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(1) =e=igt
LE : Gauge 2% fIXIZ22H 2= ACIGXIS 20|

ex) PHC pile ¢ 400 = 684 cm?
St. pipe pile @ 406 mmx9(t) = 112.4 cm?
- EM: ZSTHZ 2l Elastic Modulus
ex) PHC, PC pile = 400 ton/cm?
St. pipe pile = 2100 ton/cm?
- SP : Specific Weight
ex) PHC, PC pile = 2.45 ton/m*®
St. pipe pile = 7.85 ton/m?®
- JC : Case Damping Factor
0.10~0.15 2
0.15~0.25 AEE 2
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b. concrete pile 2| B : AIEZS0ICH Wave Speed € =3 /&Q1610{0F SHCF.

(2) =@ =gt
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3.2 CAPWAP(CAse Pile Wave Analysis Program) 2

CAPWAP(CAse Pile Wave Analysis Program : GRL Associate, Inc., 1996) &2

Z2AHE 0l85t0 XXES 0=ols LYOILl, 2EECZ Case YHUAME ot
SAZ2 0IEGHA 210 Z=Z2#E 0180t Fot= Y-OICH. CAPWAP & Case
Western Reserve University OlA  Rausche(1970)0 2lai === JHE L
SEt2ADI(PODA)ZRH 2HA 1 £&5 018, L0 HEd5t= & Y=<

= =
QPN 28t signal matching &2 Solf €52 FAEXH(boundary

0x
op
fol
Qi
@
>
02

conditions) &, Z59 XX, XBHM&EEO 2I, quake ¥ damping E4 S

L

=
0
I
=2
x
rir
=
V]

SHA oo AR 20 L== SIS 0IsAIZ2H0l =Lt
HEXMOl QA (segment)E 2SS £ IIEE FBAXTAHS AISot0d Z2 0 2ol
HaerE mHE0l SEtEAD10 2o AsE mEd XS 2X

O BF=S AIASHCH HigteEl Ot AsE IE LXAID10] A8 Bt A
2= FBHAXZAHL parameter & EZHEQ 2d2 quake, unloading quake, & &
29| damping, unloading level, reloading level, radiation damping £ ®I8t parameter
plug mass, Z=° I3SXXHE, FUHOEHES 22X SO0ICt. [  14]=
CAPWAP 210l CHSH JHE

-
CAPWAP =2 Oldiset gt=AagZ1 = ZAXAHE 018, HMotAIE8= Z2A6HH
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(1) Final Summary Table (CAPWAP FINAL RESULTS)

CAPWAP ofl&dZ20 FRAMEES =0 =2 = UEFE 2 A2SIZHN, SAE,

EF, NB(E= Aot &2F St AZE LR, CAPWAP s &L Xt SOI

NEBZSEHS, ]
JIELUHAUALD MXMXXE, FHOESY, HdSXXED &N 2420100 OGE OHEH9
JIE UEHHASH Ol0 E HRSEAEE =HtEs & AHIXE2 FIIE H bt
= ULt

OlSt0l XIBtel EMH 0 L=EFHE L MUY quake, damping &t & JIE}
unloading level, soil plug weight & CAPWAP oil&lt 2te =l =2 factor € HAlotL
UCE.

[D& 15]= @ 350 PHC =2 CAPWAP =ZA4&Z1 Final Summary Table <2
Ol (3U) OI Ck.

PILETECH Conecltisg Engineers 04 -Dea-15897

DONGHAR-FERD LPT {141-68)

Pile: D4O5-15-1 Blow: 3 Data: PHU3ISO,DEH-7,LE=15.5
CAFWAF (R} Ver. 1897-1

CAFWAF FINAL RESULTE

Total CAHEWAE Capsacity: 151 .5%; mlong Shafe 11Z.7; akt Taoe Y&.8 Topp
Zoil Diet. Depth Ru Forca gumn it Tesist. anith Queke
Sk Below  Below in Pila aof Ba w. Bespect Lo Danploo
No. CGagee 4Grads at Ru oepth Area  Pactor
1 m Tons Tone Tene Tons/m Tons/me a8, m Lo
181.5
1 3.1 2.1 1.5 19c.4 1.5 .72 LBE B3 Z.E4D
] =.1 4.1 2.8 187.2 4.3 1,38 1.24 834 2,540
3 7.1 .1 4.6 132.6 4.8 2,25 .04 934 2.540
4 a2 5.2 6.3 176 .4 15.1 .07 2 _Bn L9324 Z2LE4AD
5 11.2 10.2 E. B 169,77 1.8 3,234 B.96 8324 2_540
1 13.3 13. 6.9 162.48 28 . B 3,317 3.406 8934 3.540
T 15.3 1d.2 10.8 152,% 35.4 5.27 4,79 -93%4 I E40
] 17.3 16.2 17.6 13d .5 57.0 4.62 T84 L8934 32.549
g 15.4 18,4 17.2 117.3 T4 .3 E_44 T.EYT L9384 2.541
10 214 E0 .4 15,3 10z.0 BY9.5 7.50 B.B2 839 3,540
13 23.5 23.5 1. & 83.4 iz.1 5.19 5.62 _9z4  2._.544
12 TE_5 i 10.¢& JB.8 11z2.7 5.19 4.72 L334 3.544
hverage Shin Values 2.4 4.40 4.1E L8934 2,544
Tl 78.8 S30.68 427 4853
Bail Model Parameters/Extenaions Skin Toe
{ase Damping Fartor 1,850 .824-Bnith Type
Unlgading Level [¥ of Ruy 1]
8mil Plog Weight [Towsg ] .13

[22 15] Final Summary Table



(2) Pile Profile Table (PILE PROFILE AND PILE MODEL)
Y=ol 20l(gauge 2= AXZE2EH HHENEX)

SEHS(HH)SHA

Ot=2d CAPWAP &4

U=522 Impedance,

2tHE WES LIEtYH 2 0ICH.

() ;
= I O

1712 ¢ 406.4 mmx9 mm 22t

SCHO N B

) —

0x

modeling O 28t Al
L=ME2l damping ¥
[O& 1612 @ 350 mm PHC Z=9
£9o| F=R0I0

H==, H

SFHe = (m]3
OOI-E -, =

= =<
S, ﬂ-E

it

|,

1o

wave speed S

Toe Area

Depth
m

.0g
25.50

File Damping

ATea
cm2

547.00
547.00

.0%6 m2

Tep Segment Length

FILE FROFILE AIND FILE MODEL

1.02 meter, Top Lmpedance

2.0 %, Time Incr

E-Modulus
Tone/om?

