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Strengthen ing Foundation by
Underwater Explosive Ram
Shan Hongxian Jia Yonggang L iu Hongjun L ei Kun
(College of M arine Geoscience, Ocean U niversity of Qingdao, Qingdao 266003 China)
Abstract U ndemw ater explosive ran is adopted to treat the foundation in the project of petrochemical dock in

L anshan harbor.

Feasibility of this kind of foundation reinforcement method in the project of petrochemical dock in

L anshan harbor is discussed based on the analysis and comparison of the difference of sea-bottom elevation, physical

and mechanical propertiesof sedments before and after explosive ram tests T he rational param etersof explosive ram

are designed acoording to the result of the test The quantitative data of undemw ater explosive ran are offered for

large scale strengthening foundation of petrochemical dock in L anshan harbor.

Key words undemw ater explosive ram, strengthening foundation, paranetersof explosive ram

Category TU 472 9 A

1 Introduction

L anshan harbor of Rizhao city is located in
utheast seashore of Shandong Province, China A
dock which can deliver fifty-thousand-ton liquid
products of petroleum and chemicals isplaned to be
built in the harbor The dock is about 615 145 m
long Itstop surface is 16m wide The base surface
of its foundation is 23m wide The elevation of its
top surface is13m above Yellow Sea The elevation
of its foundation base is-1Q 7m. The dock belongs
to gravity dock The thin-wall cylinder structure is
adopted in the dock, and it is classified as primary
buildings The construction requires that the ground
bearing capacity of supporting layer is greater than
240 kPa

The strata of the quasi-engineering area consist
of marine-deposition stratum Q% (including two
strata muddy mild clay and ocoarse gravelly
#*" (including
mild clay and  clay), and the fully
w eathered granite-gneiss beneath A coording to the

sand), terrestrial deposit stratum Q
two strata
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features and physical and mechanical properties of
these strata, marine-deposition stratum and the
upper stratum of terrestrial deposit stratum do
not achieve engineering requiranents, the
stratum and or the weathering stratum of the
bedrock should be selected as supporting layer
Extensive excavationw ill be very difficult due to the
deep water in working area (greater than 10 m).
Thus undemw ater explosive ram is adopted to
stabilize upper strata, in order to meet engineering
requiranents

2 Design parameter sof explosive ram

The undemw ater explosive ran adopted to
stabilize foundation is one of the new methods of
foundation treatment The newv method is in the
period of researching and discovering and doesn't
take part in relative standards of harbor engineering
technique!™ *. design
rational paraneters and offer quantitative data of
explosive ram, fiveworking sections are selected for

test firstly. The sites and parameters of explosive

To understand feasibility,
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Tablel W orking section of underwater explosive ram

Explosive ran paraneters

W orking Working e "
section No. section \y igth A rea /MM Unition Suspension  Spacing Ammunition Total  Exploson Explosive ran  Riprap
positon/m 4 2 Substance height/m interval/m No anmunition  intensity times  thickness/m
/kg /kg /kg: m” 2
0+ 220 Non riprap
X
I 0+ 240 30 600 20 2 5x 5 15 300 Q 50 1 filled
0+ 210 Non riprap
1 4% 4 24 21 72 1
I 0+ 220 30 300 9 5 6 Q filled
0+ 200 Non riprap
I 0+ 210 30 300 6 1 3x 3 30 180 120 2 filled
0+ 190 Non riprap
v 0+ 200 30 300 6 1 3x 3 30 180 Q 60 1 filled
0+ 164
X
\Y o0+ 184 20 460 20 2 5x 5 20 400 Q 87 1 10

Note The anmunition No. and total anmunition point to total utilization of 1 time explosive ran in IIlW orking Section

The explosion intensity points to total utilization of 1 and 2 times explosive ram in [II W orking Section

In the
five sections, analysisand comparion in six agects
aremainly carried out:

In section I, II and IV, compare influence

ran of these test sections are listed in tablel

of different quantity of explosive ammunition

(weight of singe ammunition) and different
sugpension height on explosive ran effect, with
same times of explosive ram and same riprep
conditions

In section III and IV, compare influence of
different times of explosive ram on explosive ram
effect with same quantity of explosive anmunition
and riprap conditions (non-riprap).

In section I and III, compare influence
extent of quantity of explosive ammunition and
timesof explosive ram on explosive ran effect under
the condition of non-riprap.

