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CHECKLIST OF FACTORS /WFRECTING FOUNDATION SELECTION
{AFTER ALDRICH, 1968),

Srruiciueal reqareruenry
Sensltivity of structure to differential sctilrment
Urseful 1ife of structere
Fourdution ind Moot slovations
Miscullanaoms —(resaing, drying, eic,
Foundation owds
Mugnitude of ded und dosign bve bomd
Nagative ikin friction (denp foundstiond
Load eampenmtion by exravstion
Distribution of boads [dilTerontinl mitiement)
Type of lasds (sotentric and nnbalunced 1 iesal s, wind Inady, wihratory Inads,
selamic lowds)
Soff and ground.waier sandinons
Tramafer of load through wiuctame snd ' seiiring eoll
Strength snd comprasubility of soil sod rock layers
Variability of mbmurface oot o
: e T dareriocation alf perlal, ele.}
Existing fills (s TN, ol evgurds mm #le.
Ciremmpsd -wrm tor Jowed il elToct of changes (riinage, walsrproofing, itinment, delevhore

i
Fiales driving reslstance (piles drbvwn tyowh denm lywes mnd anderlying sii solla)
Negative sirin friction
Undergroursd defueis (solution csvities, stundnned mines kod pipe loet, steep rock

murfaces)

Aftw area avvednonmranl oomd o
Topography (mabllity of natural dopes, fll} requirements)

Flaod jevels and alte drainage (grode requ aments, erodlon, soour)
Proxinity of sdlsoen! strustures and prepary linm (underptnntng, sf¥ecis of Gownlwring
und vibeations durkag constrocton, wrking roam) !
Frost weticon snd theemul eiTegt
FEarthquakos and selamis sfTect
Coms truetion reqailremar s
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High Volume Change LL = 50 — 70%
I, = 25 — 41%
SL=7-12%

Very High Volume Change L1 > 70%
I, > 3%
SL < 11%
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das Of ;Se GI Total Load SN Jadl ga JSI g pged
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Qu =K|-_u NE' c +KD Nq By Df""'K_Bu NH' s, E,/Z ............ {12]
Where:

g, = ultimate bearing pressure on top of the soil layer,
¥y = unit weight of soil above foundation level,

¥; = unit weight below the level of study for q,,
B/ 2 = half the base width,

Ni, Ny, Ny = bearing capacity factors, table (10), their
values depend on @, and

K¢, Kp, Kg = Shape factors, their values depend on the shape
of the footing, table (11).




(rall clioldl) LA Jod 08 el (V1) Jodr

4] 0 5 10 | 15 | 20 | 25 |27.5| 30 | 325 35 | 40 | 45

N. |5.14| 6.5 | B3 | 110 148 | 20.7| 249 | 36,4 | 37.0 | 46,1 | 75.3 | 13

Ng |10 | 16)] 25| 39| 64|107( 139) 1R4]| 246|333 1642 | 135

Ni- ) N2 |1 04)] 14] 36| 92112.2] 180 27.2]|40.8|05.4 | 24|

Baeldll Sl ckales (V1) Jade
Footing Type K¢ and K, Ky
Strip LU 1.0
Rectangular ] +03B/L 1-04B/'L
Square or Circular 1.3 (L6

where:
B = width of fomndition

L = length of foundisinn
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where

N = factor of safety of allowable net pressure, @,
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Summary of soil-exploration methods

Mathad Depths Applicability
Ma samples tnken
{eaphyaical Usually less than 35 m Loenting firmer materinl uraderlying soficr
selsmic material, Certain equipment i adapied
resistivity 1o determination of density and soil
moisiiine
Vane shear Limited by torgue stresses on In vitu shear strength of sansitive cohesive
rod nengravelly sails
Sounding Limited by encounierinj rock Locating salt meterial and tock by
and driving equipmeni probing, uring rolid rods us opposed 10
o split spoon
Dutch cone Same as "sounding"
Prossuremeier Usually bess than 353 m To wilu E, ., i Ky
Gldzl eell Same L8 pressure meter Innitu K,
Fracture apparatus  Same oy pressure meter In situ Ky