389,
B9,

7
7

Spac. Weight
Tons, m3

2.450
2.450

L2858 ma, Wave Speed

Circumf.
m

1.300
1.1400

53.%6 Tone/nm/ /s

39506.0 wmia

[O& 16] Pile Profile and Pile Model Table(g 350 mm PHC)

.00
lz2.30

Toa Area
Segmot  Dis

m

=3 o oin o
=S R RN

10 1
iz i

Pile Dampin

t.

umbear BE.G.

(02
.10
.13
.15
LB
.25
.30

PILE PROFILE AND PILE MODEL

Area E-Modulus Spec. Weight Cirouml.
cm2 Tons,/om2 Tons, m3 m
112.40 2100.0 T.850 1.27%
112 .40 2106.¢ 7.850 1.275
Ll2% m2
Tmpedance Imped. Tenaion Campression Cire.
Change Slack  BfE. Slack BfE.

Tons/m/ = ¥ v mnim m
de .08 L OG 000 000 s Lils LO0n 1.275
50.00 8.52 L0040 000 000 0o 1.27%
&5.00 4L1.07 La0d 000 000 000 1.295

130.00 182.14 .00 L0000 ity 000 1.375
185.00 22555 Laoag D00 00 000 1.278
120.00 182.14 000 0o 000 000 1.275
130.00 182,14 .a04a Ridiliy oo 000 1.278
3.0 %, Time Incr .228 ms, Wave Speed 4500.0 m/s

)

[ 17] Pile Profile and Pile Model Table(g 406.4 mmx 9 mm 22)

&7 [28 17]2 [28 16]2

2+21210[)8 Impedance(EA/C) 2

2% g,

HEO FOtE =250 U

soil cement(tE

ofec
=2

Ct.

C =

segment(&

=
=

= cement paste)=2



oIst 2122 M o2 WHEes AMHEH segment 6(220l 6.15 m <) O0lal
segment 12(&ASHE)NXI Impedance I & 200 %LHAMX SIOIE HA22 UELID
UL,

(3) Case Method Results

CAPWAP Z4 0l 2ol H&tE XIX&EE2 damping &==(J)0l HE Case LRI 28t
NX&EL HWSHH LEH He=2AN, == SLEE L= JAE XgXRA0A
SMGtAIE@ S +&ct= < damping &= &&Q NE=Z &= =+ UCH [0 18]0=
A Olel g 350 PHC 22l ZRE UEYH 2= CAPWAP &0l 2di AFE

=2tXIX&E(RM R_u )2 191.5 ton Ol Ol Case XIXIZE0A2l damping factor (J)=
0.37(RS1 HI&HE) T = 0.71(RMX AHIAHRE)O0l ECH RAU(168 ton) & RA2(183 ton)<
K X&gt2 damping factor 0ff &S XN %= Case XX HHOZA = W2 H=R
RA2 JHl&tgte2 CAPWAP AHIAKXIN OH® 2&ot2 U0 damping atdk S2oHA
STUAME 2ABICZ AIRE £ ASS &

OIS0l HotH=E0= CSl 22 PDA =& ZIol 28 od AgS0l Eeld o

UACH O SKE As2 s 20

VMX, VFN P UES2WAMY FM L FE LXSBZT (Mm/sec)
FT1 DAIZE T HMS EESF2O EFAEE (ton)
VT1%xZ SOAZE 1T NS YREZU 2= impedance £ JStEtL=2 M

PDA =& Al proportionality 0l S88 SXJt 2= & FT1 gt Z0L0F
tCt.(ton)

FMX P YESR0AML Z EHEE (ton)

DMX, DFN F29 Al L HE(2)E5HE (mm)

EMX D LESL20AMS ZO EFEAMEX (tonm)

RLT, REN LA 2e(ME0UER = #HEtd)ol 2o oteHet 201 =&8t Hiley
2 Engineering News 3412 AFE3L0 HAHE XX 2L0IC.
RLT = 2EMX/(S + Spax )
REN = EMX/(S + Sioss )

n
R

e

[u]

Il
Ik
1o

2



CHolt A4St &= Xt set-up Z2tHSE UHASH AOICH MekA
Ol HASS MEEIAIE (restrike)2 ER0= HY =X &=Lt
CASE METHOD
Jsl,0 J=0.1 J=0.2 J=0.3 J=0,&4 J=0.,5 J=0.6 J=0.7 dJ=0.8 J=0,
Ral 225, 21, 207, 198, 183, 1840, 171. 162, 153. 144
REME 229, 224 . 218. 213, 208. 203, 197, 192. 1E7. 183
RS0 0. 0. 0. 0. a. 0, 0. 1 . 1]
RAO 163, RAZ 183,
Current CAPWAP Ru= 191.5; Corresponding J(Rsl= .37; JiEx}= .71
VM VEFN WT1l*Z FTl FME DX O¥FN EMX EFN BELT RE
3.07 =.17 157.4 158.4 1E83.3 Z2.08% LB20 3.2 2.0 281. 91
[& 18] CASE METHOD RESULTS
(4) Extrema Table
Y50 2t RA(segment)il B YE(S)Y, AM(S)Y, LUK, YXSE,
B9l Sof ZMHats UEHH BEM SEA L=0 MSsts 2QA0l0 B2 S 2
Helel AJE & = UL
Cts [OE 19]= A ol 20l st Extrema Table 2 0l ()0l Ct
BXTREME TAHBLE
pile Dist mExK. min. Ak TR e . R max.
Smnt pelow Forge Toroe Comp. Tension Trmefd. Veloc., BDispl.
UL 18 Gages Etreas &tregs Energy
m Tone Tone Tona/fomz Tome/cme Fons-m nfe mm
1 L.D 197.3 ~B. & .d42 -.11& Z.1d d.1 21.BE2
2 2.0 128 _& -10.=2 . 347 -. 016 3,11 3.1 2o_B23
4 4.1 12z2.3 -1%.4 B2 -. 023 2,853 J.0 15.143
7 7.1 123.9 =14.9 .d5E -. 037 2,56 A.BE 16.521
: 3.2 185 _ & -14 .8 _33% -. 03T & 3R d.68 14 _5%53
12 12.2 17/.43 -12.1 .41l -.0az 1.70 2.4 1Z2.805
id 14.% 164_5& -1bk.& LanL -.019 1.44 4.1 311._085
17 17.3 152.% -7.7 L280 -. 034 1.1 1.7 &.974
10 1%.4 124.8 -1.3 247 =-.0dz -l 1.5 F.TER
22 3.4 12 _4 -.5 - 1B -.001 e ¥ 1.2 & .158
24 24 .5 1.1 -.5 LLBT -.001 2% 1.2 5,281
a2k 25.5 31.48 -, 0 L1ES =-.041 .22 1.5 4,.p57
Abgolute 7.1 .354 {T= 35,1 ma)
B2 “, 027 (T= 64.2 ma)
(D2 19] EXTREMA TABLE
9 EO| GHOMHZOIE LEZOl MM ZA LH(S)HD AF(S)Hol AN
oY segment 8 ®IXl L A2t S0l EAIENH ULCH
[0 20]2 fHES W82 == T AISt 210ICh.




