
PREPRINT 83-501 

VIBRATION CRITERIA FOR 
HISTORIC AND SENSITIVE 
OLDER BUILDINGS 

Walter Konon and John R. Schuring 

ASCE 

...._.., 

$2.00 

Houston, Texas ~ 

October 17-19, 1983 

www.ARblast.osmre.gov 

U5001· 05M. THRH P .\RKWAV (E .. IER. Pil!SOUII(oll . PA 15220 . . 
412 .937.2169 I 412.937.)01~ KEltSCHlAGER~OSMRE.c.m/ 



This pre print has been provided for the purpose of convenient 
distribution of information at the convention. To defray, in part, the 
cost of printing, a convention price of $2.00 to all registrants has 
been established. The post-convention price, when ordered from 
ASCE headquarters will be $2.00 while the supply lasts. For bulk 
orders (of not less· than 200 copies of one preprint) please write for 
prices. 

No acceptance or endorsement by the American Society of Civil 
Engineers is implied; the Society is not responsible for any state­
ment made or opinion expressed in its publications. 

Reprints may be made on condition that the full title, name of 
author, and date of preprinting by the Society are given. 

Cover photo: One Shell Plaza, Houston, Texas 

u: 

VIBRATION CR lTEHlA FOR IIISTORlC AND 
SENSl"J'lVE OLDEll BUTI.DINGS 

by Ha J ccr Kouon (l), ~1. ASCI> und John R. Sclourl.n!l (l), ~1 . ASCE 

Introduction 

Grouud vibrations caused by construction operaLlons sLch as blast­
ing , pile drJving and compact ion have a potential lo cause damage to 
adjacen t struc tures . During t he period from approxfmnte1y 1950 co 1980 , 
the most common damage crlLeri<m for safe vlbrnLlon levels a<Jvonced by 
most researchers has been LhaJ. the peak particle veloci t y at the point 
of concern shotud not exceed 2 in/sec (50 mm/sec) . It was believed 
that i f the peak r esultauc g round partlcle veloc!Ly wos maintained 
below this level, there should be no damage caused Jn o st ruc Lure as 
a result of construction induced ground vi.brations . Hony states and 
some government agencies such as the U. S . Corps of 1:ng l neers and the 
U. S . Bureau of Hines adopted the 2 ln/sec (50 11111/scc) ground particle 
velocity domagc criterion level during chJs period. 

With the publication of t he Bureau of ~lines Report IIRJ 8507 (12) 
and in I i ght of other recent publ!cations (1 , J , 10), it became clear 
that the 2 in/sec (50 mr~/scc) cri t.erion was in Cncl not a sofc limit 
for all types of struct~:res. The 2 in/sec (50 nun/sec) "no 1amage" 
vibration criterion may be especially n~a-conscrvnt lve when historic 
ond older s truc tures arc Involved. 

A building that has been designated a landmark has , by decree , 
heen glven an extended useful life beyond 1~hat t he orll~Lnal builders 
may have J ntended. As such, t:hooc special bullclings deserve spec laJ 
protect.lon J E they are co he preserved for posterity . !!arc of Lids 
s pecial treatment should be tho selection of conservat i ve v i bration 
limits when these buildings are affected by cons truction i nduced 
gr ound vibration. 

Older landmark struc t ures usually have reAidua l strains i n their 
components as a result of settlement, weather cycles , poor maintenance , 

A; a nd past renovation and repaJr cfforcs. Nany hisLoric bulJdhags have 
ex Lens! ve elaborate itoterlor and exter 1 or ornnmenLat lon and surface 
de tail t hot is especially prone to vlbrnt!on damage . SLrl c t cons truc­
tion vibrotion control limits for these buildings serve not onl y to 
eliminate the posslbili.ty of immed.iuLc damag(•, buL also to reduce 
future fatigue damage that may be caused by Lhc cumulncive effecLs 
of both man and t he environmenL . 

This paper will briefly discuss the rclevnnl parameters which 
must be considered in establishing vJbratJon damage criteria for 
historic and sensitive older buildings . ExlsLlng criteria will be 
reviewed, and a new criterion is recommended . 

(J) New Jersey Institute of TochnoJt>flY · Newnrk College of Engineering, 
Newark, New Jersey 



Characteristics of Ground Motion 

Although experience has shown Lhnt par ticle velociLy is a useful 
measurement criterion fo r construction vibrations, this parameler 
alone cannot pretlicL damage levels in structures . Ground vibrations 
are complex sinusoidal-type wave forms , wlth several other wave charac­
teristics that affect their dam11ge JlOtential. The more significant of 
t hese chara~te{~Jtics include f requency, particle displacement , anti 
total duranon . 

The frequency of ground vibraLion is an importanl facLor since 
lt determines how much resonance can be estatlished in the receiving 
structure . Ground vibrations with frequencies close to the natural 
frequency of the structure are the most damaging tlue to resonance 
effects . It should be uoceu that individual structural components , 
i.e. , walls, floors, etc . , usually have natural frequenci es which 
dl ffer from that of the overall st-ructure. The critical CrecJucncies 
for o structure oro therefore a range , and not just a single number. 
Nost building structures and their components have natural frequencies 
between 5 and 40 Hertz, with historic structures tending towards the 
lower end of the range owing to Lheir typically more massive construe­
Lion. 