In section I and V, compare influence of
riprap thicknesson explosive ran effect, with same
quantity of explosive anmunition

In section IV and V, ocompare influence
extent of quantity of explosive ammunition and
riprap thicknesson explosive ran effect, with same
timesof explosive ram.

Comprehensively analyze and compare the

resultsof all sections

3 Analysis on effects of underwater
explosive ram

Conduct undemw ater explosive ran in each

section according to designed parametersmentioned
above A fter undem ater explosive ran, its effects
are exhibited in two agects of changes of
foundation strata The first is deformation and
subsidence of sea bed, that is,
compressed and subsided; the second is changes of
physical, mechanical properties and bearing capacity

the foundation is

of the foundation
3 1 Analysisof s bed subsidence after explosive
ram
In each section,
was measured by depth sounding bar and depth
ounding hanmer; adopt the fomward intersection
method w ith transit instruments to fix positions and

the w ater depth of offshore

erected level instruments by the shore to read

A ccording to the measured sea bed elevation of
selected section before and after explosive ran,
decide deformation and subsidence digplacanent of
sea bed The changes of sea bed before and after
explosive ram are shown in figure 1(each section in
figure includes Gm range of both sides), and the
statistic survey table of subsidence digplacanent is
listed in table 2

It can be concluded from fig 1:

A fter explosive ran, the sea bed of each
working section remains or becomes more flat and
snooth compared to that before explosive ram. The
results show that explosive waves affect the sea
bottom in the fom of planew aves, and their action
to strata is relatively uniform , which isfavorable to
further construction
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Fig 1 Sea bed profile of eachworking section before and after explosive ran
In sectionsof non-riprap (section 1 to IV), different extent (about Q 3m high) after explosive

the ground surface that is within 5 m-range of ran. W hile in riprgp section of section V, the
margin of most explosive area has uplifts of uplifts in margin area are relatively weak This is
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because that in non-riprap sections, explosion more
intensively affects the sea bottom surface, and
makes it squeezed, thrown and then form uplifts in
margin area In riprap sections, the bedding cushion
is thick and the diameter of riprap is relatively large
(about 20 50 an). It can absorb a great deal of
explosive energy, 0 themargin areas do not svell
apparently compared with those before explosive
ran. Therefore, riprep is very favorable to later
construction

The table 2 show s that, the effectsof explosive
ram for section 1 and III are quite good It is after
two timesof explosive ran that section III achieves
the result Based on the analysis and comparison of
subsidence digplacement of test sections, it can be
that

substance and

found the quantity of singe anmunition

riprap greatly
influence the subsidence digplacanent or the extent

thickness most

of foundation compression of foundation, and the
times of explosive ran and sugension height of

anmunition range do it secondly. In tems of

analysis of of the

foundation, in designed param etersof explosive ram

subsidence digplacament

of test sections, parametersof section I aremore
economical and rational, and the effects are quite
If the riprap bedding cushion
the quantity of ammunition substance or

good, either is
chosen,
timesof explosive ram must be increased
3 2 Analysis on and

changes of physical

mechanical properties before and after
explosive ram

M ain physical and mechanical parameters of

test sections before and after explosive ran are

listed in table 3 The mprovenent anplitude of

physical and mechanical propertiesof test sectionsis
listed in table 4 after explosive ram.

It can be oconcluded from table 3 and 4 as

follow s

muddy mild clay ispushed off and not be

ocoarse gravelly sand

mild clay in all sections

found in working sections
in section I and V and

are mproved gpparently. - 1 the upper of coarse

Table 2 Statistic survey table of sea bed subsidence displacenent of each section before and af ter explosive ram

Survey elevation

Survey elevation

W orking Explosive of sea bed of sea bed Sea bed average Initial thickness Percent of
. . . . settlenent of compressed
sectionNa ran times before explosive after explosive . the settlenent/%
/am wil layer/m
ram/m ram /m
I 1 - 11 64 - 12 07 + 43 3 60 12
I 1 - 11 83 - 11 98 + 15 3 60 41
1 - 11 69 - 11 94 + 25
a 2 - 11 82 - 12 04 22 360 13
v 1 - 1165 - 11 93 + 28 3 60 78
V 1 - 10 98 - 1121 + 23 3 60 61

Note The compressed il layer points to coarse gravelly sand sean and mild clay. The percent of the settlenent points to 2 explosive ram
times of [l working section

