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Blasting as an aid for foundation engineers 

Le dynamitage comme aide pour les ingénieurs de fondation

B.K.MAYER, Senior Research Engineer, Bundesanstalt für Wasserbau, Karlsruhe, FRG 

W.ROSENSTOCK, Engineer Mining and Blasting Consult Fa. W.Rosenstock, Bückeburg, FRG

S YN OP S IS :  Civ il engineers  are often face d with cons ide rable  diffic iultie s  whe n e re cting structures or  build ings  on rock or  s tony ground, which can 
only be  overcome by resorting to me chanica l aids .

Blas t ing is  one  o f these aids , which is  c ommonly  accompanie d by the negative  effects  o f vibration, noise  and damage  to exis ting 

structures. T he  fo llowing paper  illus trates  that through the  use o f special blas ting te chnique s , with the corres ponding de tonating devices , 

it  is  pos s ible  to minim ize  or even e liminate  these ne gative  properties .

It is  s hown by me ans  o f several e xamples  that it  is  pos s ible  to e conomica lly erect s tructures in  rock, such as steel pile  walls  us ing the 

RSB te chnique . This  procedure  prove d to be  par ticular ly advantage ous  if  the  properties  o f the  subsoil change d and these changes  were 

only  apparent dur ing cons truction.

Ac companying  vibration me as ure ments  on several structures proved that no damage  was  caus ed as long as the  RSB te chnique  was 

correctly applie d. T he  vibration measurements  also made  it poss ible  to optimize  the  e xplos ive  charge  and dr ill hole  spacing so that 

cons truction costs and time  could be  reduce d to the abs olute  minim um.

I N T R O D U C T I O N

The forcible  bre aking up or  de s truction o f hard, natural or  artific ial 

mater ials , in the  build ing  and cons truction indus try, is  ofte n achieved 

by blas ting.

This  pos s ibility o f be ing able  to alte r  the  s trength o f mate rial is 

applied in  founda t ion work as an a id in the e rection o f structures on 

rock or  on rock- like  cons olidate d ground. Explos ive s  be come  a 

versatile  pre cis ion tool in the  hands  o f e xper ience d e xplos ive  experts.

From the s tart, outs ide rs  associate  the use  o f e xplos ives  with danger  to 

persons  and prope rty, as we ll as  annoyance  or  even damage . These 

negative  prope rties  can be  m in im ize d  or  even comple te ly  e limina te d, 

through the  use o f ne w blas ting me thods  and de tonators . The 

fo llowing advantages  can be  obtaine d by the  correct imple me nta tion 

o f blas ting:
- Build ing  time  and the  accompanying, unavoidable  inconve nie nce  

caus ed can be  reduce d to a m in im um .

- Structure  can be  e rected more  e conomica lly.

- Cons ide rable  costs  can be  s aved, e ven whe n build ing  in confine d 

spaces, or  on d iffic ult  ground.

Advance s  in  the  de ve lopme nt o f ne w blas ting te chnique s , as we ll as 

new de tonators  and e xplos ive s  ove r  the  pas t decades , have  

cons ide rably e xpande d the  areas o f applic a tion o f the  mode  o f 

blas ting.

Blas ting has  thus  be come  an ess ential e ngine e r ing tool for  the 

e conomical e rection o f s tructures  with m in im a l e nvironme ntal 

damage , as is  s hown in  the  fo llow ing  e xamples .

E XA M P L E  1

In the cours e o f the e xtens ion o f the  loca l public  transpor t sys tem in 

Frankfur t on Ma in , the  unde r ground ra ilway s ys tem was  planne d to 

pass under  the  r ive r  Ma in  jus t  s outh o f the  Os te nds trass e , at the  36.4 

km r ive r marking. T he  cons truction o f the  double  track tunne l under  

the Main ha d to mee t the  fo llow ing  requirements:-

- Shipping on the  Ma in  could  only be  inte rrupte d for  a short time.

- The or igina l flo w  cross  s ection had to be  re taine d at a ll times.

It was  thus  decide d to cons truct this  tunne l in  2 s ections , 61.5 and 62.0 

m long, in build ing  docks  close  to the  banks . These  docks  would then

be floode d and the  tunne l s ections  would  be  floate d over  and sunk into 

a dre dge d channe l cros s ing the  Ma in .

