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Introd u c tion
The H R Green/B rau n Intertec C orporation Team (Tas kTeam)has reviewed read ily available topographic ,

geologic and geotec hnic alinformation within the projec tarea and exis tingbrid ge plan information to evalu ate the

geotec hnic alris k(s )as s oc iated withalteringthe exis tingroad way and brid ge alignmentto anotherloc ation within

the projec ts tu d y area. The pu rpos e ofthis geotec hnic als tu d y was to aid in evalu atingthe exis tingalignmentand

s elec tingpotentialalternative alignments forthe projec tin c oord ination withtraffic , road way and s tru c tu re d es ign

c riteria. The Tas kTeam c an u s e the res u lts ofthis s tu d y to foc u s on the alignment(s )thatprove mos tviable from

a geotec hnic als tand pointand d eveloproad way and brid ge d es ign c onc epts forS ou thD akota D epartmentof

Trans portation (S D D O T)and allthe projec ts takehold ers ’ c ons id eration.

Geologic O verview
The geologic u nits and s u rfic ials oiltypes within the projec ts tu d y area are d epic ted on the attac hed Figu res 1 and

2 , res pec tively. In general, the projec ts tu d y c orrid orc an be d ifferentiated in three d ifferentgeologic areas : 1)

wes tapproac h, 2)L ake Franc is C as e/M is s ou riRiverc ros s ingand 3)eas tapproac h, whic hare d is c u s s ed in more

d etailbelow.

W estA pproac h

The s u rfic ials oils ac ros s the majority ofthe wes tapproac harea (i. e. , wes tofthe L ake Franc is C as e/M is s ou ri

Riverc ros s ing)are d erived from weatheringofthe u nd erlyingP ierre S hale. The P ierre S hale is c ompos ed of

s everald ifferentmembers , inc lu d ingthe ElkB u tte, M obrid ge, S u lly, Gregory and S haron S prings M embers , allof

whic hare c ompris ed primarily ofbentonitic c lay s hale. W here the s oils have d eveloped on s lopes ofabou t5H : 1V

orflatter, as forthatportion ofthe s tu d y c orrid orou ts id e ofthe M is s ou riRivervalley, they are relatively s table and

s u itable forgrowingc rops orgrazingc attle. A longthe d is s ec ted wes tern valley, the s lopes are generally s teeper

than 3H : 1 V and P ierre S hale has been expos ed d u e to eros ion from the riverovermillennia. The res u ltings lopes

are c ompris ed ofa thin mantle ofs oiloverlyingthe P ierre S hale orexpos ed P ierre S hale, whic hare often

marginally s table. The s lope ins tability and land s lid e potentialres u lts from the weatheringofthe P ierre S hale,

whic hc reates s oils thatare s trength-s ens itive to bu ild u pofpore waterpres s u res . S lopes s teepened by a los s of

s oilatthe toe throu gheros ion, s lid ing, c ons tru c tion orothermeans c an experienc e progres s ive failu res that

bec ome inc reas ingly largerwithtime.

The s ou th-c entralportion ofthe W es tA pproac harea has s u rfic ials oils as s oc iated withthe O glalla Grou p, whic h

was formed on topofthe P ierre S hale. The O glalla Grou pis c ompris ed ofinterbed d ed c lay, s and y s ilts tone and

s and s tone and inc lu d es the A s h H ollow, Valentine and FortRand allFormations . The s oils as s oc iated with

weatheringofthes e formations are pred ominantly s ilty in natu re.

L ake Franc is C ase/M issou riRiver

The s oils immed iately ad jac entto the ed ge ofL ake Franc is C as e and beneaththe rivervalley are c ompris ed of

allu viu m d epos ited as the M is s ou riRiverhas meand ered throu ghthe valley as s hown in Figu re 2 . The s u rfic ial

allu viu m is generally c ompris ed ofs ilts , s and y s ilts , c layey s ilts and s ilty s and s . Thes e s oils generally have no

c ontinu ity in theirlayeringac ros s a given s ite d u e to the c omplex proc es s oferos ion and d epos ition by the river.

Thes e near-s u rfac e s oils are normally a c ombination ofmaterials d epos ited by s lac kwaterd u ringflood ingand
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tend to be finer-grained c ohes ive and mod erately c ohes ive materials . B elow the c ohes ive materials , the allu viu m

typic ally bec omes c oars er-grained , havingbeen d epos ited in fas ter-flowingwater. The materialbelow this d epth

generally grad es from s and y s ilts and s ilty s and s , to med iu m to c oars e s and s and gravel/c obbles nearthe bottom

ofthe riverc hannel.