Disturbed samples taken

Auger boring

Raotary drilling
Wash boring
Percussion drilling

Test pits and open
cuis

All soil where hole will maintnin wall
without casing

Depends on equipment and
time evailable, practical
depths being up 1o akaout
BFm

Depends on equipment, most
equipment can drill to depihs
of 70 m or mare

All soile, Some difficulty may be
encauntered in gravelly soils. Rock
requires speeial hits, and wash boring
ls not apphicable. Penetratien festing
by used In conjunction with thewe
methods, and disturbed samples ane
recovered in the split spoon, Penes
tration couniy are usually taken at 1+ i
T-m increments of depth

As required, usually lest than All soils
6 m; use power

equipment

VA



Undisiurbed samples tnken

Rotary drilling. per-  Depends on equipment, as for Thin-walled nbe samplers and various
cussion drifling, disturbed-sample recovery piston samplers are used fo recover
wash boring snmples from holes advanced by thase

methods. Commanly, 5- o [0aom-
dlam tampled can be recovered

Text pits Same aa for disturbed samples  Hand-trimmed samples. Careful trim-
ming of sample should vield the Jeast
rample disturbance of any method

.1.' ,':'. -.l.. :.' |: ..h_ S‘E—nd md X In'.l*-'; = - ._ -. Mg .“.III
o Gravel % 777728 . i

a- Single Layer b- Uniform C- Erratic

(Homogeneous) (Hetrogeneous)
4 Al g 1l (1) g5
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Table 2 Empirical values for ¢, D,, am unit weight of granular soils based om
standard penetration number with corrections for depth and for fine saturated sands.

Very

Diescniplion Very loose Loose Medium Dense demg
Relntive density D* 0 013 0.8 068 085S f00
Standnrd penetra-

lon no. N 10 B-14 1040 - =3
Approx. anghe

of miernal

Iriction ¢ 1 15 =30 - 0350 LSS MY
Approx. range

ol moml unit .

weight y, pef TO= 1001 HW-115 10-130 110140 13018

M) i11-18) (14-18) (17=20) {17-23 L 23

* Depends on p, ranging from 70 to 500 kPa. Low value of N corresponds to lesser g, "
T Afer Meyerhof (1956), ¢ = 25 + 25D, with more than $ percent fines and ¢ = 30 + 25D, with leds than §

percent fines. Use larger values for granular material with 5 percent o less fine sand and silt. See also Eq (d4-10] far
estimate of 6. s

$ 1t should be noted that excavated material or malerial dumped from a truck will weigh 70 10 90 pof.
Material must be quite dense and hard to weigh much over 130 pef. Values of 105 to 115 pef for nonsaturated so
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Table 3 Empirical values for ¢, * and consistency of cohesive soils based on the standard
penetration number,

Very Very |
| Conslstency soft San Medlum Suiff sl ‘ Hurd
|
|
I AL 0 a.ls LD z!n 40 80
{kPa) {25) (5 {100} { 200) [400)
N, standard
penetration l I [ L
resisiance a & 16 3
Yaas el 100120 110-130 120140
kN/m®) [16-19) (L7-204 {19-22)
i

* These velues should be used nx u guide enly. Local ec =uive samples should be tested, and the relativaship
setween N and the unconfined compressive strength g, establisied as g, = KN
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Figure T Penetrution and sounding seil-caplorativor devices. With the exception of ig) the devices
abiliew static methods, {u) Danish penctration device. Penctration is recorded for 25, =0, 15‘ llﬂ
finl kg, thie device s rotated, and the penetration s noted for euch 25 half-turny, [Afivr Gods W
jIvins | bl Swedish penetrameter. Seme essentinl method of operation s the Danish Pﬂnﬁm .Ji
[nhlowry |1%74)] () Tereaghi wash-point penetromeler. The cone i jucked 10 in into lHlﬂl,l#l
1 penetrution resisiance ls measured. Waler is then pumped through the system und clrculutsd to
the sutfice, where the soil Is collected, The sleave [s thin pushed down 1o the tap of 1he cone, and the
process (s repeated. [After Huoedlew (1949)] (d) Swiss penetrometer. [Crettaz and Zeindler (1074}
{¢) Early Dulch-cone penelromeler. | Harenisen (1938).] 1) w:ium,- E,F,ﬁm" Siation 59 i i
gler for shallow soundings. The device is pushed inte the soil by one person, snd the force necesiur

