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SIGNIFICANT EVENTS 
PlLE FOUNDATION PROJECT 

EXPLORATION TESTING 

0 Two Phase Program 

PRELIMINARY DESIGN RECOMMENDATIONS 

Estimats Structural Lo&, Tolerable Settlements 
o S e k t  Candidate Pile(s) and Configuration(s) 

Estima- C a v i t y ,  Settlement, Deflection 
Estimata Required Pmtration/lnstallatiool Criteria 
Develop Indicator Pik Driving and Load Testing Program 

INDICATOR P l L E  INSTALLATION 

0 ln i t id Driving 

Restrike 
Dynamic Measurements 

LOAD TESTlNG 

Axial 
L a t e d  

INTERPRETATION OF FIELD DATA 

Refusad Conditions 
Ultimate Pile Capacities, Settlement, Group Effects 
Correlation of Dynamic Measuremeob with Analyses 
Load Transfer Behavior Charac&rization 

FINAL DESIGN RECOMMENDATIONS 

CONSTRUCTION MONITORING, INSPECTION, 
MOD1 F lCATlON 
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TABLE I 

PRINCIPAL ADVANTAGES A N D  DISADVANTAGES OF DIFFERENT PlLE TYPES 

PKE TYPE A D V A M A G E S  D I S A D V A K T A G E S  - 
Timber Eary to handle o r  cut-off. Decay above water table, especially in 

Relatively inexpensive marine environment. 
material. Limited in size and bearing capacity. 

Readily available (USA). Prone to damage by hard driving. 
Naturally tapered. Difficult to extend. 

Noisy to drive. 

Steel Easy to handle. cut  off. Subject to corrosion, r q u i r e  pmtec- 
extend. tion in marine environment. 

Available in any length o r  Flexible H-piles may deviate f rom 
sire. =is of driving. 

C a n  penetrate hard strata, Relatively expensive material. 
b u l d e n .  soh rock. Noisy to drive. 

Convenient to combine with 
steel supentructure. 

Concrete: Durability in almost m y  Curnkrsorne to handle and drive. 
Precast env~ronment.  D~fficult to cut off o r  extend. 

Convenient to combine Noisy to drive. 
with concrete superstructure. 

Cast-in-place: A l l o w  inspection before Casing cannot be r c - d .  
Casing left in concreting. Thin casing may be damaged by im- 
ground Easy to cut 08 or  extend. pact o r  soil pressure. 

Casing withdrawn N o  storage space required. In soft soils shaft may be squeezed 
o r  no casing Can  be lin~shed a t  any by soil cave-in. 

elevation. In case of heavy compactioa of  con- 
Can be made before excava- crete previously mmpleted piles 

tion. may be damaged. 
Some types allow larger dis- If concrete is placed too fast there is 

placemenu in weaker soils. danger of creation of a void. 
Some types have no driving 

operation suitable where 
nokc  and vibration are 
prohibited (downtown). 



DEEP FOUNDATION 
BEARING CAPAClTYEQUATlON 

Q",, = Qp + Ot 

SHAFT RESISTANCE 

POINT RESISTANCE 

UNlT POINT BEARING CAPACITY 

I 

N, , Nq - - Dimensionleu facton for deep 
foundations that depend at least 

N,* = IN: - 1) cot 

where 4 = Constant 

UNlT SHAFT RESISTANCE 

f S s c , + b N ~ n 8  

C, = dhslrion 

BN = affective n m o l  streis 43 shaft 

8 = in- friction angle 



whore N,($,L) 
Do = mean effective insitu normal 

mess Q point 

qr = Rigidity. Index (c ,  $, G, A )  

for quartz sands the approximate value is  

qf 
- (1 + tan $ ) e-4 tan2 (45 + $121 



ANGLE OF INTERNAL FRICTION $ 

(Vesic: 1965) 
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ANGLE OF SHEARING RESJSTANCE 

( ~ e s i (  1977) 



Common Assumptions 
Shaft Resistan- in Sand 

q, = ' K ~  Dv 

KA C Ks i Kp 

-Bored Driven - 
6 - tan 5 + or - 

tan + I1 

I ? ,  



Common Assumptions -- Shaft Resistance in NC Clay 

BETA f,= p $ 

/3 = (1 -dn@)tan $ (BURLAND) 

LAMBDA f:vg = A (a-o + 2rU)avg (VIJAYVERGIYA 
ond FOCHT) 

ALPHA fr = Q s, 



- P i l a  Load Tests 







- U d c a i n r d  Strength 

- Vet;-\ 5FTeck;ve Stress Pvsf i l e  



FR~CTIONAL CAPACITY COEFFICIENT,X,VS. PILE PENET.RATION - -  - -  

( 0  to 225 Feet) 



, G enerocl EffecS-iue Stress 

(using C r i k ;  ca! S t a b  Gncepts ) 



a) ~ e r t i c o . 1  Ef fect ive Sbess Profile 

b) Stress His to r  Y 

c) Soil - Pile h t e r i o r e  Fr;ction An+ 

- use K 2 I -  s in  +' fop N.C. 



