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Abstract. The purpose of the scientific work is to determine the smallest permissible distance of the pile driving device,
excluding vibration impact on the foundation and ensuring the safe operation of the plant. The authors presented
the effect of vibromonitoring from «New water treating facilities W1 area». The results of the vibration effect of
pile driving at various distances from the foundation, taking into account the natural fluctuations of technological
processes, the massiveness of the foundation, etc., as well as the results of the excitation of the soil mass itself at
different distances from the source of the vibration impact (clogging) are presented. Vibration monitoring was car-
ried out by the Profound VIBRA+ device, using a 3D seismic sensor. Vibration measurement was carried out every 5
seconds. The tests were carried out according to the requirements of DIN 4150-3, according to which the maximum

permissible vibration level is 5.00 mm/s (from 0-10 Hz).

Keywords: driving of piles, vibromonitoring, testing, piles, distances, vibrations, sequence, testing program, fixed,
natural fluctuations, seismic sensor.

Introduction

Construction site «New water treating facilities
W1 area» is located in Atyrau, Westerly Eskene
(Figure 1).

Testing on site was performed from 15 to 25 June
2021. There are 5 tested locations to monitor vibration
effects which are being caused by an 3 piles driving
(Figure 2).

The vibrations on the construction site «NEW
WATER TREATING FACILITES WP1 AREA» being
caused by driving rig Junttan PM 25. On site are
several vibration sources present being: Grader,
Excavator, Loader.

The main purpose of the testing was to monitor
the vibrations on different distances from the
excitation source which are being caused by a pile
driving rig Junttan PM 25 with hydraulic hammer of
7 ton of weight and drop height up to 1.0 m [1-2].

Prefabricated piles are concrete 40x40 cm and
length of 12 m.

Table 1 presented technical characteristic of piles,
cross section.

Description of equipment

Equipment is Profound VIBRA+ system,
manufactured in The Netherlands. For all 5 locations
the DIN/SBR mounting plate has been used.

System setup is monitoring job. Measuring
interval is 5 second. In testing use normative standard
[3]. Alarm level is 5.00 mm/s from 0-10HZ. Alarm

226 | type is smart velocity (frequency depending alarm;

for higher frequencies a higher velocity is allowed).
Geophone is 3D geophone, belonging to Profound
VIBRA+ system.

Research methods

Testing program

Location 1 (Pile LTP-1): 87 meters away from the
driving rig and during the driving Pile 1 (LTP-1). The
geophone was fixed to block of Turbo compressor
foundation. Monitoring was performed before (16-
17 hours of pile driving) to monitor vibration of
compressor itself and during the pile driving.

Location 2 (Pile CTP-1): 88 meters away from the
pile driving rig during the driving Pile 1 (CTP-1). The
geophone was fixed on panel foundation before (to
monitor vibration being caused by plant itself) and
during the piles driving (Figure 3).

Location 3 (Pile TTP-1): 75.7 meters away from
the pile driving rig during the driving 1 (TTP-1). The
geophone was fixed on foundation estocade before
to monitor vibration being caused by plant itself and
during the piles driving (Figure 4).

Location 4 (Pile TTP-1): 89 meters away from the
pile driving rig during the driving Pile 2 (TTP-1). The
geophone was fixed on foundation estocade before
to monitor vibration being caused by plant itself and
during the piles driving.

Location 5 (Pile TTP-1): 69 meters away from the
pile driving rig during the driving.

(TTP-1). The geophone was fixed on foundation
estocade before to monitor vibration being caused by
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Table 1 — Pile information

Pile Pile 1, LTP-1 Pile 2, CTR-1 Pile 3, TTR-1
Cross section, cmxcm 40x40 40x40 40x40
Pile length, m 12 12 12

plant itself and during the piles driving [4].

Result and Discussion

According to the requirements of DIN 4150-3, the
maximum permissible vibration speed at a frequency
of up to 10 Hz is 3 mm/s, according to British
Standards Institution BS 7385 — 5 mm/s [4-6].

The X-direction of the geophone was pointing in
the direction of the Pile driving rig (Fig. 5-6).

The pile driving and vibration monitoring
sequence is presents in table 1.

The vibration impact

characteristics were

measured in 3 directions (planes) X, Y, Z. At the same
time, the X axis was oriented towards the source
of excitation (pile driving). Figure 5 shows the test
results.

Figure 5 shows the measurement of the vibration
velocity at the time of the tests.

Figure 6 shows the frequency velocity. The test
results are also presented in the table 1, where the
numerical values of the maximum speed indicators
before scoring and during scoring for each of the
positions in three directions are given.

