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+ Surcharging

¢ Wick Drains*

+ Vibro-Compaction*
+ Vibro-Replacement Stone Columng*
¢ Compaction Grouting*

¢ Deep Blasting

Adhesion Methods
+ Chemical Grouting*

¢ Slurry Grouting*

¢ Freezing®
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+ Soil and Rock Anchors*

» Vibro—ﬂéplacernem Stone Columns®

+ Vibro-Displacement Stone Columns®
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s Soilfrac Grouting”

] ; // .
s Soil Mixing® __Sl—’;} > L{F;et’—"‘i%\" Tl b \s

¢ Reticulated Minipile Walls* —  —~ 7 7 o ; : W%
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¢ Electro-osmosis
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Vibro techniques use spemaliy deSJgned poker-type depth vibrators. Extension tubes

are added to allow_penetration to treatment depths in 8xcess of 100 fGeT Faloy
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- Vibro Systems /o e
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warking grade. The vibrator assembly is typically supported from a stand____a_@g@n_b_ or Wl’d“:}
purpose-built hydraulic crawler crane. Treatment is accomplished over a two to three =

foot depth interval and the vibrator is then raised to the next level. ThrSproce_—_dEFe_%

repeatﬂd over the entire depih of treatment. Vibro techniques offer a technically
proven and cost effective zliternate 1 deep Eoundationq, allowing a variety of

structures,to be supported on s 1aifcw spread footrngs
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Mitigation of liquetaction and lateral spreading

/ i

Achievement of the specific de"ree of mprmemeni required by the prOJec; \
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Cast and time savings over conventional systems Uﬁfﬂ v (J 1) s et -'"“t"c
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In situ treatment, thus avoiding excavation and replacement —-v"" ’E’f“w V‘
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ent of the 50"Wlﬂ‘ﬂcﬁ#&hlmﬁ’gra‘nu'ar::?_'r':so}

accomplished by either top focd o

L oo Cel A Ao, g A st o TR P *.:l.’:“""u’fw”’/%‘i@b
: A (the_swe mixed and layered soils generally d densify easil en subjectedto |, _7o ¢/ Z
¢ b vioration alone. The V_ibro-ﬁep!ac_ement technique was developed specifically for e \
g;i ﬁ _Cihp » ﬂthesg? soils, effectively extending the ran ge of soil types that canbe improved with the. “)/(u-&“;
g g ot
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P P hailrd ara designed to increase bearing capaciy. fE‘%UCE seffldment, aid densiiicaonand— _~2Ul,
b olhcaik miligate the Potential for liquefacticn, and improV® shear resistanch, N i i o=
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* Increases bearing capacity, allowing reduction in fcoting size A = . g5
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+ Mitigates liquefaction potf)nﬁa#— ey e o aun ol
- & 5 Lydr o= ' b o i
E + Provides slope stabilization,_ 5 /)A "“’@ "JUJ@L’:}:L.L_
s el y e
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Stone Column Construction - > éjf_
The two primary methods of Vibro stone column construction are:

R

Wet, Top Feed lMethod (Replacement+Displacement)

In this technique, jetting water is used to remave soft malerial, stabilize the probe
hole, and ensure that the stone backfill reaches the tip of the vibrator. This is the
most commenly used and most cost-¢fficient of the deep vibratory methods.
However, handling of the spoil generated by the process may make this method
y ; more difficult fo Eie on confined sites or in enviror;__rp_irlad_iy _sg%s_jt_w_e_% ’70—’“." UL
= J sy 0y LY B TR O o O whad 9o0~—" " "~
C)?J,J/’j‘é’/)"U&‘f%{____g;.uJ < 3 \':‘ch/ #

Top-Feed Process L’ Ji,ﬁb;u,ﬁf@ s 4 o L) s b
e . i ™

Ory, Bottom Feed Method (Dispiacement)

This technique uses the same vibrator probes as standard Vibro-Replacement,
but with the addition of a hopper and supply tube to feed the stone backfil directly
to the tip of the vibrator. Bottom feed Vibro-Replacement is a compleiely dry
operation where the vibrator remains in the ground during the construction
precess. The elimination of flushing water in turn eliminates the generation of
spoil, extending the range of sites thal can be treated. Treatment is passible up to

a depth of €0 feet and is not inhibited by the presence of glroundwater.
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Vibro Concrete Column Applications P Ay d,,,,q_,,,., ﬂr I
# Reduction of foundation settlement

st (s b VL L gl e \j_”:éicr.‘; S por

T e i
;_ d—i’_:‘) rmpw of bearmg capacity Ok ku_; ff ) ,h € s s o ol bty s L
7

// )—*:;#L:] e
¢ Slope stabmzatron . P W 25820 Q;_é; s _)-U L;_..» lp u.gw‘u’g}:::
| s 458, 2 .E’éf
= b [:/J i =) “ ..»»"“
"ﬂ «1» * Economical piling akemalive o -"{F(-’s | sw _,-j(s r’_\:“z’i/)_ﬂ r"inE ;
t-b%{;; /Vf)uﬁﬂ-*"”g, ’d;; idlp_q.‘{_j h LJ =
—E!!-.‘-'—_"-"-
| important Vibro Concrete Column Parameters [r‘-"‘ ;}j ool ot ) - i
g + Ground type —s Qf/ Esd : f
' s Relative density ol @_,,, ‘%f@r) f