T he  de s ign o f the channe l was  based on mode l tests carr ied out at the 

Darms tadt T e chnical Unive rs ity. As  a result o f the tests and e conomic 

cons ide rations  it was  de cide d to replace  the or iginally  planne d 17 m 

deep channe l with a channe l having an e le vation o f 82 m above  sea 

le ve l (10 m  be low nor mal r iver  le ve l), with the fina l depth o f 17 m  

below normal r iver  leve l reached by e xcavation o f a trench between

Figure  1: Alig nme nt  fr om unde rground railway sys tem in Frankfur t/M

It s hould be  note d that it  was  impos s ible  to cons truct the tunne l by 

conve ntional m in ing  me thods , becaus e o f the  nature  o f the  ground and 

as there was  bare ly 4 m o f overburde n in the  middle  o f the  rive r  

(Ge rhard Schmidt 1982, 1984). T he  fo llow ing  s ubs tratum, s tarting 

fr om the r iverbe d, is present at the  r ive r Ma in  cross ing.

a. Quate rnary fluvia l depos its  o f s and and grave l fr om lowe r  terraces 

o f the Ma in  on the  nor th bank, as we ll as re mnants  o f va lle y  clays  

and flood clays  on the  south bank.

b. Neocene  mar ine  depos its  made  up o f an ir re gular  s uccess ion o f 

hard lime s tone s  and dolomite s , t r iable  a lga l limes tone s  and 

lime s tone  sinter, quar tz lime  sands  and grave ls , lim e  clays  and 

marls .
c. Pale oce ne  fresh and brackis h wate r  depos its  (micace ous  sands), 

made  up  o f  mas s ive  fine  s ands  that lie  bene ath the  base  o f the 

tunne l and are only  reache d by the  sheet p iling  in  the  vicinity o f the 

south bank.

45 5



4 /1 0

sheet piling at right angles to the flow of the river. For this purpose
double piles (Larsen 24) in 14 m lengths were driven into the riverbed.

The boundary conditions for the sheet wall ramming were preset as
follows:-
a) Very short pile driving time.
b) Profile section based purely on the requirements of statics and not 

on the technical specifications of pile driving.
c) Pile driving aids must easily adapt to the changing hardness of the 

substratum.
d) The degree of restraint of the sheet piling having a length of 14 m 

must not be reduced by the pile driving aid.
e) Environmental influences caused by the pile driving and from 

vibration caused by the pile driving aid must be minimized.
f) Tremors affecting neighbouring buildings must be kept within the 

limiting values set by the DI N 4150 standard.
g) The concreting work being carried out simultaneously in the 

building docks must not be influenced by the pile driving work or 
the ramming aids. Possible oscillation speeds arising must remain 
below v = 20 mm/s.

Figure 2: Longitudinal section (from the river M ain)

Under these conditions the only ramming aid which can be considered 
is the RSB procedure (Rosenstock Shock Blasting). The workings of 
this procedure have been described by J. Dadson 1983, as well as Chr. 
Eberstadt/B.K. M ayer 1983.

Holes were charged with Super-Cord 40 g/m detonating cord, 
Ammon- Gelit 3 in cartridge form each 400 gr. and Geosid in cartridge 
form each 135 gr. (the latter in the areas of harder layers). All 
subsequent holes weere generally charged according to this procedure. 
The average charge of the drilled blast holes with a spacing of 1.0 m 
was 4.6 - 6.2 kg made up of a 12 m long detonating cord and 20 to 25 
cartridges.

The pilot tests showed that the chosen method to construct a channel 
between sheet piling was economical with minimal environmental 
impact. The following can be concluded:-
- The area of operation in the bed of the Main for the construction of 

the channel, using the RSB technique, using sheet piling with a 
length of 14 m could be reduced by half in comparison with the 
official design using sheet piling having a length of 17 m.

- The excavation volume for the tunnel could be reduced from V i = 
100 800 m3 to V 2 = 36 100 m3, which represents a safety of 
approximately 63%.

- The oscillation speeds of v = 16 mm/s measured in the tunnel 
building docks lay below the critical value v = 20 mm/s, quoted in 
the literature, for the strength of concrete.

- In addition to the reduction in building costs for the work on the 
Main, a considerable reduction in building time was also achieved.

EX AM PLE 2

A weir was constructed on the river Weser in the suburb of Bremen, 
Hemelingen, in the years 1906 - 1911, to control the flow of the 
Weser in the vicinity of Bremen.

Figure 3: Situation (Weserwehr Hemelingen)

During a routing flushing of the coffer in winter 1980/ 81, it was 
noticed that the left sector was damaged and could only partially be 
used with the help of an emergency lock.