——--— Hax. Forceg ———— Mgx, Comp. Straee ———— #Bx. ¥alogikw

fTon=) [Tans fom2] me's ]
AQ B iz 16D &0 .08 .1E .24 .32 .49 B2 L. 60 240 3.20 4,00
1 | I
1 1 |
| | ]
L 1 1
1 1 r
B.oD ] ! ]
Depkn P ] 3 i i
Balow H ! g
Hagee i - / Jl.'
1] !.E oo Ir ‘Ij ; k
| | r
la f .rJl
IJJ 'If‘ .f'f!
18, 0 = Ll I
F ; ) F
I%s it i
/ ’ 4
i t
24,00 > L L
{ : i o~
.48
B0 R0 240 3,80 4,00 e 16 .24 _J8 .40 B.0 16.0 2a_.0 J2. @ 4¢.4
— Max. Tranafd. Energy Max. Tmnzion IJtragg Max, Displacamant
LTang=m ] 1Tona/emg| [ram]

(32 20] Exrema vs Depth J2H=

(5) CAPWAP Annotations
CAPWAP Annotations 0l= CAPWAP &1 2tAHE OHAXBHE=2 &N 240
ANZE AlZ2F, accerleration =& gt n

ot

oin
njo

delol =gt Lot 243

4

o
I

2= A= =& blow count o EA4Z 1 HAHE blow count 2 2& 0 2(M-BLct 2t
C-BLct) 2 MQno S0| LIEILE UCH

Ot ZEl= HRIZLS= segment & impedance, damping 2 ZX&HES oIUS &=
2t segment 8% 0IE HAIStEE UL

[OE 21]2 SIP3ECoZ ASE ¢ 406 mmx9(t) 220 CHEE 42 00ICH

[0 21]01 EAIE =2 parameter S0l CHoll 2+et5l 8HGHH O30 20

- QSkn (Skin Quake) : LSFHEO quake EA ©R= mm & EAI=C.

- QToe (Toe Quake) : LSE 2 quake 8t0ICt (mm)

UNId (Unloading Level) : Z<0] rebound Tle= SQoF 2Meles BFCHOIEE 9

SHH(L=0l M2 rebound =

az0HoE=ES  90i%= CS)E  LiEHH=  t0ICH 01840l
"1.0'0lcts H2 F=CEHOHEEEO0| unload 2 [ Zdol= "-"&ete

S
S
0
I'UCI
T
E
3
O
(@]
o
>3
o
nn
=
0@
10
=
s
Jgoon



WS Q0Ist (2 e

CAFWAP BANNOTATLONS

Wotes for HEC CPP PHASE4-2 HR3G

Racords: 1/ 1 for PDA Temporary File: C:\TWHH=T1.001

D3kn Hld CSkn Likn J5kn a28ka EEsze S¥dp MSkn PIl
Z2.400 L1040 1.0404 1060 LBED .418 L0 5.000 1.310 .03

OToe TEap CTos LToe JToe SToe orcd BTdyp HToe FLu
11,000 L000 1.000 1,000 L1320 L1190 L0000 La00 L 000 .45

Foec VEsc LIac TIsc Fhsc CFec RSsc FP&c
350. €.00 200,000 B.0o0 200.00 400,000 25.00 170,00
STow Rlcw BLcw
#.00 400, 1204,

Tk Alas Tilad Tiadd Al T3ad Tsad A4
20.7 -.0L B.4 20.5 ) 0.5 22,3 -2.50
Vilal WPal FCal Fael FPral TEeg TEnd
1.00 1,000 1.00 52.58 1. 000 16.9 BD. D0
Vhah FAsh VIsh FTah VFil FFil
L ] 0 o 5 5
FEnt M-BLcot C-BLet CIxe BTai MOna Frag J=-Rxt J=-R= RE
11.8 200.0 213.3 1.278 L1289 1.688 sa00. 1.49 L.00
Added cut-0ff E-Modul Toe Quake and Uplift Frictn
cuake Multiplier Damping Optn Reduct. Factr
] .00 1.00 L] . BOD
Edded Impedance
% 5 g 7 5 g 10 11
3.92 la.492 83,92 103.492 103,82 103.32 83.92 53,92
12
23.92

Added Damping
Hone

Damping Mulcipliers
All cnes

Capacity Reducticon Factors
All ones

[O& 21] CAPWAP ANNOTATIONS(2 406.4 mmx9 mm 2t 2)

TGap (Toe Gap) : YUSsSASUEQL XIBHAIOIS] 22t=2 =6tH &= mm OlCt.

CSKin (Coefficient of restitution of Skin resistance) : skin unloading quake a2
skin loading quake(QSkn)22 LI=2C2 A LZE9] FHOMEE
CHer BHEAHI2=2 20| =L,

- CToe (Coefficient of restitution of Toe resistance) : &S S0 HEH BrEH 22

OI0IE HXNMH HHRS unloading quake £ loading quake Z

Lt=2tOlLCt.

JSkn (Skin Damping) : ZSFHEO| Case damping &Ax=2Z A X 2H0I0H 2



segment 2] & MeHW HIHCHES L=5M2

=)

- JToe (Toe Damping) : ZS&H22| Case damping &2 A 22 gt0ILCH.
SSkn (Smith Skin Damping) @ ZSZF=HE9| Smith damping 22

s/m O|C}.

- SToe (Smith Toe Damping) : LS&ER2 damping gt0IH ©<I= s/m OICkH
CAPWAP =& 0lA= Smith damping OlILt Case damping @&
HEAHOILE AFEE 4= /U2 Smith damping 2t EEXXE3
ZHGIHEIH &I ST

- Plld @ Z=MZ2l damping factor 2 A 222 &< 0.01, concrete 0.02, timber
0.03 EXO0IC}.

- Plug : ZSHS20AM JIS5EQ HldiotH g2 ZMAII|I= soil mass (ton)

- PE (Embedment) : NIEHOZEE S| L=22210] (m)

- M-BLct (Measured Bow Count) @ blow count & &g, =& =(X3)&LHS 1 m

A Z0I0 CHE EtA=Z=Z atdtst gt 2N CAPWAP 4= A&t

W ) o HAHO 218 blow count, & CAPWAP =40
AN HH=2o XIHESIHOCZEH KXIBHSl quake gts Ui gts
=z

2t=0old 0IE m & blow count & &H&tst Z40IC.