V E S ~ C  / PARRY SWAIN 



RG. 1 3 . 4 o r t t i w  and bgdw Wn Frktlon F u t m  of Driven W I o s  in Sott and 
M i u r n  Clays (1 ft = 0 3 6  rn) 
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C" 0.0 0.5 10 15 20 2.5 3.0 
VERTlCAL GROUND STRESS ( t/sf) 

ODetroi t Hcusel, 1950 0 Lemoore Woodward, 1961 

oflorganza Hansur, 1956 @ Khorramshahr Hutchinson i Jcnsen, 1968 

aSan Francisco Seed b Reese, 1957 El Donaldsonville Darragh, 1969 

OCleveland, Burnside Peck, 1958 Q B r i t i s h  Colunbia k C a n o n ,  1970 

OOrarnnen Eide e t  a l . ,  1961 X New Orleans Blessey, 1970 

VDray ton Peck, 1961 0 Misc. Locations HcClelland Engrs. 

Fipurc 14. O b s c r ~ c d  t,nlucc o /  . t l in  bcaring-capacity /actor N ,  in normally consolidated clars. 



PILE CAPACITY ESTIMATES FROM INSITU TESTS 

CPT . PMT SPT 

XP" p N (?sf) Uni t  Point Resistance, qo "% a = N; 215 
&r) - 

N = 15 + %(N-15); - 
N>15 

( V E S I ~ )  (MEYERHOF) 

" + f C  
- Unit Shaft Resistance, f, mO (of )  

9 = 1, electric c o m  or un 

0 . 5 4  < 1, dutch cone pqo 

Comments Consider scale 
e f f s t s ;  reduce 
fs for bored 
piles 

p varier w/ soil typa; 
a 2 for Sat. 

4 for sand 



Length Soil 
Type Dia. f t .  Location Source -- tYW 

3 s tee l  H 14 I:;:} l i l t  Tappan Zee. N.Y. Yang 1956 

0 steel  pipe 6 22 s o f t  clay Sdn Francisco Seed L Reese, 1957 

A s t e e l p i p e  12 60 s o f t c l a y  Michigan House1 1958 

@ precast s o f t  b w l w  Horten Quay Bjerrun e t  a l . ,  1958 
cmcrete 



BILE. GROUP EFFICIENCY FACTORS 

BEARING 
CAPACITY 

SETTLEMENT 



@ 4 
P 3 

I Z', 20 LOOSt S U O  R I S U I M  (1967) 

Figlire 35. Obserl,td eficiencies of square pile groups in sand. 



TABLE 2 

RULES FOR D E T E R h t I N h T l O N  OF ULTIMATE LOAD 

( a )  Absolute 1.0 in. (Holland, New York City Code) 
(b) Relative 1 0 5  of pile tip diameter (England) 

2. Limiting plastic settlrrncnt 
0.25 in. (AASHTO) 
0.33 in. (bfagnel) 
0.50 in. (Boston Code) 

3. Limiring ratio plastic scrtlemcnt/ciosti; sertlrr,~cnt 
1.5 (Christiani and Nielsen) 

elastic settlement increment 
4. Maximum ratio 

plastic sctllement increment 
(Srcchy, 1961. Ref. 25)  

5. Limiring ratio serrrler~renr/load 
( a )  Total 0.0 1 in./ton (California, Chicago) 
(b) Incremental 0.03 in./ton (Ohio)  

0.05 in./ton (Raymond Co.)  

