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SUMMARY A largze number of vibration measurements or. i{uec ground surface and
on an adjacent building were performed in connectien wiil pile driving acti-
vities on a site north of Bangkok., Vibration imtenzi., was expressed in

terms of peak particle veloecity. A statistical cow;..i 5 with previously
collected data from other sites in the Bangkok area .. ...led that vibratioms
generated by driving a pile into one of the bearing »ir.ia commonly used
for founding piles in this region, i.e. stiff clay cv cf.. underlying sand,
are not of significantly different magnitude. A provilusty rccommended upper
bound for vibrations tc be expected could be confiinec. A multiple correla-

tion with penctration data obtained from Dutch core (vo.. at che site and
pile driving records was also attempted but the crly ...::ble giving a signi-
ficant contribution was the cone resistance. The coirciation, however, was

rather weak.

INTRODUCTION

Vibrations gencrated by pile driving may be harui.l to nearby structures
or at least irritating to people living in these buxldiuus, particularly in
corbination with the associated noise, . The effects o: vibrations on struc-
tures and people have been reviewed in detail by BkLh. .k & CHITTIKULADILOK
(1975). -While today modern piling techniques have ¢i1.atly reduced vibration
levels, pile driving by drop hammer is still a widely used practice, mainly
in developing regions. o e ’ : :

Although numerous measurements on 'vibrations cu::d by pile driving have
certainly been carried out in the past, only few casc Listorles have been
published. D'APPOLONIA (1971) has summarized some vt che available informa-
tion and additional data has been provided by ATTEWELL & FARMER (1973). In

‘Fig. 1 and Table I an attempt has been made to collect 411 pertinent inforda-

tion available to the authors. Vibrations are usually plotted as peak parti-
cle velocitv. v. versus the scaled driving energy, 1... the square root of
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TABLE 1

SUMMARY OF AVAILABLE INFORMATION ON VIRRATION MEASUREMENTS IN CONNECTION WITE PILE Dp1vests

'ymbot Author Hammer ty pe Pile type and [Mass hammer | Measurement 1 rng Vinration Vihrnisoen roeasating
refer t (Year) Q- Jype {(Weight, kN) dimenstos Mass pile range energy  fcomponent device anc roitarat
Gg. 1) (m) (m) (Jouie) recorded fregueocy THaY
Single acting Express| Jcot et
faY 1.8m humus seany cast-in-place 1.47 20 21680 vertical (V) displaceniznt
t.im clayey sand {(25500) concrete horicontal seismoypraph
Peter followed by Demag yuick stroke | ¢ 0.85x3.00 iy, Hy), (3.7. 3.6. 2.9}
v} (1953) sandy loam Csteam 1.67 20 11615 HydH, '
(29040)
sem fin Single acting Express electrodynamic
o P AP dfeam " cast-in-piace 0.55 20 21680 vibration pickup
—] e e (25500) conerete V, Hy Hy | GM 5520 (¥hilips)
: gravel wit Demag quick stroke | ¢ 0.55x8.00 ’
v/ ' silty sand seam 0.62 20 11615 o
\ ) {29040) )
Demay quick stroke ; 3-comperrent
. cast-in-place
V] gravel steam cnntr‘e)tc 0.50 8.2 11615 V, Hy, Hy | displacement
(29040) @ 0.55x10.00 seismaograph
: (5.6, 7.7. 7.0}
() Sior cohesive Steam sheet-pile 4.0 49030 v
o (1961) cohesive Steam cantein-place 4.0 ; 15.0 117720 v
fenpth:3.2m X
L sat. sand drop hammer - sheet-pite . . 3-compunent
+_' ’ [:';“617‘;",, s tength:8.0m 2.8 t0 6.2 €10 displacement seismn-
KN V, HiHy graph at 2.4m depth
| 0-2m: buiiding wtlow reinforeed 0-Sm: 3-componernt .
X. 3 waste drop hammer concrete 4.8 10 20.6 29430 displacement seismo-
: >2m:sat. loam @ 0.60x24.0 >5m:58860 graph at 3.25m depth
A ~ fine sand wet vibrofliotation 1t to 4.5 1350/cycle Vv Cambndge vibrograph
g " uncompacted fil) dry vibroflotation 1 to 6.0 2700 /cycle i
° stiff silty clay on sheet piles S 1o 40 2400 o v Velocity pickup
Attewell | firm laminated clay 60700 :
™ & f"{‘ﬂ‘:“l”"g on Shell boring 1.5 1o 3.0 1050 to v
Farmer e suft clay afe 10500 Cambridge vibrogeaph
. (|97.3) lavered medium Hopiles 1.5 te 7.4 9100 o Ay
- sHRE nad silt 30800
< Ihrneted s Tieesel hanw":; ! ] BT i pAULLE ' \ T PIRG 1
© frumrer? ogans ], | TR W e s R i \ Crmbhriaes vinrawrsm l
] wod png graset t 1[ Nagraeirs ! i ! 212008 ; !
Phesel el (117}
O (12263) (Piston) prestressed S 0,28 4 to 22 30656 v electrodynumic
Pellohs medium sand, conerete vibretion pichup or
: (19 dense resel Deimay D22 0.34x0.34x15.0 ) pieaoeleciric
(o] . (21582) (Piston) 0.50 s to 22 §3955 v accelerometer
B“_“"" & . deop hammer prestressed vertical (V) velocity pickup
soereeeecfChimtikula- | clayey sand (66670) concrete 0.62 1 w0 20 68670 | radint (R) (13)
diloh (1975 0.43x0.43225.0 tangential(T)




