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V=Bdv, =2.57xdx 23810 _ 175 954
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V, =93 [(0.3 +0.42)x (0.3 + 0'—242H x15.6 12 =87.27 Ton
m

v, = 8727 _1194T/m?=1.17MPa <129MPa — OX.
1.74%0.42
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0g Ogieo
q, =190 kPa
f, =21 MPa
f, =415 MPa
D=1200 D=900
B L-s16 L=660} P,
548 m
I
46%46 . 40440
i
|
| I
i
- TR I
i 59tm 1
(V-¥) Jlo (2 slooigiw 5 5k Cuomdg :(V - -Y) JSO
J>

s sl 9> 4l gt bl
P, =1.4(1200)+1.7(816) = 3067.2 KN
P, =1.4(900)+1.7(660) = 2382 KN

=1.524

avg. coefficient of ultimate load = 1200 30;;; + (29?) f)z 560)
+ + +

—> q,=190x1.524 =289.5 KPa
< 2382x5.48
(3067.2+2382)

X'=2.395+ 9;—6 =2.625m

=2.395m

o 59 1) Sy ged (V) g 4 45 ol (5555 & g2 Jsb ot 2625 MX2=525m <594 552
Sged Tl SB35 JSO &) (2 plFee S

&=w=18_32 m?

4y 289.5
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A =20 18.82=234P 504
2 2 a=2.065m
—
,_L 2a+b 5 6p5 394 2a+h b=4273m
3 a+b ' 3  a+b

—> q,=4.273x289.5=1237kN/m
—> q,=2.065%x289.5=598 kN/m
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P { D=320kN P D=500 kN
I L=260 kN 2\ L=400 kN
620 m
| — |
L 777 INNNNNN
X e 7 J4
1 A
R] RZ

(T-V) Jle slo gy 5 bopygi Slaseion :(1F-Y) S

>
UL S S VE K E PP P Re
P, =1.4(320)+1.7(260)= 890 kN
P, =1.4(500)+1.7(400)=1380 kN
e=12m :Jg o
g e By )b 1 ek Joo 505 K b g 6,18 (g sl oS e 5l mess sl 398 e 23 L
—— §,=62-12=5

_ 890x6.2

R, =1103.6 kN

—— R, =(Py +Py)-R, =(890+1380)-1103.6 =1166.4 kKN

avg. coefficient of ultimate load = ( 1380 +850

=1.534
320 +260)+ (500 + 400)

—— q,=120x1.534=184kPa
(o5t B gy Slaf (i S Ry 5 Ry lo)) iS00 (el |, Ly Sl Q old 5 Jl>
L, =2(+x)=2(1.2+02)=2.8m
R, 11036 _
L q, 28x184
——> use F1:2.8x2.14

355 2yl Jubatans b 0 038l G lgi o0 S0 85 ()70 Syg0 4 L ASY (o sl

R,=B,'L,;q, —LBrhe R, =B22'qu

B, =1,1—1—EE‘1 =2.52m
184

—> useF2:2.52x2.52
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— > §,=62-1.0=52m

— 5 R, =300X62 1061 1kN

— R, =(P,+P,;,)-R, =(890+1380)-1061.1=1208.8 kN
L, =2(e+x)=2(1.0+02)=24m

R, _ 1061.1
L,-q, 24x184

—— useFl:24x24

B,= 283 ) 56m
184

—— useF2:2.56x2.56

=24m

B, =
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h | f
LA J_I
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f=442.1 L IR e fa=a722

R, ‘1] R,
775.6

8.4 171.2 171.2

([

604.4
881.6 (Shear Diagram)

’\7 —

6%34.75
(Moment Diagram)
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[1] Foundation Analysis and Design, Bowles J.E., 1996, McGraw-Hill.

[2] Foundation Design, Teng W.C., Prentice-Hall.

[3] Geotechnical Engineering : Principles and Practices, Coduto D.P., 1999, Prentice-
Hall.

[4] Principle of Foundation Engineering, Das B.M., 1990, PWS-KENT.
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R =100x5+150x3 +120 x 2 + 140 +160 = 1490 ton
1490x 7 = (120 x 4) + (100 x 4)+ (150x 4) + 5+ 3 +5
+(120%8)+(140x 8)+ (160x8)+5+5+5
+(100x12)+(150x12)+(100x12)+3+5+3
+3+5+3=9090

il madlys A oo Jo> (6565 S b Grizpan
1490 x X = (150 x 5) + (140x 5) + (100x 5) + (150 % 5)
+(100x10)+(160x10)+ (150 x10)+ (100 x 10) = 7800
7800

— X=——=3523m
1490
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)91 Cewd &1 g1 2y 50 1) G5 sAlae 5 g0 a5 0 5l o, sl b Sl
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A 1 I

y x

1 +0.23-x+ 0.1y
14x12 " 14(12) ~ 12(14)
12 12
—— q=887x0.17x £0.054y

—> q=1490
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{ ! joint
| 18~30m .
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q, =25 ton/m’
S ¢=36" , C=0 , y=18ton/m’
Jopo oty 5,51 =32 , C=0 , y=1.7ton/m’

s “e — 3 . . I
D9 go 43l Voonorete = 2.4ton/m e (535 b b i 0 3l s

6.82
54

409,03

3.0m 1
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S g0 Pl 0,35 00 Jlor0 4t 1 &S (255 I haw 59y p ) SB- (ol jL8S 5 00,5 eslind (S,
P, =%-y-H2 ‘K,
H=09+03+5.4+(1.275tan10")=6.82 m
B=10" , $=32 —— K, =032l
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P, =%xl.7x6.822 x0.321=12.7 ton

g 5 g0 3B (ra) d Shilge 44 955 0l
P, =P, -cosl10° =12.3 ton
P, =P, :sin10° =2.2 ton