1 peneirate 2 in is ohserved. The device has u load <ing which is used o obigin the penetrutls
ressitune, (¢} Modified split spoon. The canical point is for use in'grunulur soil 5o thag lurge pieces
slivie are not trapped, thus eausing an increase in the blow count. [ After Palmer and Mﬁﬂﬂﬁj
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Referring to the figure, on which the H values Just gom- = ; l. laval
puled have been placed, the depih (o the water table is as ﬁ il <
follorwey 2 D - ;
First day: D, +221=15h s =
i T=1T%
b =129n | & i
Second day: Do+ 181+ 21 +19=35n [ 9k
o= | RE:
D,=129h l B LN
Third day: Do+ 144417419421 =350
O, =145
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RECUIREMENT FON BORING LaYouT
IAFTER NAVETCKS [M.7, 1863)
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AP

- M) Vo 2 7
E,=2(1 + K) Vo A (7)
Where
AP = Pressure increament Producing the Corresponding
Change in volume AV
Vo = Volume of measuring cell at Po, this is obtained froma

pressure- volume curve as Figure (13).
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N¢E, «q 8% (V) Jgdo

Approximate relationships between couc
point resistance g, (kPa) and SPT value of N and static

stress-strain modulus E, (kPa)

Soil lype g, /N* E,, kPa
Siltg, fine sands, slightly cohecive

soils 150-300 1.5-2¢,
Fine to medium sands, slightly

silty fine 1o medium sands 100450 2-4q,
Conrse sands #450-700 1543y,
Sandy gravel, gravelly sands T0-20001
SuifT clay, sendy clay 5q.

* After Trofimenkov (1974) and others snd wsually converted
by author to kPa from kg/sm® or other units. Values should be
verified on a local basis rather than making arbitrary use of, say, the

t May give much too large N in gravel: so 1500 to 2000 may
be best estimare.

Seismic Exploration v s | v._i'l..ﬁ:...?i
i pall dadall (S5 Lud G Lele dacny day e de el G
oAl G ity | Ll 4841 ikl Janl G2l cladall of dzsdl
(s 830 Ble Jo Wity 331 G D156 g dlg]
ot i o0 L] g5 &) paYl Slemlly Geophone O gy dauly
oy L el e e Cute das oy Lo © das Bl 4 3 s
e de Jadly Aol juias g GLAY Led Sl O e
o dony olagll jhean s . Wby dmgll Jlkes] AUl



ikl 3y Ll clabll § g Clamdl Gan o el
d el dep by ey L Linadl (1) o W) () gmy 2didl
| cadadl olakll
S Jof Gl Jil 2 e i) (sl el oo ol
P gy
IS s S o putin b o Clagll jaas 84 L)

c el ] Bpad o Sl deey oy dmpe pige
das o shaall daly e d el GL Oy el s o Y
OF )t U S S g peilly DLl s G50 op ols

A dadl DA Gk JM o W oclell A

1.--}4_-1‘},-_,...'\.;_}'51.&11 w|¢kﬂlw1&4d~,m lle-!leJ:!.lJ.
b del fady o Llidl bl § de ol o SSY
Ay g e Y bl o e

:.I_J.-.:-M »:.rLFJm“ rLL"v-.'...rl.:_’ JL-S-:J\‘“ G (11 JS..'&) EC ..*’
PV Aad) Gkl Hy Gaall ded ol oK cilagell
_EC /va-wvi

==Yy
Soow domgll jdean (1) Ogdgdl 0 DL o EC Gl

Sl W 40 gib O il cipall o300
k)l O Al Copeald @Ml kg8 045 MON
Srpeedl Slepdl (A) dsdr ey, MN 5 kil LI
. ddan) il
Felay aled hel Gy Clib SN G (1Y) s