T IR

* Structural Load —s, 5}},1)_))9()_2;9, asibe

§ Vibro Concrete Column Effectiveness  5,15() Ui, Qbel S t”J

! Best suited to tr anster loads through so‘r andxor organic layers to an/gc:er!ymg
g granuar stratu £ -

t
{ Lb
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MEY: ‘-HJ«-J_M.JUJ f
Design Parametersrup "f’,y—” w0 5 r{,ﬂ“ -u/J,«-J;_,M,;J(r M .&’i_g, i

e

The analysis and design.of the Vibro Concrete Column i Improved site is essentially
the same as would be performed for any expanded base pile foundation e&se@that )
i  theimproved soil parametqmwgre used. vibe e @)0—9) g
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Vibro Concrete Cczl)umjl ?ﬁesngn Steps
1. Perform site investigation (}b J" Soil type and strength Jmponant
wL 103 ,%J Calculate _gredicledh ullementsl Problem understood

l/—
3 50obnt Gy |

ﬁaéilsﬁ requxremenls What settlements, bearing cagac:_!y
w,_ﬂ bollo are allowable 4L M)IfM

4. Design Vioro Concrete Column Number of Vibro Concrete Columns

approach required to achievg@o_’jgs_uﬁ_s

db-—"z—‘;‘-"___{__‘"_f ! _Review the need to incorporate pile

NJ*"’
aﬁ“ == ,}éf Vel capdesignor deve.*op reinforced soil e lo J"QJ

b \o L,,.-l::sfnﬂ-lnl-"" =
‘J._Lﬁ . G’JVLG"‘J" t_:l_,n- b 0ad tr.

Toadtanslor system. s b )i
s e, . il B
5. Establish testing criteria L’__,\, it Load test /

%\
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Vibro Concrete Column Process
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... ... Dynamic Deep Compaction

cJ)
:TZD'L _)J‘" .!J"“-&'_fj Li—'-/_'f
,«Ejrl'f‘f clive Depth -- Maximum depth of ground improvement
ok ‘l‘,r’"(_}!-‘frf g_flf_z,\i I
Zone of Major Densification — About Upper 2!3 of effective depth £ ? wj_ /[
A H-"’ J“Wl ‘}j
Energy Level - Energy per blow (weight times drop height) ol o-ﬂ/ - WA u.ﬂ' cr’ﬂ/f’f}vaj,-‘-

e —

lmportant Terms “~l/k » e
52t 5 (WJ-‘J};M

Energy Intensity Factor - Involves energy level, spacing, and number of blows

=

ST e - '
DDC Applications /@ b} laled ~ T

‘ L.-u- R
» Reduce foundation settlements —  + <t Ly b ,J'—' W ol f': r- :
| . J,br« br*bfircfyﬂfvﬁ
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E
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# BReduce seismic SUt;S,Ldenre f_ﬁ\ : "
Permit ccnst'uctlen on th - - ”
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s Densify garbage duﬁ%—u AR W2 _.__..at-/ )/&E’“' " =3
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| Typical DLC Pregram Invoives ) Y A
| + Weights of 10 to 30 tons =
; o ¥
+ Drop heights of :'E&o ?O(}u’rt A
: U o x' AT s ey 1 ;
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Important DDC Gecteciqical Parameters
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p

» Soil conditions
e

+ Groundwater level ._.nwlzl"—u,aﬁ = —tp ] 5 e

+ Relative density{p-
ST\ (,»9/,}‘9/3‘.#9\.-
+ Degree of saturation

e
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d’\j»‘_,u : (L/quﬂﬁ Ly ol
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( er')_aL,.iz/_p f“"’-”;?”)
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+ Permeability ((.LIJJ)‘_,P) i F;U,,.U. r,@ﬁénulﬁ :’_’J-""
[ SIEVE ANALYS!S HYCROMETER ANALYSIS | L’ L/ Fopn ‘,u L ra ,J:g._\_,,_a /_flj s
} S )L | size of opening in inches lnuhber of mesnin. US std|  grain size in millimeters .----—-m_,_ P 7,
/ e! 112 L4 VB4 10 16 304 /_IUJ szj;\’fryj Lt
ol | T abetp “ B
= 19 __'_ 0
ug: 20 J"-‘-"_-P"' i ﬁ
2 10 :lsr'rfmssmls 0 g
5 4 /)s e mdex {F"} 0 =
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| mci E : a
—_— 10 1o 1 0.1 0ot 0051
_._Iw )2 GRAIN SIZE IN MILLIMETERS B ol
i . | warse | fine |coarse [med. | fine sill of clay
L Rkl ! gravel |' sand fires
‘ & Grauping of Soils for Dynamic Compaction
I Lukas | 1984)
Qd/f
Appiied Energy Requirements 1), 2 V& ) 452
Applied Energy | Improvement /
g / el
Type] ?fbngp?srl‘tu i il T Normally Used | Expected .,
Pervious coarse g grained soil - Zme 1 20-25 txm/m?3 Excellent
Semi-pervious fine grained soil -- Zone 2 | 25-35 bxm/ m? Moderate to Good
Zone 3 r Not applicable Not applicablé =~} Gus
Lanf:'ﬂ‘iils I 60-110 txrm/ m? Excellent
i Note: Standard Proctor energy equais 60.5 txm/ m®; 1 txm/m? = 10255 ton-f/fte
l‘w:_‘______..;
HAYWARD
BAKER |
«ELLER f.