Values of peak particle velocity (mm/s) as you
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Figure 3 — Location 2




Paspen «CrpountenbcTBo. TpaHcnop™ M

Table 2 - Pile driving and vibration monitoring sequence

NEW WATER TREATING FACILITIES WP1 AREA Pile Driving & Vibration Monitoring sequence

Drive Pile Take Vibration Test on Pile Distance (approx) m Comments

Take background vibration readings on
Compressed Air & Inert Gas 87 pump foundation before or after pile driving
Vibration monitor fixed to foundation block

LTR-1 Compressed Air & Inert Gas 87 Vibration monitor fixed to foundation block
CTR-1 Utilities substation 3 88 Vibration monitor fixed to foundation plate
TTP-1 Sideline estocade 75.73 Vibration monitor fixed to foundation block
TTP-1 Axis estocada 89 Vibration monitor fixed to foundation block
TTP-1 Sdenline estocade 69 Vibration monitor fixed to foundation block

30: LN R
Figure 4 — Location 3

Table 3 — Vibration monitoring before driving/during the driving piles of max velocity

Ne Measurement / Location No driving / Driving Max velocity X Y z
1 Measurement 1 Location 1 No driving - 0.2 0.11 0.26
before driving 0.06 0.08 0.07
2 Measurement 2 Location 1 Driving Pile LTP-1
during the driving 0.31 0.3 0.91
before driving 0.08 0.06 0.07
3 Measurement 3 Location 2 Driving Pile CTP-1
during the driving 0.26 0.29 1.19
before driving 0.10 0.07 0.06
4 Measurement 4 Location 3 Driving Pile TTP-1
during the driving 0.17 0.16 0.15
before driving 0.15 0.05 0.14
5 Measurement 5 Location 4 Driving Pile TTP-1
during the driving 0.64 0.35 0.27
before driving 0.09 0.05 0.09
6 Measurement 6 Location 5 Driving Pile TTP-1
during the driving 1.45 0.98 1.61
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move away from the source of excitation for every 10 | graphs that the peak values of the vibration effect
m. The values of peak particle velocity (hereafter — | (both on the x-axis and on the y-axis) when driving
PPV, mm/s) along the vertical y axis (perpendicular | piles fall to a depth of 4 to 8 meters, which is explained
to the wave propagation axis), in the horizontal x | by the presence of a more elastic and durable layer
axis (wave propagation axis). It can be seen from the | represented by stable soil [4-9].
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Figure 5 — Velocity & time diagram

Measurement 4
Location 3

Driving Pile TTP-1

0.3 —

VIBO1589 TraininG 2021-06-13

Velocity [mm/s]
1

L
W

R

e
(=]
@

| I T T T N T N B B B A I |

o

T T T T T T T T T T 1
o 20 “+0 60 B0 100

Frequency [Hz]

Figure 6 — Velocity & frequency diagram



Conclusion

Measured vibration velocity of plant itself
equal: z=0,26; y=0,11; x=0,20. The highest value of
vibration velocity was fixed in z direction — vertical
axes (Diagram of measurement 1).

Influence of pile driving to the compressor
foundation is relatively small: z=0,91; y=0,30; x=0,31
for plate foundation (87 m away from the driving rig)
and z=1,19; y=0,29; x=0,26 for single pile CTP-1 (63
m away from the driving rig). It is explained by the
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The highest values of vibration velocity during
the driving were measured at the middle of pile
driving (about 5 to 6 m of pile length).

According to the standard the vibration rate
during pile driving is within the permissible range.

Natural vibrations do not have a significant effect
on the change in the vibration effect. Taking into
account the massiveness of the foundation plate, pile
driving has practically no vibration effect on the safe
operation of a functioning complex at a distance of

massive foundation which is partially damping the | more than 63 m.

vibration effect.
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KondaHbicmarsl ip2zemacka Kadanaposl coFy Ke3iHoe 0ipin MoOHUMopuH2i

1LKYCYIBEKOB Ackap Maznaposuy, m.f.0., npogeccop, astana-geostroi@mail.ru,
*T/IEYJIEHOBA lynswam ToneyeHa, PhD, doueHm m.a., gulshattleulenova23@mail.ru,
1«/1.H. Tymunes amoiHOaFbl Eypasusa yammelk yHusepcumemi» KeAK, KasakcmaH, AcmaHa, Camnaee Keweci, 2,

*aemop-KoppecrnoHOeHm.