6. Limiring ratio plastic setrlrrncnr/load 
(a) Total 0.01 in./ton (New York City Code) 
(b )  Incremental 0.03 in./ton (Raymond Co.)  

settlement increment 
7. Maximum ratio 

load increment 
(VesiC, 1963, Ref. 26) 

8. Marirnunx curr.arurc of  log wllog Q line 
(Dc Beer, 1967, Ref. 27) 

9. Van d r r  Vrtn postula/e 

(Van der-Veen, 1953; ~ e f .  231 

TABLE 3 

EXPERlMENTAL VALUES OF N.,' IN S A N D  

N,' 

SAND RELATIVE BORED 

COMPACTNESS DENSITY ( ro ) D R I V E S  PILES PILES 

Very d e n x  > 80 60-200 40-80 

Dcnx 60-80 40-80 2 0 4 0  
Medium 40-60 25-60 10-30 
Loose < 40 20-30 5-15 

Source: F*n 1 1  md other w r d r .  Hinhm values apply lo lbonec 
p1lC3. 
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Di sc rc  t c  Elenen t 14odel o f  H~rrfier-Pi l e -So i  1 
Sys tcm. 











it4EASURED .-. - - *  WEAP 

FIGWE 6-1: COItPARISON OF PREDICTm \CITY EiEASUFED PILE 
'NIP FORCES AND COMBUSTION PRESSURES FOR PILE 



Stress-Strai n Cchsvior o f  C u s h i o n  Wstcrials: 
I . i i c d r t a  and P i i i c  ~ l ~ i i o o - ~ . '  et &, \qbt) 



Bi 1 i n e a r  Cushicn S p r i n g  i4odel . ( C G ~ ~ , ~ % O )  



FIG. 2.-SIIORT FLOATS 









Lish t ' ~ o r n - ~ i ~ h  Veiocify,S:ifi 
Cushier,, High p c  A, hc:-G Crivi.:~ 

Factors A f f e c t i n g  Inpact  S t ress  Transmission and 
Penetrat ion.  ( V d  1 q . 1 ~ )  
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10,000 
10.000 
10,000 
12,000 

8,000 
8,000 
8,525 

8,000 
8,000 
8,000 
8,000 
8,000 
7,500 
7.500 
8.000 
6,500 

6,500 
6,500 
6.500 
6.500 
6.500 
6,500 
5.000 
5.000 
5.000 
5,000 
5.OOo 
5,000 
5.000 
5,000 
5 . m  
3.000 
3.000 
4.150 
1.600 
1.600 

3.000 
3.000 

850 
~ 0 0  
800 
500 
400 
200 
200 
100 
88 
48 
21 

CABLE 

18,550 
18.750 

22,380 
25.984 
17.280 
16,703 
19.020 
16.750 
18,300 
17,885 
17,782 
17.885 
16.000 
16,250 
17.750 
14,675 
12.500 
11,200 
12.190 
11.200 
14,615 
14.8% 
14,000 
14,000 
12,460 
1 1 . m  
11,782 
8.700 

11,oO 
10.600 
9.700 

10.850 
10.850 
7.850 
7,100 

7.000 
7,036 
6.7W 
6.500 
5.000 
5.000 
3.800 
2,900 
2.000 
1.500 

788 
675 
343 
145 

OPEN 
O P t N  

CLOSED 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSED 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSED 

OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
CLOSED 
CLOSED 
OPEN 
CLOSED 

CLOSED 
OPEN 
OPEN 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 
CLOSED 

(C) 

SGL ACT 
SGl  ACT 
SGL -ACT 
DIFFER 
SOL -ACT. 
%L.-ACT. 
DIFFER 
SGL -ACT 
SGL -ACT 
DIfFEf3 
DIFFER 
DIFFER 
SGL -ACT 
SGL -ACT. 
COMPOUND 
DIFFER 
SGL -ACT 
SGL -ACT. 
SG1:ACT. 
SGL -ACT. 
DIFFER 
DlFFER 
DBL -ACT. 
DBL -ACT. 
SGL.-ACT. 
DBL -ACT 
DIFFER 
SGL -ACT. 
SGL -ACT 
SGL.-ACT. 
SGL -ACT. 

DBL -ACT. 
DBL -ACT. 
SGL.-ACT. 
DBL.-ACT. 
DBL -ACT. 
DIFFER 
SGL.-ACT. 
DBL.-ACT. 
DBL.-ACT. 
DIFFER. 
DBL -ACT. 
DOL -ACT. 
DBL.-ACT. 
DBL.-ACT. 
DIFFER 
DBL.-ACT. 
DBL.-ACT. 
OBL -ACT. 