(0.45+2.7)

W, = x5.7x2.4=21.5ton

W, =3x0.9x2.4=6.5 ton
W, = (——(0'13; 2'7)x5.7+—————1'2752x 0'22)x1.7 =17.14 ton
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21.5(1.5)+6.5(1.5)+ 7.14(2.535) + 2.2(3) - 12.3(6.82/3)

X= =1.04m
21.5+65+7.14+2.2
R=215+65+7.14+22=373ton
e=8 _¥_3/2-104=046m
2
T
=239<g =25— —— OX.
o % (1 N 6_;) _ 3;.3 (1 . 6x;).46] Jq.m ‘p 7
lqm=l>0.0 — OKX.
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Pah

g go ool g 5 SB Olaseis 5l Py (gals y0
Pp=l-y-H2-K =lxl.8x1.22x3.85=5Ton
2 P2
B=0" , ¢=36 —> K, =385
_ 5+(37.3x0.67tan36° )+ (3% 0)

FS. =19>15 — OK.
123
Do go 438,55 0 P =0 asl axdls 092y S ol Gy Jlezst S
FS,, =13x067tan36" 45015 —» oK.
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pstie lo,Sak > M =21.5(1.5)+6.5(1.5)+7.14(2.535)+ 2.2(3)= 66.7 T-m

S e sla S ZMA=123X—6312-=2796TH1

FS.= —6—6—7 =24>15 —> OK.
27.96
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P =—7:-y-H2-Ka =%x1.7x(5.7+0.22)2x0.32=9.56ton

a

—> P, =9.56c0s10" =9.42
.p-,e-?-f‘f%-“l’u‘_.;,{,l.g)ﬁoJLd'lJm)gl)“)b'_sb&sj fas 5]

M=9.42x[§£23;0£)=21.13 T.m

_Me 2013135 T g ke
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@S ¢=30" , C=0 , y=177T/m’ , q,=25T/m’
Jgo ety 5 9=34" |, C=0 , y=184T/m’
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Pa =l.y.H2 .Ka
2 H=0.6+7.8+2.4(tan10")=8.8 m
B=10°, $=34", a=90°, 5=20"(c=f) —> K, =0.287

— P = % x1.84x8.8% x 0.287 = 20.5 ton
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—> P, =P, -cos20° =19.3 ton

——> P =P -sin20° =7.01ton

_(03+04)
2

W, x7.8x2.5=6.825 ton

W, =3.8x0.6x2.5=5.7 ton
W, = ((—7£+28—'2—2—)x2.4Jx1.84 =354 ton

P, =0.1P, =0.1x19.3=1.93 ton
Gl Jlgas glis ) 1P 9,05 5l il adaii
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R=6.825+5.7+35.4+7.01 = 54.94 ton
6.825(1.2)+5.7(3.8/2)+35.4(2.61) +7.01(3.8)-19.3(8.8/3) _ [ 48m

X=
54.94
e=B_x-33_j48-042m
2 2
6_5(1+@)_54.94(1+6x0.42)  |Qpe =24<q, =25 — OK.
B\ B/ 38 38 4, =49>00 —> OK.
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6.825(1.2)+5.7(3.8/2) +35.4(2.61)+7.01(3.8)-19.3(8.8/3) ~1.93(8.8)0.6)
54.94

X = =132m

—)_<=§§§-1.32=0.57 m

(1 | 6e _54.94(1 +6x0.57) . |Gne =2747<q,=25 —> OK
- ~ 38 4. =14>00 —> OK.
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B=0", ¢=30°, a=90°, §=17"~22°>17" ——> K, =5.385
_10.3+(54.94x 0.67tan30)-+3.8x 0
19.3

y-H K, =%><1.7><(1.5)2 x5.385=10.3 ton

FS. =1.82>15 —> OK.
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_103+(54.94x0.67tan30)+3.8x0 165511 OK.
19.3+1.93 ;
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M . =6.825(1.2)+5.7(1.9)+35.4(2.61)+7.01(3.8)=138.05 T-m

FS.u

dM, =193x38 _5661T-m
>~ 3

FS.= 138.05 24>15 — OK.
56.61
il 52 43l g8y Sl 0
DM =138.05T'm

8.8

ZM6P=19.3x—é’—+l.93x8.8x0.6=66.8T-m
F.S.=m5—=2.1 >1.1 —— OK.
66.8
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V=(1.84x7.8x0.287xcos20°)xlé§=15.1Ton — > V,=17x151=257

3
ve ¥ BTV g ke L, 673 XE
b-d 100x30 cm cm
e o Gl Srentiles 80 4T, o g s (T 20 Joo sl el B il nl il
D=50cm —— d=40cm
3
vV B0 o ke 13X __, ok
b-d 100x40 cm cm
I Mo Gl S55ls 5 Ghp) ey Gliralel sy 1A el azily Rl (Sl Jlges (359 45 LT
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My =>-7-H Ka(cos8)3

M,.. =%x 1.84 % (7.8) x 0.287 x 05 20" x %8 =39.25T.m

M, =1.7x39.25=66.7 Tm
M, = ¢ bd*-f. -q(1-0.59q)
66.7(10°)= 0.9x100x 407 x 210x g(1 - 0.59q)
q=0.26
_026x210

p=———=0.0156<0.75p, =0.021 ——> OK.
3500

A =0.0156x100x 40 = 62.4 cm’

use 20020@10cmc/c (Ag =62.8cm?)
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W= 7.8+8.22 T T T
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m m m

V= 16.24x2.4—(£9-62+—42x 2.4) =12.7 ton
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2(2.4
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M, =35.84 T.m

35.84(10°) =0.9x100x50° x210x q(1-0.59q) ——> q=0.08
p=0.005<0.75p, =0.021 —— OK.

