
OPTIMUM SEISMIC PROTECTION FOR NEW BUILDING 

CONSTRUCTION IN EASTERN METROPOLITAN AREAS 

NSF Grants GK-27955 and GI-29936 

Internal Study Report No. 26 

IN SITU SHEAR WAVE VELOCITY MEASUREMENTS 

ON MIT CAMPUS 

Vincent J. Murphy 

Weston Geophvsical Enqineers g Inc. 

Any opinions, findings, conclusions 
or recommendations expressed in this 
publication are those of the author(s) 
and do not necessarily reflect the views 
of the National Science Foundation. 

January 1973 

Department of Civil Engineering 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 

REPRODUCED BY 

NATI'ONAI. TIECHNICAl 
INFO ~~MA.lrIOI'::jE:I~VICE 

u.s. IEI'!,;TM:HII C:llIiIERCE 
); \::' H : 

PB 293928 





~~P_O_R_T __ ~~g~MENTATION t~~~~:~~i:-13_"",-~35L __________ I2~ __ n _~_ 1

3
. r,,~iPi~nt;~~c~;s~f(m:~N~. ) 

4. I~le Si\~Ubsthear Wave Velocity Measurements on MIT Campus -po ~e~t;n~~ery' 1973 
(Optimum Seismic Protection for New Building Construction in ~: 

50272-101 

Eastern Metropo 1 itanALe..CLU~_J..nteX.Da 1 Stu_dyJ~_e.p.Qrt... 2~6 _ n_ ------------------7. Author(s) 8. Performing Organization Rep!. No. 
V • J. Mu rp~_y ________ . _______ . _________________________________ J.n...t..em_al_Study Report 26_ 

9. Performing Organization Name and Address 10. Project/Task/Work Unit No. 
Massachusetts Institute of Technology 
Department of Civil Engineering 
Cambridge; Massachusetts 02139 

c------- ------------------------------- ------ ---
12. Sponsoring Organization Name and Address 

Applied Science and Research Applications (ASRA) 
National Science Foundation 
1800 G Street, N.W. 
Washington, D.C. 20550 

11. Contract(C) or Grant(G) No. 
(C) 

(G) GI29936, GK27955 

13. Type of Report & Period Covered 

-----14. 
c--------------------- ---------- ---------------------------------- --------------------~ 15. Supplementary Notes 

Also performed by Weston Geophysical Engineers, Inc., Weston, Massachusetts 

j--------------------------- - --_._- ---- -- ---- ---16. Abstract (limit: 200 words) 
Seismic field measurements were made to determine in-situ velocity values and elastic 
moduli of the overburden materials at the westerly end of the Massachusetts Institute 
of Technology campus. A seismic refraction line was also operated to measure the 
depths to bedrock and to provide velocity control for measurement intervals for the 
in-situ velocity studies. Field work was completed during the month of March, 1972. 
Three orthogonal geophones, two horizontal and one vertical, comprising a detector unit 
capable of measuring in three different directions, were used. One such unit was 
placed at each of three boreholes. The Signals from these three-directional geophones, 
enhanced by amplification and filtering, were displayed on a photographic recording 
oscillograph employing 12 channels of a portable seismograph. Seismic energy was 
generated with small charges of explosives in a fourth hole. Timing lines were pro
vided across the photographic records at two millisecond intervals. For the seismic re 
fraction line, single geophones, vertical component only, were used at approximately 
100-foot spacings along the line of investigation. These geophones were connected to 
a multi-conductor cable which in turn was connected to the recording instrumentation. 

r------------------------------------------------------~ 
17. Document Analysis a. Descriptors 

Secondary waves 
Shear properties 
Earthquake resistant structures 

b. Identifiers/Open·Ended Terms 

c. COSATI Field/Group 

Shear tests 
Seismic refraction 

Seismic waves 

~---------------------------.----------------,---~--------19. Security Class (This Repcrt) 21. No. of Pages 18. Availability Statement 
NTIS J i-I ----------------- ---~ 

20. Security Class (This Page) 22. Price p (; ,~h -J j 

;i'!y-Ih; / 
(L-Se-e~A-N~SI--Z-39-.1-8-) -~------~·--"~-~·~---S~e-e -In-st-ru-ct·-,o-ns-o~n~R~e-veLrs-e-------·----::O:::PT:::-IO::::N::-:A:-;-L-::F~OR~M:'-::27:::2-;,(4;--~77) 

(Formerly NTIS-35) 
Department of Commerce 



1. "Prel iminary \-Jork Plans and Schedules" 

2. "Background for Prel iminary Expected Future Loss Computations" 

3. "Identification of Typical Soil Profiles in the Boston Basin Areal! 