Some investigators have demonstrated that damage levels generally 
increase as vibratiou frequencies decrease (5, 12) . Thls can be ex­
plained ln part by the normally low nacurnl resonance frequencies 
exhibited by most structu res. An odd.ltlunal reason for the greater 
damage potent ial of low f requency vibrations .ls that they are typically 
nssoclated with large particle displacements. Large particle tlisplace­
rncnLs arc :lamaging in their own right, since Lhey produce high levels 
of strain ::m th~ slructure. 

Total duration of the vibration ls anothar key element in pre-
d t ctlng damage po Lential. For eq ui volent wove characteristics , long 
lasting, steady state vibrations such as chose produced by vibration 
compaction devices and v ibr atory pile drivers tend to cause more 
dnmage to structures than impulse or trausient vibrations such as 
those produce(( by blasting. Once again, resonance is involved since 
long duration construct ion vibrations afford more opportunity for Lhe 
developmen: of sympathetic vibrations in the receiving structur e. 
SLrucLural faLigue of Lhe bullding materials also becomes a factor 
wlLh sLeady state vlbroLlons of long duration. Wiss (14) has suggested 
that the safe level of intensity for u steady-state vibration should 
be between one-half nud one-fifth the safe le·Jel for transient vibration. 

'It is important to recognize t haL the vJbratlon wave generated at 
the construction source does not maintain the same wave characteristics, 
i.e. , particle velocity, frequency, and particle displacement, as i t 

(2) Particle velocity (V), frequency (f) and displacement (D ) are 
related variables. For simple harmonic motion, the relationship 
between t he peak values is: • 

V = 211(0 

Actua: grountl variations have a more complex machemalical form , 
but the variables remain proporL1ona1 . 

is ~ransmitted away from lhe source . Hnny si Le conditions Lend to 
either aLLenuate , amplify or oLhcrwise change the vibration. They 
include : i ) distance beLveen the source and Lhe receiving strucLure; 
2) geology of the transml lling medium; 3) response characlerlstlcs of 
Lhe receiving structure. The effects of each of these factors is 
brieCly descrJbed below. 

For a given energy Ill t he source, the mognitude of the vil>rnllon 
energy At any point is inversely proportional to the distance from the 
oource . Thl s is due co geometric attentuaLion of the wave front, and 
is the basis for Lhe "scaled distauce" relollonship which is commonly 
expressed as (13): 

(~~ -n V • K . ,.-::--
.. E 

in whlch v • peak partlc,le velocity; D • rlis Lauce; t:: = eneq~y Cur lmpac;L 
vibrntions, or churge wcishL per delay for explosives; and K and n ore 
constants associated with the transmJtting media and other variables . 
Hendron anti Oriard (9) have suggested that the above expression be mod­
ified LO include t he cube root of energy, ~:. lnst:eatl of the 8([uare root. 

Some building codes permit the use of the scaled distance relation­
ship for blast vibration control in lleu of seismic in~trumenLaLion of 
the blustlnJ.I. However , when dealing wlth historic or sensitive t; Lructures, 
se I s mlc monitor lng with both particle velocity and frequency meaSl•remenc 
capab'lllties should be used along with a construction control program 
consisting of a preconstruction survey , settlement controls, and strain 
telJ.Lnl es . 

The effects of the geology of the transmitting media on Lhc wave 
form can be significant. As the wave form travels through Lhe ground, 
the frec)uency, auu to a lesser extenc the particle velocity , arc reduced 
by frlc;Liounl damping at varying rates depentlln& on the type of soil and 
rock present. The arrungcrnent a nd structure o( the subsurface strata 
nlso affect damping us vibrations pass from one interface co another. 
The .lufinite variations encounteretl from site to site usually make exact 
anaylsis of the effects of geologic 10edla i mJ>ractical , although a general 
~rend is worth noting . The firmer or more competent che transmitting 
~cologie strata, the lower the rate of frequency damping. For example, 
close-in rock blasllng wllh little or no soil overburden will produce 
high frequency ground vibrations which Leud Lo be less damaglug to 
!ltructurcs . lu contrast, ground vibrations which travel long distances 
throuAh t hick soi l overburden will have low freq uencies wJth higher 
dumnsc potential. 

The dynam.lc response characteristics of a structure determine its 
tolerance to vibration. As mentioned previously, each structure and 
its components have naLural frequencies which, H excited, wJU produce 
rc:;ouancc. lL is well known Lhat strucLures can actually amplify a 
vibral.l.on, which complicates damage prediction. The response character­
istics of n particular sLructure will depend 011 its general dimensions 
t111d l.ypc o[ coustruct'lon, e . g., wood frame, mnsorrry, cencrele frame, 
as wuLJ na ltH present condition . 

lL is important aJ!lo to dl!'lCinguish l:ctwccn sLructural and cosmetic 
tlnmoge. Some s Lructurcs cau LoleraLe surprlsiugly high levels of vibra­
tlou wiLhOuL any noticeable chon!J! in sLructural integrlLy. The Lhreshold 



for cosmetic damage, i.e ., c racking , svalling, etc . Is usual ly much lower, 
e:;peciull.y for stJ:uctures wlch inte rior wall fJ ntshes and exposed masou ry . 
In hiscor lc structures, it Is of ton of par<Jmount importance thaL cosmecJ c 
damage be avoided. 

