ng
in adcutaUon of

slidint/ovemJmmt
Leve.ng Pad Width Not specilicailv stated Desqffted to meet local NOt spec_hc_ly state0

be_ml ¢z_c_v needs
and difiemnaa_

settlement between wall

facto5 and _____ldil112_
Maximum Ioaruc_es_ze 4 inches 4 inches 6 inches
tot reinforced l:_lldcfill
qseetext for det_ted

, discussion)

Fnc_on Factor for (Same as AASHTO) F'_.<2..0; F'_.,:I_ -_ log Based on extensive
IntemaJ Reinforcement C_ where C. eauats pullout tests, but no

i Desilffl Ibaddill on backfill uniformity v_duesare sDecflicaJly
ribbea steel smps_ coefficient. C._- 4 for staled

t ribbed steel studs if tests
are not av-_l_ie

I. MSEW a_eoment ,s not a speafic requ.ement ot AASHTO or FHWA, Out _sproviaea as sumance forMSEW constructed on fill.

2. Basea on discussionwith RECd. a non-smJcturalleveling Dad shall be used.
_. Other -nhDreviat_onsan(] svmoois as Drevtoustv aennea.

Embankment Soil Input Parametem

Figure _ is a "t3,pic31" cross sec:ion through a MSE wall silowin 8 the conceDtual fill soil

zones '.vithm the emnankrnen_. As iu_esre,d hv th_ _i_ _ro =ach -,-n,_ ,_¢ _ _.,_mo,,,_,

0inerent Tunc:zon. which _ffec*,s the rec_u_rement.s of the enRineenn._ DroDertms within a
_ven zone.

For Thir_ Runway embankment construc_on to ciate, several .=ill cate_ones .i.e.. soil

,_roux_. nave _een :_enneo :O me_[ :he :lee_s ,3f . _rious =onP.s. :t_ ,_'lV,_rnl_ _-Pinrg,_.P-.__r

;_7_ximG;'l'_ _;e;%il._iOl[%:11",=o=C:ln_ "iii :Tl_,[erlai..vntie malnTalnlnR _rle :nRIneer s ability to
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controlperformanceofthefill.The fillgroupsareOefinedby grainsizedis_butionand

piasucitv,and havedistinclplacementancicompac_on cntena.

Table 4 provides soil gra¢iationsrecommended bv FHWA and AASHTO for the reinforced

zone. There are examDiesreported in the literature of walls performing well with less seiec:
graoations,and RECohas indicated they can designreim;orcement 1;orwall back'_llwith a

much wider gradationrange than recommeneied by AASHTO. However, the design team
decided to constrain the wall backfill gradationto specific fill materials that satis_ both

AASHTO criteriaand the Port's specification for wet weather fill. This approach will provide
a high degree of confidence that strength, demrrnation,and drainage parameters for the

compacted backfill will conform to parameters usedin the design analyses as well as
providingmaximum constructionschedule flexibility.

Table 5 provides soilgradationsagreed to by the design team for the various fill categones.
Figures2 and 3 illustratethe grain size distributionsfor the embankment fill Groups 1A and
1B.which will be limited to a 4.inch maximum size to fall within the AASHTO criteria for
wall backfillsoils.

Table 6 provides electrochemical soil property limits recommended by FHWA, AASHTO,
and RECofor reim:orcedfill zones. The designteam concurred on use or;the AASHTO
criteriaas the basisfor designand specifications.

The designteam anticipatesthat fill material for the wall reinforcement zones will be
controlled by the construcuonsspecifications, and that the Contractor will need to

demonstrateby submittal that proposed fill materials meet design cnteria 1:orshearstrength
gradation,and plasticiw. Hart Crowser will veri_vthat RECo'sspecifications include
requirements/or submittal oi the appropriate test int:ormation.
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Table 4 - Soil Gradations for ReinforcedWalls and Slopes

SieveSize Percent Pa._in_
Steel Strip Reinforc.-d Zones

, AASHTO (1996 - 2000)
-_mch 100
3-inch
_t--inc,q _ _,

No. 40 0 to 60 ,
No. 200'" 0 to 15
FHWA (1997)
4-inch 100
0.8-incn (-"Dmm._
No. ,4

_o. 40 0 to 68
No. 200 0 to 15
RECon'

6_nch 100-
U.S. No. 200_:j 0 tO 15

1. TheRECooeslgnmanualdoesnot Drovmeaspeaticoack-fiil8raaanon;rather,me manual
s_atessoeaficrecluirememsfor maximumparadesize.finescontent,etc.

