BGMS(Tech)/(S&T) Cicular Mo, e

To
Qwnersifgents/Managers of all Mines

Subject: Damage of structures due to blast induced ground
vibrations in the mining areas.

Li Intoduction

I response to increase demand for coal and oller minerals, a number of laige
mechanised opencast mines have come inlo operalion. Some af lhese opencast
wuoikings are laoaled near suillace shuclures like residential buildling s, schaois,
conunerical shops, hulments wilh luge number of inhabilanls ele, Whenever
blasling is done in lhese opencasl mines, ground vibralions are generaled
oulward from the biasl aea and cause damage lo surounding surface
structures. The vibralions radialing fiom the blast holes while passing through
surface sliuclures, induce vibialions on the slruclures causing resanance. Tha
compenents of ground molion can allect the slruclures through comprassion and
lension and alse hrough vertical and horizonlal shearing elfecls. Blasl induced
ground vibralions creale sociceconoimic problems for the mine managemenls as
well as v uople residing in vicinily of these mines. As only 20-20% of energy
of commencial explosives used in the mines is ulifised for fragmenting (he rock,
the rest  of eneigy is transmilled through the earlh in the form af ground
vibralions resulling In damage lo the surrounding struclures.

2.0 Damage eri

The peak particle velocily has so far been considered as the best ciilaion
for evalualing blast vitwations in lenns of its polential lo cause damage. The
exlgnsive sludies on he probloins have established that the frequency of he

- waves is also equally inpratant facter lo consider he ellect of damage.




The blasling damage is generally classilied into following four calegories |

Sh-No. _ Category Description of damage

(1 No- - No formalion of noticeable cracks
appreciable
damage

(i) . Threshold Formation of fine cracks, fall of plasler, opening &
damage lengthening of old craclk:. ‘o -:ening of joints, dislocdging

ol loosc cbjecls elc.

(ili) Minor " Superlicial not alfecling the strenglh of struclure(s). IHair

damage ~ line cracks in-masonary around openings near parlition,
- broken windows. [Fall of loose mortar elc.

(iv) Major [Formation of several large cracks, serious weakening of

damage struclures, shilling of foundalion, fall of masonary,

ruplures of opening vaulls ele.

3.0 Natural Frequencies

Elements of building conslruclion such as sprung floors, slud parlilion walls,
ceilings and windows can all react as mass-spring systems, each wilh ils own
natural frequencies of about 4-24 Hz. (low [requencies). Ground vibrations at
these frequencies amplified by the struclures increase the risk of damage. When
the low frequency ground vibration coincides with the nalural frequency of he
slruclure resonance is originaled. = The resonance is a slale in which the
structure absorbs most energy progressively becoming deformed wilh time, unlil
plaslic deformalion occurs. Therefore even (he low peak parlicle velocily of
ground vibrations at natural frequency of slruclures is more harmful to lhe

structure. Nalural frequencies of brick and concrele struclures generally vary
from 8-16 Iz.

4.0 _Si!.;LigLLJ.LalJEgl; onse’
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Al slruclures develop cracks from natural causes like periodic changes in
humidily, lemperature and wind velocily. Changes in soil moislure cause
foundation cracks, The width of old cracks change seasonally and number of
crcacks increase wilh the lime. This damage is independent of damage caused
by blasling. ' .



) The ciacking localion and the wall materlal have an Inffuence on (he
parlicle velocily st which cracking begins. [T the enlire struclure is not inspecled
thoroughly, there may be chances of biased opinian on the type of cracks. Thus,
Al is important lo place lransducer properly for lhe correct assessment of

-damage.

1 .

In the mud houses, number of cracks develop before blasling and these
cracks widened and gel exlended wilh lhe passage of lime. These cracks are
further widend and gel exlended due to blast induced ground vibrations.
Concrele-struclures vibirale for longer duralion than brick and mud slruclures,
Concrele walls have free lop and show no cracks at vibralion levels for which
mud and brick walls can damage. Cracks develop in concrele walls wilh loige
vibralion level. Cracks in bifck- slruclures can be observed at junclion of walls,
roef and at window corners, Brick walls with clay martar and cemenl - sand
mortar behave in same fashion. Sleel struclures can sustain more vibralion
level. :

The magnilude of vibralion on struclures is much more than on the
ground. Duralion of vibralion in slruclure is also longer than thal of ground
vibration. Mulli-storeyed buildings are more sensilive lo blasl vibralion than he
single-sloreyed buildings.

To predict the extenl of damage and lo lake prevenlive measures, il is
necessary lo measure ground vibralions due to blasling. Sludies on slructural
response of ground viliralion in the slruclues of different conslructions within the
mining areas under Indian condition are limiled and herefore’ such sludy shoult!
be carred oul lo asceilain the degree of damages for Improvement and
slandardisation of damage crileria under Indian conditions.

5.0 Measurement of hlast induced ground vibrations

5.1 Instrumentation

The inslrumenl selecled for moniloring blast induced ground vibralion
shall be simple, light, compacl, easily porlable, ballery operaled, digi
oulput, lriggering by geophone, elc. Triaxinl lransducers for recordjng biasl
vibration shall have a linear lrequency uplo S08°Hz and capable of recording
parlicle velocily upto 108 witnds, 250




52  Methodology

The Uansducers shall Le placed near the siruclure on Ihe solid
undisiutbed ground and should be placed well in conlact wilth the ground. For
stiuciural response, the ransducers shall be placed horizonlally over the wail,
ftoors and ceilings. A minimun of 15 poinls of observations corresponding o a
minlmum ol 14 blasls sl]all be made luf beller, pred|cl|on willy a high  index of
delerminalion.