Regulation of the weir was no longer possible at this time. During the 
March 1981 floods caused by rain and melting snow with flow 
velocities of up to v = 4 m/s and flow volumes at the weir of 
Q S 1900 m3/ s,  forming potholes up to 8 m deep which threatened 
the stability of the weir, so that a new construction was considered. 
Until that time the weir had to be maintained and repaired. A site 
inspection revealed that in the underwater area of the right weir 
section, potholes and scouring of the right bank wing wall up to a 
depth of 8 m below the riverbed had been formed, leading to 
subsidence and tilting of the wall. As a remedy for the potholes 
formed in the basin, both solid and chemical injection of the wing wall 
back filling and the substratum, made up of medium grained coarse 
sand, were initially carried out. The injections with a cement bentonite 
suspension served as a filling for possible cavities and unconsolidated 
zones, where as the chemical injections, according to the Monodur 
process, served to seal the weir against scouring from the bank side.

Following these provisional protective measures the right bank below 
the water level was reconstructed of partially remodelled, using 
anchored sheet piling made of Larssen I I I  sections. It was planned to 
extend this sheet wall up to the werir, in order to replace the massive 
retaining walls. In order to avoid restricting the form of the pile wall, a
0.6 m slab, above the foundations of the retaining wall, was blasted 
away using a previously tested process described by W.
Rosenstock/H. Schulz 1979.

Piles could not be driven through the base of the wall. It was 
necessary to make the concrete of the spur amenable to pile driving, 
by means of blasting according to the RSB technique. The following 
blasting operations were necessary:
- Splitting off of a concrete slab, 0.6 m thick, 9.5 m high over a 

length of ca. 12 m.
- Shock blasting in the spur of the embankment over a width of

2.0 m and a length of 15 m

Figure 4: Cross section (righ t bank w ing  w a ll)
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Both blas t ing ope rations , c le aving o ff the  s lab and shock blas ting o f 

the spur, we re  couple d a nd de ploye d blas t holes  as follows:-  

Le ngth 1 = 9.5 m s pac ing a = 0.8 m diame te r  D  = 89 mm 

The holes  were  charge d with de tonation cord Nitropenta 100 gr. for 

the c le aving ope rat ion. An  additiona l charge  o f L  = 760 gr. was 

applie d at the  foot.

The fo llowing vibrations  measured in a ve rtical dir e ction at the 
me as ur ing point M 3 (on a washed away foundat ion section, see Figure  

3), were noted:-

Blas t 1 v =  17,3 mm/s  f = 1 5 H z  b =  1635mm/s 2  

Blas t 3 v = 14.0 mm/s  f  = 4 0 0 H z  b = 27468 mm/s 2 

Blas t 4 v = 15.8 mm/s  f  = 2 7 6 H z  b = 27468 mm/s 2 

(v = highest vibration speed, f  = frequency, b = accele ration)

At me as uring point M i (a w ing  wa ll s till conne cte d to the we ir ), it 

was poss ible  to take measurements  in 3 directions  , Z]  = ve rtical, x i = 

horizontal direction, downs tre am, and y i = hor izonta l direction 

towards  the bank.

n XI yi

Blas t 3 v = 14 mm/s v = 24 mm/s

f  = 267 Hz f =  182 Hz

Blas t 4 v = 15 mm/s v = 82.5 mm/s

f  = 333 Hz f  = 90 Hz
Blas t 6 v = 12 mm/s v = 89 mm/s  v = 36  mm/s

f=  333 Hz f  = 90 Hz f = 125 Hz

As there is  a crack in the mass ive  wall between me as ur ing points  M 3 

and M l,  it  was  not poss ible  to deduce  a trend fr om the  diffe r ing  

distances o f these points  fr om the blas t point. T he  high x i value s  at 

the meas ur ing point M i o f v = 82.5 and 89.0 mm/s  are wor thy of 

comme nt. These shocks  however, only  last for  a  max o f t = 25 ms.

The fo llowing re liable  s tandard values  for the s tructure  present could 

be es tablished from the above  re adings :- 

z direct, v = 30 mm/s  x direct, v = 90 mm/s  y direct, v = 36 mm/s

Dur ing dr iving o f the double  poles  it was  reve aled that the  shock 

components  acting in the z direction acted pr e dominant ly  on the 

sturcture. High frequency vibrations  o f f  = 160 H z  were measure d in 

the sand area and up to f  = 300 Hz in  the blas te d concre te  area. These 

frequencies  fa ll within the range  o f s tructure borne  nois es , in  which 

vibrations  pass through s tructures without having any influe nce  on 

them. T he  pile  dr iving in the  vic inity o f the  blas te d concrete  spur 

yie lded max imum value s  o f v = 0.43 mm/s  fo r  the  z dire ction and 

max imum values  o f v = 0.29 mm/s  in the area o f the  outcr opping 

sands downstre am. Pile  dr iving c ould thus be  carr ie d out  without risk 

to the s tructure.