(@)
@
—
Q
(@)
o
3
S
=
@
Q
@©
s

- Clrc (Circumference) : €59 F=GHE (m)

- BTar (Bottom Area) : YSHTHEO RSHMUI(M* ), HME NHAAUE B

- MQno (Match Quality Number) : XS24 20 SHI2L CAPWAP Ol 218 A AT

SSIEE LEHUH 0 st2 H=+5 Z0. UWAHZ 3.0 W2 =
[=]

(6) Match(F, V), Resistance Distribution Plot

Z A2 = force IH2 velocity THS| match AEHE AM(SHINI B (2XATHNSR2
T E0tH LIEtUHD 28X AH2 force It velocity ISl PDA SHIIEE, otHlle
L=20| MM Z2E FHOESE FEAEHE UEHE NXNEE2EEE LEHW =0

el [O8 22-a,b]le 22t g 350 mm PHC L= ¢ 406 mm ZZLS(SIP AIS)0
CHet Match, Resistance Distribution Plot Ol Ct.

Sig Age [0 22-b]o &R, = SIP 822 AISE ¢ 406 mmx9(t)

o
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as50 Far  Mzd 350 _ For  Msd
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J\ 1,
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(7) Static Load—-Displacement Plot (8 & Gt=-&dte =4)
Dynamic B-Toe, E-P R-Toe
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L o o 180 150 299 Pi1le Taogp
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T
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glﬂw Designation: D 4945 — 00

Standard Test Method for

High-Strain Dynamic Testing of Piles’

This shandard is issued wnder the ficed desizninion Da04d5; the pumber immeediuely followang the designation indecsies the yew of
oripinal adopiion or, L he case of revitian, the year of It reyision A oumiber in parcaheses indicates e yvear of [Dn pcappooal. A
superseript spailon (£} indicatas Bn editerisl change Sinoe tbe 1050 Favisinm oF Iapprovak

1. Scope

1.1 This test method covers the procedure for resting werti-
cal or batter piles individually to dewermine the force and
velocity respouse of the pile 1o 2n impact force applied axially
by a pile driving hammer or stmiiar device that will cause a
large strain impact to the top of the pile. This tesr method is
applicable to deep foundation units that function in 8 manner
simitar o foundamon pides. rcgardless of their method of
tnstallation provided that they are receptive w high strain
Impact 1estng.

1.2 This standerd does mor purpert fo address afi af the
safery concerns, | any, asmsoclated with (s wse Bt is the
respansibiline of rhe wser of this slandard 10 exiablish appro-
prigte safety and healdy prectices and derermine the appfica-
bility af regulaigry limitations prier to wse. For a specific
precautionary statement, see Nete 5.

W2 |-=—=High=sirain dynamic esiing rdquires 2 strain at impact which
is represermanive of o force in the pile having the same ordee of magmituds,
or preater, than the ulrinciee capacity of the pile.

Hote d==This standard method may be appiied for high-sirain dynamic
agting of pales with the we of only fowe or slmin transduccrs andfor
acceleration. velociyy or displacement wansducers i lomg as the test
awlts cleasly stale havr the testing deviabes from i siandard.

Nete 3—A witabiz 1Hllower may he requined for westing cast-in-place
conemae piles. This Tallewsr should have an impredonce between & and
15055 of that s (he pile. However, additivnn] caulign end analysis may i
required if the impedance is not within 10 25, For mandrel-driven piles,
the mandrel may be amdtdmidaied o similac way 0 8 diven pilk
provided thar the mondeel is construcied of 2 single member with no

Jjaints.

2, Referenced Documents

2.1 ASTM Seandords:

C4a9 Test Method for Static Modulus of Elagtieity and
Pulssom’s Ratio of Concrete in Cmnprcssian:

D198 Metheds of Static Tests of Timbers in Suuemiral
Sizeg?

D633 EennEnology Relating to Soil, Roeck, and Contained
Fluids

! This 1051 methad is under e Murisdicdon of A ST CommiLwec TH & on Soil and
Rack und is e dires responsivility of Sabcamomite: THE | | oo Deep Foundations.

Curent sdiuos appeeved Neov. 10, 2000 Pudlished Mol 3008, Oniginally
publishod 55 045945 = BY. Leat prewious ofilion D 45345 - 906,

* Annust ook af ASTRC Nandords, Vo3 0402

3 Al Book of ASTY Serdads, Yol (4,10,

* Anmial Sook of ASTAS Srendands, Vol 04.08.

Copyiphl @ATTH, 190 Bar Herbor Criva, Vet | ©emitahecken, P2 104282055, Uried Siotas.

D 1143 Test Methad for Piles Under Static Axiat Comprag-
sive Load*

3, Terminchogy

3.1 Bxcept as defined in 3.2, the terninology used in this
test method conforms with Terminology D 653.

3.2 Definitions of Terms Specifie to This Srandard:

321 caphlock—ithe material insered berween the hammer
striker plate and the drive cap on top of the pile {2iso callcd
hammer cushion).

3.2.2 cushion—the material inszrted bemveen the drive cap
on top of the pile &nd the pile (2lso called pile cushien).

3.2.3 /mpact ever—the period of time during which the
pile i3 meving in a poswive and/or negative direction of
penewrarion due to the impact ferce application. Sec Fig. L

324 moment of impact—the first moment of time after the
stant of the impact event when the acceleration is zero. Sec Fig
[

323 pile impedance—indicates the tesistance a pile has w
a sudden impact change [ velocity.

3251 Discussion—it can be calenlated by multiplying the
cross=sectional arca by Young's Modulus of Elasticity and
dividing the product by the strain wave speed. 4ltermatively,
the tmpedance can be calculated by muliiplying the wnit
spesific density by the wave specd and cross-sectional arca.

2 bl =pild th
where:
Z = Impedance,
A = Cross-sectional area,
E = Young's Modulus of Elasticity,
C = Wave speed of pilz, and
p = LUnit specific densicy.

3326 strain weve speed for wave spood)—the speed with
which a strain wave propagases throngh a pile; it is a propenty
of the pile composition.

127 pardeie velocin—the instanizneous velogity of a par-
tielg in the pile as a strain wave passes by,

328 restriking—he redriving of a previeusly driven pils
afier & waiting peried of from 15 min 1o 30 days or more.

3281 Discussion—The lenmh of the waiting period is
dependent upon the type of pile and the soil eonditions along
the ghaft and at the toe of the pile,
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FIG. 1 Typical Force and Velocity Traces Generated by the
Apparatue for Obtalning Dynamic Measuremons

4, Sipnificance and Use

3.1 This test method is nsed to provide data om strain of
force and acceleration, velocity or displacement of 2 pile under
impact force. The data are nsed to estimate the bearing capacity
and the integrity of the pile, as well as hammer performance,
pile stresses, and soil dynamics characteristics, such as soil
dammping coefficients and quake values, This test method is not
intended to replace Test Method D 1143,

5. Apparatus

5.1 Apparatus for Applving tmpact Force:

5.1.1 impact Force Application—Any conventional pile
driving hammer er similar device is acceptable for applying the
impact force provided it is capable of genecrafing a net
measurabla pile peactration, or an sstmated mobilizad static
registance in the bearing strata which, for a minimum period of
3 ms, exceeds to & sufficient degres the workng load assigned
to the pile, as judged by the engineer in charge. The devics
shall be positione=d 50 that the impact is applied axiafly to the
head of the pile and concentric with the pile.