: : : i : 4 : = . . .
the enerpy, F, d=livered by the hammer (weight of  amer times drop height)
divided by rhe hnrlizontal distance, R, from the pile axis to the point of
interest. (¥~tn that WISS (1967) used the distance from the plle tip to the
location of Irterrest on the ground surface). All data points shown in Fig. 1
represent: the rrtical component of the particle velocity, except those of,
PETER (1953) ~~-1 DALMATOV et al (1967) which glve the resultant of the ver-
tical and twa horizontal components. It can be seen that the upper limit
proposcd by ATT¥UELL & FARMER (1973) successfully bounds all data plotted in
Fig. 1. .

In the 2s~-keck area, a fair amount of data has been collected by BRENNER
& CHITTIZUTANTiAY (1975). Due .to the soil conditions in this area, the upper
1imit cf exr~c®~4 peak particle velocities is considerably lower. The sub-
surface con-i!icns around Bangkok consist of a thick deposit of recent marine
clay. This derncit, generally designated as Bangkok Clay, can be divided
into ar uprer -~ction of about 9 to 15 m of soft clay and a’'lower section of
stiff clay f~''-wed by sand. The groundwater table is usually about 1 m
below the 23~ eurface., Details on the geotechnical properties of Bangkolk
clay may be 7oond, for example, in MOH et al (1969). Due to these soil con-
ditions mort ~t-octures in the Bangkok area are founded on piles and driving
these piles b+ <ixsp hammer is commonly cmployed.

BRENNEPR ¢ MMITTIKULADILOK (1975) measured vibrations from pile driving
on two siter, ~na of them south and the other one north of the City of
pangkck., o ~7dirion, a tentative prediction of vibration levels based on
1imited da“~ f-o Dutch cone scundings was also presented. In the present
study, mea=:~ - rents were carried out on the campus of the Asian Institute of
Tecknoleay (Vir) in Klong Luang District (approximately &40 km north of
Bangkol) duri-2 the imstallation of piles for the foundation of a Regional
Computer Cent=ar (RCC). 1In addition to recording vibrations on the ground and
on an adjarent Suilding, several Dutch cone soundings were performed and it
was tried tn -~vrolate measured vibrations with a number of variables which
were thought +n Influence vibration levels. A statistical comparison with
‘previous measuroments from other sites was also attempted.