B elow the allu viu m is the N iobrara Formation, whic his c ompris ed ofwhite to d arkgray argillac eou s c halk, marl,

and s hale thatc ontains thin, laterally c ontinu ou s bentonite bed s , c halky c arbonac eou s s hale, minors and , and

s mallc onc retions . The N iobrara Formation is c ommonly termed the N iobrara “c halk”and willbe enc ou ntered at

abou t10 0 feetbelow the c u rrentbottom ofthe lake. S everalou tc roppings ofthe N iobrara Formation have been

mapped alongthe ed ges ofthe riverbankwithin the s tu d y c orrid or, as s hown on Figu re 2 .

E astA pproac h

The eas tapproac halignmentis u nd erlain by s u rfic ials oils d erived from the P ierre S hale orexpos ed P ierre S hale,

s imilarto the c ond itions enc ou ntered alongthe wes tapproac halignment, u ntilthe grad es c limb ou tofthe river

valley on the eas tend ofthe projec tarea. The s oils enc ou ntered ou ts id e ofthe rivervalley orin d rainage

c hannels ru nningtoward the riverwithin the eas tapproac hare c ompris ed ofGlac ialM oraine and Glac ial

O u twas h. Thes e s oils were c reated throu ghthe ad vanc ementand s u bs eq u entretreatofthe glac iers that

terminated on the eas t/norths id e ofthe M is s ou riRiver. M oraine s oils were pu s hed u pin frontofglac iers as a mix

ofic e, s and , c lay, s iltand graveland were leftin plac e as the glac iers retreated and the ic e melted . O u twas h

s oils were d epos ited by ou tward flowingwaterfrom beneaththe glac iers as they melted and are typic ally

c ompris ed ofs imilarpartic le s izes thatprec ipitated ou tofthe flowingwater. S u rfic ials oils c reated by eros ion and

repeated workingofthe glac ials oils freq u ently res u lts in a c lay ormu d s oilthatis c ond u c ive to growingc rops or

pas tu reland as s een in Figu re 2 .

C orrid orGrad es
A s partofou rs tu d y, we als o reviewed the relative s teepnes s ofs lopes (i. e. , s lope grad ient)alongthe alignment.

The s lope grad ientc ou pled withthe mapped geologic c ond itions provid es an ind ic ation ofthe potentialfors lope

ins tability. The s lope grad ients alongthe projec ts tu d y c orrid orare pres ented on the attac hed Figu re 3. A fter

d is c u s s ion withthe projec tteam , we have repres ented s lope grad ientin terms oflow (<3 d egrees , 1 9H : 1 V),

med iu m (3 to 8 d egrees , 19H : 1V to 7 H : 1 V)and high(>8 d egrees , 7 H : 1 V). The grad ients alongthe entirety ofthe

projec tc orrid orare generally high within abou t2 to 6 miles ofL ake Franc is C as e/M is s ou riRiver. The grad es

generally c limb from the road way elevation ofabou t1410 feetatthe brid ge end s to plateau elevations on the eas t

s id e ofthe c orrid oratabou t1 7 0 0 feetand on the wes ts id e ofthe c orrid oratabou t210 0 feet. The plateau grad e

is relatively s imilarregard les s ofhow faraway from the riverthe plateau is reac hed , i. e. road way elevations will

need to inc reas e abou t60 0 to 7 0 0 feetovera d is tanc e of2 to 6 miles .

Exis ting Road way H is tory
S inc e the road way was c ons tru c ted , nu merou s repairs and maintenanc e projec ts have been performed to

maintain traffic throu ghthe c orrid ors afely. The repairs and maintenanc e have inc lu d ed : 1)land s lid e mitigation, 2)

d rainage and grad ingprojec ts , 3)realigningportions ofthe road way, 4)grad ingand pavingoverlays , and 5)

repairs to the brid ge s tru c tu re.
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L and slid es and M itigation/Repairs

The id entified land s lid es thathave been mapped alongthe s tu d y c orrid orare pres ented in Figu res 1 and 3.

