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It i s  known that vibrating hammers a re  highly effective f o r  driving pipes. FIoowever, their wide use is 
prevented by their insufficient dural~ility and high energy-consumption, which a re  determined mainly by the ! 

high velocity of the hammer a t  the moment of impact against the driven element. ! 

The results of the investigations described in this article indic~ted  that the driving cnpacitv of vi- 
brating hammers in soils of metli~lni tlerlsily can be iniproved without increasing the impact velocily, by in -  
creasing the length of the path travelcd jointly by the hammer and the pipe after each blow. When the vi- 
brating hammer operates under longitudinal action, the above-mentioned effect can be obtained by adjusti-.lg 
the force in the springs, in case of large negative gaps. High driving capacity is possessed also by vibm- 
ting hammers operating under longitudinal-rotary action, in which the path traveled jointly by the hammer 
and the pipe i s  increased. a s  a result of torsional vibrations of the driven pipe. 

The experimental investigations conducted in orcler to justify the analytical model indicated that dur- 
ing vibration-impact driving of pipes open a t  the bottom, the blow can be regarded as inelastic and instan' 
taneous, while the penetration resistance can be regarded a s  plastic. 

A longitudinal-action f r ee  spring vibrating hammer and a longitudinal-rotary action vibrating hammer 
were investigated. 

In the f i r s t  case (Fig. I), the springs, which were not connected to the driving element, were compres- 
sed by applying an external force. For the study of this analytical model, the following assumptions were - .  
made: 

1. The vibrating hammer and the pipe a r e  absolutely rigid bodies. 

2. The disturbing force  created during rotzztion of the eccentric weights acts according to the law' - 
P = P o  sin w t. 

3. The impact of the vibrating hammer against the pipe i s  instantaneous and inelastic. 

4. The forces which r e s i s t  the motion a rc  constant. . , 
The investigators considered a steady motion with a period 2 r / w ,  in which driving of the pipe shrb 

a t  ihe moment of the impact caused by the ram of the vibrating hammer and ends before the follo~ving im- 
pact. 

The motion of the ~dbra t ing  hammer for  0 < t < t, i s  described by the equation 

M, z ;  = Po sin (o t + a) - Q, - c ( r ,  + $1 $- Af, 2; , 0.) . 

in which hI1 and Q1 a r e  :he mass and weight of the vibrating hammer; . 4 .  

z l  is the coorc',ina?e of the vibrating hammer with respect to the driven element; 
z2 is the coordinzte of the driven element; I 

zp is the initial force in the springs which compress the vibrating hammer against the driven pipe '.- 
(considered ti, be constant); 

c is the coefficient of rigidity of the sprinpp; 
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Fig. 1 Fig. 2 

Fig. 1. Analytical scheme of f r ee  spring vibrating hammer. 
- 

Fig. 2. Graphs representing the variation of the impact velocities (dashed lines) 
of the vibrating hammer and the penetration (Full lines) after each blow for  differ- 

icr , ent spring compressions and penetration resistances. 
: 

t i s  the time reckoned from the moment a t  which 
the vibrating hammer i s  separated f rom the 
driven element; 

ts is the time a t  which the pipe stops moving; 
Po is  the amplitude of the disturbing force; 
w is  the angular frequency of the disturbing 

force; 
a, i s  thc initial phase angle. 

Equation (1) describes the general case of travel 
of the vibrating hammer, which can s t a r t  when the pipe 
i s  already moving. 

For  a fixed pipe, the travel of the vibrating ham- 
m e r  for  ts < t < tc is  expressed by the equation 

2; = PO sin (0 1 + a) - Q, - c (2, + r $ ,  (1, a) 

in which i s  the time of completion of the travel of 
the vibrating hammer. 

Nhcn the n~otion of thl: vibrsting 11ammer k~l ies  
a tirnc 0 < t < ts, the driving of the pipe i s  described 
by the equation 

for joint motion of the vibrating hammer and the pipe 
after the blow, and ior  tc < t < -0 . . 