-+ (10)

o




. - — ~——— UT=_re————

CHp (Hyp ol ) dedl SYSW (VAEGY

OA (Vi) )
' 2 Cos =
_ = vorrerenserenss (11)
AB (V)
" Bcosfd
Table 3 Range of velocities of sels-
mic waves in soil near the surface or
at shallow depths*® ﬂ ¢ &y §'}[I AP g"'.j.?
Marerial Velocity, m/sec .
Sgnd 200-2000
Loess 300- 600 : -
Alluvium 002000 sm x = VWE
Loam BOO- 1800 :
Clay 1000- 2600 sin B = V,/V,
Marl L RO0- 3804
Sandsione 14004300
Limestone 17006400 P I :
Sluie and shale 23004600 VE = V‘ u.,i' L“"""F'J
Granite 4000-5700 I T . e
Quarizite 6100 nE Oy Lo s Ay dall Qs
* Afier Leet {1950} il 098 badie SISy, 5

s el Gy ol pedael 85 O of bt (20 U] dad o
lpde ez gl ellasl (B i Lagdl Gl plisee] Ob i
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Al 0085 LU bl B (V) JKE g g
Vi = 2000 fps, V, = 14000 fps
MN (EC) = 300 ft
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_1;_ | o OF = tima of travel of wave in
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Precisely: M, =

—’

Legat Idlrnm IO Mratum M
4

'_I'imn-diﬂm:: graph plotted with respect 1a the physical location of stratu, impulse, and
saniny devics, =
by Sl Geo Ol §b (V) JK&

Sorvmon O£ is reedily found from the velosity equation
d=it bult 1 =0E

J00 = 2000c therefore = ks
The time 0.4 is found to be

00 3
ﬂ'zl-“m-m|

Approximately, H, can be found by considering the following paths for the same time interval:

VT M
w, N —T
¥ ¥ ] M
H, 30 3 L.
ﬁ*‘ﬁ“ﬁ Hy=1285R approx M N
Figere E34

Precisely,
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Where:
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(). = shaft resistance
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Qn = A, (EN. + (8 B/ 2) N # PNdLiiicii i (18)
Where:
A, = area of the tip.
¢ = cohesion of soil beneath the tip,
# = density of soil beneath the tip.
B = width (or diameter) of the tip,
p = X¥Z, effective pressurc at tip level, and

N., Ny, N, = bearing capacity factors for deep foundations.
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N, =Y (Db > 5) for square or cylindrical foundations,

N, = 735 (/b > 5) for continuous foundations,
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Where:
L = embedded length of shaft,
(2mr) or (4b) = perimeter of shaft. and

f = unit shaft resistance.
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6, = effective vertical stress

K, = cceefficient of horizontal earth pressure at soil - shaft
interface.
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Where:

S, = W,.L/AE, and L = pile length
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Where:

S = the average penetration in inches per below for the
final 15 cm.

W, = the weight of the pile
W, = the weight of the hammer, and W,. H in foot - Ib.
Syl Gl clivke (hal dalall i) Celall Of e

ads Iwad G AT B Bl ad g o A

el el Vi S

LS ol Bl s iy LAE e sl e, o a2
. ly Gyl Wave - Propogation Phenomena

g i g g5 ASCaluall SUY OB 2SI

b Sl el 3] Aol Gl A (3 oSoudly skl Ll

doy SUAS | Load Tests fasall ojlé - aSaluadl sl

Lo &l Al OlzbYI O pdadl g el calall Bl Yl

siled Gdas Astaluull Sl Of La Y ufs | SELY ks

ol pda) (HBYI Gyl ) ddllall 53lpal e Yy dass 5ILY
SEOY Gl Y g bl

. Pile Load Tests  |eawdl )\

2559 o5 ga IV L Geed Goileb) e deesd) D (52
A G pa G L Bl Gaald Gl G G SN
g Leolainad oS My Al ly AN G kIL sl 5l

YA



g Gl aelg ey sy Sy HaH ) FE 5 ke Ga)d
L.é l.j".j"fu do g5 S ,E)__;-'nll '_',i_jl}su o dudadl R e o,
sl Gl

AU Bpdl ald e e SOl Jeou AW Gl ety
e B Yy Sy ok & Jem ey o el Slaid)
Direct Dead Loads 5,2Le O1ish L) gRes ST el Gl
pslil U 33l e el pllay At 450y 50 Slail; dady st
s e Y el 5s \S . Reaction Piles Slast I fad 5y
Je Ods Zhoad feesdl i o Lever and Anchor axsl Ji plai