E XA M P L E  3

In the course o f the extens ion o f the docks  o f the  indus tr ial harbour at 

Ke hlhe im on the  Danube , built in 1977/78, it  was  planne d to construct 

a sheet pile  wall on the  east quay to serve as a quay wall. Dur ing  later 

extensions  it  would be poss ible  to re move  the  sheet p ile  wa ll by 

pulling  it out. Both the e xis ting dock and the  future  docks  are located

in the valley pla in to the  s outh o f the  Danube  be twe en Ke hlhe im and 

Saal.

The  ge ology o f the s ubs tratum was as expected, as s hown in the 

foundat ion dr ill hole  in Figure  7. The  section, seen from top to 

bottom, cons ists  o f a cohe sive  valley clay layer  that is under lain by 

Quate rnary grave ls  (sand, grave l, par tia lly organic and clay- like). 

Be neath this , at a depth o f 2.5 - 3 m  the  Ke hlhe im Lime s tone  is found.

These limes tones  dis playe d extreme var iations  in  hardness , jo in t 

de ve lopme nt and thickness , in both the e xploratory dr ill holes  and in 

the s ubse quent e xcavations . In general the upper  zone  having a 

thickness  o f 1.5 m cons ists  pre dominantly o f lamina te d and foliate d 

mar le y limes tone . This is  unde r lain by dark coloure d and gray 

limes tone s  in varying thicknesses , par tia lly as thin and par tia lly as 

thick layers . In one  section these limes tones  were  mis s ing comple te ly. 

The  jo ints  are ma inly  fille d with calcite . Cavitie s  found are forme d by 

karst processes and are very often fille d with soft Quar te mary 

mate r ial.

The  quay steel pile  wa ll projects  3 m  above  the pile  dr iving leve l as 

s hown in  Figure  7.
The  top o f the  chosen Larssen IH pile  had to be at an approximate  

he ight o f  342 m above  sea le ve l, after dr iving  the 10.0 or  10.3 m  long 

piles  approximate ly 7.0 m  into  the ground.

T he  pre vious ly me ntione d RSB te chnique  was  selected as a pile  

dr iv ing  a id for the lime s tone  layers . The dr ill holes  necessary were 

initia lly  spaced at a = 0.6 m and subse quently at a = 1.0 m. The  holes  

were charge d with 12 gr ./m de tonation cord Nitrope nta and de pending 

on the rock hardness  with 7 - 20 cartridges  o f Se is mo Ge lit  having a 

125 gr. charge .

The  dr ill hole  le ngth and charge  were var ie d according to the hardness 

and thickness  o f the intersected rock layers. This  was  achieved very 

s imply by continuous  obs ervation o f the respective penetration speed. 

It was  e s tablished that at rolle r  bit pe ne tration speeds o f 1 m/min the 

softer layers  were  present, while  through very hard layers  pene tration 

speeds o f 0.07 m/min were  me as ure d. As  cavitie s  and soft jo in t  

fillings  were  occas iona lly present in the basal zone  o f the sheet pile  

wall, it  was  necessary to dr ive  5 o f the 94 double  piles  a fur ther  1.5 m 

deeper.

The advantage s  o f the RSB te chnique , such as the fle xibility and the 

adaptability to the changing hardness  o f the  substrata could be fully 

ut ilize d in the cours e o f cons truction work, so that the sheet pile  quay 

wall c ould be  put in place  without  difficultie s , in a short space  o f time  

and with corre s ponding low costs.

E XA M P L E  4

In orde r to build  a flood control reservoir to the north o f Fulda, it was 

necessary to cons truct a 13.5 m high earth dam, sealed on the inside

sheeting 

Nr. U1

drill hole 

Nr. 63
sheeting 

Nr. 51

Blows per 10cm 
penetration

(Quart.)

borehole
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detonation
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3.0-
cartr i dges
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S.0-
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marley

thin layers

□ cavities

§3 laminated 
(thick layers)

sheeting type Larssen I I I  
L = 10,0 and 10.3m

Figure  6 : Cross  section fr om s ubs oil and dr iving re cord .
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river Haune

Rh'dn sequence 

Rhön Sandstone 

Eichsfeld sequence
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Spessart sequence 

Spessart Sandstone

As  it turned out  that the rock e xcavation was  more  d iffic ult  than 

calculate d, the  contractor sugges ted loos e ning the  rock in a limite d 

area by controlle d blas ting. This  was  accomplis he d us ing the RSB 

te chnique . For  this  purpos e , blas t holes  were  dr ille d in the middle  o f 

the projecte d large  dr ill holes . The y were  cased (diam. = 79 mm) 

according to the  previous ly me ntione d procedure  and charge d with 

de tonation cord "Supe rcord 40 " (40 gr. o f e xplos ive  per  mete r) and 

addit ional e xplos ives . A total charge  o f 1.4 kg pe r  dr ill hole  was  

dis tr ibute d over  a blas ting le ngth o f 10 m.