5.2 Apparatus for Obtaining Dynamic Measurements—The
apparatus shall include transducers, which are capable of
independently measuring strain and acceleration versus Hoe at
a specific location along the pile axis during the impact event,
A minimum of two of each of theas devices, one of each on
opposing sides of the pils, shall be securely attached so that
they do not slip. Bolt-on, ghe-on, or weld-on ansducers are
acceptable,

521 Force or Sirgin Transducers—The strain cansducers
ghalf kave a linear output over the entire range of possible
strains, When awached to the pile, their natural frequency shall
bz in exeess of 2000 Hz The measured strain shall be
converied to force using the pile cross-section arca and
dynamic madilus of elastieity at the measured location. The
dynamic n;mdulus of elasticity may be assumed to be 200 to
207 X 10 ° kPa (29 to 30 X 10° psi) for sizel. The dynamic
modulus of elasticity for concrete and wood piles may be
cstimated by measmement during the compiession test in
acoordance with Test Method C469 and Methods D198,
Altemneatively, the modulus of elasticity for concrete, wood, and
steel piles can be calculated from the square of the wave speed
(detem;inéed as indicated in 6.2) times the specific unit density
(EF =pc)

5.2.1.1 Force measurements akzo are made by force mans-

ducers placed between the pile head and the driving hammer,
although it should be recognized that such a transducer is
capable of altering the dynamic characteristics of the driving
systam. Foroe transducers shall have an impedance between
50 % snd 200 % of the pile impedance. The output zignat must
be Inearly proportional to the axial forze, even under eccentnc
load application. The connection between the: foree ransdncers
atd the pile shall have tha smallest possible mass and least
possible cushion necessary to prevent damage.

3.22 Aceeleration, Velocity or Dispiacement Fransducers—
Velocity data shall be obtained with accelerometers, nrovidad
the signal is capable of being processed by intcgration in the
apparatus for reducing data. A mininmn of two accelerometers
with a rosonant frequency above 2500 Hz shall be at equal
radial distances on diametrically opposite sides of the pile. The
accelerometers shall ba linear to at least 1000 g and 1000 Hz
for satisfactory vesults on concrede piles. For steel piles, it is
advisable to use accelerometars that are linear to at least 2000
g and 2000 Hz Either ac of dc accelerometers can be used. If
AC devices nre wsed, the resonant frequency shall be above
30 000 Hz and the time constamt shall be at least 1.0 5 IF DC
devices are used, then they should be damped with low pass
filters having a minimum frequency of 1500 Hz (—3dB}.
Altemnatively, velocity or displacement transducers may be
psed to obmin velocity data, provided they are equivalent in
performanae to the specified aceelerometers.

523 Flacement of Transducers-—The transducers shall be
placed, diametricatly opposed and on equal radial distances, at
the same axial distance fiotn the bottom of the pile so that the
measurements compensate for bending of the pile. When near
the wpper end, they shall be attached at least on= and one-half’
pile diameters from the pile head. This is illustrated in Figs.
2.7. Care shafl be taken to ensure that the apparatus is securcly
atached to the pile so that slippage s prevented. The mwans-
ducers shall have been calibrated to an accuracy of 3%
thronghout the applicable measurement range. I damage is
suspected during use, the transducers shall be re-calibrated (or
replaced).

5.3 Signal Tronsmission—The signals from the fransdneers
shall be transmitied to the apparams for recording, reducing,
sod displaying the data (s¢ec 5.4) by means of a cable or
equivalent. This cable shall be shielded to limit eleciromic or
other inberferemces. The signals arriving at the apparaius shall
be lnearly propertional to the measurements at the pile over
the frequency range of the equipment.

54 Appargius for Recording, Reducing ond Displaving

54.1 Generafi—The signals from the transducers (sce 5.2)
during the impact event shall be wansmitied to an apparans for
weording, reducing, and displaying data to allow determination
of the force and velecity versus time. It mey be desirable to
also determine the acceleration and displacement of the pile
head, and the emergy transferred to the pile. The apparanas shall
inchide an oscillescope, oscillograph, or LCD graphics sereen.
For displaying the force and velacity traces, a tape recorder,
digital disk or equivalent for obtaining a record for future
smabysis, and a means to reduce the data. The apparstus for
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recording, reducing, and displaying deta shafl have the capa-
bility of making an internal calibration check of strain, acesl-
eration, and time scales. No - error shall exceed 2 % of the
maximum signal expecied. A typical schematic amangemnent
for thig apparams is illusirated in Fig 3.

5.4.2 Recording Apparanee—Signals from the iransducers
ghall be recorded electronically in sither analog or digital form
sa that frequency components have a low pass cut-off fre-
quency of 1500 Hz (-3 dB). When digmizng, the sample
frequency shall e at least 5000 He for each date chaemef.

5.4.3 Apporatus for Reducing Dufa—The apparstus for
reducing signals from the transducers shall be an analog or
digital computer capable of at least the following fimechions:

5431 Force Measuremenrs—The apparatus shall provide
signal conditioning, amplification and calibration for the force
measuremens sysism. IF strain bransducers are used (see 5.2.1)
the apparatug ghall be able to compute the force. The force
output shall be contimnously balanced to zero except during the
impact event.

5432 Velocity Data—If accelerometers are used (see
5.2.2), the apparatis shall integrate the acceleration over time
to obtain velocity. If displacement transdocers are used, the
epparatus shall differentiate the displocement over tme w
obtain welocity. I required, the apparstus shall zero the
velocity between impact evemts and shall adjust the velocity
record e account for transducer zero drift during the impact
event. _

5433 Signal Conditioning—The signal conditioning for
force and vetocity shall have equal frequency response curves
to aveid relative phase shifts and relative amplitode differ-
EN0eE,

SYRAIN THANGDUCERT
ACCELEROMEETE RS

d ACCELERATION SIGNALY

1-1/2 O (e}
E

2 STRAIN J3uALY

bt i LA

REDUCING DATA

0 -

()\l() [

FIG. 3 SchwmBtic Diagratn for Apparatua for Dynamic Monltoring
of Plles

544 Display Apporatus—Signals from the trensducers
specified im 4.2.1 and 4.2.2 shail be displaved by means of an
apparatus, such as an pscilloscope, oscillograph, or LCD
graphics scrocn on which the force and velocity versus time
can be observed for each hammer blow. This apparats may
receive the signals from the transducers divectly or after they
have been processed by the apparams for redocing the data.
The apparatus shall be adjustable to reproduce a signa! having
a range of duration of between 5 and 160 ms. Both the force
and velocity data ean be reproduced for each blow and the
apparatus shall be capable of holding aed displaying the signal
from each selected blow for a mmimum patriod of 30 s,

6. Frocedure

6.1 General—Record applicable project mformation {Sec-
tion 7). Attach the trangdurcers {see 5.2) to the pile, perform the
internal calibration check, and take the dynamic measurements
for the impacts during the interval to be monitored together
with routine observations of penetration resistance. Determine
properties fram a minimuen of ten impact records during initial
driving and, when used for soil resistance computations,
normally from one or two representaiive blows at the begin-
ning of restriking. The foree and velocity versus time signals
shall be reduced by the apparatus for reducing data, compuier,
or menually to calculate the developed force, velocity, sccel-
eration, displacetnent, and energy over the impact event.