Lol 30 (1) K3 s o AS Gl Jadll 3y daglisg LS
ekl

ey Ay Jadll 5y Gl dauly el e Jaay
B G0 pbdimy (S el mday Y Azl Gajle
Sl il AsUgpadl s U Jeedl iy L ladll Sile
L PPN Y tau_,_ﬂ 9353 Uiy Floating Piles S5e=Y1 &3l S
R i R e et aaly ) dles g
Jo ialie Sbl) @ ceei @ AU Ll S Sl
Wl JeYl ols ollas Gasl 0l s plisenl laas - Slad

Sl e 6k JlY) Sl g sl S

o heaiy pa e (B Y Bl Lo Jadll 5y Gl Bo oy
ke e 5 e ddksll Bl P N e e e AN
T PR [P B TG (PR TRP PR PRICH FCH P % S e e

Y VY



e LTy Tl o 5,08 cibsbsit O3 Jadll 5) Sishe ] PR
o R G RSO PV [ A PSRW ARSI PI SRR
bel 3 dauly bydl dod Ly s L LY b k0 (3 Leakage
shalaze 4yl gyl e Bley Olgade ] ke eplie da)f
dopl Jawga dal g Cdly L 48 LU daw G gy
LSy Ll G5 U Gl G Je Jead) pa ddelaze el )3

-1 | R T [0 1P S 2

OSSN Gaols les
sy L el e Gl Yo S0 B3 e sl (g 2
bl U el 3y ‘..:a..aﬂl J& ocaaly b Gl s
gl..l‘j L.J""JL'L“-’ t..'.-'L:L'.'.'L_lE APy EJL*“ r-:-‘-\d:” J.P h-m_" WD
oo PV et ) G b w5 F Sl b iy pilally delal
P JES 045 &l lglasty L 0BT ke o NI e
Jre>l Al (3 Rigid Platform ilo dac jlas¥) 3yl da - )
haoly el O 13 Alall ol pesdl e pllay i LSU
Sl 5y B Gl
Al QU 6ty U8 S oda dad wlabs o G5 fat _ ¥
Bl ot 5pp el 3w ¥ A 5y L T Ll LI o
dab U lzeY (3 dadl Oy dol oMy | 5ydle feedl A
- JdaY
DLl o L Lghagie ks Bl lel 3 J B dela YE da oY

B W SVRES J_.g_-».ﬂl e ;:..:lr-'n“,i J:-_‘,J'} Bl dadd

\VA




He r{'}ﬂl to | * * + H:{Jrﬂ.lr‘t Tae k

frﬂﬂl;l's
Frem¢
3 Gk
Anchet
fr'rﬁ
s §
\|[7 |~ .
o Ni 4
LRy V|7
- S W
=
i ()

AV Gails Jef OB (W) 5=



B3N e ) gl ol plE G 0 ¥ 0 el S5 - 8

: C el g 8 Slel @l At Aads S

bl s e okt 8 JalSH i) i ] Jpegll s -0

Jrod Yl G G bl Cld il 3l 3 s 55
g

) OB w0 (Yo Gy WYL wld Ale 3 el

o5 4 Y e Jrandl slE dn sy Al boydl O 13 baarl o

Yy Jodl oz G G0N Bl ] BLoYL ol gk 1k

du . Oall 30N BVl U] 8LVl ol macls Bilad e

5o Ba3 G O BhaiVl L gy L fesdl ol o oL e

- aeMall

Where:

& = elastic displacement in the pile.

O = test Load (1.5 — 2.0 design Load)

L. = pile length

A = cross sectional area

E = modulus of elasticity
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Q, = ultimate bearing capacity of a pile group,

A, = plan arca of pile group at tips of the piles,

m, = perimeter of the pile group.

g, = ultimate bearing capacity at depth Dy,

S = unit shearing resistance of soil surrounding the pile
group, and




AZ = thickness of each soil layer through which the piles are
driven.
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Where:

p = intensity of the harizontal Load (kg /cm).
ky = cafficient of horizontal subgrade reaction (kg /em?).
d = pile diameter (cm).
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Deflections of long embedded poles. (a) Fixed-end
case; [b) free-end case. '
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Ry, = Load on pile i.