: -’

EXPERIMENTAL INVESTIGATIGHS

Site Dcscripttoﬁ

A porti~n nf the foundation plan of the building to be comstructed and
its relatiws preltlon to the adjacent existing building can be seen in Fig. 2.
Three and f~ur piles were driven for the triangular and square pile caps,
respectively. The precast concrete piles were 0.35 m square and 18 m long.
They were driven by a drop hammer of mass 4 Mg and with drop heights of 0,20,

0.40, 0.60 an4 0,90 m, depending on the resistance to penctratlon. A typierl
soil profile at this site can be seen in Fig. 3a. The boundary betwenrn the
stiff clay an- rhe sand is not sharp, however, with pockets of sand cccurring
in the els - a ! vice versa., The stiff clay contains a high percentage of
sand.
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{c)

(b) cone resistanc

(a) soil profile,

(b)

(e) local friction

~ Results of four Dutch cone tests

3

cloyey
SAND
|- coorse
SAND
(a)

Mea xrementw

Aototel of féuyr Duteh cows tests wevo puerformed at selected locat fous
“whand pllee wonld ba d;lvcp {éwe locaticns mavked by DC in Fig. 2). ‘fhLe
Duteh cone Fppuraten fad o 2.5 v capacity and way of the friction jackec
type. DOurlog pile driviay nemerous vibration measurements were perfiiwe. cfor

piilue Lelng tustilled in the vicinity of the Dutch cone soundings. Theoc
uedsurementys wvera jade on, the ground for various depths of plle embedicot at
distunces vanglug feom one to 20 m from the plle, Only the vertical cuwpu-
‘ment of vibratlon was recorded, since previous investigations have shown chat
the hoclzoutal conmponents in tha radial and tangential directlon were us.ally
small; L.e. about 30%, and never e: cceeded 80% of the vertical compoueut.
Thus, the resultunt velocity, vtot,‘ﬁllcn is the vectorial sum of the thvee
compouents, s not larger than 1.5 times the vertical component. On the
ddjuacyut building which was a two-story reinforced concrete structure, dls.
suppurted on piles, vibration records were taken on floors and om a wail.

In all cases vibrations were sensed by means of velocity plckups and recoud-
ed on an oscilloscope with a Polaroid camera.

During driving, a record of blow counts per 0.30 m (1 foot) of pile pc-
netrution was also kept. The rather uncontrollable way in which cushion..g
material was applied between pile and helwmet and between helmet and.hau.icc

esulcved in a variation of the energy transmitted to the pile at constuvi-
heighit of drop. This variation could not be quantified but will comscictuue a
porcion of the variability observed in the vibration records.

RESULTS AND DISCUSSION

Dutch Cone Soundings and Drivine Records

Values of cone resistance and local friction obtained from Dutch cog:
soundings are shown in Figs. 3b and 3c, - Sounding DCl could only be c¢a.oicd
out to a depth of 14.2 m which is less than the final pile tip elevatilu,
probably because of the presence of a pocket of dense sand. Also within cue
depch range of about 12 to 14 m, the values scatter considerably. In tiic
depth range, sourding DC4 probably penetrated stiff clay while others passcd
through sand. 1In Fig. 4 blow counts for each 0.30 m of pile penetraticn
have been plotted- for the ten piles which were used in the vibration wcusere-
ments. Again data scatter increases notably once the pile tip has to peues
traCe che sand stratum,

Ground Vibrations

» Measured values of vertical ground motion in terms of peak particle ve-
locity (i.e. one-half the max. peak-to-peak velocity evaluated from a re: urd)
are shown in Figs. 5 and 6. 1In Fig. 5 vibration has been plotted versus
depth of plle.embedment for various distances from the pile. A great uu..oc
of wmeasurements were made at a distance of 10 m for purpose of correlitloi
with cone resistance. At any distance the velocitles appear to vary {u a
similar pattern as the cone resistrmges, namely an increase within the zcue
ranging from about 12 to 15 m and equent decrease at greater depilis.




t 2

5 - Peask particle velocitie

15

=tedment

(vertical
e

ound sur-
roa plle

-
le

<
[=g
=]

n
f pi

c
d o
o

ces

distan

component} iteasure
face versus depth

for various

Fig.