2. ThepiasUa_ indexshouldbe lessthanor equalto 6 for fine-_&nunedfraction.

AB 053240
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Table 3 - Soil Gradations for Fill Material "Groups" to be Used for Construction

S_cvc_Size Pefl:ent Passin_
Embankment Fill MSE Reinforced
(Not Reinforced) Zones

Group 1A
6_nch 100 -

4_ncn - 100
3_nch 70 to 100 70 to 100
I V_nch - "
_t_nch 50 to 77 50 to T7
U.S. NO.4 30 to 50 30 to 50
U.S. No. 40 3 to 15 3 to IS
U.S. No.2C_" 0 to 5 0 to 5_=_

Group 1B
6-mcn 1O0 -

,4-inch - 1O0
', 3-mcn 70 to 100 70 to 100

I 1t/_..InCh - -
%-inch 35 to 80 35 to 80
L'.5. _o. ,_ 20 to 5S 20 to 55
U.S. No. 40 3 to 30 3 to 30

L'.S. _o. 200 "_ I 0 to 8 0 to 8_:j
Group 2
_nc_ = I00
•_-incn I -
3-_ncn 70 to 100
1v,._nch
_,;,-mch SO to 8.5

L.5. _o..l 30 to 65
U.S. '_o. 40 5 to 30
LLS. "_o.200"' 0 to 12

Group 3
64ncn 100 -

'L.S.",,c.4 30 to I00

, _..5 _o. 40 20 to 60
' ,_'.S. _o. 200"' 0 to Z5

Group 4

:-..,no" -5 to _O0 -

.._ ,o. = -'0_o 00 -

_.':.\o.40 2D to-0 -

_.S. '_o. I00..... ) ,o.:0

" .n trl. _ ,._tl_lnal embankment sDec_nc3llons._r_etlne-_ralneo .=OI1 oercenta2.epassmE me _..S. "_o.
l_ '-:ase'=on :he.-racoon,3ime ._o_;_assm__ne:--_nc-.s_eve.Base{Jon me tota__amm,--_,¢

•..:! "-_'_;,: ._. :_ _-'.._ :n'. :;.'_-_ .................... -" "'" - ...... " :.r._ -'-E, OLII u.-, . ,ul ._,UUL; _D.

_. o, " - T';;qne-_r_.m=._.-,._C_._,.
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Table 6 - Comparison of Recommended BackfillElectrochemical Properties

FHWA (1997) AASHTO RECo Design
(1996 - 2000) Manual 1999

!SoilpH 5tolO 5to 10 _to 10
', Soi_resistlvi_'(at >3000 ohm-cm, >3000 onm-cm':' >3000 onm-cmI
', 100% saturationl

i Water soluO_e <100 ppm <100 ppm <1O0 ppm
Lchtoride content

I Water sotuble <200 ppm <._00 ppm <200 ppm, sulfatecontent

i Organiccontent 1%max. I 1%max.(for matenaJ FreeotoqW'ucsan0

t finerthanNo.10sieve) omerdetetenomI matenals

1. If Soil reSLsUwW iS greater tz_axzor eClUaJto 5,000 ohm.cxn, _e c_tionoes and sulfates recluirement may be
WelVtO.

The remainder of this section provides design imormation for those fill material groups the
contractor would useto constructthe embankment zones relevantto the MSE and

reinforced fill design. Depending on the resultsof the RECoanah/sisand input from HNTB,
some ot the fill material groupsmay need to be excluded _rornconsideration_orspecific
zones, or need to have strengl_valuesmodified based on laboratory testing.

Zone B.. Zone B: soilsrefer to the reinforced fill zone behind the MSE Cacepanels. Table "

presentsproposed specification requirementsand recommended designparameters z;or
Zone B: fill

Table -, - Zone B..Fill

Zone B._ ProposedSpecificationRequirements Recommended Deszgn
; Parameters_ll

, Minimum % Moisture Maximum Yin pc/ c' in psi: i (P'in des.
Compaction Range Loose

,ASTM D Relative Thickness

! 53_ :_ to in
OMC" 'ncnes

Grou_ : " 9"_ -: "" ""_ "_ "_"

Grouo IB 9: =3 !2 :40 0 3.
.. -i'le $Oll _t)__ar _lren_u-i Vlll.l_/_ sno_vn cIo i_oI _on_o_l" ..rl_ .'orllrll_Ullon OT :rl_ relrllor_nll_ _lemL/_l_.

" :omewnaI less ;'nln ._._ percent comoacl]on I$ CLCC.L_I_Ole,/'1 me relmorcea zone. ,viu'llfl ,: l_t oT wall.

:0 ::ntroI Dane: rjl$Ol&c._nent Gunny: Cortstr',JC"_.lon

• ._,_;,,",:-',%'-,,a'li'o_.;'l_ullllL}e&*l=_l I¢li d11_;_11_._t'.
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Forcomoac'Jonimmediateb,adjacenttotheMSE wallfacingpaneis,onlyhandcompaction

equipmentcanbe usedtoavoidtheriskofdamagingorcausingae_ie_on ofthepane!s.

whichmay resultinasomewhat lowerlevelofcompactionbeingachievec_inthiszone.