R = resultant of all vertical Loads on pile group,
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n = number of piles in the group,

Xi. Yo = eccentricities about y and x axes.

X,. v; = distances from pile i to group center, and
l,. I, = moment of inertias of pile group about y and x axes

respectively.
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Where:

d, = punching depth (cm)
R = column Load (ton)
dp = punching stress allowed (8 ~ 10 kg/cem?)

2 > = punching perimeter (cm)
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Where:

= thickness of seal (Figure 91)

t
[. = allowable bearing stress for concrete
=01— 02Ff,

o = contact soil pressure or hydrostatic pressure
R = radius of caisson

B = width of caisson
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VALUES OF SKIN FRICTION FOR

CAISSONS™
Type of Soil Skin Frictron, pef
Bilvand soft clay 150800
Very stilf clay 1,000-4,000
| onse sand 250~ 7100
Dence sand 700-1,400
Dense gravel 1,000-2,000

—

*From K. Terzeghi and R, B. Peck, Soid Mechanics ja Engingéeing Practics
Jahn Wiley & Soms, Inc., New Yaork, 1987, p. 563.
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DESIGN BASIS FOR VARIOUS CLASSIFICATIONS OF DRILLED PIERS

PIER CLASSIFICATION

. Homogeneous Scil End Bearing in Hard Soil End Bearing in Rock
Design Fscror =Y
\ Sockerad into Bearing on Sockered into
Straight shaft Enfarged base begring stratum Enlarged base compétent rock  competent rock
Alﬂﬁﬂfﬂxim?w 10-150 tons 50-500 tans 50-250 tons 100-3000 tons ~ 200-7000 tons  300-7000 tons
ange o

Waorkirg Load

Settiemeant Settlement and

pDearing capacity

Usunl_ Limiting Bearing capacity Searing capacity
Design Critzricn

Major Compcnent  Shaft adhesion Shaft adhesion and  Shaft adhesion in  End bearing

of Resistance at and bearing bearing stratum
Workirg Lazd
Major Component  Shaft adbesion End bearing Shaft adhesion and Enc bearirg

of Resistance at end bearing
Litimate Load
Usual Method of

Analytical consideration  Presumptive bearing Presumptive bearirg stress supple:
Cbiaining Design i

of shaft adhesion siress or analysis meanted by analysis of ultimate

Working Load of ultimate bear- bearing capacity, when possible,
i) capacity or qualitative evaluation of bearing
matenal
Regquirement far On selected piers Every pier Every pier

Cawn-the-Hoe
Inspection

or core below
celected piers

Sheft concreéte

End bearing

End bezaring

Bond between
conarete and
rock or shaft
COnNcrate

Shaft adhesion
in rock

$haft adhesion
" and end bear-

ing

Presumotive Searing stress plus
cualitative evaluation of rock

cuality

sglected iers

Euery pier. probe Every pier, prose or core below
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ADHESION BETWEEN ROCK AND CONCRETE

Fragumprive

Measurod Values Vaiues
favestigator tosf ) Allowed [psF) Rumarks
Schrmiclt (1968 ) 47,200 A '"solid rock” Farma
tan
Moare {1964 20,000 Weathered sundstone
[Failure not reached) anr shalp
ADCE and Maw York City 55,600 Alanhattan schst

Lowaas 11970)

Mew York City Building
Cinle

White [1957) zant Cnates
RN TE

(Failure nort reached)
184,200 o 288,000

28,800

0081

Laboratory 1esis on 2"
fiameter ockers in
lirmesionsa

Saund, hard rack {ta be
vrifieu ]

fo = Ultimate canerpre

gtrangth

£ Adnpsion
3000 psi 21,600 pst
4000 ps| 28,200 pst
5000 psi 36,000 pst
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PRESUMPTIVE BEARING VALUES FOR ROCK® (TONS PER SQUARE FOOT)