A =0.005x100x50 =25cm®> ——> use$l8@10cmec/c
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P, = A,(C,N, +P,N, )

,

N, =49 Terzaghi
$=36" ——> N, =280 Meyerhof

N =55 B=£=30 Brezantsev
d B 04

S

2
P, =n—(0f—)[0+(9x1.7+12x1.92)55]=265 ton

=%k P, -tand- Aq

P,
3
4
i 4
s 4
P

E><10><(9><17)><tan(3/4><30) x(0.4x 7 x9)

+(Ox1.7+1/2x12x1.92)x 2.0x tan(3/4x 36" )x (0.4 x 1 12)
=448 ton
P, =265+448 =713
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N
v =18.5 kN/m?
v = 8.7 kKN/m?
Cu=50kPa

e N _

vy =19.3 kN/m?
v =10.6 kN/m?*
Cu=165kPa
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P, =P, +P
P, = A,(C,N, +P,N, )
N, =9.0

=0° —>
\ {Nq=1.0

7(0.5)
P,,=—4—[165x9+(5x18.5+3x8.7+4x10.6)x1.0]

2
=LQfl(1485 +158.4)=291.6 kN
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88.3 kpa

E=%[0+(18.5x5+8.7x3+10._6x4)]=80.5

P, =0.22(80.5+2x88.3)x (nx0.5x12) =1066 kN
P, =291.6 +1066 =1357.8 >1200
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81.3

U

> |

=0.24

LE=%[o+(18.5><5+8.7><3+10.6><3)]=75.2

P, =0.24(75.2 +2x81.3)x (m x 0.5x 11) = 986.1KN
P, =291.6+986.1=1277.7>1200 OK.=L=11.0m

—— use L=11.0m

0 vy, 4 Jo
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P, =291.6+532=824.2 kN <1200
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—  50(8)+165(8)
C, =227 2208

8 Cy=107.5

w |

=107.5

P, =0.4x107.5x(nx0.5x16)=1080.7 kN
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P, =%(18.5x5+8.7x3+10.6x5)=85.8
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—— use L=125m
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Several dynamic pile formulas (use any consistent set of units)

Many (of the more progressive) building codes no longer specify the pile-driving equation(s) to use
to estimate pile capacity. A suitable equation is left to the designer (who may have to justify it to
the local building official). Several other dynamic formulae are given in Young (1981).

Canadian National Building Code (use SF = 3) as used in Table 17-5 but Cy simplified to that shown
bere

aEC - W, + n’(o.swl)
h=~ag © W, + W,
C = % C= %4‘ Cs

Cs = 0.0001 in.%/k (Fps)
= 3.7 X 10-°m%/kN (SI)

Note that product of C>C; gives units of s.

Danish formula [Olson and Flaate (1967)] (use SF = 3 to 6)

- [V - bl .
b= ive Ci=yzap (nisofd)
Eytelwein formula (use SF = 6) [Chellis (1961)]
- exbx _ — 01
P, TTCWIW) C=25mm = 01in,

Gates formula [Gates (1957)] (use SF = 3)

P, = aJe,.E.(b—logs)
P, =kipsorkN E, = kips-ftorkN-m

s Q b

Fps in. 27 1.0
SI mm 104.5 24

& = 0.75 for drop and 0.85 for all other hammers

Janbu [see Olson and Flaate (1967), Mansur and Hunter (1970)] (use SF = 3 to 6)

= b - L/}
P, s Cq = 0.75 + 0.15 W
. A aBL
K, CJ(I + J1+ G A= AES

Use consistent units to compute P,. There is some disagreement of using e, since it appears to be in Cy;
however, a better statistical fit tends to be obtained by using e, as shown.

Modified ENR [ENR (1965)] formula (use SF = 6)
1. ZSC.E),] |.A W, + W, mw,

T+ C W, + W, C=25mm = 0.1in,

Navy-McKay formule (use SF = 6)

P., = C.E.

W+oic) O

Wr

Pacific Coast Uniform Building Code (PCUBC) (from Uniform Building Code,? Chap. 28) (use SF = 4)

P, = &by C = W, + kW,
I3 W, +W,
k = 0.25 for steel piles
= 0.10 for all other piles
P,L

G= AE (units of s)

In general start with C; = 0.0 and compute value of P,; reduce value by 25 percent; compute C; and a
new value of P,. Use this value of P, to compute a new C;, etc. until P, used s« P, computed.
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n=3x5=15

> y* =2x5%(2.4)* =57.6 m*

> x? =2x3x(2.7)" +2x3x(5.4)* =218.7 m*
M, =850x0.5 = 425 ton.m

M, =850x0.45 =382.5 ton.m

1l petlys mad ;o )b sarlne gl cplply
850  425(-24)  382.5(-54) _ 0,

— P =
15 57.6 218.7
P, = 850 N 425(-2.4) N 382.5(=2.7) _ 34.2 ton
15 57.6 218.7
— P = 850 +0+ 382.5(34) _ 47.2 ton
15 218.7
— P =%+0+0=56.7 ton
P, = 850 N 425(4+2.4) N 382.5(+5.4) _ 23.8 ton

15 57.6 218.7
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[1] Pile Design and Construction Practice, Tomlinson M.J., 1981, Viewpoint
Publication.