The distanceaffectedistypicallyabout5 Seer.butthiswould need tobe confirmedbaseO

on thecompactionequipmentbeingusedbythecontractor.

Zone B3.Thisisthehighstrengthembankment fillzone thatprovidesat:oundatJonforthe

MSE wall.Table8 presentsproposedspecificationrequirementsand recommended ciesign

parametersforZone B3fill.

ItisimportantthattheZone BjsoilsnotimpededdrainagefromtheoverlyingZone B:soils,

which could resultin build-up of pore pressuresand affect stabilityof the wall. Accordingly,
Hart Crowser recommends that Type 1B soilnot be used in Zone B_unlessthe overlying

Zone B: is alsoType 1B. (However, Type 1A soil could be used below either Type 1A or
Type 1B).

Table 8 - Zone B3Fill

Zone B3 Proposed Specification Requirements Recommended Desip I
Parameters i

Minimum % Moisture Maximum -f in pd ¢' in psf #' in deg. I
Compaction Range Loose Lift I

ASTM D 155_ 1) Relative Thickness I
to OMC in I

Inche#:_ I
Grouo 1A a'_._ =._-" I2 140 0 37 I
Grouo 1B 92 -_..:1 12 140 0 37 !
_. M|nlmum Derc_t comD3L'_on may be iI'_(:rl_eo D_'_I'II_, IurtRer a_a|VSlS 01' potential settlemm.._ts

underwallload.
2. Ma_irnum10-inchcamDao.edlinthidmess.

Compac'Jon oT;'one B, iiil to p�percentOTmax=mum aens=tyis required within the depth
OTtne suograae _mprovement Oackiillthat mav Oesunle_ to liquel"action.

Zone C,. This isthe common embankment fill outs=deme ,_tSEwall remrorcecland suooort

zones. Zone C, iss;mliar to the "random rill" aes=gnationin the RECo design manual for the
fii[bei_tno _e _SE '.vailFeimorcectzone. _ere, d_ comra_or ",viii nave tnemost iiexmmiitv

m the -ill rnatenai grouos. Zone C, -ill may contain fill rnatenai .vimin some or all o¢the
__roucs;noJc3teo 0eiow +nno oarrlc_lar _=.,_uenc.= .'_--=iail,,= *n.c'.:._=T¢"nr, i= ,_"rac=.ntc

procosea soecitlc._Ilonreou=rernentsand -ecommenoea aes==noarameter; -or zone C fill.
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Table 10 - Zone _ Fill

i Zone ,_ _ Proposed Specification Requirements Recommended Design
r , Parameters

I t Minimum % ; Moisture Maximum -! in pcf ; c" in psf _' in deg.
i Compaction i Ranoe Loose Lift i

I j ASTM D 1557 Relative Thickness '

I , toOMC in Inches
{ Group ;A i 90 I -_3 12 140 i 0 37

Notes on Soil Fill Slxensth Values. Hart Crowser accomplished 81obaland comoound

stabilityanalysesusinga frictional stren_ value oft' = 37 degrees for Zones B_ B_and C:
and _' = 35 deoreesfor the Zone C1 embankment fill. 'These values were based on a

combination of laboratory tests,experienceand published information resultsfor

comparable embankment fills that are well-compacted and consu_ctea of relatively well-
8raded soils.

Foundation Soil Input Pammetem

The foundation soilsvary siEnificantJyfrom one wall location to another, as well as below

the footprint of a Siren wail. The values usedin preliminary 81obalstability analysis,than
Crowser 2000b) have been adjusted sligildyfor use in the final stabilitv analyses, as shown
inTable 11.

Subgracleimprovements are needed in some areasto improve shear stren_,thand/or where
mitigation of seffiement and/or soil liquefactionare required. Based on evaluaUon of

alternatives,includingfield testsof stone columnsat the Third Runway site.Hart Crowser

recommended and HN'rB concurred to use overexcavationand replacement with densely
compacted fillfor suboradeimprovements.

Seismic Stability Input Parameters

The 4;'__-vearreturnperiodseismlceventhasbeen seiecteoTot..*vISE'.rollrJesi_n.=or

pseuoo-staticanaivsJsinac:oraancew_thA,,_SHTOcnteria,thiseventwould produc_a

i_orizontaloeak_roun0acceieral]on'PC,-_otabout0.3b_z13aseclon rlartCrowsers

orevioussite-specificevaiuauon,seeP.artC:owsersrnemoran(_adateciOctober & ;999.