DR Oaaf\»fm/f kg
w2 ..l)\sa-—ll

¢+ Mirimum 100 150 ft clearance §

Important DDC Construcﬂon Conditions |

__Jn'lr,.,g_a,j.:

irom any structure ,VL:-,«L-J’ U-u_ru LJ Lz AR A

- by 2o b
+ Review site for vibration sensitivity —’Jf"ﬂ {ﬂ feak
Smtab;lity cf Deposrts Eor Dynamic Compaction
.AQ_.{’J‘J (5t s [Most Likely f_L__-fj,-eP i f g
Most Likely AASHTO Degree of i“‘d P sl i’ '
General Sail Type Fill Class Soil Type Saturation  Suitability for DDC
H c/ o Pervious depositinthe  Building ru'aiijg bo A-1-a High Excellent
il =, ’,,{:];3_-,,1, grain size range of ' i i
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DDC Design Steps Cr’ 'lp dj L A —F\
1) Perform site investigation e’ . i
—_— |
2) Develop settlement influence diagrams L_ T
3) Develop inttial DDC program P ,-.JJ‘F Er ' o 'ug;_,l, L

; ’ " 4 P i > .
4) Develop numerical performance prediction - Mé{{f&d-}uz@ \@.?l_d,.ui,_;_ﬂ_-_t

5) Develop QA/QC plahs

DECC Performance Prediction Requires
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+ Anchor in stable ground ﬁu‘ JJJ,JJJLU#{; S l"“f/"”me_a’m‘“—)g"/ (L"“’

¢+ Long tendon 4 )%‘ wwki_f,_f.\__/@J ﬁ,

N Connectlon to structure ' o

(!ﬁu /ry)wjup,-i §/ L,—,..J
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: Soil and Rock Ancher Applications — — .7/ - ‘-’*U/ -4
* ¢ Lateral support of walls LJ S ) s b / il
7 ™ o3 et )20 b
4 - %o— Resistance of hydraulic uplift _ ,uL W_,;Ju *_3 5 *“‘F/ f,d—’ i
: Q30 8) : I c,rﬂ’» 2w b R0 b
' + Slabilization of faﬂderdes’ ) y EVMRLs )_q:,m (
: __ * Resistance to overturnin . L ' S
5l g (bok | ~ w/"ﬂ-"“b“’ ! XSS G S s
Nl CJ:‘}—-’ Scil and Rock Ancher Design Steps =
% 1) Establish geotechnical conditions S R L{'“‘:" U-,{_ -
2) Establish loading diagram and construction sequence; m.“‘/,-f’“ " Lo lec I “’/ Lr/*‘ b
4 (el 3 | (
5 3) Develop trial anchor capacity , Lo, g &HCL_*’»'UE(_.M L:f‘*lrf'*d"-"'\ ‘if_’fl_c*..!p—j“"j
? — }(C}M rg e & .
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Typical Values for Unit Non-Pressure Grouted Rock rock Ancher Bond Strass

| Bond Stress Between
' Ground and Rock
Rock Type I (Kips/sty =)' J
Hard Limestone = I 15-35
Soft Limestone 20-33
Slates and Hard Shales 15-28
Sandstone 15-35
Soft Shales 5-15
UL"&J Y=
Typical Values for Unit Non-Pressure Grouted Soil Anchor Bond Stress
T —
- ‘Standard benetratlon j Bond Stress Between
— Resistance, N “Anchor and Soil
Soil Type (Blows/Ft.)~ (Kips/Sq.Ft.)
Silty Clay 3-6 0.50-1.00
Sandy Clay 3-6 0.75-1.00
; Medium Clay 4-8 0.75-1.25
¢ Firm Clay or Stiffer Over 8 1.00-1.50
Sands 5 greave 10-30 L 2.00-4.00
3 \,L'Lj}-)) T
§ Typical Values for Unit Pressure Ssure Grouted SOil Anchor Bond Stress
G P Bond Stress Between
; U Anchor and Soil
4 Sand Density (Kips/Sq. Ft.)
1 Medium Densa 3565
% Dense | 5.5-8.5
_i Very Dense rf 8.0-12.0 J
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i . Agpiications
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- : o > @l n
¢ lemperary and permanent excavation support/retaining walls ., 5> > A -

—_—

o L)
.: + Stabilization of tunnel portals gy .
! Gy A2
[
: T
! + Stabilization of slopes _#.nw\fk;

¢+ Repair of retaining walls k};bflfﬁ,f“"”-
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8 ~—" Scil Nail5 Way Consist oF ' : -
: — \ >
+ ReinforcingBars 3 (i{wff “fflﬂ
¢ Steeltubing (Mo lord Y
3 -
+ Steel angles o=
TypesofSoil Pjaai o
; yoe + Driven nail— [@“‘JJ e ,u\,..a
1 122 Pu, e
‘_" /';f) o~ ¢ Grouted nal k_a_:/u_r H]l
st N T s ;_,J)Jua_,asnfuf‘
= "‘: j‘-’“ + Jetgrouted nail — ,;.,Jg_{,n;_ tr’“’ Jl‘t_r.:'?-’/ -
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: 7 Corrasion protection is necessary for long-term temporary and/or permanent works
Lo g lo lo