L and s lid es atthes e loc ations have been primarily c au s ed by poord rainage thatlead s to a bu ild u pofpore water

pres s u res , lead ingto failu re ofthe marginally s table s oils d erived from s hale. O ften a large s torm eventand the

s u bs eq u entinc reas ed ru noffals o res u lts in head c u teros ion ofa d rainage c hannel(s ). S u bs eq u entmigration of

the head c u tu pthe d rainage c hannelres u lts in los s ofs u pportatthe toe ofroad way embankments , whic hthen

res u lts in s lope ins tability. Repairs and mitigation method s thathave been implemented to inc reas e the s tability

ofexis tingland s lid es orred u c e the potentialfornew s lid es inc lu d e:

 C hec kd ams to red u c e the s peed ofwaterflowingthrou ghthe projec tarea;

 P lac ementofs and u nd erd rains on and offthe road way c orrid orto red u c e the amou ntofwateru nd er

the road way;

 Ins tallation ofnu merou s d rainage c ontrols tru c tu res s u c has c onc rete c u lverts and c hu tes on and off

the road way alignmentto c ontrolwaterflow;

 Removings oilweightatthe topofs u s c eptible s lopes ;

 P lac ementoftoe berms atthe bas e ofs u s c eptible s lopes ;

 Grad ingand maintenanc e to road way d itc hes to red u c e the c hannelflow grad ientwhic hc ou ld res u lt

in eros ion;

 Fenc e line berms to aid in c ontrollingwaterflow; and

 Road way realignmentaway from s lid ingareas .

M any ofthes e repairs have been performed as m u c has 1 mile offofthe c enterline to red irec td rainage away from

and avoid c onc entrated flows atthe road way. D u e to the freq u entrepairs and ongoingmonitoringthathas been

performed alongthe exis tingroad way, exis tingc orrid ors oils are wellu nd ers tood , the d rivingforc es fors lid es

have been properly c harac terized and s lid e prone areas are wellknown. S D D O T M aterials & S u rfac ings taff

c harac terize the S D 44 road way in this s tu d y area as c u rrently beingin the mos ts table c ond ition they have ever

s een.

P latte-W innerB rid ge

The exis tingbrid ge is s u pported on fou nd ations c ompris ed ofpres tres s ed , c ylind ric al-s hellpiles filled with

c onc rete and s and afterplac ement. From review ofc ons tru c tion rec ord s , the d riven pile ins tallation was aid ed by

jetting, whic hres u lted in a c onc entration oflargerpartic les (c obbles and bou ld ers )nearthe riverbottom thatwere

notc arried to the s u rfac e by the jettingproc ed u re. The c onc entration ofthes e c oars e materials res u lted in

d iffic u lty obtainingthe d es ign d epths forthe d riven piles . The c onc entration ofthe large c obbles and bou ld ers

s u rrou nd ingthe exis tingfou nd ation elements willlikely influ enc e ins tallation ofnew fou nd ation in c los e proximity

to exis tingfou nd ations .

In ad d ition, we fu rtheru nd ers tand thattwo (2)ofthe pile c aps have c rac ked as a res u ltofd amage c au s ed by

wind and ic e load ingand have been s u bs eq u ently repaired . The d amage and repairres u lted in a brid ge c los u re

thatreq u ired a d etou rofmore than 7 0 miles .
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A lternative Road way A lignments
From a geotec hnic alpers pec tive, the Tas kTeam believes itis notpru d entto c ons id ernew S D 44 road way

alignmentalternatives beyond thatnec es s ary to rec ons tru c tthe brid ge and retu rn to the exis tingalignment. W e

have bas ed ou rrec ommend ation on the following:

 C omparis on ofgeology and s oiltypes s hown on Figu res 1 and 2 ind ic ate thatthe s u bs u rfac e

materials are generally c ons is tentnorthand s ou thofthe exis tingalignmentwithin the s tu d y area,

ind ic atingthatland s lid es wou ld likely be antic ipated on alternative alignments s imilarto thos e on the

exis tingalignment.

 The bottom and topelevation forroad way grad es are generally fixed bec au s e ofthe brid ge elevation

and topofrivervalley elevation –thu s s horteningthe horizontald is tanc e ofthe c limb willres u ltin

s teepergrad es ofthe road way.

 The s u bs u rfac e c ond itions and potentials lope ins tability effec tively limitgrad es , whic hwou ld res u ltin

s witc hbac ks and d eepfills ec tions .

 The land s lid e is s u es alongthe exis tingroad way alignmenthave been evalu ated , are u nd ers tood and

have been effec tively ad d res s ed by years ofobs ervation, monitoring, and millions ofd ollars in

repairs . A lteringthe alignmenteffec tively aband ons thes e repairs and s tarts overon a new, more

u nknown area.

 Ifa new alignmentis s elec ted and pu rs u ed , the exis tingalignmentwills tilllikely need to be

maintained by loc alju ris d ic tions to allow c ontinu ed ac c es s forres id ents and Game, Fis hand P arks

u s ers . Ifthe road way were to be tu rned overto a loc alju ris d ic tion, they are u nlikely to have the

res ou rc es to c ond u c tthe nec es s ary maintenanc e program given the c onc erns noted above.

 The road way is c harac terized as beingin the bes ts hape ofits his tory by thos e res pons ible forits

maintenanc e.