120,

136, 139, 141, 148, 162, 164, 165

Fig. 4 = 'Blew counts rur pilas no, 114, 115,
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Fig. 6 - Attcwation of vertical ground motion at surface znd
comparison with regression lines from other sites

Fig. 6 shows a plyt of vertical ground motion versus scaled encryy mea-
sand,

a vertical line through the mean value of each regression line) for che two

‘sets of data are also giren (full lines). In addition, regression 1li.es from

an earlier investigation (BRENMER & CHITTIKULADILOK, 1975) have been incorpo-
rated in this figure (dotied lines) for purpose of comparison. Theo: Jdata
were obtained from two sites, one called 'EGAT', at Phrapradaeng, appruxy 20
ku southeast of Bangkok ani the other called 'Lak Si', about 16 ki uurth of
Bangkok. It can be seen ttat all these regression lines fall withiu a rather
narrow band when compared with their standard errors of estimate. A previously
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proposed uppar limit of total vibration in the Bang area (based on data
from sand at F7AT) is also given in this figure, namexy _
v = 0.3 YGE (1)
tot R
It appe~r= tPat the type of layer penetrated by the pile, the locatlon of

the site and ~!<c the size of the pile have little influence on the magnitude
of vibration ~» *“a ground surface. All data collected have Fherefore been
lumped togmether -9 an overall regression was determined. This r?gress%on
line and its " c<-nfidence belt for a single observation of vertical vibra-

tion are give~ ‘¢ Tig, 7. Even if the upper confidence limit 1s multiplied
) T T T T
/~Safe limit for well-stiffened structures o
. s
i s
o s
T e
S s
z o 1 7
£ ~Safe limit for -
> all structures .~
-~ Id
5
T =
-7 C.
I . . .
g Regression lines.
< VENO.77
C v=k R
a.
< i
H R
s
0= d
. e ~———QOverall regression line and .
/// : 95% confidence belt for single
-7 observation -
E 0.76
v=o0l87 )]
oz Aeeedond, L 5 L R - wed
5T Yo S TV R

+/Energy (Joulas) /Distance ()

7 - Overall regression for data from threa sites
and result of multiple regression taking into
account the different origin of the data
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by 1.5 to approximate total vibration, it still falls below the 1i.c
Vigr = 0.3 JEMR for values of ,fE/R greater than 25. Thus the previoisly pro-
“J:LJ upper Tiwit for v, remains a reasorvable bound even with chis cilarged

Cspetlium of ditferent strata and locationg.

A move refined analysis, however, can be accomplished by the uvee of dum-
vy variables (sce for ewanmple DRAPER & SMITH, 1966) which can acceunc for the
drucferent oricin of the data. 1In this case "origin" would mean eitier soil
layer or Tocutlon. The regression model for the prediction of vibraciva takes
thhett the {ovm; ’ :

Y o= B By + B,X, + BXy + B,X, Co (2)

whiere Y and Xy are the logarithms of v and ./E/R, respectively, anl L2, K3, Xy
are dummy varifables used as follows:

Xy - X3 Xy, l data block

1 0 0 for stiff clay at EGAT

0 1 0 for sand at EGAT

0 0 1 for stiff clay at Lak Si
0 0 0 for sand at AIT )

1 1 0 for stiff clay at AIT

This results in a family of parallel lines shown in Fig. 7, with the devia-
tion in intercept from the one for the AIT sand stratum giving aw civicete of
the difference in stratum characteristic and location. This disciucvion of
the origin of the data is, however, statistically not significant. 1t can be
seenfrom Fig. 7 that the two lines for stiff clay at EGAT and AIT ... che two

lines for sand almost coincide. Only the line for stiff clay at L.k >i appears .

to behave differently. This data block, however, may not be conside.cd com-
pletely -representative as it was obtained over & rather narrow range uf dig-
tunces from the pile. 1In Fig. 6, it can be observed that the mean orf chiy
data block lies to the far right, rather than in the central regios or the
(JE/R)-range considered. It should be kept in mind that at the ECAY-.ite the
top of the stiff clay and of the sand stratum was about 6 to 9w deopir than at
the AIT-site, but this increased depth appears to be compensated by tl. in-
creased stiffness or density of the clay or sand, respectively, thus, yzuducing

Also shown in Fig. 7 are two limiting levels of Vtot’ recommended by the

Cerman Standard DIN 4150 (1971), below which no damage to structurvs of the
type indicated should occur.

