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DEMOLITION OF AN INDUSTRIAL BUILDING 

Case History: Pari7ani Ponte 1.iehig 'ipa Pactory in Perugi~, ltaly 
by Rolwrto Polclii 

Mining Erigineer, Consiiltant, Ronic, l~aly 

ARSTRA(3T 
'l'his arriclr drtils nyith the  dcii~olitirin cif 311 ii~dustrial 

sinicLurc. 3t Parizlirii Ponte Uebig S p 3  pahh fac~tiry ii-i l'onte 
San Giovanni, Periigia , Ita ly. nsing ex1-ilosi\-cs. 

Tlie struclurc was l i~ i i l t  i i r i  top cif LI preexisring cinc and 
m7as siirrtiiindcd Iiy slrerls aricl civil rii~d iriclustiial I-iiiild- 
ings. 

Dernolition woik va5 cxcculecl \vidi controlled I'iltistixig 
techniclues. Pre~iiiiirins liad tci lic t;ikcn to s~feguard 
pcuple and thr static itiicgrir 1- oi' ncigliliciring structures 
and tlie serisitivity of tecliriulogical hystcrns in tlie I';ictoy. 
l'articubr care also had to 17e 1:iken. ho~ki in prcijcctirig and 
cxrcuting dic. work, 1'iec:iiise iht. si ruclurc lri tic deniol- 
islicd liacl previously been riatiiaged kiy firc ailcl was in 
prec~rious condition. 

1NmOI)'IJCTIoN 
[n cirdrr tci niodeniize tlie Panzani 1'ontc Licl~ig Cpa 

pash iactory at Ponte Cari C;i«vanni, Pcrugia, ;i plan was 
irnpleinc.ntecl ro deriicilish stiriit. struciiires tliai wcrc no 
longer functicinal. 

Tm7o lxiilriings ciriginally Iici~ising offices, pasta rnak- 
ing and confrctioning ;i(-iiviiirs \\ cre scheduled for 
derntilitioil. One was in prec:arious conditicin due to 
damage causcd l i y  a fire (stslictilre A in fig. 1). TI-ic 
t'iuilditig's height, clrisc prcixirriity to other stnicturcs, 
streers and technological systcrris createci the necessity rif 
using controlleti blast ing ~ccfiniq~ics tu execute derriolition. 

A s  a matter «f F~c:t: iiicclianical clerriolition wtis cori- 
siclered and excliicieci hec::iilse or tlie Iiigh ricks of prirning, 
demolition and iiriwanted kincm;itics in tke frarne. This 
ctiuld Iiave caused hig danger foi. iIic macliine operators 
and could have left lhe frarnc in even more critica1 
condition. 

Tlie other hiiilding (huilding 13 in fig.1) uas lower and 
in better crintiiticin Ti  was lat cr dcrrioliskied with hpdraulic 
hamniers on I'itickhoe excrivatcirs. Tl-ie n-i>i.k was cxccutecl 
by Eco Cave S N ,  a demoliririri c-cintraclor o f  I'cr~igia. witli 
yciur a~ilkicir actiilg as a comt~ltznr for the ccintrtillcd 
hlas~ing. 

STRUCTURE T 0  BE 
DEMOLISHED WITH EXPLOSIVES 

The str-iicturt. to hc dc.iiiolislicd was 3 reinforceci 
concrete iridiistrial hiiilding. Thc huilding fKimc was mncle 
m<th precast pilasters and lwti (tlircc in ttic eastern side) 
Ievels of resting bearns (orthogcinal [ c i  lhc longcr sicje uf 
the springirig area). Ciirtaiti walls werc madc cif reinforcc.cl 
concrete panels attached to the  frame. 

?he springing area was ahoiii 1'700 in2 and lkie Iiciglit 
' was 19 m C2 j,\l in tlie eastern side). Thc static ctindilic>il cif  

the structiire appeared deeply ccitiiprtimisccl hy ~ h c  fire. 
Severa1 floors had caved in - no Iongcr alilc ici 

W ithstancl the weight of riiaclunery. Tl-iose fltriorh left 
standing were severely berit and coverrd with wr~:c-kagc.. 