 Known is s u es on the c u rrentS D 44 road way thatare u nd erc ons id eration forrepairare relatively

minorrealignments and c ou ld be performed as partofthe c orrid oru pgrad es .

B rid ge A lignmentC ons id erations
A new brid ge willbe c ons tru c ted in the vic inity ofthe exis tingbrid ge. A d d ingwid thto the exis tingbrid ge is not

d es irable given c onc erns withregard to the brid ge c ons tru c tion, the d egrad ation ofthe s u bs tru c tu re as a res u ltof

wind and ic e load ing, and the age ofthe exis tingfou nd ations . In ad d ition, the exis tingbrid ge willremain in plac e

u ntila new one is c ons tru c ted to avoid d etou ringthe u s ers 7 0 miles as is nec es s ary when the brid ge is c los ed .

A s new brid ge alignments are evalu ated by the d es ign team , we are c ons id eringthe minimu m offs ets from the

exis tingbrid ge fou nd ations d u e to the c ons tru c tion is s u es thathave been previou s ly d oc u mented . Itis ou r

rec ommend ation thata new brid ge be maintained as c los e to the exis tingbrid ge as feas ible in ord erto keep

potentialroad way realignments on eitherend ofthe exis tingbrid ge as s hortas pos s ible. In ad d ition, alternative

brid ge alignments willres u ltin lengtheningthe brid ge an inc reas ingamou ntthe fartherthe brid ge alignmentis

s hifted offthe c u rrentone.

A s partofou rreview ofthe M aterials & S u rfac ingarc hives , we noted a d rawingthatwas prepared d u ringlitigation

forthe s ite. The d oc u mentis titled Diagram Showing Extent of Air Jet Sorting at Bent No. 18, prepared by S ou th

D akota D epartmentofH ighways u nd erprojec tW A R 0 0 8 S ec . 1 , d ated Janu ary 3, 1965. Ind ic ated on the d rawing

is a zone ofinflu enc e forjetting when pilingwas plac ed thatextend s from the bottom ofthe airjets , s hown as 36

feetbelow the lake bottom , u pward to the bottom ofthe lake bottom . A tloc ations neares tthe airjettingtip, larger
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materials were c onc entrated and atloc ations fartheraway, as the veloc ity ofthe aird is s ipated , s mallerpartic les

were c onc entrated . This res u lts in c onc entrations ofc obbles and bou ld ers c los erto the bottom ofthe airjets and

c onc entrations ofs and and gravelfartheraway from the bottom ofthe jets .

B as ed on the referenc ed s ketc h, the c onc entration ofc obbles and bou ld ers was pred ic ted to have oc c u rred within

an area bou nd ed by the tipofthe piles atthe bottom ofthe airjets and projec tingata 45 d egree (1 H : 1 V)u pward

from the bottom ofthe airjets to the bottom ofthe lake elevation. This area is antic ipated to be highly problematic

d u ringthe c ou rs e ofnew fou nd ation ins tallations .

The c onc entration ofs and s and gravels was pred ic ted to have oc c u rred within an area bou nd ed by the tipofthe

piles atthe bottom ofthe airjets and a 60 d egree (1 . 7 3H : 1 V)u pward projec tion from the bottom ofthe airjets to

the bottom ofthe lake elevation . W e antic ipate thatwithin this area there willbe a potentialforenc ou ntering

s ome fou nd ation d iffic u lties , howeverfou nd ations c an likely be ad vanc ed within the area.

Table 1 pres ents the rad iu s from the c enterline ofthe exis tingroad way ateac h P ierpile c apforavoid anc e of

c obbles /bou ld ers and s and s /gravels . O u rc alc u lations were bas ed on airjets extend ingto N iobrara Formation or

40 feetbelow the lake bottom atthe c enterline ofthe pile c apand road way fou nd ation, whic heverwas s hallower.

A tthe two S ill’ s , the minimu m offs etis c alc u lated as 26 feet, to be atleas tthree pile d iameters away from the

ou termos tpile s u pportingthe abu tmentas thes e areas wou ld nothave been jetted .