S S L

YMV’ + Epoxy Coatings _ﬂu—:;f

T ; 5 L o

§ -7 [‘:;Ly—’ ¢+ Polyethylene Sheathing — )_Lp%,,(,g-\_u@ b o, 0
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¢ Soil nailing is poss ible i 0 & wide range of matenafs including:
b
“o_ )
: ¢ Clays () — -’IC’M“) M#LL’PU’;’PU}#—”H,
g Iy g el o T
¢ Sandysoils (I~ — f'_,fdwﬁ_,?:{lf‘{/ S ) g&oq..w;@

+ Weathered rock; tallus siope deposits * ”wtff:ﬂzﬁ !
9 —h =

¢+ Heterogeneous and stratified sails @sJ{MC:\.L_) 'fp

e

Soil nailing is not !t pracica |Ir(2,ni-=).;.5r* oy

¢ Soft, plastic clays Rﬁif’/‘dhww

+ Organics/Peat -/ T:.a/:

92 Loy
¢ Loose (N<10), iowﬁéﬁ:ﬁ-”and]or satu%ted soils N<le L QJB q{w

-
b

+ Fills (rubble, cinder, ash, etc.) / T’-@PJ = (jlp
: : ' : [, L= Ui
CGeotechnical Parameiemmemgﬁ_ Considerations

i
¢ Mechanical properties of sgil *"uw!:..u.,r <

+ Soll type(s) and density "*:" b e Es

*' ¢ Moisture content _JT P g

H .l

% ' ) + Soil stratification . 1) J‘%“*’,«J Ey/d/ "r-dﬂ ’.L»

2 V{g;m o

] gy s 1T _.h ] 3

E + Groundwater condition, seasonal charges and hydroiogy d“,.?--‘fl— b e
: "'Drainage 2o TN
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Drainage syslems are rncorpcraied into the nailed wall, reducing liquid pressure and

. preventing saturation of the reinforced grot.nd Dramag_jystems incluee:
b 1o

J;\Jv)f = _),s-kf b

1:’}).'-‘—-‘1 u_)_ﬂw’-} .
Th e Geotextie facing

1h,e o Driledin place relief wells

¢ Slotted plastic collection piping AL g aods
Su@{ﬁﬂa}_@gimnmf above and behind the retaining wall fs alco critical to the ) J___,
Z system. o - g g Lo (P2 &2 ko plus
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Design Steps &\:Jiy:;d) Cteuds
1) Perform geotechnical site investigation

s

x

2) Evaluate excavation/nailed wall geometry )@ g S

o ?ub (2 1
. 3) Check wall stability - infernal/external APk % d )A,_.

— 4', !r*corporatn dramage control system with nail wall design  — ) /c? b U -"_L,f_’,;;lm—u:n@‘
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o Nailing installation sequence pa,dl I Jolpm

+ Verification testing - pull test to verify design strengths — ;7/. ¢ “"/, /H“‘f{'_\—m“‘ bols

: = 2 LL-J' L la _fl ]' ]
E . o= * Progressive moe’%)n'ng for design perfcrmance SR R gl
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Impertant Terms ? =

¢ -_.utq_,,}_,J M—M-’r/ljl’\flp
T
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Structural Connect:ons e various connection details that attach minipiles to

structure >
&g‘]./)hélb|,]jl—"j dl_u_,ldil
Scil/Rock Load Transfer Mechanism . he various means by which the load is
transfer ed from the pile shaft to the soil or rock bearmg strata.
J"’ JARC):
Design Load)i?he working load uf’ﬁe 2 pile.

times the e static design Io Iogd 7
SRV Lo AP e YOL L | g Jolso

Types of Mlmp,/es B
+ Driven *duﬁz;f/g—’j —3

+ Compaction Grouted

,dx }fu-‘/ bi.u‘p
Test piles are uauaﬂy tested to two

e

+ Jet Grouted
¢+ Post Grouted
¢ Pressure Greuted

+ Drilled, End Bearing
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Minipile Design Steps

1) Geotechnical study

2) Determine load to be supported

3) Design pile-to-structure connection

4) Design pile-to-soil or rock load transfer

5) Develop a pile testing program

Typical Minipile Pregram Involves \ \
.‘ 1
+ Drilling holes 2 to 12“ d1ameter

+ The coﬂstrucucn of a pile shaft consisting of structural steel pipes, grout, steel
sections and/or placement of reinforcing steel, as required by design

— e

+ The filling of the hole with high strength cement grout

Minipile Quality Control

Test selected piles to two times the static design load using standard ASTMD113 pile
load test criteria. ' s