AHOamna. folabIMU HYMbICMbIH MAKCambl ipeemacKa 0ipin acepiH 6010bipmalimsiH HaHe KOHObIPFbIHbIH KAYIrci3 Hy-
MbIC icmeyiH Kammamacelz ememiH Kadaaaposl COFYFA APHAMAFAH KYPbIAFbIHbIH eH a3 pyKcam emin2eH KawbIKmblfblH
aHbIKmay 60abin mabbinadel. Aemopnap «aHa cy mazapmy KoHObIpFbickl W1» obbekmiciHe 0ipin MOHUMOPUH2IHIH
acepiH ycbIHObI. TexHOM02UANbIK MpouecmepdiH maburu mepbenicmepiH, ipezemacmeoiH maccusmisnieiH ¥aHe m.6. ecke-
pe omebIpbIr, ipeemacmaH apmypai KawbiIKmslKmarsl Kadanaposl 6imeyoiH 0ipin acepiHiH Hamuxenepi, coHOal-aK
Oipin acep emy (6imeny) Ke3iHeH apmypi KAWbIKMbIKMAFbl MOMbIPAK MACCACLIHbIH KO3y HaMUXEepi YCbIHbIAFAH.
Aipindi 6akbinaydsi Profound VIBRA+ Kypbinrbicel 3D celicMuKkasnslK ceHcopOsl nalioanaHsin xcypeizoi. Aipindi enwey ap
5 cekyHO calivbiH ycypeizindi. CoitHakmap DIN 4150-3 mananmapsiHa calikec #cypeaizindi, oraH calikec 0ipindiH eH #oFapbl
pyKkcam eminaeH deHeelii 5,00 mm/c (0-10 'y 6acman) Kypaliosi.

Kinm ce30ep: 6imey, dipindi 6aKbinay, coiHay, Kadaaap, KawbIKkmelK, 0ipis, pemmisik, celHaK 6baroapaamacsl, bekimin-
2eH, epkiH mepberic, celicMUKasIbIK CeHCop.

BubpomoHumopuH2 npu 3abuske ceali Ha cywecmeyrowuii pyHoameHm

1L)KYCYINBEKOB Ackap Maznaposuy, 0.m.H., npogeccop, astana-geostroi@mail.ru,
*T/IEYJIEHOBA lynswam ToneyeHa, PhD, u.o. doyeHma, gulshattleulenova23@mail.ru,
HAO «Espa3sulickuli HayuoHaAnbHbIG yHUBepcumem umeHu J1.H. Tymunesa», KazaxcmaH, AcmaHa, ya. Camnaesa, 2,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. Llenvto Hay4yHol pabomel seansemca onpedesneHue HauMeHbwe20 00Mycmumo20 PAaccmoaHuUs ycmpod-
cmea 0715 3abusKu ceall, UCKaYarowe20 subpayuoHHoe 8o3delicmaue Ha pyHOameHm u obecrieyusarouje2o b6e3o-
MACHYIO 3KCMAYyamayuo yCmaHosKu. Aemopbl npedcmasusnu aghghekm subpomMoHUMopuUH2a Ha obvekme «Hoeoe 80-
dooyucmHoe coopyxeHue naouw,adeto W1». Pezynemamel 8ubpayuoHHo20 8o30elicmeus 3a6usku ceali Ha pasu4HbIX
PACCMOAHUAX OM hyHOaMeHmMa € y4emom ecmecmeeHHbIX KoaebaHUli mexHoa02u4ecKUx npoyeccos, MaccugHocmu
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pyHOameHmMa u m.0., @ Makxx e pe3ynbmamel 8036yHOeHUA camoli Maccsl 2pyHMa HA PA3HbIX PACCMOAHUAX OM UCMOY-
HUKa subpauyuoHHoz2o so3delicmeus (3abusaHus) npedcmasneHsl. MoHUMOpPUH2 subpayuu ocywecmensasncs ycmpou-
cmeom Profound VIBRA+ c ucrione3osaHuem 3D celicmu4ecko2o 0amyuKa. MiamepeHue subpayuu rnposoousnocs Kaxobie
5 cekyHO. MicnbimaHus nposodusnucs 8 coomeemcmeauu ¢ mpebosaHuamu DIN 4150-3, coenacHo KOmopbeiM MAKCUMAr1b-
Ho donycmumblli yposeHsb subpayuu cocmasasem 5,00 mm/c (om 0-10 y).

Knrouesoie cnoea: 306uska ceall, s8UGPOMOHUMOPUHZ, UCMbIMAHUA, C8AU, PACCMOAHUA, subpayuu, nocaedosamers-
Hocme, npoz2pamma ucnsimaHull, PUKCUpPoBaHHbIe, c60O00HbIe KonebaHus, celicmudeckuli 0amyux.
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