Existing Criteria 

A review of existit~ criteria pertaining LO historic and sensitive 
structures was undertaken, and the results are s ununarized in Table l. 
Although lhere are dif(eriuR opin lons about maximum permissible levels, 
there is genera l agreement that peak particle veloci ty should be less 
than 2.0 in/sec (50mm/sec). The criteria i n Table 1 cover a variet y 
of s tructural Lypes and condi tions, and some investigators have cor re­
lated allowable particle velocity wlth other dynamic variables and 
subs urfaco coudltions. 

The Ger man s tandards (12) arc the s t rictest but arc reportedly not 
alwoys enfot:ced . Rudd ot: ' s (11) t:hreshold of stt"LICturat damage was cie­
veloped for traffic i nduced v.lbraLions which tend towards the steady 
state condi:ion. Esteves (7) of Portugal presents criteria fo r three 
generically di ffe rent kinds of subs ur face conditions. The Swiss sLan­
dards (5) are frequency dependent, and also dlstlnguis h between steady 
s l ate and cranslent vlbratlons . 

Ashley's (1) recommended criteria are for blasting related t o 
tunnel construction Jn urban areas. Esrig and Cancia' s (6) crltcr lon 
wns s uccessfully used for the protecLlon of 100+ year old historic 
buildings it: New York City . Chae ' s (3) r ecommended blast design 
criteria i ncluded a scaled-distance relat.lonship . Siskind, e L al (12) 
base thclr criteria on an extensive study of blase effects on res iden­
tial s truc ture!!, and Uke the Sw.l!!s , havo made i t frequency dependent . 

Recommendations 

In order co pred.lct the damage r esponse of struclures to construc­
tiou vibrations , i t is des iroble to perform a dynamic mathematical 
analys is of the structure . However, duo to t he numerous structural 
and cnvironmontot variables involved , even approximate analyses arc 
di.ff I cult and e xpensive . Such analyses can seldom be accomp Ushed 
within t he s cope of normal proj ects . Older s tructur es are es r>ecially 
difficult to model dynamically because tho building componen ts are 
typically Jn varying s lates of deterloraLlon, and prevlous scttlemcn~s 
and movements in the st ructure often have redis Lclbutcd the louds and 
stresses into unknown patterns . 

\.fhe u 11.1 s cor I c or londmarl< des.ig1Hl ted bui ld lugs arc Involved t he 
culturul, socJal, economic , political and a rchitectural imponance of 
s uch buildings must also l:e considered in se t t ing vibration limits . 
The poss ibi,U t y of dama ging a unique historic building must be weighed 
ugainst Lhc increased cost of construction operaLi ons when low maximum 
permissi ble vibralion l .lmJts arc spcclfled . As such, the selection of 
the pt·oper vibraL lon criterion for a hi storic structure becomes an 
economic decision as wel.i as a ~cchnical oue . 

It, chcrefo rc , becomes apparent chut fo r t he maj ority o( hlsto t"i.c 
and sensitive struclures, the estab.iishment of vtbration damage criteria 
musL be largely empirical , t empered with experience and judgment . Bused 
on tho a11 t hors ' expct:i cncc nnd t he work or ocher lnvesLigacors, the 
vibr<ttiou crlterla s hown in Figure 1 arc reconunc:uled . The allowable 
maximum peak ?ar t tcle velocity, "hich provides t ·1e primary field coucrol, 
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is shown to vary according to the frequency of vibrations. The recom­
mended plot ls for transient vlbrotlons, anC: the limiting volues shown 
should be reduced by about onc-lla l f for steody state vibrations. 

The c r iteria s hown in Figure 1 arc intended t o r epresen t the dam­
ogc thre~~ld for h istoric and senstt1 vc buildings . SpeclfJc s 1Le 
cond itions may warrant some adjustmen t , and each a ppli.co t:ion of t he 
criteria s hould be reviewed carefully with regard to t he c haractcrJ.scics 
o f the vibration source, transmitting mediA, and r eceiving struc ture. 
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lllsLorlc and sensiLive older buildings require special ntloutlon LO 
proLecc them from construction induced ground vibraLions. Damage level 
criteria for these structures are by necessity more conservaLlve than 
Lho 2 . 0 in/sec (SO mm/sec) trodltlonally used for modern sLructures 
in good condilion . Hhen cstabllshlng a vibration damage crllerion 
for a project, consideraLion musL be given lO the vlbrnllon wnvc 

clo:lr·nl't<'ri:;tics , Lhe comliLionn of the o;itc ::uul rc•·•' lvlniJ o;lruetnre , 
1111d Lhl! ~economic iol!>D<:t uf the ::H.dccLt!tl llmltinf; vnlul' · 
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