Table 1 : M inim u m O ffsetD istanc es

M inimu m Rad iu s from B rid ge C enterline atC olu mns

A void C onc entrated C obbles and

B ou ld ers (feet)

A void C onc entrated S and s and

Gravels (feet)

P ier2 25 30

P iers 3 to 9 65 95

P iers 1 0 to 24 7 0 1 0 0

P iers 25 & 26 65 95

P iers 2 7 & 2 8 55 7 5

The d is tanc es in Table 1 are the minimu m offs ets atthe lake bottom . P rojec ting u pward ata 10 H : 1V potential

batterforfou nd ation elements , res u lts in an ad d itional8 horizontalfeetatthe bottom ofpile c apelevation (1358

feet)where the riveris d eepes t. Forplanningpu rpos es atthis time, the d es ign team rec ommend s maintaininga

minimu m offs etd is tanc e of10 0 feetfrom c enterline ofthe exis tingbrid ge to the ed ge ofthe new brid ge forthe

P iers 3 to 26. O n the eas ts id e ofP ier26 and wes ts id e ofP ier3 the new brid ge may s hiftc los erto the exis ting

alignmentto red u c e impac ts to the exis tingroad way, as geometric d es ign allows .
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C au seway

A s a res u ltofc onvers ations thatemerged from the pu blic inpu tmeetings , there is interes tin c ons id eringa

c au s eway as one means ofred u c ingthe brid ge length. A c au s eway has been u s ed effec tively atthe I-90

c ros s ingoverthe M is s ou riRiverfu rthernorthatC hamberlain, S ou thD akota.

The exis tingbrid ge elevation is 140 9 feet. The lake bed grad e beginningju s tins id e the eas tabu tmentd rops to

an elevation ofabou t130 0 feetwithin 250 feetofthe brid ge end . C ons eq u ently, to bu ild a c au s eway from the

eas t, fillthic knes s ofover1 0 0 feetwillbe need ed to s horten the brid ge 250 feet. Granu larfill, fillplac ementu nd er

water, and relatively flats id e s lopes (i. e. , large embankmentfootprint)wou ld be req u ired to c ons tru c tthe

c au s eway. D u e to plac ementmethod s and fillmaterials , we wou ld antic ipate thatmonitoringoffills ettlements or

s pec ialgrou nd improvementtec hniq u es may be req u ired to c ontrollongterm s ettlements to within tolerable limits .

The c ons tru c tion willals o nec es s itate mitigation by the exc avation ofthe s ame amou ntofmaterialwithin s imilar

elevations els ewhere on the lake to avoid alteringthe hyd rau lic c ond itions ofthe lake. A c au s eway plac ed on the

wes ts id e ofthe exis tingbrid ge wou ld be req u ire s hallowerthic knes s es offilld u e to s hallowergrad es to the lake

bottom bu tfillthic knes s es exc eed ing50 feetwou ld s tillbe req u ired to ac hieve d es ign grad es .

Itis ou ropinion thatbec au s e ofthe reas ons s tated in the previou s paragrapha c au s eway is notappropriate for

the projec ts ite.

C omparis on ofB rid ge Fou nd ation O ptions
The Tas kTeam evalu ated s everalfou nd ation options to aid the projec tteam in s elec tingthe mos tfeas ible type

given the nu merou s variables . B as ed on ou rexperienc e withothermajorriverc ros s ings , s imilargeology and

loc alc ond itions , we have id entified the followingas feas ible fou nd ation options :

 D rilled S hafts –C ons tru c ted by u s ingan au gerto d rillthrou ghthe allu vials oils and c oringorother

roc kd rillingtec hniq u es to s oc ketinto the N iobrara formation. D rillingwou ld inc lu d e u s ings lu rry,

temporaryc as ing, permanentc as ingora c ombination ofs lu rry and c as ingto ac hieve antic ipated

d es ign d epths .

 C los ed -End ed P ipe P iles –S teelpipe piles withd iameters u pto 48 inc hes d riven witha plate on the

bottom . S u bs eq u entto d riving, the piles wou ld be filled withs and and /orc onc rete to inc reas e axial

and /orlateralres is tanc e and provid e c orros ion res is tanc e.

 O pen-End ed P ipe P iles –S teelpipe piles withd iameters u pto 48 inc hes d riven witha protec tive

d rivings hoe into the N iobrara formation. Typic ally, open-end ed piles are filled withc onc rete to s ome

d epthin ord erto inc reas e axialand /orlateralres is tanc e, in ad d ition to provid ingc orros ion res is tanc e.

 H -P iles –s teelpiles d riven to the N iobrara C halk.

W e have prepared a c omparis on matrix ofthes e fou nd ation options id entifyings ome ofthe variables forthem

attac hed on the followingpage.

N om inalGeotec hnic alResistanc e

A xial

W e have d eveloped an es timate ofthe nominalgeotec hnic alres is tanc e foreac hfou nd ation type foru s e in

evalu atingc ons tru c tion c os ts . W e u tilized Sheet 2 of 21 Subsurface Investigations for 5655’-6” Bridge over Ft.