4. "Comparison of vJind and Seismic Forces on Tall Buildings" 

5."Contribution to State-of-the-Art Report of the Earthquake 

Committee of "the IABSE-ASCE Tall Buildings Committee -

Economic and Social Aspects" 

6. "Optimum Seismic Protection for New Building Construction in 

Eastern Metropol itan Areas" 

7. IIAnalysis of the Seismic Risk on Firm Ground for Sites in the 

Central Boston Metropolitan Area 

8. 111967 Caracas Venezuel a Earthquake. Tall Bui 1 di ng Damage Review" 

9. IIDamage Statistics from Japanese Earthquakes ll 

10. "IiEvaluation of Expected Losses and Total Present Cost: Preliminary 

Sensitivity Analysis ll 

11. 111964 Alaskan Earthquake Tall Building Damage Review ll 

12. IISan Fernando Earthquake Data Base Computer Storage Format" 

13. "San Fernando Earthquake Damage Statistics" 
14. "Elastic Analysis of Pilot Building" 

15. IISoil-Amplification Analyses on Typical Boston Soil Profiles" 
16. "Description and User1s Manual of the Inelastic Dynamic Analysis 

Program ll 

17. "Ground Motions Measured by VM-lli 

18. IIBorings on MIT Campus near Westgate IIII 

19. "Evaluation of Expected Losses and Total Present Cost: Further 
Preliminary Sensitivity Analyses ll 

20. IIDamage Prediction of Three Types of Buildings Based 01'1 

Dynamic Ana1ysis" 
21. IIJnc1dent Losses: Identification and Evaluation Methods to 

. ~o be Employed ", 
22. 111957 San Francisco Earthquake Tall Building DamAge Review" 

23. 111965 ~uget Sound, \~ashin9ton, Earthquake Tall Building Damage Revielll l 

24. IIEvaluation of Risky Public Projects" 

25. IIt~i crotremor if1~asuremen ts in the Bos ton Area" 



Preface 

This is one of a series of reports prepared for 

staff use as part of the study of optimum seismic protection 

and damage statistics under NSF Grants. The measurements 

described in this report were contributed by Weston Geophysical 

Engineers, Inc. of Weston, Massachusetts, through the courtesy 

of Mr. Vincent J. Murphy. The bore holes work for the measure

ments were contributed by the American Drilling and Boring Company 

of Providence, Rhode Island, through the courtesy of Mrs. Charles 

Guild. These contributions are very gratefully acknowledged. 
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INTRODUCTION 

Seismic field measurements were made to determine in -situ velocity values 

and elastic moduli of the overburden materials at the westerly end of the Mass

achusetts Institute of Technology campus. 

A seismic refraction line was also operated to measure the depths to bed

rock and to provide velocity control for measurement intervals for the in-situ 

velocity studies. 

The location used for the in-situ cross-hole measurements and the po

sition of the single refraction line are shown on Sheet 1 and 2 of this report. 

Field work was completed during the month of March I 1972. 

FIELD PROCEDURES 

Instrumen tation 

Three orthogonal geophones I two horizontal and one vertical, comprise 

a detector unit capable of measuring in three different directions. Three such 

units or "three-directional" geophones were used; each unit was placed in a 

separate borehole. The signals from these three-directional geophones I enhanced 

by amplification and filtering I were displayed on a photographic recording 

oscillograph employing twelve channels of a portable seismograph. Seismic 

energy was generated with" small charges of explosives (usually blasting caps) 

in a fourth hole. Timing lines were provided across the photographic records 

at 2 millisecond intervals. 



For the seismic refraction line, single geophones, vertical compo

nent only, were used at approximately 100-foot spacings along the line of 

investigation. These geophones are connected to a multi-conductor cable 

~.vhich in turn is connected to the recording instrumentation; the same as 

for the borehole measurements. 

Seismic Measurements 

Four cased holes drilled by the American Drilling and Boring Company 

to a depth of approximately 175 feet below ground surface were provided for 

our use. Seismic energy was generated in one hole and recorded in the 

three remaining holes with the seismic source and geophones at the same ele

vation. Readings were obtained at various intervals up and down the total 

depth of the boring array except for the bottom section of the hole (which 

was plugged with material that had forced its way in from the bottom) and the 

topmost section of material (which is above the water table) . 