[2] Foundation Engineering Handbook, Fung H.Y., 1991, Chapman & Hall.

[3] Foundation Analysis and Design, Bowles J.E., 1996, McGraw-Hill.

[4] Principle of Foundation Engineering, Das B.M., 1990, PWS-KENT.
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1A CungLy
[ Date Drilled: &/17/96 Water Depth: >21.0 )
Drilled By: Geo Sec Date Measured: 06/17/196
Drilling Method: HSA 6 Reference Elevation:  783.0
Logged By: Mike Laney Datum: MSL
") SOIL DESCRIPTION
£2 i’g § AND 248 3,
Eé 2333 "E CLASSIFICATION 5952 o%
32 = 3
] 35‘3 & g 3(§ §
I i mw%:bm.mﬁmmdm
:.m- N 1] w0 medium dense
S EVEN " : — uo| sz
- wgm%bm,mu.m&mdmﬁnew
15
S < E olive-brown, dense, fine to coarse sand, some fine gravel
[0
L 1S o | s BB G ARV GR AL (ET oy e "o o s~
| SANDYGR%XGH.(GP) gr! dmse fine to
768 j
2P| s Y SARD Wity GRAVEL (B3 olive browa: molt vasy =~~~ 1
\dchse, 0o o coars Sand, Fine 10 Comse VA 10 3 ¥
Boring terminated at 21.0 feet
Groundwater not encoun
Hole backfilled and tamped using soil from cuttings
PLATE
A-40
| PROJECT NO. LOG OF BORING B-39 )

Figure 3.14 A boring log. Samples 2 and 4 were obtained using a heavy-wall sampler, and the corresponding blow
counts are the number of hammer blows required to drive the sampler, Samples 1, 3, and 5 are standard penetration
tests, and the corresponding blow counts are the N svalues, as discussed later in this chapter. (Kleinfelder. Inc.1
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Cone rod

Sleeve tube %n
‘ 74 Y2223

15lb=7kg

Friction sleeve 20 in. fall
51 ecm

Al vin. J-_j

1.4 in.

B 3.6 cm Seat 2 in,
Drive 1.75 in.

3 | L ! o
\{77’ 17in. 45
4.4 cm
—_ I‘I_A in. 1.4 in. 15in
- 3.6cm 36cm 38 cm

ol

2 .
z_‘_‘l_.A in,
LJ 3-6 cm

Q. Dl:ll‘ch cone with b. Drive cone on ¢. Dynamic cone
friction sleeve 1in. drill rod
Penetrometers.

Seolbins CPT aolojT o(Y-Y-0) S
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¢ N, N, N, N/N, tang¢
0 5.14 100 000 020  0.00
1 5.38 1.09 007 020  0.02
2 563 120 015 021 003
3 5.90 131 024 022 005
4 6.19 1.43 034 023 007
5 6.49 1.57 045 024  0.09
6 6.81 172 057 025 0.1l
7 7.16 1.88 0.71 026  0.12
8 7.53 2.06 0.86 027 0.4
9 7.92 2.25 103 028  0.16
10 8.35 2.47 122 030 0.8
11 8.80 2.71 144 031 019
12 9.28 2.97 1.6 032 021
13 9.81 3.26 197 033  0.23
14 1037 3.59 229 035 025
15 1098 3.94 265 036 027
16 1163 4.34 306 037 029
17 12.34 4.77 3.53 0.39 0.31
18 13.10 5.26 407 040 032
19 1393 5.80 468 042 034
20 1483 6.40 539 043 036
21 1582 1707 620 045  0.38
2 1688 7.82 713 046 0.0
23 18.05 8.66 8.20 0.48 0.42
24 19.32 9.60 944 050 045
25 2072 1066 1088 051 047
26 2225 1185 1254 053 049
27 2394 1320 1447 055 051
28 2580 1472 1672 057 053
20  27.86 1644 1934 059 0.5
30 30.14 1840 2240 061 058
31 3267 2063 2599 063  0.60
32 3549 2318 3022 065  0.62
33 3864 2609 3519 068 065
34 4206 2944 4106 070  0.67
35 4612 3330 4803 072  0.70
36 5059 3775 5631 075 073
37 5563 4292 6619 077 075
38 6135 4893 7803 080  0.78
39  67.87 5596 9225 082 08I
40 7531 6420 10941 085 084
41 838 7390 13022 088  0.87
42 9371 8538 15555 091 090
43 10511 9902 18654 094  0.93
44 11837 11531 22464 097 097
45 133.88 13488 27176 101  1.00
46 15210 15851 33035 104  1.04
41 17364 18721 40367 108  1.07
48  199.26 22231 49601 112 11l
.49 22993 26551 61316 115  LI5

266.89  319.07 762.89 1.20 1.19

\n
(=]
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the Terzaghi equations

Values of N, for ¢ of 34 and 48° are ongmal
Terzaghi values and used to back-compute K,
for forward computations of N, by author

¢, deg N, N, N, K,,
0 57 1.0 00 10.8
s 73 1.6 03 12.2

10 9.6 27 12 14.7

15 129 44 25 18.6

20 17.7 14 50 250

25 251 12,7 9.7 350

30 32 225 19.7 520

M 526 365 360

3s 578 414 424 820

40 95.7 81.3 1004 1410

45 1723 1733 2975 2980

48 2583 2879 780.1

50 418 4151 11532 8000

Sy 3 Gl By e 51l Cudyb cul s (0-Y-0) Jgor
Bearing-capacity factors for the Meyerhof, Hansen, and Vesi¢ bearing-
capacity equations
Note that N, and N, are the same for all three methods; subscripts identify author for N,