Randall Res. forP rojec tW A R-0 0 8 -S EC . 1 , d ated N ovember1961 to evalu ate the s u bs u rfac e profile and s elec t

analys is loc ations . Forplanningleveles timates , thu s farwe evalu ated the res is tanc e atapproximate S tation
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2 0 +0 0 (u pperto mid d le elevation ofN iobrara C halk)and S tation 34+0 0 (lowes televation ofN iobrara C halk).

The s u bs u rfac e profile below the wateris c ompris ed ofan approximate 10 -foot-thic klayerof“mu d ”u nd erlain by

rivers and s and gravels to the N iobrara C halk. In ou rc alc u lations , we treated the “mu d ”as a s oft, lac u s trine s ilt

and c lay d epos it. W e mod eled the rivers and s and gravels as two layers , withthe u pperlayertrans itioningto the

bottom layerwhere the S D D O T d rive tes tblow c ou nts were over50 . The u pperlayerwas treated as a loos e s ilty

s and withs ome graveland the lowerlayeras a med iu m d ens e s ilty s and y gravel. W e es timated the intac troc k

s trengthofthe N iobrara C halkby reviewingpu blis hed valu es forP ierre S hale and N iobrara C halk. The N iobrara

C halkwas as s u med to have a s trengthvalu e higherthan the P ierre S hale and lowerthan the L imes tone (valu es

were taken from Farmer, 1968 and Jeager& C ook, 1969). Forc ons ervatis m we tookthe u pperlimitofP ierre

S hale s trengthas the valu e forthe N iobrara C halk, 2 , 50 0 pou nd s pers q u are inc h(ps i). Us inga red u c tion fac tor

of10 forthe jointing, we u tilized an u nc onfined c ompres s ive s trengthof250 ps ito evalu ate the bearingc apac ity

ofthe N iobrara C halk.

W e u s ed the c ompu terprogram UniP ile, vers ion 5, to es timate the s tatic , nominal, geotec hnic alres is tanc e ofthe

d riven d eepfou nd ation s ys tems . UniP ile s oftware, d eveloped by UniS oftGeotec hnic alS olu tions L td . , c an

c alc u late pile res is tanc e u s inga variety ofmethod s . Forou ranalys is , we u s ed the B eta-method , an effec tive

s tres s method , to es timate the s tatic geotec hnic alres is tanc e forthes e piles . This method evalu ates s haft

res is tanc e u s ing B jerru m-B u rland  beta c oeffic ients  (β),  whic h are bas ed  on s oil type and  effec tive fric tion angle.  

W e es timated  the β valu es  for the s oft lac u s trine,  loos e allu viu m and  med iu m  d ens e allu viu m u s ing Table 7 -9 

from the Fed eralH ighway A d minis tration (FH W A )P u blic ation N o. N H I-16-0 0 9, D es ign and C ons tru c tion ofD riven

P ile Fou nd ations –Volu me 1 , S eptember20 16, and ou rexperienc e in s imilars oilc ond itions . The B eta-method

d etermines end -bearingres is tanc e u s ingtoe bearingc apac ity fac tors (N t), whic hare als o bas ed on s oiltype and

effec tive fric tion angle. W e es timated the N tvalu es from Table 7 -9 ofthe S eptember20 16 FH W A pu blic ation and

ou rexperienc e. The end -bearingres is tanc e in the N iobrara C halkwas es timate to be 9 times the u nc onfined

c ompres s ive s trengthtimes the bearingarea. Topofpile was as s u med to be the bottom ofpile c apid entified on

the exis tingplan s heets , elevation 1358 feet. Table 2 pres ents the nominalgeotec hnic alres is tanc e atthe topof

the N iobrara C halkatthe two loc ations . The totalpile lengthis 10 1 feetatS tation 20 +0 0 and 1 7 6 feetatS tation

34+0 0 . The valu es pres ented in Table 2 d o notinc lu d e any res is tanc e fac tors and as s u me infinite s tru c tu ral

c apac ity ofthe piles . A n appropriate res is tanc e fac torbas ed on the levelofc ons tru c tion c ontrolwou ld need to be

applied to the nominalvalu es and the fac tored s tru c tu ralres is tanc e ofthe piles als o c alc u lated to d etermine the

appropriate fac tored load .
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Table 2 : Nom inalGeotec hnic alResistanc e forD riven Fou nd ations

Fou nd ation Type S ize
S tation 20 +0 0

C apac ity (kips )

S tation 34+0 0

C apac ity (kips )

C los ed -End ed P ipe P iles

24”D iameter, 1”wall 1150 260 0

36”D iameter, 1”wall 240 0 48 0 0

48 ”D iameter, 1”wall 420 0 7 7 0 0

O pen-End ed P ipe P iles

24”D iameter, 1”wall 50 0 1 7 0 0

36”D iameter, 1”wall 7 50 260 0

48 ”D iameter, 1”wall 10 0 340 0

H -P iles

14x7 3 30 0 10 0 0

14x10 2 325 110 0

14x11 7 350 1150

The valu es in Tables 3 and 4 c an be u s ed to evalu ate the res is tanc e ford rilled piers . The valu es in the tables d o

notinc lu d e a res is tanc e fac tor.