NN S AN . by

Building Vibrations S _: S o R

Particle velocities measured at several locatlons in the adjaceunt build-
ing are shown in Fig. 8., All values were less than 2 mm/sec, whick is tha
lowest threshold of damage given by any of the damage criteria and wiich
applies to old structures in a,nggp state of repair. Vibrations, towever,
could be clearly felt bv peopl : ng In the bullding and could Le clansifled
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building

vibration observed on flocrs and wall of adjacent
as a function of pile embedment

as "zi-rly perceptible".

stata rihrations.

anns
cAace,

In Fig. 8a this limit is indicated for steady-
For transient vibrations, such as pile driving, this limit
is veually higher, i.e., beyond 2 mm/sec (see WISS & PARMELEE, 1974). .
‘he gffect of the vibrations on people was of minor importance cowpared

to tl2 high noise level produced by the impact of the pile hammer.

fe

xiq1

) vas also observed
imrpair the performance of
fects carried out in
each hammer blow.

sensitive tests,

that the vibrations, as weak as they were, could
Thus for stress-controlled trin-
room N119, the*leformation dial gages respondest o
Also during a pile load test carried out gsome 150 'm away

from the plle driving site, the daflection dial gages vibrated slightly In

responee
whaneser

to each blow, while vibration was imperceptible to people.

Thus

piles are driven in the Bangkok area closer thaan about 25 m to a
building, equipment sensitive to floor vibration canunot be operated;

Vibration Prediction

" Tt was tried to correlate measured vertical porcicle veloclries en the
grouons ‘at 10 m distance from a pile being driven with &fevarzl quantitles
whi~b wore thought to influence vibratiou. Thus for various depths and for
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piles which were at or very close to locations where Dutch cone soundi.. ;- nad
beon carried out, velocity was corrcelated with cone resistance, q., tooul
frivcion qg, cumulative or total friction q¢f.and the energy per melcer op
pile penctratioen [ (a quantity obtained by dividing the driving encurzy by
the penetratlon (bnow) per blow),i.e.

s (4 + ; '
) v [)() Bl qc quf+ qutf + BQEP (J)
Both writhmetic and logarithmic scales were considered for the variables and
a stepwise regression technique employed to find the ”besc"fregreSSLUM Cyud -
tien. Tu such a procedure the variable most highly correlated with the re-

spunve enters flrst into the regression equation followed by the varialbics
whuse partial correlation with the Tgsponse are highest. At every Step uf
regression edel variable entering tht regression equation and all variavles
previvusly Incorporated into the model are checked by partial F-tests wicl,
respect to thelr coutribution, regardless of their actual point of euncey 1uto
the woudel., A detailed description of this method may be found, for wxalgle,
in DRAPER & SMITH (1966). ‘

‘The stepwise regression revealed that the only variable to be retaiiied
in a linear model was the cone resistance, q.. In Fig, 9, the particie violo-
city at 10 m from the pile has been plotted versus the cone resistance i1, -
dovble logarithmic scale together with the regression line. Although (Lo co-
gressioen 1s significant, the coefficient of correlation is only 0.616. e
slepe of the regression line is -almost identical with a previously give: ven-
tative prediction from the EGAT-site (BRENNER & CHITTIKULADILOK, 1975) wiich
is also shown in Fig. 9. The relative position of the two lines, howe ver,
appears to be too close considering the fact that the energy at the EC&1~:ite
was about three times as high as at the AlT-site. On the other hand, ti¢
stiff clay and sand stratum at the EGAT-site were considerably deeper tha.. ot
the AIT-site and for the same penetration resistance more energy will te¢ ra-
quived to generate the same surface vibration. Thus the depth of the suil
stratum must affect the intercept of the regression line . More data woold be
needed, however, to permit a quantitative assessment of the influence ¢t sipa-
tum pousition,

CONCLUSIONS

. Based on the observations carried out at the AIT-site and the comps rison
with. carlier measurements in the Bangkok area, the following major couclusions
may be drawn: Co :

Pt
<

(1) For practical use, no distinction is necessary between vibrations cov.ed
by driving a pile through stiff clay or through the sand undernecati: st
any site in the Bangkok area. A previously recommended upper bouud roc *
total vibration, 1i.e. Viotr = 0.3 JE/R, may be considered as safe wiw.;
‘the pile tip is penetrating these strata, although thisg upper bound way
appear rather low when compared with other vibration data collected fur
various soil conditions and piling arrangements,
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