12.500 
12.500 

~2,500 
12.000 
5.000 
%,OW 

5.000 
3,000 
!6.000 
24,450 
?4,450 
!4,450 
!4.375 
!4.375 
!4 ,000 
19.500 
19.500 
1 9 , m  
19,500 

19.500 

19.500 
19.200 
19.150 
19.150 
16,250 
16.000 
15.100 
15.000 
15.000 
15,000 
15,000 

13,100 
13.100 
10.400 
8.750 
8.750 

7.260 
7.260 
4.700 
4.150 
4.000 
3.000 
2.500 
1.200 
1.000 

3M) 
356 -- -- 

1' 
' 

1 4 y '  
12'3" 
14'2" 
15'0" 
12'7" 
14'10" 
14'4" 
12'1" 
11'10" 
12'2" 
15'0" 
15'0" 
12'2" 
11'8" 
12'9" 
13'0" 
13'0" 
13'0" 
12'1" 
12'1" 
11'2" 
11'2" 
13'3" 
8'9" 
11'0" 
12'9" 
12'9" 
13'0" 
13'0" 

9'2" 
9'2" 
11'6" 
8'2" 
8'4" 
8'11" 
11'7" 
5'5" 
6'1" 
6'9" 
5'0" 
5*3.1/8vs 
3'11" 
4'7" 
4'2" 
4'10" 
2'9" 
3'7" 

HAMMER 

50 
50 

55 
108 
50 
50 

111 
50 
55 

111 
110-120 
95-105 

52 
50 

85-95 

110 
58 
80 
60 
fio 

130 
117 
95 
95 
60 

100-110 
120 
60 
60 
60 
60 

105 
105 
70 

145 
145 
133 
70 

225 
225 
328 
250 
275 
330 
300 
303 
400 
500 
500 

CONMACO 

lOh"x25"  
9'h "x26" 

' x30" 
11 % "x32" 
8 *A "x32" 
0 % "x26" 
9% "x26" 
Q1/4"x26" 
' ~ 2 6 "  
el/4 "x2a" 
-- 
-- 

10'/4 " ~ 2 5 "  
9 % "x26" 
' ~ 2 6 "  
9 % " ~ 1 8 "  
~ ' ~ " x Z B ' A "  
8% "x20" 
9 % "~26"(C) 
8 % "x20"(K) 
-- 

8 % " ~ 2 0 "  
'x26" 
' ~ 2 6 "  
' ~ 2 4 "  
'x26" 
8 % "x20" 
8% "x20" 
7%"x28%" 
9 % "x28"(C) 
8 % "x20"(X) 
"x24" 
' x24" 
7%"x l9"  
' ~ 2 0 "  
8 %  " ~ 2 0 "  
7 %"XI  9" 
7 %"X I  9" 
'XI 5" 
'x21" 
VARIES 
' ~ 1 5 "  
' ~ 1 5 "  
'x l2"  
B"x11" 
4 %"x8V1" 
NONE 
NONE 
NONE 

(K) CONMACO 

-- 
157 

1 30 
190 
7 5 
87 

1 80 
127 
120 
180 

t4 I A 
-- 
-- 
155 
120 
-- 
-- 

94 
67 
67 

N I A  
152 
126 
126 
85 
80 

125 
8 1 

-- 
56 
56 

104 
104 
50 
85 
85 
70 
49 

-- 
65 
40 

-- 
45 

-- 
35 

5 
25 
15 
15 

210 
010 
S-10 
120C 
80 
80 
85C 
08 
s - 8  
80 c 
80-CH 
80-C 
0 
0 
C-826 

65-C 
1-S 
06(1M) 
65 
b5 

55-CH 
65-c 
1183 
1100 
S-5 
c - 5  
5o.C 
l (106)  
1 
50 
50 

1063 

2 s  
900 
983 
30-c  
2 
700N 
7 
DGH-900 
600N 
6 
5M)N 
5 
DGH-1OOD 
3 
2 
I 

ADIABATIC 

HAYMOND 
VULCAN 
M KT 
VULCAN 
CONMACO 
CONMACO 
VULCAN 
VULCAN 
MKT 
VULCAN 
RAYMOND 
RAYMOt4D 
R A I M O N D  
VULCAN 
MKT 
RAYMOND 
RAYMOND 
VULCAN 
CONMACO 
CONMACO 

RAYMOND 
VULCAN 
MKT 
BSP 
MKT 
M KT 
VULCAN 
VULCAN 
RAYMOND 
CONMACO 
CONMACO 
MKT 
BSP 
VULCAN 
BSP 
MKT 
VULCAN 
VULCAN 
BSP 
MKT 
VULCAN 
BSP 
MKT 
BSP 
MKT 
VULCAN 
MKT 
MKT 
MKT 