Table 3: Nom inalResistanc e P aram eters forD rilled P iers atS tation 20+00

S tratu m Elevation ofS tratu m (feet) S id e Fric tion/A d hes ion, ps f End B earing, ps f

S oftL ac u s trine 1315 –130 5 Ignore N otRec ommend ed

L oos e A llu viu m 130 5 –12 8 0
Ignore, potentialforpermanent

c as ing.
N otRec ommend ed

M ed iu m D ens e

A llu viu m
12 8 0 –1260 10 60 –1360 , average of12 10 N otRec ommend ed

N iobrara C halk ≤ 1260  138 0 120 , 0 0 0
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Table 4: Nom inalResistanc e P aram eters forD rilled P iers atS tation 34+00

S tratu m Elevation ofS tratu m (feet) S id e Fric tion/A d hes ion, ps f End B earing, ps f

S oftL ac u s trine 1290 –12 8 0 Ignore N otRec ommend ed

L oos e A llu viu m 1245 –12 8 0
Ignore, potentialforpermanent

c as ing.
N otRec ommend ed

M ed iu m D ens e

A llu viu m
11 8 5 –1245 1560 –248 0 , average of20 20 N otRec ommend ed

N iobrara C halk ≤ 11 8 5 248 0 120 , 0 0 0

Table 5 pres ents ou rc alc u lations fornominalres is tanc e ofvariou s d rilled piers izes ateac hanalyzed s tation.

Table 5: Nom inalD rilled P ierResistanc e

D iameter(feet) S tation 20 +0 0 C apac ity (kips ) S tation 34+0 0 C apac ity (kips )

6 38 50 5650

8 6643 90 0 0

10 10 0 0 0 130 0 0

L ateral

L ateralload s willbe exerted on the fou nd ations by ic e load s and wind load s on the brid ge. To res is tthes e lateral

load s forthe d riven fou nd ation options , the elements willlikely be battered . The followingd es ign parameters c an

be u s ed to es timate laterals u pportofthe d riven piles and d rilled piers .
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Table 6: S oilL ateralP aram eters atS tation 20+00

S tratu m
Elevation of

S tratu m , feet

C ohes ion,

ps f

Fric tion A ngle,

d egrees

Effec tive Unit

W eight, ps f

S oilM od el

S oftL ac u s trine 1315 –130 5 330 - 38 S oftc lay below water

L oos e A llu viu m 130 5 –12 8 0 - 30 54 S and (Rees e)

M ed iu m D ens e

A llu viu m
1260 –12 8 0 - 33 58 S and (Rees e)

N iobrara C halk ≤ 1260  S ee Table 8

Table 7 : S oilL ateralP aram eters atS tation 34+00

S tratu m
Elevation of

S tratu m , feet

C ohes ion,

ps f

Fric tion A ngle,

d egrees

Effec tive Unit

W eight, ps f
S oilM od el

S oftL ac u s trine 1290 –12 8 0 330 - 38 S oftc lay below water

L oos e A llu viu m 12 8 0 –1245 - 30 54 S and (Rees e)

M ed iu m D ens e

A llu viu m
1245 –11 8 5 - 33 58 S and (Rees e)

N iobrara C halk ≤ 11 8 5 S ee Table 8

Table 8 . L ateralP aram eters forNiobraraC halk

S tation

Elevation

ofS tratu m ,

feet

M aterial

M od el

Effec tive

Unit

W eight, ps f

Unc onfined

C ompres s ion

S trength, ps i

Initial

M od u lu s of

Roc k

M as s , ks i

Roc kQ u ality

D es ignation

(RQ D ), %

S train

Fac tor

(krm)

20 +0 0 ≤ 1260  
W eakRoc k

(Rees e)
125 250 3, 0 0 0 7 0

0 . 0 0 0 5

to

0 . 0 0 0 0 534+0 0 ≤ 11 8 5 
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Fac tored Geotec hnic alResistanc e