HAYWARD
BAKER

A Kgller Company

KELLER




—

2 o S E
— e

i _3’:-_“' d{bu "":-E_;)-)}__ﬂ-v S:;’"Y Grout Chemical Grout & Lﬁ“ S5 ‘_,/ giongll = :j lt.p &fmu:,_i 3 L;';’
4 L . oa ntrusion) P ati s I = . 2 "
% "“"‘A;{J)_f‘lll QL*;:‘/U'I.J:: (Permeation) ‘ }u-’u)'l.n.u". g {M‘:‘) %_,_'/:L,:,_HJ:
;_-r [ 3 i S — r !j‘_-;u_,_ﬁ_-ﬂ
: e O s by 5 g ol
gl e—epl el gsses
-"f' ) — » :' T [ LJ L""J:*'\{‘" "'"'_;I
; ler - ‘;@}% Loats Compaction Grout Jet Grout Fesctiiie Gr:aut (:’V//')‘ it J_u_f - }i‘j} har Loy
é Vg ikl Oy Gy ey K 1)) e
(¥ R — - ” " —

§ o’ e ",{‘ o vL-L._.-’_‘,I > 1 > ———

-~ a3l ) s . L L P

iy |- : =9 ‘.’-U),C:f’(_-ﬁw_p ‘L.- __-'J_{p 1) L;E L _— ;-J“'n’-—-l.;_.lr_- =
g L;;,J & W Creuting Selection Considerations  © - v T o
I s —3 } [ o M Ln; =
P — o S 52 o1\ YIS L C Y o
! o lax ¢ Site specific requirement 2 ti _L; =
T = [= rLa” L - manset
£ + Soil type fgu ij'/"‘) b, =
: A IN Lo e o I
. ) - - ] L e
i + Soail groutability .l (P~ T‘:‘_'U,f . )’“_’J "‘f k2
t - . ) o b
| + Porosity gl__’ 4 N - Las (2
f —~ e Loy e =
T > 7C :

i o Q bt “
HAYWARD
| BAXKER
! A Keller Company
i

»
KZ’EE.!.ER



(Eadat

B R S

e

i
H

AR L

AR e

eote AR e ot

BT

et BB st g b

P et

i

J, Ol
O,/ wéba)

F,_:tlo t-a@huf:wréwf & L,

Crouting Can Prevent...

¢+ Collapse of granular soils __s

Ly cpiry L s 2
+ Settlement under adjacent foundations —2 ZJ""J{/ “‘”J W il o o b

+ Groundwater movement 4-‘? L L o E’_I’ \ﬁ_

2
+ Ultilities damage — t@u, /\9 ’ ~[$-’ rlﬂ-’ ! _}}Uu:a___,,,w-f (e ks 9.8~
+ Daylighting 1/‘ By lt 2o g

b | I|é_&))iDJJ- -'-/._J}_‘r‘ T
Grouting Can § mede...

—-——_

+ _Increased soil strength and rigidity

; ! 2 /
¢ Reduced ground movement =~ Y brie (3
L) . ¥ s -
+ Groundwater control Gy~ dﬂ
+ Predictable degree of improvement oL sl
Crouting Is Accomplished by... -

’/"-
| . _ I S
¢ Driven or drilled grout pipe installation 7 L’)"‘JJ["‘_ ‘-'ﬁ_.ﬁ_"-L [ s L

* (Cased or uncased driing and installation of SPGP T

+ Rock drilling and packer anstallanon \,u@ uj)/dzfulfu‘_m_.,_m
s
J/_f —>
Creuting Design Steps = Pt L wu”u’ej

1. Identify underground construction  Ground Modification needed? - g0\~
problem o

2. Establish objectives of grouting Problem understood?
program P el i s

3. Perform special geotechnical study  Soil mass groutable? B
4. Develop initial grouting program ”” 7 ‘*pec:a! expertise nEﬂded? U"“y ’
5. Develop perfor*nance pred:chon ': Performance acceptable

6. Compare with other solutigns \.,_ 1:,.- Grouting best solution?

7. Refine design and prepare < */="
specifications
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Key to bering

GWL Mumbers to the right of boring indicate
gg number of blows required by o 65-kg hammer
20 falling 75 cm 1o drive @ S-cm Q.0. sampling .
’ 2 spoon 1o 30 cm. (Approximately equivalent - Horizon¥al scole, m
to standard penetration resistance.) OI 10 ZIO 301'

Section A-A
FIG. 2.80 Typical geologic section across site shown on Fig. 2.89. Stratum descriptions: (1) recent alluvium and marine

deposits consisting of interbedded organic sills, sands, and clays; (3)tesidual soil: silt, clay, and sand mixtures; (3) micaceous
saprolite: highly decnmpnsed goelss retaining relict s:ructure- {4] weathered and partially decomposed gneiss,
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FIG. 287 Core recovery of about 30% in fractured dmn{:e grading to gneiss; RQD about 40 to 70%. Coring with NX double-
tube swivel-lype barrel.
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FIG.292 Example of test boring report log for soil and rock boring,
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g Mores:

i (1} Boring type: W—wash, UD-undisturbed, C—core (Size /X ).
| (2} Samplers: S5—split spoon, S—Shelby, P—piston, D—Denison, O—other {Describe). A ‘:ﬂ’dﬂd"‘f’ O/"JC}'{

Core barrels: ST—single tube, DT—double tube, DS—-double wbe :wwgl _.1/‘

: (3) N=sum of last 12 in. ,'f,_./")"

i {4} Soil metsture: D—dry, M=moist, W—wet, GWL =¥ (date).