é N. N, Ny Npoo Nay NJN, 2tand(l-singp
0 5.14% 1.0 0.0 0.0 00  0.195 0.000
5 6.49 16 0.1 0.1 04 0242 0.146

10 8.34 2.5 0.4 0.4 12 029 0.241

15 10.97 3.9 12 1.1 26 0359 0294

20 1483 6.4 2.9 2.9 54 0431 0.315

25 2071 10.7 6.8 6.8 109 0514 0.311

26 2225 118 79 - 80 125  0.533 0.308

28 2579 147 109 112 167 0570 0.299

30 3013 184 151 157 224 0610 0.289

32 3547 232 208 220 302 0653 0276

34 4214 294 287 311 410  0.698 0.262

36 5055 377 400 444 562 0.746 0.247

38 6131 489 561 640 719 0797 0.231

0 7525 641 794 936 1093  0.852 0.214

45 13373 1347 2005 2623 2713 1.007 0.172

50 26650 3185 5674 8717 7613  1.195 0.131

= q7 + 2 as limit when ¢ — 0°.

Slight differences in above table can be obtained using program BEARING.EXE on diskette depending on com-
puter used and whether or not it has floating point.
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Ol b9, 4 50 Codyb culpo Jgo 8 (F-V-0) IS
Inclination factors Ground factors (base on slope)
Shape factors Depth tactors
, B di = 0.4k =0 y=05- - H 8
Swp =02 @ =0) d: =10+ 0.4:# ’ k=034t Asc, &= T
s,(”)=l.0+%:-‘% k=D/Bfor D/B=1 R LY A - 1o- -
Ne . B k = tan™"(D/H) for D/B>1 FTNTN =T v
sgm='l.0+m--z X In radians wsn '
3. = 1.0 for ste i=[1- 2 =g = (- J
e p iy [l ViA coeotd 89 = 8y = (1 —0.5tan B)
sym = 10+ T sing dg = 1+ 2tng(l ~sindPk 2smss
sen = L0+ %m é k defined above Base factors (tlited base)
for all ¢ i = [ __0IH b;=i- @=0
V + Ajcicotg 147°
S = 10— 04% = 06 dy =100 forall$ réacotd
. _ (0.7 - 04500 E, T b= 1T >0
ton=10-047 206 by = [‘ m]ﬂ <=1 w620

Notes:
1. Note use of “cffective” base dimensions B', L' by Hansen but not by Vesié.

b, = exp(~2ntang)
b, = exp(~2.Tntanp)
7 in radians

25 a;s 5

2. The values above are consistent with either a vertical load or a vertical load
nied by a horizontal load H5.

3, With a vertical load and 3 load Hy. (and either Hp = 0 or Hg > 0) you may have to
compute two scts of shape x; and dj a8 3,5, 4,2 2nd d 5, dir. For i, L subscripts of Eg.
(4-2), presented in Sec, 4-6, uso ratio L'/B* or D/U.

Notes:

1. Use H, s cither Hg or Hy, or both if Hy > 0.

2, Hansen (1970) did not give an /.. for ¢ > 0. The value above is from Hansen (1961)
and also used by Vesié.

3, Varlable ¢, =~ basc adhesion, an the order of 0.6 to 1.0 X base cohesion.

4. Refer to sketch for identification of angles 7 and B, footing depu\D Jocation of H
(puraliel and #t top of base alab; usually also pr 4 note
Ve famunmllnbue-ndhnnllheran.hwﬂﬁmncombtningVnndH;

Notes: +17 90" (Both § and 1) have signs (+) shown.)
B¢

L -

For: L/B<2use ¢,

LIB>2 use fp= 159,17
$e<34" use P = Py,

N
Hpox= Vian 8+ c,Af
& = friction angle between
base and soil (.50 < 6 < ¢)
Af = B'L' (effective area)
= base adhesion (0.6 to 1.0c)

B
: Ap=B'L
N
|
|
L, Hg
|
I
| i
|
—B"
y e=¥
H, l\
£ \Pp
JRRLEL ] gy e
===~ ~ Chap1l

Hy,. + P,=SFx (Hpg)
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Bearing capacity N;, N, for footings on or adjacent to a slope
Refer to Fig. 4-4 for variable identification. Base values (8 = 0) may be used when length or area ratios > 1 or whea b/B > 1.5