6.2 Dejermination af Strain Wave Spesd for Concrete or
Wood Piles—The wave speed should be determined from the
wmpact event if a temsile reflection wave from the pile toe is
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5.5 DiA. HOLES

NOTE TAPPED FOR GNIKX20
THREADS(TYP. OPPOSITE

For walt AND FCR CABLE

thicknesses lesx SUPPORT BOLER)

than Hmem drill

holes 3t Smm

Fi3. 4 Typical Amangement for Attaching Tranaducers fo Pips
PHos

clearly identified. Altexnatively, place the pile on supports or
level ground frae and clear from neighboring piles and obstrme-
tigns. Attach acoelerometer to one cnd of the pile and sirike the
other end of the pile with a sledge hammer ¢f soiable weight.
Take care not to damage or dent the pile. Record (see 5.4.2) and
display (see 5.4.4) the accelerometer signal. Measure the time
between acceleration peaks for as many cyeles of reflection as
possible. Divide this time by the appropriate avel length of
the strain waves dunng this interval to determine the wave
speed.

6.3 Preparation—Matk the piles clearly at appropriate in-
tervals. Attach the mansducers securely to the piles by boltng,
ghaing, or welding For pile materials ather than steel, deter-
mine the wave speed (see 6.2). Position the apparatus for
applying the impact force so that the force is applied axially
and concentrically with the pile. Set up the apparatus for

ELEROMETER 1

CCELERDMETER 2

\‘\——HMLN GAGE 2

WIDTHIW) /— FOR mm
/
é
=
it
tmm DIA. HDLES FOR
EIPANDABLE &mm Dis,
NOTE ANCGHOR STUDS (TYP.
OFPOSITE SIDE AND FOR
omm dlameter hole  CABLE SUPPORT ROLES}
cas replace Bmg
studs whh Sem
threaded insert
FI3. 5 Typical Asvangement for Attaching Transdescera to

Conerete Piles

recording, reducing, and dispiaying date so that it is operational
and the force and velocHy sigoals ars zeroed.

6.4 Taking Measurements—Recond the numbser of impacts
for a specific peactration. For drop hammers and single acting
diess! and airfsteam/hydraulic hamaners, record the drop of the
ramn or ram trave] length, For doubls acting diesel harnmers,
measure the bounce pressare, and for double acting steam of
compressed air hammers, measure the stcam or air pressore in
the pressure kine 1o the hammer. For hydraulic hammers, record
the kinetic energy from the haraner readout when available.
Record the number of blows per minute deliversd by the
hammer. Take, tecord, and digplay a series of force and
velocity measuremenits. Compare the force and the product of
velocity samd impedance (see 6.5} at the moment of impact.
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TRAIN GAGE 2

DIAMETER (D)
|~ 34NN TYP. DEFTH
e FOR ALLHOLES

oNM DIA, HOLER
(TYP. OFPCSITE
SIDE AND FOR
CABLE SUFPORT
HOLES)

FIG. & Typlcal Afrahgeinant for Attaching Transducars to Wood
Plies.

NoE 4—IT the dvoamic measurements are o be used for bearng
capacity compuiations, take the dynamic measurements during restriking
of the pile at dme periods sufficiently Jong after the end of initial driving
w allow pore water pressme and soil srength changes to occun Further
geotechnical conditions, such as wdalying compressible layess, nocd
always be comsiderad, &5 they should be in any typr of bearing capacity
ceanputation.

Noz 5—Warnimg: Before approaching a pile being draven, chock that
oo materiaf or other appurienances can break free and jeopardize the
safety of persons in the vicinity.

6.5 Daia Quality Checks—For confirmation of data quality,
periodically compare the force and the product of the velocity
and pile impedance at the moment of impact for proporticnality
agreement and the force and velocity versus tims over a series
of selected and genexally consecutive impact events for con-
sistency. Consistent and proporticnal signals from the force or
strain transducexs and the accelerasion, velocity or displace-
ment ansducers art the tesult of the transducers systems

if—J;—STRAIN GAGES 142

ACCELEROMETERS
142
DTH (W)
j
=
GdmmlZmm Iz
rAlgE
& ! '.___é'!g_—'_
: ot 8t
_+ ._E!L
N &

¥ LY
OPTIONAL CABLE

SLPPORT

NOTE: AHholes st
fmm diaweter.
FIG. 7 Typlical Armngement for Attaching Transducars to H-Files

performing properly and the apparatas for reconding, reducing
and displaying data being properly calibrated. f the signals ate
pot I propoctionality agresment, investigate the cause and
correct the sithation if necessary. If the cause fs determined to
be a transducer, it must be repaired or necalibrated, ot both,
before firther use. Perform inema! calibration checks for the
apparatug for recording, reducing, and displaying data at least
once for each test day; if fonnd to be out of manufacturer’s
tolerance, the apparatus for recording, redncing, and displaying
mmst be recalibrated before finther use.

Hote 6—it is penerslly recommended that all components of the
apparatus for obtaining dymamic messurements and the apparas for
recorting, reducing and displaying daw be calibrated ai lear once every
two years o the standards of the manufacturer.

6.6 Aralysis of Measurements:

6.6.1 Obtain force and velocity from the readoui of the
apparatus for reducing data (see 5.4.3) or from the display
appamtus {568 3.4.4). Record the impact force and velacity and
the maxmmmn and minimum forces for the selected represen-
tative blows. Obiain the maximum acceleration directly from
the accclevorneter signal or by differentiation of the velocity
versus time record Obtain the displacemem from the pik
driving record, and from the displacement transducer, if used in
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accordance with 5.2.2 o by integration of the velocity versus
time record. Obtain the maximmm energy transferrsd to the
locetion of the tatsducers.