i (5} Other tests: G—grain size, C—consolidation, T—triaxial, U—unconfined, V—field vane, K—field perm.
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T..r [ iV f _ 2. Sail/rock engineering dats [
| &Lﬁl _ Technical publications, reports from public Review
- P.hﬁ...v Lo n.L WMM,_._."H“. iﬂm”-....“. <= “_-n.-“_. cs, for boring Prepare preliminary Field reconnaissance Prepare final
. P , maps, . engineering geology map of site engineering geology map
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- “ JM . : G Soil types Surface exposures Incorporate field
rintu dV MUruv ( 3. Terrain analysis data Drainage » of soil/rock . observations snd
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o (*1 Topographic maps: 1:100,000; Rock. structure River banks data
\_ 1/60,000; and 1:25,000 - feawures d . mx_.._-____:_o_._u
il ﬂ.ﬂ., § 12) Imagery: D-uc:n.._z-.n- depth ol i Quarries/pits
i W.w.vhur g ..__.. * LANDSAT 1:1,000,000 and 1:125,000 Hazards identified: Slopes
i i SLAR 1:125,000 P ) Siides
i o Photos {LU-2 or RB-57) 1:125,000 » Sinkhotes
i o~ Photos 1:40,000 and 1:20,000 Faults
I e b, Small area study [nonseismic) Floodplains . -
i = il {1} Topographic maps: 1:50,000; 1:26,000 Plot on preliminary g /
i# = i " / and 1:10,000 map, make
_I\_l s (2) tmagery (Photos): 1:40,000 or 1:20,000 4 sketches, take r
O\ ghv C\ / AT W PM» Identify features gooim Program
I a for reconnalssance explorations
¢ —2 % PR T g | e
M.I‘.. Ip. = T i 3 N .!y\_r.uu Hazseds, cuts, : Check boundaries
m.mm .N.W & [ 7 R., \ Guimties; #ic, Geologic sections
7o TR a.l.J . \v é e ﬁ Samples
,.h.\\... u.. | C_ ..W In situ testing
. Ao | s =~
(e | .\J..l. _._ s ..u.\.\..\n.v .\A !.«\fw.u YL
\ o The elements of the geologic land reconnalssance Lmn Q.rL /
= o -
xrlﬂ~-ﬁﬂ\. \hu-\_.u o o P o 1 A. \mﬂ.x_ m\rl. P o r\_‘\.\? Y- D \ L\
: s,y Al CLLI i gk Y, N
uJ..C...\:Z S’ A% e b r.-\FEJC\.\\CCG\\\ Crt\.Cb. (Pt ws b @ C\TV el A

2257 NP TP LY r\ﬂ\hmm. O

\\,?bwf\pwzb,:rruw



FIG.2.83 Example of test pit and boring location plan using topographic map and engineering
geology map as base map. [Courtesy of [oseph S. Ward & Assaciates.)
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TABLE 4-7
Bearing capacity N;,N; for footings on or adjacent to a slope

Refer to Fig. 4-4 for vaniable identification. Base velues (8 = 0) may be used when length or area ratios > 1 o when b/E > 1.5

to 2.0 (approximate). Values given should cover usual range of footing locations and depths of embedment.

DIB=0 bB=0 D/B = 0.75 bB =0 Dif =150 bWEB=10
Bl ¢=0 10 20 3 40 0 10 20 30 40 0 w20 30 40

0 N = 514 835 1483 3014 7531 5.14 B35 483 3004 7531 314 825 1483 3014 7531
No= 103 247 640 1840 6420 103 247 640 1840 6420 103 247 640 1840 6420

g 459 780 1337 2680 6442 504 B35 1483 23004 7531 3.4 B35 1483 3004 7331
103 247 640 1840 64.20 092 195 443 1116 3394 103 247 585 1413 40.81

0 463 728 1239 2378 55.01 5.04 B35 1483 30.14 6681 514 B35 1483 3014 7531
103 247 640 1840 6420 094 190 411 984 2821 1.03 247 565 1293 3514

25" 451 702 11.82 2238 50.80 5.04 B35 1483 2876 6218 5.14 835 1483 3014 73.57
103 247 640 1840 64.20 092 182 38 9.00 2509 1.03 247 539 1204 31.80

e 438 677 1128 2105 4688 5.04 B35 1483 2714 5776 5.4 B35 1483 3014 68.64
103 247 640 1840 64.20 088 1.71 354 808 21.91 103 247 504 1099 2833