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

DB=0 WB=0 DB=075 MNB=0 DIB=150 bHB=0
Bl =0 10 20 30 4 0 10 2 30 40 0 10 20 30 4
0" N= 514 835 1483 3014 7531 | 514 835 1483 3014 7531 | 5.14 825 1433 30.14 7531
N,= 103 247 640 1840 6420 | 103 247 640 1840 6420 | 103 247 640 1840 6420
10° 4389 7.80 1337 2680 6442 | 5.14 835 1483 30.4 7531 | 5.4 835 1483 3004 7531
1.03 247 640 1840 6420 | 092 195 443 1116 3394 | 1.03 247 585 1413 40.81
20° 463 728 1239 2378 5501 | 504 835 1483 3014 6681 | 5.14 835 1483 30.14 7531
1.03 247 640 1840 6420 | 094 150 411 984 2821 | 1.03 247 565 1293 3514
25° 451 7.02 1182 2238 5080 | 5.4 835 1483 2876 62.18 | 5.14 835 1483 30.14 73.57
103 247 640 1840 6420 | 052 182 385 900 2509 { 1.03 247 539 1204 31.80
30 438 677 1128 2105 4688 | 514 835 1483 27.14 '57.76 | 5.14 835 14.83 30.14 68.64
103 247 640 1840 6420 | 0388 171 354 808 2191 | 1.03 247 504 1099 2833
60° 362 533 833 1434 2856 | 470 683 1055 17.85 3484 | s5u4 334 1276 2137 412
103 247 640 1840 6420 | 037 063 117 23 552 | 062 1.04 183 352 780
DIB=0 WB=075 D/B =075 b/B =075 D/B =150 bB =075
BL 0 10 20 30 40 | 0 10 20 30 40 0 10 20 30 40
10° 514 833 1434 2802 6660 | 514 835 1483 30.14 7531 | 5.14 835 14.83 30.14 7531
1.03 247 640 1840 6420 | 103 234 534 1347 4083 | 1.03 247 640 1579 4545
20° 514 831 1390 26.19 5931 | S5.14 835 1483 30.14 7111 | 5.14 835 1483 30.14 7531
103 247 6.40 1840 6420 | 103 247 604 1439 4088 | 1.03 247 640 1631 4396
25° 514 829 13.69 2536 S56.11 | 514 835 14.83 30.14 6749 | S5.14 835 14.83 3014 7531
103 247 640 1840 6420 | 103 247 627 1456 4006 | 1.03 247 640 1620 4235
30° 5.14 827 1349 2457 53.16 | 514 835 14.83 30.14 6404 | 514 835 14.83 30.14 7492
1.03 247 640 1840 6420 | 103 247 640 1452 3872 | 103 247 640 1585 40.23
60° 5.4 794 1217 2043 3944 | 514 835 1438 2394 4572 | 5.14 835 1483 2746 52.00
1.03 247 .640 1840 6420 | 103 247 514 1005 2256 §{ 103 247 497 941 2033
DIB=0 b/iB =15 D/B =075 bB =150 D/B =150 b/B = 150
10° 514 835 1483 2024 6878 | 5.14 835 1483 30.14 7531 | 5.14 835 14.83 30.14 75.31
103 247 640 1840 6420 | 103 247 601 1539 4700 | 103 247 640 1726 4977
20° 5.14 835 1483 2859 6360 | 514 835 1483 3014 7531 | 5.14 835 1483 30.14 7531
103 247 640 1840 6420 | 103 247 640 1840 5321 | 1.03 247 640 1340 52.58
25° 5.14 835 14.83 2833 6141 | 5.14 835 1483 30.14 7280 | S5.14 835 14.83 30.14 7531
103 247 640 1840 6420 | 103 247 640 1840 5520 | 1.03 247 640 1840 5297
30° 514 835 1483 2809 5044 | 5.14 835 1483 3014 7032 | S5.14 835 1433 30.14 7531
103 247 640 1340 6420 | 1.03 247 640 1840 5641 103 247 640 1840 5263
60° 5.14 835 14.83 2652 5032 | 5.14 835 14833 3003 5660 | 5.14 835 1433 30.14 6288
103 247 640 1840 6420 | 103 247 640 1840 4618 | 1.03 247 640 1672 36.17




Bearing capacity fallure of a silo foundation. (From Tschebotarioff, 1951.)

(S St et 1 1 gl Sy ypaihiind (ol KA-F-) JS

" General shear failure pattern under a rectangular footing
o denss sand (D, = 100%). (From De Beer and Vesi¢, 1958.)

bt (o S 25 09 (B (2 oS g0 AT S

Locaf shear failure pattern under a rectanguiar footing on

mdum densa sand (£, = 47%). (From Do Beer and Vesié, 1958.)

ger'a:""“‘;.',‘-iz‘.)'.'.) o @éﬁ@&&&,ﬂ' :(\"V‘L;J)J&:J

|
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Punching shear failure pattern under a rectangular founda-
tion on the surface of looss sand (D, = 15%). (From De Beer and
Vesi¢, 1958.)

S5 lsle gl 59 2 5 lebatns (g S 25 0 @l G CuSS 680NV JSS

2 z 28 2o T REEEER 5
Punching shear failure of a rectangular footing an dense
sand underlain by soft clay. (From Vesi¢, 1970.}

STy glawle pdaws (59) 9 (slebaioms (g S 2j 50 @Y B0 CeSS O YY) JSS
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-

Punchinﬁ shear faiidre under & deep rectangular founda-
tion in dense sand (D, = 90%, B = 1.5in, D = 15 in]. (From Vesic,
1963a.)

Gees &L.L..A - «_i_’.ﬁ) o @L‘ U:’ﬁ S :(\Y—Y—g")) J&:;
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‘::"".‘:""y| ‘."1".‘ E,

S 4 MN/m? Ibjin.? Ogwl gy S .
J4 &b Loose sand 1035~ 24.15 1,500- 3,500 0.20-0.40
bo s o514 b Medium dense sand 17.25- 27.60 2,500~ 4,000 0.25-0.40
¢S~ it Dense sand 34.50~ 55.20 5,000- 8,000 0.30-0.45
Sis¥ b Silty sand 10.35- 17.25 1,500~ 2,500 0.20-0.40
&>s <+ Sand and gravel 69.00~172.50  10,000-25,000 0.15-0.35
¢/ oo Soft clay 2.07- 5.18 300- 750
doys 23 Medium clay 5.18- 10.35 750~ 1,500 0.20-0.50
4= o Stiff clay 10.35~- 24.15 1,500- 3,500