Table 3 Camparison of physical and mechan ical property parameter s before and af ter explosive ram

Before explosive ran

Before explosive ran

Coeffi-

Working . Angle of c?Oacfl_fl\/l odulusof SPT Standard ) ) Angleof cient of Modulus  oor giandard

section Soil Void L cient o ) Soil  Void . )
.~ Cohesion internal compress- blow bearing .~ Cohesion internal compress: blow bearing

No layer ratio . compress . . ; layer ratio L L L compress ;
c/kPa friction ~ . . ibility  count capacity c/kPa friction ibility . " ocount capacity

number e e ibility Es/M Pa N /kPa nunber e Y ars ibility N /kPa

a2 M Pa A4 Do 1 EsM Pa
a

I 36 Q7 120 36 200 250

Q 660 72 20 2 Q 27 6 46 10 6 190 Q 667 816 19 2 Q 22 8 30 11 0 260

-1 30 10 140

I Q660 72 20 2 Q 27 6 46 192] 76 igg 2 33 14 4 180

Q637 859 20 4 Q14 11 5 11 7 270

-1 30 10 140

IH Q660 72 2262 Q27 646 1% 76 158 2 35 183 200

Q679 988 20 2 Q 19 953 106 260

W 35 a7 120 27 24 20

Q660 72 202 a2z 6 46 16 190 Q728 701 19 4 Q 19 9 55 12 3 270

v 36 97 120 :; 33 14 4 180

Q660 72 20 2 Q 27 646 106 190 Q619 856 19 6 Q 16 10 5 14 280

Note  -1point to coarse gravelly sand seam of loosening, -2 point to coarse gravelly sand sean of medium density.
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Table4 Extent of mprovanent of principal mechanical property for each working section af ter explosive ram

Principal mechanical property index

Working Soil layer

Section  number V(?id Ainrlzlri;f Cohesion Coefficient of M odulus-o-f-wmpre- SPT blow Standard Pearing

ratio e triction c Compres-sibility ssibility ocount capacity

I light 106% 108%
light light 14% - 18 5% 28 5% A little increase 36 8%

-1 light light light

I -2 L ight 48 4% 50%
light L ight 19% - 48 1% 77 1% A _little increase 42 1%

-1 L ight light light

il -2 L ight 88 6% 66 2%
light L ight 37% - 30% 47 5% A _little increase 36 8%

-1 L ight light light

IV -2 L ight 152% 108%
light L ight A littleminus - 30% 47 6% 16% 42 1%

v -2 L ight 54 6% 50%
light L ight 19% - 40 7% 61 5% 32 1% 47. 3%

ooarse gravelly sand in section Il to IV does not
reach good explosive effect

A fter explosive ram, among the mechanical
paraneters in test sections, the internal friction
angles of gravelly sand and mild clay do not change
much, but cohesion force increases, w hich indicates
that the explosive ran is effective to mprove the
shear strength of foundation il

After explosive ram, among mechanical
parameters in test sections, the bearing capacity of
gravelly sand and compressible modulus are all
increased violently, which indicates that the
explosive ran produces good effects to increase the
stability of sand foundation and clay foundation,
and to reduce the subsidence of clay foundation

mprovanent extent of mechanical property
in section I and III is greater than that in section
IV. In section 1, after explosive ram, the bearing
capacity of upper stratum met the requirenent of
the project of petrochemical dock

harbour.

in L anshan

4 Conclusions

In the point of subsidence of sea bed surface as

well as physical and mechanical properties

repectively, the effects of under water explosive
ran are analyzed and following conclusions are
obtained

A fter

explosive ram, gravelly sand

foundation and clay foundation are significantly
stabilized, and their bearing capacity is markedly
increased T herefore, adopting  undemw ater
explosive ram to stabilize foundation in the area is
effective and feasible

A coording to the analysis on subsidence of
sea bed surface, changesof physical and mechanical
property,
section [ are the best, section III takes the second

place nd the effects in another sections are general

the foundation stabilization effects in

In explosive ran oconstruction of working areas in
w hole dock, the explosive ran parametersof section
[ should be chosen That is,
anmunition substance is 20 kg, sugension height
of anmunition 2m and the interval 5x 5m. The
explosive ram ismade for the first time under the
condition of non-riprap, then the stone about 1 m
thickness is ripraped, and the explosive ran ismade
for the second time

the quantity of
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