60° 362 533 B33 1434 2856 470 683 1055 17.85 3484 514 B34 1276 2137 4112
.03 247 640 1840 64.20 037 063 117 236 552 062 104 183 352 780
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DIB=0 BB =075 DIB =075 b =075 D/B =150 biB =075
BL 0 10 20 30 40 [ o 1 2 3 4 | o 10 20 30 40
1P 514 833 1434 2802 6660 | 504 835 1483 3004 7531 | S04 8§35 1483 304 7531
LO3 247 640 1840 6420 | 103 234 3534 1347 4083 | 103 247 640 1579 4545
20° 504 831 1390 2619 5931 | 514 835 14383 3014 TLIL | 504 835 1483 3004 7531
LO3 247 640 1840 6420 | 103 247 604 1439 4088 | 103 247 640 1631 4396
25 S04 820 1360 2536 5611 | 514 35 1483 3014 6749 | S04 835 1483 304 7531
103 247 640 1840 6420 | 103 247 627 1456 4006 | 103 247 640 1620 4235
3° 504 827 1349 2457 5316 | 514 835 1483 3014 6404 | 514 835 1483 3004 7492
103 247 640 1840 6420 | 103 247 640 1452 3872 | 1.03 247 640 1585 40.23
60° 5.4 794 1217 2043 3944 | 514 835 1438 2394 4572 | 514 B35 1483 2746 52.00
103 247 640 1840 6420 | 103 247 514 1005 2256 | 1.03 247 497 941 2033
D/E=0 bR = 150 DiB = 0.75 BB = 150 DIB =150 BB =150
I0° 514 835 1483 2924 6878 | 514 535 1483 3004 7531 | 514 835 1483 3014 7531
103 247 640 1840 6420 | 103 247 601 1539 4709 | 1.03 247 640 1726 49.77
20° 514 835 1483 7859 6360 | 504 835 1483 3004 7531 | 514 835 1483 3014 7531
103 247 640 1840 6420 103 247 640 1840 3321 1.03 247 640 1840 5258
25 514 835 1483 2833 6141 | S04 835 1483 3004 7280 | 5.4 835 1483 3014 7531
103 247 640 1840 6420 | 103 247 640 1840 5520 | 1.03 247 640 1840 5297
30° 504 835 1483 2809 5944 | 5104 835 1483 3044 7032 | 504 835 1483 3004 7531
103 247 640 1840 6420 | 103 2.47 640 1840 5641 | L03 247 640 1840 5263
60° 514 835 1483 2652 S032 | S04 235 1483 3003 5660 | 504 835 1483 3014 6288
103 247 640 1840 6420 | 103 247 640 1840 4618 | 1.03 247 640 1672 3617
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TABLE 41
Bearing-capacity equations by the several authors indicated
T = - i [ o K AL
L By~ LGDJ— (Jf::i_o T:mghi {1943). See Tabie-4-2 for yypical vaiues and for K,{;‘ values. { = r & rfﬁ“

Vet + N2+ 0.5y BN N, i
Gl T

Me = same as Meverhof shove

QJ'J:..U Lf‘ e e 4 f&g 1A
: . L/fg)lé N, = q—l}cbtdi ..]'k - _.-.:f;\_
ij (1" ) v, = L:I::dl(_j{-_l:__.r) Qﬂu
T - — {!3, 2 lcostd Dy il G
: ; o8
S L i s
} Far= sTp mur'd Jqll.t;r: k?{ " X *ci..: (T{.’}. % P _1.‘1_\ ) A
i i =] o 08 X
. . ‘c-i _-,‘m kv s M«evcrhnf(l?tul * See Table 4-3 h)r shape. denth, agd inchinadon ‘.;,cmrs
Peghardlaie e
Ja‘v‘e'-’:f" Vertical load: = cN Ty d‘ +GN, o .+ 05y E foé‘;:
i€ q g
{o Inciined load: Gur = N deiy + TN dylg v 0.5y BN, G\ J. { \ eI B r T
. C}L/ # ' e ‘s.,, j¢pcal / t‘hr-ow—‘
‘ oy \ ‘_ g N, = “'“i[:ll'l't4" + ;\I 7
— v L o P —h 8 — =4 ?_ i ||| 'l el P
! i N.= (N, = Licotb EATERR ¢+ Yy
/ }'_'_,?_a'h_,l. gk u:' ¥ v £
o ST |' ) " L 2 r\';t‘—-f,ﬁ{.—lllf:.nr.!.-’.!:i ¢P5“‘ r:,b_h_ ’u"”-r"js
| i
" 2~ el Hansen {1970).* See Table £-5 for shape, den}l‘ and other faciors. P N ,:'
; e o] _e p
(_'f_\qul ,-LU ¢ General: G = sN G b+ ,,J'\‘Erdl falet G.E:ri"u\l’,sl.d_.:',.fr, ' [
: R GOy i o o & B NOE e
Pt o e B =5.':4i,={l. e == = g = 3 / "P"“ 241
'é (1 B 4 _¥ des 7 :
T ~ % u{) _r‘-'.i_r same 25 Meyerhol above [.’ ok ia
N ypa Ne = same a5 Meverhat above | ?P 5 :‘EF_h +{lra)
3 Ng= L5(N, -~ Duno .
ege N \
" T VG (1673, 19730, Sce Tablesdss for shape, depth, snd ciher factors : ) =0 A}’ Ay +f”
tmg above, (
Mg = sume as Meyeriwd above ) ;}P:‘ = ‘f“(?'h__w j;?\"r

5\'.‘-1 N, + Nimd

e 1 abin desgn Base dumensions sowe wodth # and / /

*These methids regure a tnat
Tergih Lare noeded (o compute shape, depth, and influvie factors -

= Ser -ty whsk f 80 L - ."f
Iicc:‘.. 6 when .._-1 r /li_ é’: v, X& r.«'lf_.i.{_yr-"_le
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TABLE 4-2 TABLE 43 ) 3

Pearing.capacity Factors for the Shape, depth, and inclination factors for
Terzaghi equations the Meyerhof bearing-capacity equations