STRUCTURES AND TECHNOLOGIW SYSTEMS 
T 0  BE SAFEGUARDED 

'1.1-ic elevateci building B consisted ci f  a ihree level, 
rcinforccd concretc frarned stnicture. It was also ciarnaged 
hy ihc firc and was iater clemolislied. 

Othei. stnictures ihai neccled safrguarding in the 
factory area mTcrc: silos Isoinc o f  tliem were ery thin and 
up to 40 m high): niills; machines fcir rnaking, drawing and 
confecticining pasta: transforiiiers and power ' ~ 5  -:; me- 
diiirn vciltage iron frarnewtirks; wareliouses; and civil 
huildings (fig. 1, pholos 1, 2. and 4) .  

I The nearcsi residential buildings outside the factory 



were two leve1 houses on the west side (fig. 1, photos 1 
and 4). About 80 m west was a liusy strcci. 

Table 2 .I 
Lirnits Adopted For Peak Ground Velocity V, (mm/s) 

I I 
-- I 

THE CONTROLLED BLASTING PROJECT 1 / Buiiding Mass Impact 
- -- 

Genera1 Residential ! 20 
In the blasting project, panicular care was taken to 1 / Industrial I 30 lo 1 50 1 

keep sekrnic transient (the blasting and falling masses 1 I- !I 
induced upon ground irnpacl). air civerpressures and 
flying concrete fragments m~ithin iafety limits. 

'Ihe projcct cibjectives were: - preliminary works to facilitate tlie razing of the structure 
and to rnake the explosives charging easicr and cluicker; 
pulling down kinematics; 
safety limits to be achirvrci and estimatcd values cif 
induced grourid vibrarion, air riverpressurc and thrown 
concrete fragments; - blast munds (explosives typcs and amtiunts, detonating 
cord, detnnators and charge ignition sequence). 

SEISMIC WAVES INDUCED BY 
MASS IMPACT AND EXPLOSXVES 

Expectcd ypiund pcak particle velocity " V w " ,  
versus distance from impacting mass Ixrycenter "R," was 
estahlished rcferring io the following decay law (power 
regression or values induccd hy the impac-t of a 14 levels 
building axially fallin 
v ~ i \ x  = l(i73 R - l . f i : ( V W  Imiii/sl; R [m] j. 

Predciminant frequency of the seismic transient was 
expected to he between 7 and 7 Hz in the 30 rneters rangc. 

Expected ground peak pat~icle velocity, induced by 
cxplosive hlasting. versiis scaled distance "SD", was estab- 
lished referring tci the following decay law: 
VMAX = 240 I S ~ ) " ~ . ~  (V- Irntn/sl; SD [rn/kg0.51) 
Predominant frequency of tfie seismic transicnt was cx- 
p e c ~ d  to he higher than tliat incluced, at thc same 
distance, by rnass impact; it was ctinsiclercd tci  he between 
50 and 100 Hz Ipropagation rriedi~ was a ctinglomerdte). 

smm LMWS FOR PEAK GROUND V E L ~  
Because of the lack ci[ spccific natitinal wgulations 

and standards, tlie saiecy lirriits Cor ground particle velociry 
induced were adopted hy I>IN 4150.1183, Germany (table 
l). 'Ihe difficult predominant frrqucncics of seismic tran- 
sient ~nduced hy blast and mass impact triggered adription 
of two different safeiy liinils hoth for residential and 
industrkal buildings (iat~le 2). 

r-- - - - - - -  Table I I 

A pcak velociv of 20 mm/s was expected at a scalcd 
dishncc "S1)" IR/QO.~)  lower than 3 m/~p ,O+~;  a peak 
velocity of 50 mm/s was expected at a scaled distance 
lower than 2 rn/Kg0.5. Maximum charge "Q" allowed to be 
hlasted per time delay at various distances "R" frcim the 
shot was, therefore, not tr i  exceed Q = (~/3)l/~ kg for 
residentiai buildings and Q = (R/z)~/~ kg for indiistrial 
buitdings. 

m OVERPRESSUItE 
Expected air overpressiire peak value "AOP" induced 

by explosivcs hlasting, versus scaled distance, was estab- 
lished referring tri the following decay law: 
AOP = 2.5 IAOP [lb/in21; SD 1ft/lb~+51) 

I'he ovcrpressure lirnit value was estaMished bclciw 
151 dB ac a distance of 20 rneters from the stnicture tri be 
demolished. 