Afte r  the  d r illing  o f the large  dr ill holes , the  rock bridges  r e maining 

be tween the  holes  were  loose ne d by s hock blas ts , so that the rock 

could be  e xcavated without  d ifficulty  down to a depth o f 15 m us ing 

an e xcavating bucke t.

Figure  7: Transverse  section (Stratigraphique)

(see Fig. 8 ). The dam site and the basin its e lf lie  100 m east o f the 

Bebra- Frankfurt railway line , c lose  to the town o f Marbach on a 

tributary o f the  r ive r Fulda. Ge ologica lly  s peaking, the  build ing  site is 

located in the Fulda Be rgland which is  pre dominate ly made  up o f 

rocks  o f the Burner  Sands tone  and the Tr iass ic Mus che lka lk. T he  

uppe r Permian Zechs te in formation with clay and dolomite  layers  and 

up to 300 m thick We rra rock salt formation are fo und  be low. The  

middle  Bunte r  sands tone  is found at the dam site unde r  a 4.0 m  thick 

layer  o f Quate rnary cover. Core  dr ill holes  and the a tte ndant dr ill 

sections  s howe d that in the area o f the da m wall rocks  o f the  Rhon 

sequence  have  been faulte d agains t rocks  o f the Spessart s eque nce  

along a WNW- ESE fault (see Fig. 7.).

The outcr opping Bunte r  sands tone  are ma inly  me dium graine d, 

pre dominantly fr iable  with argillaceous  layers .

The  W D tests carried out to de te rmine  the  pe rme ability o f the  

s ubstratum, s howe d that the Quar te rnary cover  is  very pe rme able  and, 

in par ticular, wate r  losses in  the  middle  Bunte r  s ands tone  fo rmation 

are very cons ide rable . Conse que ntly, the da m wall s ite  and the  dam 

floor  its e lf w ould  have  to be  sealed.

T o prevent direct under  seapage at the base o f the  da m w a ll a 0.65 m 

wide  dia phragm wall was  cons tructed us ing a s ingle  c ompone nt 

process with a  clay and ceme nt s us pe ns ion, to a depth o f 15 m  at an 

altitude  o f 255.0 m above  sea le ve l, according to the  fo llow ing  

procedure:-

- The  s lit  wa ll was  divide d up into sections  in the dir e c tion o f the  

dam axis .
- The  le ngth o f the  sections  was  ide ntical with the  s pac ing betwe en 

the  large  bore holes  with a diame te r  o f 0.65 m.

- The rock bridges  between the 14 m deep large bore  hole s  was  

intended to be  remove d by r ipping.

- A clay- cement s us pens ion was  used as the filling  and s uppor t ing 

me dium.

By means  o f both the dr illing  o f holes  and r ipping  away o f the  rock 

bridges , it s hould be guarantee d that the  rock s ubs tratum is dis turbe d 

as little  as pos s ible  and that no additional seapage pathways  by means  

o f joints  were  created.

With  the a id o f the ultrasonic impuls e  procedure  applied by Chr. 

Ebers tadt and B.K. Maye r  1983, the  effects  o f the blas ts  in both ihe ir  

width and the ir  de pth could be che cke d. The  two crite ria applie d, 

which were  used to measure  the change  in poros ity o f the blas ted rock 

are as follows :-

- The  decrease  in the ve locity o f s ound in s olid matte r  with direct 

ir radiation o f ultrasonic waves .

- The  atte nuation expressed as the  re lations hip o f the amplitude  o f an 

os c illa tion to the amplitude  o f the fo llowing os cillation.

T he  me asure ments  s howe d the following:-

- Wid th  o f zone  dis turbed by the blas ting was  b = 0.5 m  on both 

sides  o f the  axis , g iving a total width B = 2 x b = 1.0 m.

- De pth o f the  dis turbe d zone  T  = Z + 0.5 m  Z  = loading  depth

The  blas ting cont inuous ly carried out before  the  excavation enabled 

the  output o f the  e xcavation e quipme nt to be  more  than double d. The 

d r illing  capacity o f the  large dr ill holes  (d = 0.65 m) could be 

increase d fr om 2.0 - 2.5 m/hour  without blas ting to 8 m/hour  after 

blas ting.
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