_no ,orii ".3. _O00i. _ase,J,m ._r_m_.,_tc ;,_m _._ ".--"=B '--_r, C7?,,.<.e,"zs _c-_z.m!_,,_,,e:.

_nQillonaJ_nawsesco aooressa oote.eltlal_eterrnlnlStlCseismic hazara with ,'1_esame ,_.turr'
_erzcc. :nc_useo ,meresults -or more 3eta,erJ anawses. The results na\:e oeen useo in

AR 053244



Lil
H,_TBCorpora_on -_978-3C

Lanuar.'"," -,n_,-_ Pa_e ,,.

Table 9 - Zone C, Fill

Zone C, ; Proposed Specification Requirements Recommended Design
Parameters

Minimum % Moisture Maximum y in pcf c' in psf _' in deg.
Compaction Range LooseLift

A.CI'MD 15ST Relative Thidmess
to OMC in Inches

I

Group IA 90 _ 12 135 ! 0 3._
Group IB 90 =3 12 135 i 0 I 3S
Group 2 90 -'-.2 12 135 I 0 35

! Group 3 _ 92 -2"--3 8 135 i 0 3.5

Grouo 4 92 , -2---.I 8 ' 130 I 0 , 35 .:

Soil strength for some Group 4 soilshave been verified in the laboratory, and thisvalue was
usedin Hart Crowsefs stabilityanalyses. However, we do not recommend that RECo

modify their designto use thisvalue (rather than 0' "34 degrees) because of resultsof the
gJobaJand compoundstability analysesthat required increasingthe amount of
reinforcement in some areas.

The current embankment specifications also allow a Group 5 soil that has essentially no
gradation lim_ below a maximum 6-inch size, but allows no more than 50 percent fines,

provided the Contractordemonstratesa minimum friction value (based on specified tests
and oversize correctionl of at least 35 degrees.

Zone C,. Zone C., represents a select zone used along the face of the embankment for

control of seepase and to enhance stability. Zone C: is limited to Type 1B fill. within the
same specificationlimits used for Zone C,.

Zone A.. Thisisthe #e_drainin_ soil used in the embankment underdrain laver (i.e.,
nominally 3 feet thickL Table ! 0 presents the proposed specification requirements and
recommended design :_aramete_ "or Z_ne -_-,;ill.
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acditional analyses,including tugger liclueTacl_on,deformation and stability as discussed in

Hart Crowser's SeismicDesignSummary.Report (draft in progress).

Other Geotachnical Input Paramemrs

Coefficient of Friction for Sliding Anaiwb. Forthe reinforced zone and the inter_ace
oetow Re reinforced zone (i.e., top of Zone B3),use tan 37 degrees = O.T._.

Thisis an ultimate valueof friction,and allowable resistanceto sliding should be based on a

minimum Factorof Safetyas noted inTables 1 and 2.

Soil Allowable Bearing Capacity. Hart Crowsefs analysesconfirmt_at no deep-seated

bearing capacityfailuresbelow the extent of 8round improvement would occur due to the
presence of dense,glacialsoils. For local punchingshearanalysisbe|ow me levelin8 pad,
Hart Crowser recommended assumingan allowable bearing cal:>acityof 6 ksfwith a
minimum of 2 feet of embedment and a 1-foot-widebearing surface.

Differential Settlement. The designteamanticipatesthat the wall facingpa_eLscan tolerate
the differentialse_ements that Hart Crowser initiallyestimated for the MSE wall foundation
soilsincludingsubgradeimprovements (up to 1/100). We understand that additional slip
joints were proposea at the ends m:tiers for multi-tierwall sections,and elsewhere based on

aestheticcriteria and engineering judgment.

Groundwater Conditiom. Groundwater generallyoccursat relatively shallow depth in the
foundation soils. /viSEwall backfillwill need to be hydraulicallyconnected to the

embankment drainage layer (Zone A.,), Hart Crowser'sanalyseswere based on the
maximum groundwaterlevetsin each wall area. The designstabilityanalysesrelv on

comparisonof these levels(obtained duringa relativelywet period) with local precipitation

data. and the presenceof the underdrain,to assureprotec_on oi the wall from potential
ms_._Dili_'associateclwith Iligher _roundwater teveis!rei. Appendix C, liar( Crowser 2000).
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Attachments:

Tabie 11 - Foundation Soil Parameters

Figure i - Diagram of Zoned Emoankment CrossSection _orMSE Wall
:;_ure " - ©rt=.InaiCr_.,!_ _.- =;;I,_e_!;!c_,,_.,, _cd!f!=_d ,_,:_4==, - _.¢_-,-, ,.-..,.-... _T-

Wall Backtilt

Figure ._- On=jnat Group 1B FillS!oecnicatJonModified to Meet AASHTO Criteria for
Wail 3ace/ill
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