Values or value ranges for Poisson’s ratio u

Type of soil In

Clay, saturated 0.4-0.5

Clay, unsaturated 0.1-0.3

Sandy clay 0.2-0.3

Silt 0.3-0.35

Sand, gravelly sand -0.1-1.00
commonly used 0.3-04

Rock 0.1-0.4 (depends somewhat on

type of rock)

Loess 0.1-0.3

Ice 0.36

Concrete 0.15

Steel 0.33
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d Values of “2™ and *'s™ L R
044 fe—— (L = aB)s ._4\
| |
e —— B — 3
042"
::'? S o (@)
Lo N S -
O &
LEERY 2, Values of K
=K X P/BL

040} ' g
D P
[ 775 d
0.38

WA -
','"’/"

L ==

0.12;

)
T

/'0 ' 0.12
']"/Z,:?‘ “

0.08}- 0.08

] 1 1 1 11 Ll
0 0.04 0.08 0.12 0.16 020 025
[
(b) ()

1 1 L 1 ] 1

| S R S | L
0.16 0.20 0.25

1 I
[ 0.04 0.08 0.12

Method of finding line of zero pressure beneath eccentrically loaded rigid footings. {(a) ldentification of terms; (b) curves to find
line of zero pressure; (c) curves to find maximum sdil pressurs, (Courtesy Prof. H. J. Plock.)

Notes:

[J [

c=X gat

B L
To use charts interchange c and d If ¢ > d for rectangle s’ = (B/L)
If not certsin of location of a B compute approximate line of zero pressure using Eq. 16.7—actual line is somewhat closer to resultantioads.
Maximum soil pressure = Kqgay: gay = P/A1ptal

ailrge K con sl g ;o yho A5 das (el jlaged ((V-F-0) SO
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Coulomb active earth pressure coefficients K,
ALPHA =90 BETA = -10

6 ¢=26 28 30 32 34 36 38 40 42

0 0354 0328 0304 0281 0259 0239 0220 0201 0.184
16 0311 029 0270 0252 0234 0216 0200 0184 0.170
17 0309 0289 0269 0251 0233 0216 0200 0184  0.169
20 0306 0286 0267 0249 0231 0214 0.198 0.183  0.169
22 0304 028 0266 0248 0230 0214 0198 0.183  0.168

ALPHA =90 BETA = -5

6 ¢=26 28 30 32 34 36 38 40 42

0 0.371 0343 0318 0293 0270 0249 0228 0209 0.191
16 0328 0306 0284 0264 0245 0226 0209 0192 0176
17 0327 0305 0283 0263 0244 0226 0208 0.192 0.176
20 0324 0302 0281 0261 0242 0224 0207 0191 0175
22 0322 0301 0280 0260 0242 0224 0207 0191 0175

ALPHA =90 BETA =0

5 ¢=26 28 30 32 34 36 38 40 42

0 039 0361 0333 0307 0283 0260 0238 0217 0.198
16 0349 0324 0300 0278 0257 0237 0218 0201 0184
17 0348 0323 0299 0277 0256 0237 0218 0200 0.183
20 0345 0320 0297 0276 0255 0235 0217 0.199 0.183
22 0343 0319 0296 0275 0254 0235 0217 0.199 0.183

ALPHA =90 BETA =35

d ¢=26 28 30 32 34 36 38 40 42

0 0414 0382 0352 0323 0297 0272 0249 0227  0.206
16 0373 0345 0319 0295 0272 0250 0229 0210 0.192
17 0372 0344 0318 0294 0271 0249 0229 0210 0.192
20 0370 0342 0316 0292 0270 0248 0228 0209 0.191
22 0369 0341 0316 0292 0269 0248 0228 0209 0.191

ALPHA =90 BETA =10
8 ¢=26 28 30 32 34 36 38 40 42

0 0443 0407 0374 0343 0314 028 0261 0238 0216
16 0404 0372 0342 0315 0289 0265 0242 0221 0.201
17 0404 0371 0342 0314 0288 0264 0242 0221 0.201
20 0402 0370 0340 0313 0287 0263 0241 0220 0.201
22 0401 0369 0340 0312 0287 0263 0241 0220 0201

ALPHA =90 BETA =15

6 ¢=26 28 30 32 34 36 38 40 42

0 0482 0440 0402 0367 0334 0304 0276 0251 0227
16 0447 0408 0372 0340 0310 0283 0258 0234 0213
17 0447 0407 0372 0339 0310 0282 0257 0234 0212
20 0446 0406 0371 0338 0309 0282 0257 0234 0212
22 0446 0406 0371 0338 0309 0282 0257 0234 0212
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Coulomb passive earth pressure coefficients X,
ALPHA =90 BETA = -10

d ¢=126 28 30. 32 34 36 38 40 42

0 1914 2.053 2204 2,369 2.547 2.743 2.957 3.193 3452
16 2.693 2,956 3.247 351 3934 4,344 4.807 5.335 5.940
17 2.760 3,034 3.339 3.679 4.062 4,493 4.983 5.543 6.187
20 2.980 3.294 3.645 4,041 4.488 4.997 5.581 6.255 7.039
22 3,145 3.490 3.878 4317 4816 5.389 6.050 6.819 1.720

ALPHA =90 BETA = -5

§ ¢=26 28 30 32 34 36 38 40 42

0 2223 2.392 251 2.781 3.004 3.250 3.523 3.826 4.163
16 3.367 3.709 4.094 4.529 5.024 5.591 6.243 7.000 7.883
17 3.469 3.828 4.234 4.694 5218 5.820 6.516 7.326 8.2717
20 3.806 4.226 4.704 5.250 5.879 6.609 7.462 8.468 9.665
22 4.064 4.532 5.067 5.684 6.399 7.236 8.222 9.397 10.809