At each recording depth, geophones and recording holes were inter

changed and data collected using a variety of combinations of filter settings 

and amplification. This procedure is necessary to obtain the repeatability 

of events and to optimize the results by enhancement of the desired seismic 

wave lI arr ivals II • 

For the seismic refraction line I a single hole (No.4) was used as 

the shot-hole; the shot was placed at a depth of approximately 50 feet 

below ground surface. 

2 



It should be noted that the very small seismic shot for the refraction 

line resulted in very high quality recordings, whereas some of the cross

hole recordings were of only fair and in some cases poor quality 0 Recordings 

of good quality in the cross-hole work were obtained at the maximum avail

able depth of about 122 feet below ground surface. It appears that the 

casings were tightly emplaced at the lower depth, whereas for shallower 

recording depths some or all of the casings were loose; that is, some 

"rattle" space existed between the casing and the naturally occurring over

burden materials. 

GENERAL CONSIDERATIONS 

The seismic wave normally used in a seismic refraction survey for 

depth calculations and material identification is called a compressional 

(lfP") wave. This wave is transmitted through earth materials as a series of 

compressions and rarefractions. As a compressional wavefront passes a 

point in the earth (particle motion), the point moves to and fro 8 in the 

direction of wave propagation. 

A second type of seismic wave motion, the transverse or shear ("S") 

wave, travels through the interior of an elastic medium at a lower velocity 

than the compressional wave. As a transverse wavefront passes a point in 

the ground (particle motion), the point moves at right angles or transverse 

to the direction of wave propagation. 

3 



In order to determine the velocities of compressional (Vp) waves 

and transverse (V s) waves I field measurements are made along various 

azimuths in both vertical and horizontal directions. The compressional 

(Vp) wave and the transverse (V s) wave velocities are used to calculate 

the values of Pois son I s Ratio (0"): 

0" = 

The Vp wave and V s wave velocities are also used with the in-place unit 

weight (d) to compute Young I s Modulus (E) and the Shear (or Rigidity) 

Modulus (G) in lbs ./in. 2. 

and 

G = 
V 2 d 

s 
g 

E = 2 (1 + 0") G 

where g is the gravitational acceleration. 

The unit weight, de must be assumed in cases where it has not 

been measured. 

The above relationships are based on the assumption that the actual 

earth materials may be represented by a homogeneous I isotropic medium 

within each layer. 

4 



RESULTS 

The orientation and location of the cross-hole array 1s shown on 

Figure 2 of this report. Presented on Figure 3 is a tabulation of cross

hole velocity and corresponding dynamic moduli values. Also noted on 

this table is the depth to high-velocity rock (liP" wave velocity = 

12,000 ft. / sec.) at a depth of 300 feet. The geologic correlations that 

are shown on this table were obtained from the boring logs provided for 

our use. 

DISCUSSION OF RESULTS 

It should be noted that the data of this survey are the results of a 

reconnaissance type of investigation. Although several levels were chosen 

for measurement in materials that are generally uniform I the recorded data 

quality is in some instances less than satisfactory. However ~ the uniformity 

of the values that were determined increased our confidence level for their 

validity. It should be observed that the shear wave velocity values were 

slightly higher than were previously anticipated for the clay material at 

this site; it appears that the clay is somewhat stiffer than was anticipated. 

At two levels within the sand-clay layered section of the zone of mea

surements I at 122 feet and 142 feet below ground surface I anomalously late 

wave arrivals are evident on the seismic field recordings. The correspond

ing low velocity values are in the order of 400 feet/second which may indi-

cate conditions for thin (5 f 
:.) layers that are much different from the 

bulk of the subsurface material at this location. 

5 



In the event that a dynamic analysis of the materials at this site 

requires the use of shear wave or shear moduli data for rock, we have 

estimated a shear wave value of approximately 6,500 ft. /sec., corres

ponding to the measured "P" wave velocity of 12, 000 ft. /sec. It is 

reasonable to assume that these velocities will increase with depth; it 

is doubtful that any rock layer with a velocity lower than 12,000 ft. /sec. 

exists at this site. 

RECOMMENDATIONS 

1. If another array of boreholes can be made available for our use, 

they should be chosen on a similar pattern as the borings of this study with 

the qualification that an additional or fifth hole be added and that the amount 

of II rattle " space be minimized by either using a larger casing Qr a driven 

casing. 

2. A further objective of additional measurements would be surface 

work to determine the shear wave velocity of surface and near-surface 

materials at this site. 

6 
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