CONCRETE JXAGMENTS THROWN 
Thc safety distance for fngment tluow was cstah- 

lished tci be greater diari 100 meters. In any case, the 
boundary piiasters were covered witli pieces of thick 
ruhtwr helt {the one ernployed in the rock bclt crinveyors). 

XMPOSED KINEMATICS 
Since there was a large yard in iront rif ~ h e  huilding, 

it was decided to direct the falling debris into this area. 
13last rounds were plarmed so as tci errate a load redistr- 
hution in the building frame so that on explosion, the 
buiIding would rotate toward that yard. Because there 
were structures in close prtiximity tn hoth the east and 
west sides (a power siaiion and a rnediuin voltage iron 
framework 13 meters frrim ihe east side which was 25 In 
high and a warehouse 6 meters from the west side which 
as 19 m high), the east und west sides of the structure to 
be razed were fnrced tci slightly rotare toward the stnicture 
center. 

BLAST ROLJNDS 
Explosives charges were piaccd in prcexisLing pssing 

hciles in the pilasters (hole diameier "0" was of 60 mm, 
photo 5) .  Drilling new holes was much too dangerous 

DIN 41 50, t983 (GERMANY) l l because of the siructures critica1 stabilty. 
Safety Velociiy (mm/s) for Different Constructions 

.. Leaned charges were employed to iracture ihose 
secticins o f  pilasters without preexisting hnles. 

Expl<isives employed were: 
high njtrogiycerin content clynamite "GELAVNA 1" 

Industrial 20140  40+50 1 tuhular charges 0 50 mri and "GCIMMA A" rectarigu- 
Residential 51 15 15 T 20 larly shaped 0.5 Kg (by ITALESI-'I.OSM, Ttaly); 

3 1 8  8+10 
..-P detonating cord (12 grdmS of pentrite per meter, by 

(') For Frequencies Higher Than 100 HZ Safety Lirnits of 100 HZ TTAT.ESPI,OSIVI ); 
Can Be Adopted 



electric 30 nis dclayed det~ri~itoci (hy I~\T\IL%~l'l '  NO13E1.. 
Germanyj. 

In-hole ch:irgcs m-ere riiaclc. o f  ahciiit 0.15 Kg of 
dynamite sternrricd with r:lay. To reducc charging tiiiie. ilic 
charges werr [il-ccrintecticririecl i11 a c:iritidge niriclc cif a 
PVC pipe \\itEi 60 intii rxplosivc :il r.enter »I tlic pipe 
and tiriipirig clay ;il 130th encls. -l'iir. c.uplosive ch~irgc w;is 
priinrd 1 3 ~  detoni~ig crircl (fig. 3). l'liis cxplosivti cartridgc 
cuuld cl~iickly be phccd in tlie lioles. 

- 

Pilasters oE tlic fifth and last row (frcirn V1 tci V3) were 
fr~ctiired with 3 in-hole ancl 1 facing cliarge, 10 make 
hinges. 

Abciu180 kg of explosivc were distriliuicd in aboiit 370 
iti-holc and 60 leancd ch:irges. 

Charges were seyuentially igniled starting fi-om the 
ccntr;il pilastcrs o f  tl-ie first row. Time delay incrcased frorn 

l L ~ C  first to the lasl row and ircirn the center t o  ~ h t i  side 
pilastexs (fig. 4.) 

huildirzg ,,A dewiriiz~hc,~j ,ph ILaL bhz.silrit 

Sia 1 )  

The leaned chnrgc, al-iolb 2 ,  'i (0.33 Kgi of the original 
"GOMMA A" chnrgc, was a1sc.i prirried by ciclcinating cord. 
'Clic charge was tarripcd with a tliiclr strala cif clay 2nd a 
sack cif sand (thc sacks m-ere h~iiig on the pilnstzrs 1)ck)rc 

DEMOLrrION WORK 
The deiilrilitiori was c~rricd ciut througli ihe follom ing 

, phases: 
Demolition cc)ntinut~d,fi-orn p g c ~  -70 

IYbster LIhe first alad s~co?td nms. It  is possahlc tu see thc 
prc.~xS6*ng passing holrs that utere chatgtvl ?&h ~.aplosii~e cur- 
tridg~s. It is ulso p)xvible to sm a,floor all c o w ~ d  witb u~n:ckage 
nnd mc~~-hincnydestmyed h j ~  thefire (phdo lakw byspot ')prnw, '; 
5t?pfltq, 