5.3 Prediclor Equation

The least means squiie melhod of regression analysis shall be used 1o
interprel the dala, The sguare rool scale dislance shall be used for analysis and
interpretation of dala when blasling is done on surface and measwemenls are
taken on the surface; or the blasling is done underground and measwements
are laken underground. On lhe olher hand, if blasting is done on the surface and
\he measurements taken underground the cube rool scaled dislance shall be
used
6.0  Guidclines on EXi){_IHHc“ tal blasting

6.1 Faclors

Major faclors alfecting partical velocily of ground vibration are lype and
amounl of explosive charge used, dislance from the charge [o lhe poinl of
observalion (surface slrucluies), geological, structural and physical properlies of
the rock thal transmils the vibrations, heighl of slruclures and blast geomelry.
Use of sale charge/delay, in hole gelays wilh non-eleclric initiation systems,
proper burden, inclined holes in confinnily wilh slope of bench, deck chage,

" airdeck , sequenlial blasling, clearing olf lvoze pieces of rocks from Lhe blast sile |
and preper slemming of holes biing reduclion in blast induced ground vibralions,
Conlrolled blasling methads in conjunclion wilh elfeciwe muﬂlmg of holes will
control ground vibralions and also arrest fly rock.

6 2 Plan X .

A plan showing slruclures belonging to the owner.and not belonging fo
lhe owner in dillerenl prominenl shades should be prepared. The plan shall
incorporale delails of conshuclion of lhe slruclures in g tabular form. Plan should
also show 50 1, 100 m, 200 m and 300 m zones from the siruclures, the place
of experimental study and the linit upto the which blasling is proposed lo
cunlinue.



§.3 Ia‘l'm.f};'fuf;sarvur:'mrs'

In a particular mining aea wilh buill-up  struclures © where deep hole
blasting is lo be inlroduced for the tirst time, experimental blasting shall be
carried oul by any resemichfocademic instilule much before the sliuctures fall
willin the blasting danger zone, The 1ype of instruments, the melholodogy and
predicior nonm as recomimended in para 5.0 shall be followed in measurgment of
blast Inducar vibralions. Based on lhe sludy, lbe sale charges for dillerent
zones shall be delanmined and recommendalions made in lhe repail. In &
clusler af buildings of dilferen| lypes exisling close lo each olher, the sale charge
for the bildingsfsiruclines woquiring grealer protecllun ﬂg'unsl damage shall be
assessed and recommended.

8.4 Strucltural response

Buring the study the response of the struclures assuming dilferent nalural
frequencies should be caloulaled and plolled on a Nigure, Sallwares wilh the

© dillerent programmes are available now ior the said plat and “should be used lor

i

colvenience.
8.5  Monitoring

I order lo ensuie elleclive control over he vibralion and relaled damages
there is a need of regular inhause imenitoring and the managements should lrain
the Llasting personnel duting the expaiitnental sludy and slait observations on
their own duiing the regalar Liasting operations. .

7.0 Recommanded pennissible
grovund vibralions

T4 Technical considerations |

Permissible slandards fur dilferent lype of sliuctures have been arrived at
considering the imporlance of buildings and strugtures.  The buildings of
hislorical imporlance and nulli-sloreyed struclures are likely o el damaged
with low level of vilration and herefore permissible standards are o be lowesl.
Similarly buildings nol belonging to the owner but wilh mud/brick  in cement
construction and olhers wilh good construclion { RCC and ramed struclures)
should also be prolecled bul higher peimissible standards than that of the level
ligod for first calegory has boen allowead,



“The buildings belonging lo the awner of tho mine are constructed lor a
limited period generally equal lo lhe lile of twe project. The managemenl accepl
thal these buildings conslructed wilhin the mining area are likely lo suller some
damages ‘during the extraclion of minerals. bul the damages should be
repairable.-Therelore, slightly higher penmissible levels of vibralions have beon
allowed in such cases, : " :

7.2 ' Permissible standards
Depending on {he type of structures and the dominant excitalion frequency, lhe
paak parlicle velzcity (ppv) on the ground wmdjacent lo the sltruchures 5I1nll not
excead the values given below in he table.

2 Tahle : Permissible Peak Particle Velocity {ppv) at the foundation
: level of structures in Mining Areas in mmis

-'__I-gpo of structure | _Dominant excitation Frequency, Hz

| <81z 825 i'lz " [=25'Hz

| {A) Buildings/structures not belong to the owner

{I) Domeslic = houses/siruciures | 5. 10 15

(Kuchha, Brick & cement) E : ol
(ii) Induslrial Buildings 10 20 25

RCC & Framed slruclures}) :

(iii} Objecis of hislorical importance | 2 5° 10 _ .

& sensilive struclures : R o

wier with limited span o

asmomnns a2 Moan

(I} " Domesiic | housesisiruciures 18
 {Kuchha, brick & cement)

(i} Industrial buildings 15 25 50
{RCC & lramed sliuclures)

I weiw of comlexilies of the problems | hope you all would take adequate
measures as recoinmended above (o enswe thal the blnsls mode near suilace
slruclures are carried out wilh, ulimost care and precaulions. The blast induced

-~ground vibralion should be wilhin (he pennissible limils as specified above,
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(V. Mahajaiy)
Birector General of Mines Salely

ST e e