Vaiues of ¥, for & of 0. 34. and 48" are original of Table #-1 :
Terzaght values and used o back-compute K, e - * :
o g : _ ha Factors Value For
W, deg N, O, N, o z A
e " . Shape: o= e 03K Any & o=
7 5.7 L0 L I L 5 R G Ve
l: 7.3 1.6 0.5 j32 2 iy R 1+o_1,§:F.L_ 52> 100
i 6 200 13 =7
e S 29 4.4 23 34 t.-.;'""1'*.‘f".f" Ry = b g =0
k] 135 T 358 k) L. =D T
a5 5 137 ¢7 20 Bt el 1 L
2y ol G e S - | p—— 5]
a1 ia 26 o - 4, =d, = 1$01.K, 5 &> 10
a 5 B 2 oy giskape :
J Ve 7R e i 423 $20 5 ﬂ:i.= ﬂ'{ = | =
| - 28 a3 3 813 1062 2D _3/_\_1\.1 ET : g v
el 43 23 1733 675 2230 Inciination: e = 5. [ = 3 Apy o
33 2383 24579 750.1 R v ' i
3, 3t . 115 1437 040 %
...j 4151 (1532 S0 \\f:, I'--] &> 0
e = LEm b5 Toragh 49430 p. L2710 ?
i !,_ﬂr‘u:e:>0 d =0 v
A% L Wherr Kp = tan®td5 # &/2) avin Fig. 4.2

= angle of resultant & measered tron. venical without

¥ LU V'F{ P
=g, ity =0
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Bearing-capacity factors for the Meyerhof, Ha.nsen. and Vesi¢ ¢ bearing-

capacity equations T s
Note that ¥V, and ¥, are the same for al three methods; subscripts identify author for ¥, -9

T

ff, N, R i TR bt
g 1.0 0.0 0.0 00 0195 0.060 A
5 1.6 01 0.1 04 0242 0.146

10 23 04 0 [3 0.298 0.24]

15 3.9 i3 N 6 0.339 0.294

20 6.4 29 29 54 0431 0.315

25 10.7 6.3 5.3 109 0514 0.311

25 L3 B 3.0 I3 0.333 0.308

24 147 109 (1.2 167 0.570 0.295

0 18.4 15.1 15.7 24 0610 0.239

a2 233 0.3 230 302 0.653 0.276

34 394 287 311 410 0698 0.262

36 i 100 1t 562 0746 0.247

3% 435 56,1 64.0 779 0757 0.231

40 64,1 794 936 1093 0852 0.214

43 1347 2005 2623 2713 1.007 0.172

30 3183 5674 8TLT  76i3 1.195 0.131

U= a3 as oty when o w30

Sligie fifferences in above table can be o

puter Used und whether or not it has Aoating point.

e

Use
Terzazni ,.bj;u;;, Lr Very cohasive soils whers DY/B < i or far aquick
< ESIMIE-Dgs (o com mpare with othe: methods. De

BEest for
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Hanser.. Visié
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forces or o

nor use Tor footings with moments andsor horizontal
il g,rﬁs and/or siopine ground.
i E’., Ry i OpIng g

Am siuagon that apphes. depending an user
prefereace or famihanty with 2 parmiculer method.

When Dasz s tilted; when faoning is ona \lnoe or
C when DB > |
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il

ol

Comparisun of computed Ihunrulu

uﬂ” b

1
JMVHU’WC}“ ~ Us"}ﬂ
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It 15 good practice 1o use at Jeast two methods and compare the computed values of gy If
the two values do not compare well, use a third method. a rivial ex

for the g, provided for design tunless settlement 15 controlling)
L_-,\'u_.- e l!#-' u-—’}

sorned using :roumC}EARI\uG EXEun utkcs:n:de:pe'!dmg aru:;mriII ‘:r“ 7% Q_/--
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ercise where the 2 equations

e2n programmed for computer use. Use either an arithmetic or wetghted avcrwe- value

e
pacities and Milovié’s and Muh's experimental values*

Test
Bearing-capacity
method 1 2 3 4 5 6 7 8
BRI 1 5 5 14 1.5 TR 3
B s s 1.0 071 0.71 071 07
L=20m 20 20 10 0.71 071 07 0.71
Y = 15649 kN/m? 16,33 1706 1706 17.65 17.65 17.06 17.06
o= 377018 5% 35.5196.25) JH340.75) 8.5 n 25 20 20
e = 637 ki y.42 738 T3 12,75 14.7 9.8 9.3
| = ~—
Miluvic (lests) Guns Kpem® = 94.) i 22 16 G:'Jl:-}i\;/ !
Mubs (tests) Y = LN hghan? 122 b 55 350
Terzagin G = Y4 02 13y 9.7 4.3 6.5+ 25 29
Meyernnf e it 3 2604 284 48 76 23 ERH
Hansen 72 0o 237+ 234 50 8.0 2w 3
Veaid "l 4 35,1 247 51 8.2 | 1.2
alliy LEn 15.4 15 % 3.0+ &0 43 26 1R
SAlter Milvwic 1905 but sl it Rl By atihor aod Yessd suiled
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TABLE 4-5a TABLE 4.5k
Shape and an_u:_ factors for use in cither the Hussen Table of inclination, pround, and base factors for the
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