COMPRESSlON 

2.400 
5.440 

5.440 
6,618 
2.580 
3.000 
6,210 
4.380 
4.380 
6.210 
N I A  
-- 
-- 

4.380 
-- 

3.100 
1.500 
3.230 
2.300 
2,300 
N I A  

5,244 
-- 
-- 
-- 

4.312. 
2.794 
1.400 
1,925 
1.925 
-- 
-- 

1,690 
-- 
-- 

2.41 2 
1.6W 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

KEY 

-- 
1.002(A) 

1,000 
1,5071A) 

730(A) 
850(A) 

1,245(A) 

68O(A) 
850 

1.245(A) 
-- 
-- 

750 
841 (A) 
875 
-- 
-- 

625(A) 
650(A) 
660(A) 

-- 
991(A) 
900 
900 
600 
505 
880(A) 

W5(A) 
500 
565(A) 
565(A) 
750 
7 50 
336(A) 
600 
600 
488 
338(A) 
600 
450 
580(A) 
365 
400 
250 
250 

74 
11 0 
70 
70 

HAMMER 

110 
105 

80 
133 
86 
85 

128 
83 
80 

120 
-- 
135 
110 
80 

125 
120 
104 
100 
100 
100 
-- 
150 
100 
90 
80 

100 
120 
80 
80 
80 
80 

100 
90 
95 
90 

100 
1 20 
80 
90 

100 
75 
90 

100 
40 

100 
60 

100 
125 
125 



I 9 ( b I  /F 

200.000- 
141.000-63,360 
1 17.1 75-b2.566 
105.600- 
105.000-48.400 
91 100 
tj? 000-43.500 
84 000 37.840 
83.100-38.000 
79.500- 
79.000- 
78.800- 
73.780-30.380 
70.800- 
64.000-29 040 
63.900. 
63.500- 
63.000-42.000 
62.900-31.800 
60 100- 
54,200-23.870 
50.700- 
48,400-24.600 
45.700- 

. 45.000-30.000 
45.000-30.000 
45.000-20.240 
43.400- 
41.300- 
39.780- 
39,100 
38.200-31.200 
36.000-24 .000 
32.549- 
31.000-17.700 
27.100- 
26.200- 
26,000-1 1.880 
25.200-16.800 
25.200-16.800 
25.200- 
24.600- 
24.400- 
22.500- 
21.000-16.000 
19.840- 7.700 
18.000-1 2.000 
18.000- 
9.050- 
8.800- 
8.100- $ 

?,lr A n r \ t l f  ~ h l c n n M A T l n N  H A S  RFFM TAKEN FROM MANUFACTURERS' PUBLISHED DATA. 

M o n k ,  

K150 
MB7O 
055 
K60 
046-02 
K45 
044 
M43 
036-02 
J44 
~ 4 2 '  
845 
036 
K35 
M33 
835 
J35 
DE70B 
D30-02 
K32 
030 
K25 
022-02 
825 
DE5OB 
DA55B 
M23 
N60 
K22 
022 
J22 
DA558 
DE40 
N46 
520 
D l  5 
815 
M I  4S 
DE308 
DA35B 
DE30 
N33 
K13 
D l  2 
DA358 
440 
DE2O 
31 2 
0 5  
OEIO 
180 
04 

MAI l l i l  A L T U P t V  
- .-- 

KOBE 
MlTSUDlSHl 
D t L M A G  
KOUE 
DELMAG 
KOBE 
DELMAG 
MlTSUBlSHl 
DELMAG 
IIiI 

KOBE 
BSP 
DELMAG 
KOBE 
MlTSUDlSHl 
DSP 
11-1 1 
M K T 
DELMAG 
KOBE 
DELMAG 
KOBE 
DELMAG 
BSP 
MKT 
MKT 
MITSUBISHI 
VULCAN 
KOBE 
ULLMAG 
IHI 
MKT 
MKT 
VULCAN 
LINK-BELT 
DEL MAG 
USP 
MlTSUBlSHl 
MKT 
MKT 