Pilasters of the first row (frorri ZI lo 29) and of tlic lhird 
the houndary (xl and x9j, wcrc frJcturrd ior a height 

ihirging). In this u a y ,  il wns possiblc IO iinprovr coniinc- ahout /i m wiih 16 4 clwrgcs 4 ) .  
ment anci reducc 130th explosi\c. spccific charge ancl air Pilasters of thc second row Ifrom Y1 to Y9) and cif the 
overpressiire. fourth at the liciundasy (W1 lind W7) were fractured for a 

Ali the diargcs in a pikaster wcrc connectrd t0 cach 
cither mitli detoixiting cord which ivas igxiited widi 3 

detonator. 
Pilasrers wcrc fr:ii:l~irt.ci for various sectjcin heiglits, 

starting froni sJ L 111 fonii h;lsr. 

hcight of abour 4 with 8 in-ti<ile charges. 
Pilasters of the third row (froin C2 to a) were 

irac~~ireci for a hcight of about 2 m with 8 in-Iicile and 2 
,-acing chargts, 

Pilasters ol the fourth row (froin W2 to WX) were 
li-ac~ured for a lieight cif at'iout 2 m with 4 in-hole charges. 



+ preliminary ciits crif pipes ami. steel siippcit-ts n;hic:h were 
lidjoiriing the stnicture to b r  dernolisheci "A" to the 
elevateti o n e  ''13'': 
riiechanical drtricilitic'in of tlie ciirt:ii t i  ~ ; a l l s  (inacle cif 
t'iricks) 3t gro~itld level, tiiaking passages atid -nrcioden 
foot lhricige.; for e:isT; anti c1iiic.k :ic.c-ess t c i  al1 pilas~ers: - prep~ririg rxpiosh-e cartridges. c1i:irgirig holes and 
plaiing leaned charges, bhstirig t witli consequent stnic- 
turc collapse): 
hewing thc strucliirc disjointcd o11 ~Eic groui~cl (Iiy rtids 
c:iltting); 
fi-a~iientaticiri cif tlir hewri ~ri~iterial ~vith 3 portat'ile jan- 
cr~islicr : i i d  scp;ii-atirin oi' ctinci-etc I'rriiri the steel rcids: 
ckiarging ctinci-ctc wrcckagc :iricl stccl. tr~risport~tion to 
a stoclting point (wrcckagc \i.:is rcc!clcd 3s rciadw;iy 
eti~hankmcnts). 

Cartridge ctinfectioning, sciiing i11 placc and Iikisling 
was perfornied in onc day hy 1lirc.c pairs o f  k11:isicrs (yo~ir 
aiithcis ariiong thciii plus dircc~ing lhc work j. 
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STRUCTURFS T0 BE SAFEGUARDED 
1 wurtitiuuse 
2 methanc gas rage 
5 miUs. pasta muking and confectiuning 
4 s i l t s  
5 powcr stztiriri 
6 medium voltage irun ffiirnzworks 
7 C u ~ l  iankh 
H offices 
9 stryet 
l0 ' l ' i h r r  Rivzr 
f t m n  I tu \TII: closcst wsidenlial 
~'cins~i-iic'tioiis outsidc t l ie far iory 

STRUCWRES T0 BP. DEMOLISHED 
" A  (pasta triaking ;ind confccdoning) 
"B" (r i f f i rrs) 

EXPLOSfVB CBABGE 
PVC PIPE C 6 0  MM 

DETOUIAG CORD 

Fig. 3 - $'recorijecllo?zc~d c;.;~lisir:es tvrra?aridg~s, for iri-hok chaq- 

1 

i+g. 1 .  - Planimc.try uf the P A E A  M I'ONIB iiEBIG SPA , fdnon; 
al Ponrc, S. Ga'ozianna' and .rumunding urpas Si W C  hdrt.  to be 

I I Z ~ .  d~*lc.)nolisht.d and str-14~ h ~ e s  to he sa[egniurde~I. 