Fac tored  geotec hnic al pile c apac ities  are d etermined  by m u ltiplying the pile d riving res is tanc e fac tor (Φ d ynamic )by

the nominalpile res is tanc e (Rn). Ford riven piles , the appropriate res is tanc e fac toris s elec ted bas ed on the

d egree ofc ons tru c tion c ontrolthatwillbe u tilized . Res is tanc e fac tors range from abou t0 . 4, u s ed when

c ons tru c tion c ontrolis by FH W A -mod ified Gates formu la, to 0 . 8 , u s ed when s tatic load tes ts are performed and

q u ality c ontrolc ons is ts ofhigh-s train d ynamic tes tingon atleas ttwo perc entofthe prod u c tion piles . S imilarly, the

res is tanc e fac torford rilled s hafts d epend s on whetherthe d es ign inc orporates a s tatic load tes tornot. W itha

s tatic load tes t, the d es ign c an u s e a res is tanc e fac torof0 . 7 0 . W ithou ta s tatic load tes t, the d es ign s hou ld u s e a

res is tanc e fac torof0 . 50 or0 . 55, d epend ingon the materialprovid ingres is tanc e.

Forthis projec t, we antic ipate thats tatic load tes tingwillnotres u ltin c hangingthe pile lengths . H owever, s tatic

load tes tingwillallow the d es ign to u tilize higherfac tored res is tanc es , whic hs hou ld lead to fewerpiles . Given the

antic ipated nu mberofs u bs tru c tu res and as s oc iated piles , we rec ommend inc lu d ings tatic load tes tingas partof

the d es ign. W e als o rec ommend performingthe s tatic load tes ts d u ringthe d es ign phas e ofthe projec t. This will

allow the projec tteam to evalu ate the c ons tru c tability is s u es as s oc iated withthe d ifferentfou nd ation options .

Evalu atingthe c ons tru c tability is s u es d u ringd es ign willred u c e the ris kofd elays and ad d itionalc os td u ring

c ons tru c tion, thereby red u c ingthe c ons tru c tion c os tofthe projec t.

S tatic load tes tingforthe d riven piles s hou ld follow A S TM International(A S TM )D 1143 S tand ard Tes tM ethod s for

D eepFou nd ations Und erS tatic A xialC ompres s ive L oad s . Ford rilled s hafts , s tatic load tes tings hou ld follow

A S TM D 1143 orA S TM W K30 360 Tes tM ethod s forD eepFou nd ations u nd erB id irec tionalS tatic A xial

C ompres s ive L oad . H igh-s train d ynamic tes tingford riven pile s hou ld follow A S TM D 4945 S tand ard Tes tM ethod

forH igh-S train D ynamic Tes tingofD eepFou nd ations .
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Substructure

Type

Axial Load Carrying

Capacity

Lateral Load Carrying

Capacity

Influence on Existing Structure Contractor Experience Construction Cost Reference Projects

Drilled Shafts

+ + + - -

Can use belling to increase

capacity when get to bearing

strata.

Concrete and reinforcing can

transfer horizontal loads to

underlying rock.

Can be installed with minimum vibrations in

the substrata that transmit to existing

foundation.

Installation of drilled shafts will require a

specialized contractor due to the depth of

installation and diameters potentially

greater than 6 feet.

Use of drilled shafts will require permanent steel

casing installed to rock and removal of all spoils

from the shaft excavation. Cobbles may also

create significant difficulty augering and

advancing casing.

Discovery Bridge over Missouri River,

Yankton, SD

Driven Closed

Ended Pipe Piles

+ + - + -

Steel walls and plug at base

provide adequate bearing area.

Placement of concrete in pile

can maximize lateral capacity.

Due to large displacement, likely to induce

some vibration that should be considered for

impact on existing foundations.

Typical bridge contractor has experience

in performing driven foundations.

Driving of these piles may require predrilling and

thick walls on piles to withstand the driving

stresses through cobbles.

Four Bears Bridge over Lake

Sakakawea in New Town, ND

Driven Open

Ended Pipe Piles

+ + + + +

Steel walls provide bearing area.
Placement of concrete in pile

can maximize lateral capacity.

Due to less displacement, less likely to induce

vibration that should be considered for impact

on existing foundations.

Typical bridge contractor has experience

in performing driven foundations.

Driving of these piles will not require predrilling,

but thick walls will be needed to withstand driving

stresses through cobbles.

US 34 over Missouri River, Mills

County, IA

H-Piles

- - + + -

Load carrying capacity limited by

cross section of steel area.

Lateral carrying capacity

limited by cross section of steel

area.

Vibrations may be induced through driving but

of much smaller magnitude than anticipated

from open or closed ended pipe piles.

Typical bridge contractor has experience

in performing driven foundations.

No predrilling needed for the piles, however risk

of lateral displacement at toe when encountering

cobbles/boulders.

Memorial Bridge over the Missouri

River, Bismarck, ND
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