MKT 
VULCAN 
KOBE 
OELMAG 
MKT 
LINK BELT 
MKT 
I INK BELT 
DELMAG 
MKT 
LINK BELT 
DELMAG 
DELMAG 

A C l  I f J ( 1  - 
SGL-ACT 
SGL-ACT 
SGL-ACT. 
SGL-ACT. 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT. 
DBL-ACT 
SGL-ACT. 
SGL-ACT. 
SGL-ACT 
DBL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT. 
SGL-ACT. 
SGL-ACT. 
SGL-ACT 
DBL-ACT 
SGL-ACT. 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 
DBL-ACT 
SGL- ACT 
SGL-ACT. 
DBL-ACT. 
SGL-ACT 
DBL-ACT 
SGL-ACT 
SGL-ACT 
SGL-ACT 

SGL-ACT. 
SGL -ACT. 
SGL -ACT. 
SGL -ACT. 
0 B L  -ACT. 
DEL -ACT 
SGL -ACT. . 
DBL -ACT 
SGL -ACT 
SGL -ACT. 
DBL -ACT. 
SGL.-ACT. 
SGL.-ACT. 

, -  

45-60 
38-60 
36-47 
42-60 
37-53 
39-60 
37-56 
40-60 
37-53 
42- 70 
40-60 
80-1 00 
37-53 
39-60 
40-60 
80-100 
42-70 
40-50 
38-52 
40-60 
39-60 
39-60 
38-52 
80- 1 OQ 
40-50 
40-50 
42-60 
50-60 
40-60 
42-60 
42-70 
78-82 
40-50 
50-60 
80-84 
40-60 
80-1 00 
42-60 
40-50 
40-50 

40-50 
50-60 
40-60 
40-60 
78-82 
86-90 
40-50 
100-105 
40-60 
40-50 
W-QS 
50-60 
60-70 

L U U  

80,500 
46.000 
26.300 
37.500 
19.90C 
25.600 
22.440 
22.660 
17.700 
21.500 
24.000 
27.500 
17,780 
18.700 
16.940 
21.200 
16.900 
15,460 
13.150 
17.750 
12.346 
13.100 
11.400 
15,200 
12,050 
17.000 
11,220 
12.760 
12.350 
11.150 
10.800 
17.000 
11.275 
8,845 

12,545 
6,615 
9,000 
7.260 
7.500 

10,000 

8,125 
7.645 

7,300 
6.050 

10,000 
10,300 
6.325 

10.375 
2.730 
3.100 
4,550 
1.380 

792 

---- 
33.100 
15.840 
11,860 
13.200 
10.100 
9.900 
9,460 
9.460 

7 em 
9.720 
9.260 

10.000 
7,940 
7.700 
7.260 
7,700 
7.730 
7,000 
6.600 
7,050 
6,600 
5.510 
4.850 
5.510 

5.000 
5 . W  
5.060 
5.280 
4,850 
4.850 
4.850 

5,000 
4 ,000 
3.960 
5.070 
3.300 
3.300 
2.970 
2,800 
2,800 

2,800 

3.000 
2,860 
2,750 
2.800 

4 .OOo 
2.000 
3,857 
1.100 
1.100 
1,725 

836 
484 

- - 
8'6" 
8'6" 
9'1 0" 
8'0" 
1 0'8" 
9'2" 
9'2" 
8'1 0" 
10'8" 
8'2" 
8'6" 
-- 
9'3" 
9'2" 
8'0" 
-- 
8'3" 
10'6" 
10'7" 
8'6" 

. 8'3" 
9'3" 
10'7" 
-- 
10'6" 
10'9" . 
8'1 0" 
8'2" 
9'2" 
8'2" 
10'0" 
-- 
10'6" 
8'2" 
-- 
8'3" 
-- 
8'9" 
10'0" 
10'9" 

10'9" 
8'2" 
8'6" 
8'2" 
-- 
-- 
9'5" -- 
8'3" 
8'0" -- 
4'4" 
4'1 " 

29'8" 
19'6" 
17'9" 
24'3" 
17'3" 
18'6" 
15'10" 
16'3" 
17'3" 
14'10" 
17'8" 
19'3" 
14'11" 
17'8" 
13'2" 
18'5" 
1 4'6" 
15'1 0" 
17'2" 
17'8" 
14'2" 
17'6" 
17'2" 
17'8" 
14'9" 
17'4" 
14'1" 
15'1" 
17'6" 
14'2" 
1 4'0" 
17'4" 
15'0" 
15'1 " 
13'6" 
13'1 1" 
17'0" 
13'7" 
15'4" 
17'0" 

15'0" 
15'8" 
18'8" 
13'11" 
17'0" 
14'6" 
13'3" 
10'9" 
12'2". 
12'2" 
11'3" 
7'9" 
0'9" 