6.6.2 The recorded data may be subjecied to analysis in a
computer. The resnlts of the analysis may include an assess-
ment of integnty of the pile, the deiving system performance,
and the maximum dynamic driving stresses. The results may
also be used For evaluation of static soil resistance and its
distribution on the pile at the time of the testing. Such further
use of the data is a matter of proper engincering judgment,

Note 7—Normally, there is better comelation betwesn mobilized rexs-
tance end bearing capacity where thees i & measarable net pensiration per
Hmpact of el least 3 mm.

Nore 8 —Evalmation of static 501l me=islance and #s distnbution can be
based on a varicty of analytical mcthods and i the aubject of individual
engineerimg judgment The input into the enelytical methods mey or may
not reult in the dynamic evaloation matching static load test date. It is
desirable and sometimes necessary w calibrate the vecult of the dynamic
anatygis with those of 1 statie pile koad test camried om according w Test
Method I» 1143,

T. Report

7.1 The testing report should include all information indi-
cated below, as applicable to the type of pile being tested. Any
required information that couldt not be obtained should be
indicated in the testing report as being not available,

T.1.} Gemeral:

7.1.1.1 Project identification/location, and

7.1.1.2 Log of neatty or typical test horing(s).

T.1.2 Pile installavion Equipment:

7.1.2.1 Description of pile instsllation equipment used for
either driving piles or drilling piles or the testing of these piles
ot combination thereof, as appropriste, iechading size (ram
weight and siroke) and manufacturer’s energy rating, capabili-
ties, and type, opexating performance levels or pressuras, fuel
settings, hammer cushion and pile cushion descriptions, and
deseription of lead type and any special insaliation equipment
such as for use of a followsr or mandrel, predrifling or jetting.

T.1.3 Zest Files:

7.1.3.1 ldentification {name and designation) of tast pile{s),

7.1.3.2 Warking lead and safety factor (or required ultimate
capacity) of the pile(s),

7.1.3.3 Type and dimensions of pile(s) including nominal or .

actual cross sectional area, or both, length and diameter (as a
function of pike length for timber of composiie piles),

7.1.3.4 For cancrete piles, cast-in-place pipe piles, ot drilled
shafis: date test piles made, casy, or instaliad, design concrete
cylinder strength, density, effective prestiess, or reinforcement
details (size, length, of longimdinal bars), description of
internal and exiernal reinforcement wsed in test pile (size,
length, number and arrangement of longitudinal bars; casing or
shell size and length),

7.1.3.5 For swel piles: stesl grade, yield srengih, and type
of pile {for example, seamless ot spiral weld pipe, H sectien
designation),

T.1.3.6 For timber piles: length, straighthess, preservative
treatment, 1ip and bun dimensions (and area as a function of
lengti), and measured density for each pile,

7.1.3.7 Description and lacation of splices, if applicable,

7.1.3.8 Desoription of special pile tip protection, if appli-
cable,

7.1.3.9 Description of any special coatings applied, if ap-
plicable, .

T7.1.3.10 Inclination angle from vertical of all test piles, and

7.1.3.11 Observations of piles including spalled aveas,
cracks, head surface of piles.

7.1.4 Pile Installation:

7.14.1 Date of imstallation and pile embedment below
refereixce,

7.1.4.2 For drilled shafts, mclude the nominal size of the
auger, volume of conerste or grout placed in pile (volume
versus depth, if available), and a description of special insial-
lation procedures used, such as pile casing installation or
extraction, o both,

7.1.4.3 For driven piles, include hammer cushion and pile
cuslnom exchemge information; mchads driving reconds, inchxd-
ing blow count and hammer stroke or operating level for final
it pepetration,

7.1.4.4 Cauge and doratiom of imterruptions in pile installa-
tion, if applicable and related ta the investigation, and

7.1.4.5 Notation of any wnusual occumences during ingtal-
lation or excavation, or both, which may relale to the investi-
gation.

T1.5 Bynepriic Testing:

7.1.5.1 Description of all components of the apparatus for
obtaining dvmamic measursments and apparatas for recording,
teducing and displaying data, and of test procedurs including
description and location of the sensor attachment,

T.1.5.2 Date tested and sequence of test pile such as” end of
driving” or “beginning of restrike™ (restrikes referenced with
time since end of driving) or embedment depth,

7.1.5.3 Test pile identification,

7.1.5.4 The length below sensors, crass sectionsl ares,
density, wave speed, and dypamic modulas of elasticity of the
test pile,

7.1.5.5 Penetration resiciance {number of blows per unit
penctration) daring the test,

7.1.5.% Gmphical presentation of velocity and force mea-
surements in the time dothain for represcotative blow of each
pile tested,

7.1.5.7 Method(s) and one-dimensional wave propagation
theory used (give reforence) to evalunte data (particularly for
the capacity evahmtion, if applicable),

7.1.5.3 Commenis on the capacity of the pile at the time of
testing; mention shall he made as o if capacity is of remolded
state as 3t end of driving or fiom a restrike with sufficient wait
after driving. When spplicable, summarize variables describing
the soil model, including damping factors, quakes, and resis-
tance distribution,

T7.1.5.9 Comments on the hammer performance as measured
by the energy transferred into the pile (with comparison to
manufacturer’s ratmg),

7.1.5.10 Commments on the dtiving stresses in the pile,

7.1.5.11 Commenis on the integrity of the pile, and

T.1.5.12 Resuliz of testing shall be summanzed and pre-
sented pumerically, with notation of time testing such as “end
of driving™ or “beginmng of restrike”™ and noted by embedment
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depth; also stmdard deviation and range where statistically  pile, pile driving hammer, and the soil surroanding the pile.
significant. $2 Bigs—There is no accepted reference value for this test
3. Precisign aud Bias method, therefore bias canoot be datetmined.

8.1 Precision—The precision of this test method for direct Keywords
tezswrement of stmin and acceleration it a pile by means of
bigh-strain dymamic testing has oot been determined The 9.1 dymamic testing; pile bearing capacities; pile founda-
precision canmot be determined due to the vardsbility of the  tions

i Arraican Socialy for Teating and Materik mmmmmmawmwmmm
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padend rghts, and the riok of Kliingaman! of siedr FRrne, mmmmm
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ondl ehoukf ha bAST.M Your will receive crraful conelderabion #  mesting o the maponaiiie
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Tz & ASTA, 100 Baer Harbor Drive, PO Box (P00, Wit Conshofackan, PA 104252058, Uinded States,
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- the driving cap or helmet (mass, stiffness, and coefficient of restriction of the
hammer cushion or capblock, and the pile cushion, when used);

- the pile (material, dimensions, mass and stiffness); and

- the soil (assumed deformation characteristics represented by quake and damping
factors for shaft and toe resistance).

The wave—equation analysis can be used with great advantage to assist in the
selection of hammers and capblocks, in the design of cushions, in the prediction of
driving stresses and bearing capacities, and in the choice of driving criteria.