ALPHA =9 BEIA =0

5 ¢=26 28 30 32 34 36 38 40 42

0 2561 2.770 3.000 3.255 3.537 3.852 4.204 4.599 5.045
16 4,195 4.652 5.174 5.775 6.469 7.279 8.229 9,356 10.704
17 4.346 4.830 5.385 6.025 6.767 7.636 8.661 9.882 11.351
20 4.857 5.436 6.105 6.886 7.804 8,892 10.194 11.771 13.705
22 5.253 5910 6.675 7.574 8.641 9.919 11.466 13.364 15.726

ALPHA =90 BETA =S5

8 ¢=26 28 30 32 34 36 38 40 42

0 2.943 3.203 3492 3.815 4.177 4.585 5.046 5.572 6.173
16 5.250 5.878 6.609 7464 8.474 9.678 11.128 12.894 15076
17 5475 6.146 6.929 7.850 8942 10.251 11.836  13.781 16.201
20 6.249 7.074 8.049 9212 10613 12.321 14.433 17.083 20468
22 6.864 7.820 8960 10334 12011 14.083  16.685 20011 24352

ALPHA =90 BETA = 10

8§ ¢=26 28 30 32 34 36 38 40 42

0 3.385 3712 4,080 4.496 4.968 5.507 6.125 6.840 7673
16 6.652 7.545 8.605 9.876 11.417 13.309 15.665 18.647 22497
17 6.992 7.956 9.105 10492  12.183 14274 16899  20.254  24.633
20 8.186 9414 10.903 12733 15014 17903 21636 26569 33270
22 9.164  10.625 12.421 14659 17497 21164 26012  32.601 41.863

AILPHA =90 BETA =15

8 ¢=26 28 30 32 34 36 38 40 42

0 3.913 4331 4.807 5.352 5.980 6.710 7.563 8.570 9.768
16 8.611 9.936 11.555 13.557 16073  19.291 23494  29.123  36.8%4
17 9.139 10.590 12.373 14.595 17413 21.054 25867 32409 41603

20 11.049 12986 15422 18541 22,617 28.080  35.629 46:458 62.759
22 12676  15.067 18.130 22,136 27506 34930 45584  61.626  87.354
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Rankine active earth pressure coefficients X,

B ¢=2 28 30 32 34 36 38 40 42
0 03905 03610 03333 03073 02827 02596 02379 02174  0.1982
3 03959 03656 03372 03105 02855 02620 02399 02192  0.1997
10 04134 03802 03495 03210 02944 02696 02464 02247 0.2044
15 04480 04086 03729 03405 03108 02834 02581 02346 02129
20 05152 04605 04142 03739 03381 03060 02769 02504 0.2262
25 06999 05727 04936 04336 03847 03431 03070 02750  0.2465
30 —_ — 08660 05741 04776 04105 03582 03151 02784
35 —_ - - — - 05971 04677 03906  0.3340
40 —_ —_— —_— —_— — —_ —_— 0.7660  0.4668
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Rankine passive earth pressure coefficients K,

B ¢=126 28 30 32 34 36 38 40 42
0 25611 27698 30000 32546 35371 38518 42037 4.5%9  5.0447
5 25070 27145 29431  3.1957 34757 37875 41360 45272 49684 1

10 23463 25507 27748 30216 3.2946 35980 39365 43161 47437 |

15 20826 22836 25017 27401  3.0024 32926 36154 39766 43827 |

20 17141 19176 21318 23618 26116 28857  3.1888 35262 39044

25 L1736 14343 16641  1.8042 21352 23938 26758 29867 33328

30 - — 08660 13064 15705 1.8269 20937 23802  2.6940

35 — — - — — 11239 14347 L7177 20088

40 _ - —_ — — — — 07660 12570
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Friction angles & between various foundation materials and soil or rock*

Friction angle,
Interface materials &, degreest

Mass concrete or masonry on the following:
Clean sound rock 35
Clean gravel, gravel-sand mixtures, coarse sand @
Clean fine to medium sand, silty medium to coarse sand, silty or clayey gravel ¢
Clean fine sand, silty or clayey fine to medium sand ¢
Fine sandy silt, nonplastic silt ¢
Very stiff and hard residual or preconsolidated clay ¢
Medium stiff and stiff clay and silty clay ¢

Steel sheet piles against the following:

Clean gravel, gravel-sand mixture, well-graded rock fill with spalls 22
Clean sand, silty sand-gravel mixture, single-size hard rock fill 17
Silty sand, gravel, or sand mixed with silt or clay 14
Fine sandy silt, nonplastic silt 11
Formed concrete or coricrete sheetpiling against the following:
Clean gravel, gravel-sand mixtures, well-graded rock fill with spalls 22-26
Clean sand, silty sand-gravel mixture, single-size hard rock fill 17-22
Silty sand, gravel, or sand mixed with silt or clay 17
Fine sandy silt, nonplastic silt 14
Various structural materials
Masonry on masonry, igneous and metamorphic rocks:
Dressed soft rock on dressed soft rock 35°
Dressed hard rock on dressed soft rock 33
Dressed hard rock on dressed hard rock 29
Masonry on wood (cross grain) 26
Steel on stee] at sheet-pile interlocks 17
Wood on soil 14-16%

*May be stress-dependent (see text) for sand.
+Single values 2°, Alternate for concrete poured on soil is § = ¢.
$May be higher in dense sand or if sand penetrates wood.
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