CAGE J 
-- 9 - 1 0  

32 5 54 
42 6 5-8 0 
32 3 3 
35 4 5-5 5 
32 4 5 
37 4 0-5 8 
32 3 0 
37 6 86 
S6 4 5-5 5 
36 5 5 
32 3.7 
30 3 0-4 0 
32 3 4-5 3 
36 4 5 
32 4 76 
26 3 3 
26 1 7  
30 2 75-3.5 
26 2.9 
26 2 5-3 0 
26 1.6 
30 3.5 
2 6 3.0 
26 4 
26 2 4-3 7 
26 1 85 
26 2 0-2 75 
26 3 44 
26 3 2 
26 4 0 
26 3 0 
26 1 59 
26 1 35 
20 1.75 
26 2.5 
26 1 3-2 1 
20 2 0 
20 1 7  

20 2.0 
26 1.32 
28 .75-2.0 
20 2.11 
20 2.0 
20 1.6 
20 1.6 
26 1 .I 
19 ' 1 32 
1 0  BP 0.9 
18 0 65 
BEAM 0.21 
BEAM 0.075 
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IMPACT EXTRACTOR- SPECIFICATIONS - 

THE ABOVE INFORMATlON HAS BEEN TAKEN FROM MANUFACTURERS' PUBLISHED DATA. 

VIBRATORY 

RATING 
VGw 

6.797 
7.338 
4.438 
2.543 
2.427 
2.259 
1.095 

1.400 
490 
894 
632 
374 
447 
223 

1 

RATED 
ENERGY 
FT LBS 

12.000 
9.525 
6.350 
5.600 
3.615 
3.1 75 
3.000 
2.000 
1.640 
1.200 

1,000 
1,000 

700 
500 
250 

MANUFAC- 
TURER 

ESP 
NILENS 
NILENS 
BSP 
DELMAG 
NILENS 
8SP 
BSP 
VULCAN 
DSP 
VULCAN 
MKT 
M KT 
VULCAN 
VULCAN 

MODEL 

HD-15 
A-4 
A-3 ' 

HD-7 
P-14 
A-2 
600N 
HDXXX) 
1200-A 
500N 
BOO-A 
E-4 
E-2 
400-A 
200-A 

LENGTH 
FT.-IN 

10-8 
10-8 
8-0 
8-2 
10-8 
9-2 
5-3 
8-0 
7-0 
7- 1 
5-3 
5-4 
7-4 
5-9 
5-10 
4-3 
3-0 

INLET 
SIZE 
IN 

2" 
2%" 
1 'h .. 
1 'h '. 
-- 
1 %" 

1 %" 
I % "  
2" 
1%"  
1 'h" 
1 'h" 
1 % "  
1 % "  

1" 

HEAD 
HEIGHT 

IN 

50 
50 
29 
26 
26 
26 
38 
29 
26 
26 
38 
30 
26 
24 
-- 
-- 
6 .  

FT,-IN 

4-6 
9-0 
1-10 
0.12 
4-6 
3 6  
1-2 
1-10 
1-10 
2-10 
1-2 
1-2 
2-5 
2- 3 
1 
1-1 
1-7 

:CENTRIC 
tOMEt4T 
IN -LB 

6940 
6940 
3600 
3500 
3470 
3470 
2500 
1800 
1740 
1740 
1462 
loo0 
870 
650 
610 
260 
174 

I 

CRANE 
PULL-TONS 
MINIMAX 

18145 
I50 
130 
8/20 
10125 
125 
10113 
3120 
10 51150 
517 
71100 
11 00 
150 
3.5150 
.75/25 

AMPLI- 
TUDE 

IN 

51 18-2 
5116-2 
'A-1 
5118-1 
5116-1 
5116-1 
'h 
%-1 
'A-% 

5116-1 
'A-'h 
'h 
3116-H 
'A-44 

1116-1 15 
% - 'h 

TOTAL 
WEIGHT 

LBS 

10.435 
10,910 
7,340 
3.750 
5.450 
4.175 
6.280 
1.680 
9.200 
2.856 
5,640 
4.400 
3,600 
2.850 
1.500 

THROAT 
WIDTH 

IN 

-- 
-- 

12 
12 
12 
12 
14 
12 
12 
12 
14 
14 
12 
14 
11 
9 
14 

I 

BLOWS 
PER 
MIN. 