The wave—equation analysis is fundamentally correct. It can provide gualitative
information to use in, for instance, the comparison between two hammers. However,
the results of the analysis are no more quantitatively correct than the data used as
input in the analysis. When no direct measurements or observations are available for
reference (calibration), it will be fortuitous if the results are quantifiably relevant to the
real situation. In the absence of calibration data from the analysis of dynamic
monitoring (Subsection 21.1.3), the wave-equation analysis should be limited to use
for providing a range of results established with due consideration to the possible
variations of the hammer—pile—soil system.

The wave—equation analysis should be recognized as one of the major advances
of the current state—of-the art. Its use is highly recommended. However, it should be
considered as a tool among many and be used by a person well experienced not only
in the wave—equation analysis, but also in the overall art of pile installation and pile—

soil analysis.

21.1.3 Dynamic Monitoring

By monitoring the effect of the hammer impact on a pile in terms of force (stress,
strain) and velocity (acceleration) by means of special instrumentation and analyzing
the obtained force and velocity 'wave traces', information can be obtained as to the
proper functioning of the hammer, the impact force, the transferred energy, and the
soil response to the impact on the pile.

The dynamic monitoring method has been used in Canada since 1976 and is a

well established method. For details on the instrumentation and method, see Goble et



al., (1970), Rausche et al., (1972), Fellenius et al., (1978), and Authier and Fellenius
(1983).

The soil response may be related to the pile static capacity by a method called
Case Method Estimate (CMES). This method is fast and produces a value for each
impact as the driving proceeds. For more accurate capacity determination, a more
time—consuming computer treatment of the data is required, called CAPWAP.

Representative blows are selected for analysis, when required. The CAPWAP analysis

provides not only a value of the static capacity, which closely agrees with the capacity,

obtained by means of a static load test, it also provides data suitable for input in a

wave eguation analysis.

The advantage of the dynamic monitoring is that several piles can be tested for the

cost of one static load test to account for the natural variability of capacity between

piles, and apart from the capacity, the method also provides a control of hammer

efficiency, and determines the energy and driving stresses developed in the pile. In

addition, by means of dynamic monitoring, the integrity of a pile can be ascertained.
No predesign pile test driving should be performed without inclusion of dynamic
monitoring into the programme.

Dynamic monitoring and analysis should be carried out by an experienced person
and the data should be related to other important geotechnical information from the

site.

21.1.4 Dynamic Pile Driving Formulae

The dynamic driving formulae, e.g., Hiley, Engineering News, and Janbu formulae,
and more than 100 others, are derived by equating the nominally available energy, that
is, the rated energy, not the actual energy) with work performed by the pile, calculated
as the static capacity of the pile times the penetration for the blow.

The approach is fundamentally incorrect. However, the static pile capacity
predicted by dynamic formulae in particular cases and in local areas can be close to
the real values because the smaller the penetration of a pile for a hammer blow, the
larger the static capacity. Nevertheless, quantitative agreement is only accidental and

cannot be relied upon.



Since the wave—equation analysis is far superior and as easy to perform, there is

now little reason to continue using the dynamic formulae.

21.2 Wood Piles

21.2.1  Use of Wood Piles

Wood piles are:

- best suited for use as friction piles in sands, silts, and clays:

- not recommended for driving through dense gravel or till, or for

toe—bearing piles to rock, since they are vulnerable to damage both at head and toe
in hard driving;

- difficult to splice; and

- commonly used for depths of 6 to 15 m, for diameters of 200 to 400 mm,
corresponding to the natural dimensions of available tree trunks, and for design loads
of 100 to 500 kN.

The selection of the test piles should be made by the engineer responsible for the

design. The selection should be made on the basis of observed installation behaviour.

22.1.3 Routine Load Tests for Quality Control (Inspection)

Where full advantage of Sentences 4.2.4.1.(1)(c) and 4.2.7.2.(2) of the National
Building Code (1990) is to be taken, a sufficient number of tests must be carried out
on representative units to assess and verify the uniform safety of the allowable loads
and the proper behaviour of the constructed foundation. Test loading for control
should be performed on one of every 250 piles, or portion thereof, of the same type
and capacity. Tests should also be performed on one out of each group of units,
where driving records or other observations indicate that the soil conditions differ
significantly from those normally prevailing at the site. Selection of the deep foundation
units to be tested is the responsibility of the design engineer.

Static load testing is expensive, and while it is not practical to attempt a statistically
representative number of tests, usually more than one test is necessary. However, the

necessary number of static tests can be significantly reduced if combined with



dynamic testing an monitoring, where the static testing will serve essentially as a

calibration of the dynamic testing. Dynamic monitoring can be performed much more

frequently without loss of technical reliability, and at the same or lesser costs. (See

Subsection 21.1.3.)

22.2 Test Arrangement

A static load test must be arranged in conformity with the ASTM D-1143. If the
minimum distance and accuracy values recommended by the ASTM standard are
reduced, the reliability and usefulness of the test results could be impaired. For
instance, the specified clear distances between the measuring beams, the platform
supports, etc., and the test pile, are minimum values, which actually mean that some -
usually negligible — erratic influence on the test data is accepted. When performing
other than routine tests, it is advisable to increase these values.

In a routine test, the load is generally applied by means of a hydraulic jack, which
is also used as a load gauge measuring the applied load. This system may have an
apparent high accuracy, because of the use of a high—precision manometer.
Nevertheless, because of many influencing factors not evident in a laboratory
calibration, an actual hidden error, which can be as high as 20% of the applied load,
often affects the load values. This error is usually on the unsafe side. Where a higher
accuracy and confidence in the test results are needed, i.e., where potential errors of
up to 20% cannot be accepted, a separate load cell has to be used as the main gauge
for determining the load. The jack pressure gauge should then be kept as a back—up.

The load cell must be suitable for field use, i.e., have a low sensitivity toward
inclined and eccentrically applied loads, and toward temperature variations.

In order to ensure reasonably accurate load values in the field, the ASTM D-1143
recommendation to use a thick steel plate on both sides of the jack (and load cell),

and the use of a spherical bearing plate (swivel plate) must be observed.



Table 23.1 — ULS Resistance Modification Factors and Performance Factors

ITEM ULS-FACTOR
Downdrag loads (negative  skin fa=1.25
friction)
Bearing Capacity: In Situ Testing Performance Factor
Static pentrometer test fg=0.5
Standard penetration test 0.3
Static test loading (routine test) 0.5
Static test loading (high technical 0.6
level test) %
Dynamic analysis using measured 0.5
data of strain and acceleration

* High technical level test is a test that includes a number of features not
normally employed in a routine proof test, thereby increasing the confidence of the
reliability and the representativeness of the conclusions drawn from the result of the
testing. For instance, testing more than one pile, using telltales to evaluate the load
distribution in the pile, combining static testing with dynamic monitoring, and/or other

aspects aimed to improve the quality of the test.