( M ~ + A ~ z )  z ; = ~ , a l n  ( ~ ~ + ~ ) + ( Q I + Q Z + C Z ~ ! - ( R + F ) ,  (3) 

i n  which M2 and Q, a r e  the mass and weight of the driv- 
Fig. 3. General view of BVS-1 free spring vi- en element; and R and F a r e  the frontal and lateral 

brating hammer. penetration resistances. 
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Fig. 4. Analytical scl:eme of longitudinal- 
rotary vibrating hammer. 
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Fig. 5. General view of Type-PVN-l longihr- f 
dinal-rotary vibrating hammer. 1 

According to the aBopted assomptions, the velocity of the pipe after the impact i s  equal to 

i n  which ziy is  the impact velocity of the vibrating hammer. 
. . 

coordinat 

The solutions of Eqs. (1)-(3), using the condition (4), by means of an analog computer, permitted COW The 

strocting graphs represssk::g the varintion of the impact velocities and the penetrations after the blows, An 
fo r  cliffcbrent spring presskras (c$)/Po and different soil resistances [A = @ + F)/ Pd. a rotary ( 

An examination of i\e graphs in Fig. 2 indicates that the maximum values of the penetration after e d  Fo? 
blow a re  displaced with respect to the maximum impact velocities taivard the side of increasing spring use was 1 
compression. 

A s  the penetration resisWi?ce increases, the rriaximum values of the penetration become closer lo 
maximum values of the impact velocity. 

For h / w  - 0.1-0.3 nncl Q1/Q2 = 0.25, Lhc oplilnmn i a l i ~ c s  of the spring compression lie in the range 
0.3-0.5 f o r  A = 8-1.5, respcctirely. A n  analysis of tile o s c i l l o ~ n m s  indicated that, under these condition% 
the l'ositioil of the eccentric ivaigllts a t  the time of the impact, corresponding to the lnnsimum subsequent 
displacc~nent of the vibrating hnmnler and the pipe, i s  c l~aractcr ised by a n  a n d e  of 160-220'. 

- 

Tile ~bo-;s resrilts were confirmed in a practical manner by cor~structing an industrial moiiel of 3 

DVS-1 f r ee  spring vibrating hammer [2, 31, ivhicli operated wit11 negative gaps and exhibited good resulb 
ahen uscd for  driving casing pipes a t  the l'ronlhurvod Trust  (Fig. 3). 
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.7 i Tile i~ibrating hamnlcr can bc used for  driving and e:itrncting casing pipes in 100-m deep wells by 

CI of n<S-22 and UKS-30 rigs. It has the folloiving indices: 

Torque of -ccentric weights of vibrator, kg-cm 2500 

' I  Specd of shafts of eccentric weights, rprn GOO 
Ratio of period of blows to period of rotation of shafts of ; 

j eccentric weights 1 
> Capscity of electric motor, k W  22 
5 Compressive force of operating springs, kg 
7 

9600 
Rigidity of operating springs, k d c l n  800 
Mass of vibrating hammer, kg 

1 * 
2400 

I 

5 The vibrating harnmer was used f o r  driving pipes 325, 426, 539, and 630 mm in diameter, and 20 to 

t m long, through saturated and dense soils, a t  a rate of 0.5 la 2.0 m/min. When the winch for  tightening 

j be operating springs was connected, it became possible to drive the casing pipes 50-60 m into the soil. 
1 

i Depending upon the nature of the soil and the degree of filling of the internal cavity with earth during 
be process of driving of a pipe, the operating springs were adjusted so a s  to obtain a force between 4 and 8 / an$; this ensured a maximurn driving ra te  for  stable operation of the vibrating hammer in the regimen of 1 .blow after return.. 

i ' I l e  use of the DVS-1 vibrating hammer made it possible to increase the rate  of driving of the pipes 
b,.a factor of 2 and even more, to increase the penetration of the columns into the soil by 30%. and to re- 

I duce the number of changes fro111 sludge pumping to driving by a factor of about 3. 

f The tightening of the springs by a hauling rope wound around a winch installed separately o r  on a 

f drilling r ig  (movable unit) i s  nut always technically convenient; i t  should correspond to the specific char- 

I acteristics of the given type of work. 