Massive Sound Sound Soft and
Crystalline Folrared Sedimentary Broken Rock Shales
Codla Year Bedrock Rock Rock Excluding Shaie Seft Broken Shales
Bal umore 1962 100 35 - 10 - To be fixed by
: comissioner
BOCAP 1970 100 40 25 10 4 15
EBoston 1970 100 50 10 10 - To be fixad by puilding
afficial

Chicago® @ 1970 100 100 100 - - =
Cleveland Code 1951 - - 25 - = -

Suppl. 1963
Dallas 1968 Max, vslue = 20% of ultimate crushing strength
Deirair™ 1958 100 100 100 12 12 —
Indiana 1967 fiot more than 20% of the ultimate crushing strength
Kansas City Code 1961 Max, value = 20% of ultimate ¢rushing strength

Rev. 1969
Log Angeles 1970 10 4 3 1 1 1
Mew York City® 1970 60 60 &0 8 = -
Chia 1970 100 40 15 10 4 -
Philadelphia 1968 50 20 15 10-15 8 —
Pittsburch® Codz 1959 25 25 25 8 8 -

Ord. 1963
Richmond 1868 100 40 25 19 4 1.5
S1. Louis Codz 1960 100 40 25 10 15 1.5

Ord. 18970
San Francisco 1968 3-6 3-5 3.5 = - -
Urniorm Building Code 1970 Max, value = 20% of ultimate crushing strength

3 Tha values in this teble should not be yses without first checking with the particular code for changes.

B guilding Dfficiais Conference of America, Inc.

£ allaws increass of 20% of besring capacity for each foot of embedmant {beyond initial required d=och], put should not exceed twice the
given valuds,
Code uses term ‘Solid™ or “Hard Sound™ rock; does not differentiate betwesn kinds or rock.
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ADHESION BETWEEN ROCK AND CONCRETE

Hrasiumplive
Meagurad Values Values
Ivestigator gl 5 2 Allowed L psf) Rufrarks
Sahmidt (1956) 41,201 A Vsolid rock” forma:
tram
Moare (1564 20,000 _ Wheathered sanslstune
(Fallure nat reached) and shale
ASCE ano New Yark City - 845600 Manhattan sehist
(Failure nat rosched) _
Lovaas (1970) 164,300 10 288,000 Laboratory tests on 27
fHameTern Soc R i
_ Hmestone
Mew York City Building 28,800 Sound, hard voek [to be
Cude varified)
White (19671 ancd Coares .08/ f¢ = Ultimara concrarte:
11967 ' strength
f Adhasion |

3000 psi 21,600 pst
4000 psi 28,800 pst{
BUO0 ps) 36,000 pet
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b- Smb.'ffg
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Where
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W, = 058 8 a (d + €) (0.5 (47)

Where

W, = Vertical Uniform pressure per unit Length of the
header,
0.58 = tan 30°

= coefficient of wall friction (8 = 30°)
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Computing the safety factor
Sy N + ehe)r
RY T+Py
S=1an ¢ = tun 33° = 0.65

Since O is centered with respect to be, it i not necsssary to break into slices and find T.
correction was applied (o include the concrete wall in segments 3 and 4, Arc bO¢ = 64",

SIN =0.65224) = 14.6 kips
be = R = 28.4(1.134) = 322t
1{bc)e = 1(32.2K0.9) = 16.] kips
RY T =28411.3) = 321 it-kips
P,jw= 115785 =90.2 it kips
_ U146 + 16.1084) 8719

31 4+902 4112
=212 (102 using n computer program)

Other trial-circle locations should be examined to see if a smaller F can be found. The minimum
F = 1.0 {computer) was found 6 it to right and on line with point 0.

The slope computer program in Chap. 14 of Bowles (1974a) was used to solve this prob-
lem. The wail efidgh is removed and replaced with an equivalent vertical force, The active sarth
pressure 18 computed and its point of application and slope established, and a serles of trial
circles with varying x, y coordinates for point ¢ and constant entrance x, y coordinates of paint
d are used to obtain the minimum F, ”
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Where
M. ating = maximum bending acting horizontally on the waling,
3
Quinne = maximum shearing force for the waling,
F = sheets reaction on waling (t/ m’, or K/t"),
S = ties spacing (m or ft).
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Grading of Filter Material Ry Ry
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smooth shape without pronounced breaks, and should be roughly
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