120 
150 
160 
150 
135 
160 
250 
200 
530 
330 
550 
400 
4 50 
550 
550 

HAMMER 
HEIGHT 
FT -IN 

11-0 
7-1 1 
S O  
6 7  
8-3 
8 3  
11-0 
a 9 
6 3 
6-10 
S O  
5-10 
6 6  
7- 4 
6 4  
4- 2 
3 0  

H.P 

300 
300 
35 0 
460 
150 
150 
224 
220 
190 
100 
140 
5 
40 
34 
125 
25 
6 

MODEL 

40E-3VT 
4OE-IHT 
ICE812 
40H-4 
4 E - 3  
40E-1 
V-18 
ICE416 
20H-4 
2OSP-1 
V-14 
V-5 
1OE-1 
2-17 
7H-2 
3H-3 
2.3 

LENGTH 
FT -IN 

10'0" 
15'5" 
14'4" 
16'4" 
10'4" 
13'6" 
9'6" 
8'5" 
12'7" 
7'2" 
1 0'8" 
10'5" 
8'4" 
9'4" 
7'1 0" 

I 

RAM 
WEIGHT 

LBS 

3.850 
5,654 
3.102 
1.155 
1.630 
1,617 

400 
500 

1.200 
200 
800 
400 
200 
400 
200 

TYPE 
DRIVE 

ELECTRIC 
ELECTRIC 
HYDRAULIC 
HYDRAULIC 
ELECTRIC 
ELECTRIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
ELECTRIC 
HYDRAULIC 
HYDRAULIC 
ELECTRIC 
ELECTRIC 
HYDRAULIC 
HYDRAULIC 
ELECTRIC 

MANU- 
FACTURER 

FOSTER 
FOSTER 
ICE 
FOSTER 
FOSTER 
FOSTER 
MKT 
C E  
FOSTER 
FOSTER 
MKT 
MKT 
FOSTER 
FOSTER 
FOSTER 
FOSTER 
FOSTER 

MAX PULL 
EXTRACTION 

TONS 

60 
60 
40 

30145 
4 0 
50 
4 0 
40 
30 
20 
40 
15 
16 
13 
10 
6 

5 'h 

FRE- 
OUENCY 

VPM 

700-1 120 
7U0-1120 
480-1 200 
0.1600 
700-11M 
7'00-1300 
0.1600 
480-1600 
0-1500 
SO-1500 
1500-1850 
1350 
955-1100 
10%-1290 
CL1600 
@ZOO!) 
1800 

BOILER 
HP 

REO'D 
ASME 

70 
06 
64 
-- 
DIESEL 
37 
-- 
-- 
140 
-- 
100 
30 
30 
50 
18 

PILE CLAMP 
FORCE 
TONS 

1601MO 
1601200 
100 
l O O l M O  
831100 
eOll00 
75 
100 
Bol l00 
801100 
75 
3 
80 
40 
80 
40 
12% 

AIR 
REO'D. 

CFM 

450 
840 
470 
250 
-- 
240 
365 
125 

1,020 
2 50 
740 
550 
400 
342 
173 

INLET 
PRES- 
SURE 
(PSI) 

100 
100 
100 
100 
-- 
100 
90 

100 
100 
90 

100 
100 
100 
100 
100 

SUSPENDED 

L B 
WEiGHT 

40000 
40000 
14700 
18000 
20300 
16500 
14000 
12200 
12900 
9100 
loo00 
8500 
7400 
5500 
4680 
1530 
1500 

SHIPPING 

LB. 

42300 
42300 
3200 -- 
32600 
23500 
31500 
26200 
26900 
18800 
29500 
11600 
17700 
11OOO 
13000 
eoo0 
3300 



UBC - DETAILED REGULATIONS -CHAPTER 29 
Excavations, Foundations, and Retaining Walls 

!kc. 29C5 - Founhtion Investigation - as required 

Sec. 2908 - Piles - General Requirements 

Recommended pile type and installed capitcities 

Installation criteria and inspection procedures 

Pile load test requirement. 

Determinaticx\ of allowable loads 

Static load tart interpretation 

Column action 

Group action 

Downdrag 

Jetting 

Corrosion protection 



UBC - DETAILED REGULATIONS -CHAPTER 29 
Excavations, Foundations, and Retaining Walls 

k. 2-909 w i f i c  Pile Requirements 

Types: Timber, Uncased Cased-in-f'lace Concrete, 
Metal Cased Concrete, Precast Concrete, 
PCPS Concrete, Steel, Concrete-filled 
Steel Pipe 

Subjects: Material, Allowable Stresses, Installation, 
Reinforcement, Minimum Dimensions, etc. 