1 Anotlzec method considered for  increasing the driving capacity of the vibrating hammers without 
) increasing tile impact velocity was the use of longitudinnl-rotary vibrating hammers, the analytical scheme f of shicli is shown in Fig. 4. In this case a n  additional factor taken into account i s  the rotary motion of the 

I hammer-pipe system under the action of the torsional moment P s i  cos w t .  

( During vibration-impact driving, the following resistance i s  overcome on the lateral surfaces: - .  
F, == F Zz 

,r 7--- along z a xis. 1 (z*)'-t- (v r ) =  

F, = 9' f 

V(3GzF along P a x i s  

1 i n  which r i s  t!~e pipe radius, r t  i s  the radius of application of the disturbing force, and 9 i s  the angular 

i 
coordinate of the hammer-pipe system. 

t The equations of motion for  this scheme a r e  presented in [I]. 

I An analysis of several recorded vibraiion-impact driving regimens indicated that in the presence of 

1 a rotary component, the velocity increases on the average by  10-15% after the blow. 

Fc7r experilncntnl \vork c,?l.rii>d o ~ t  on n n  nyc.;1 (>.0v(,rcd 1,:; rlzy soils  li?.\-i11; c!';:ferr~~nt cc :~s is t~ncies ,  

, czc \:.Ls il!:li!~' of 3:i e~pc,riiat\~;::il '. i!>~:i?i:ig !lfil::::ie:', \ ~ . h i ~ h  11~d been se t  for  longitudinal and longiludinal- 

1 %:~rj- i:::pact l-i.gi~l?ens, for  driving pipes 168 nlm in diameter and 10 m long [4]. 

i A comparison of the cffccti\.encss of the longitudinal and longitudinnl-rot~sy vibration haininers indi- 
cated that for t11e sanle vitlsation par-nmetcrs the limiting driving depth of the lat ter  type of vibrating hamrller 
a s s  greater in nil the tcsls. The r a l w  of tire capacity 11~1- unil dcgtll of driving for  longitudinal blo~vs (W2 = 

j yi/L) is  1.5-4.5 times greater t l ~ n n  tho value of the capacity for longitudinal-rotary blow &Vlr = N2JL). 

! Tlie sd~s tan t ia l  advantages of the longitudinal-rotary vibrating hammers were the bases for the dcvel- 
pinent of a11 esyerirnentz~l model of a Type-PVN-1 vibrating hammer, for  conslruction of bored piles up to 

, l 5 0  mill in diameter and 18  n-~ long (Fig. 51, mliich has the following indices: 

Rated capacity, ItW 
Torque of eccentric weights, kg-cm 



Thus, the investigations indicated the possibility of a substantial increase of the driving capacity of 
vibrating hammers when used f o r  pipes, by applying regulating tensions on the hammer springs, fo r  large 
negative gaps and rotary vibrations of the driven pipes. 
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I .  Anlpll tucle of torsional 1no:nent w itti r ~ l s l ~ e c  t tn the mnuirr lur ,~ 
force, ton-cln 9.6 

Frequency of vibrations, min 420, 520, 600, 645 
Total rigidity of springs, I<g/cm 59, 154, 250, 345 
hIass of ram,  tons 3.6 
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hIass of entire inst:,.lation, tons 7.6 

The tests  on a PVN-1 vibrating hammer used for  clriving 4213-mm diameter pipes in different soils 
ranging from soft-plastic clays to : . .~rd sandy loams, indicated its high driving capacity. (The mean rate  
of driving to a depth of 18 m was 0.8-1.5 m/n~in . )  




