
 

(2GC) 
F290 
no. 

U.S. Geolo,ical survey. 

ceports. Open file.0 

Joints in Clay and Their Relation to 
the Slope Failure at Greenbelt, 
Maryland, December 28, 1962. 

by Withington, C. F. 

24,ALOCACAL SUR1/4c-fr• 
MENLO ?ARK 

F F 19 li64 

L'P!"'AR' 



• 



 

JOINTS IN CLAY AND THEIR RMIATION TO THE SLOPE FAILURE 

AT GREENBELT, MARYLAND, DECEMBER 28, 1962 

bri 

C. F. Vilthingtokg 

GEOLOGi,At. 

MENLC PARK fr 

FEB 1 9 IJ64 

LIBRARY 

U. S. Ggolo cal Survey 
Pu91. .;r -opm raL wow 

This reporYis preliminary and has 
not been edited or reviewed for 
conformity with Geological Survey 
standards or nomenclature. 

U, S GEOLOGICAL SURVEY 
WASHINGTON, D. C. 



- - 

Jcirts IA auy Ead their relatlu, alope failure 
at Gre&r,bolt, Marylard, NT.6mber 28t 1962 

by 

C. F. Withingtan 

Abstract 

Joints in the s.:1,gy of the Patapsco Formation of Late Cr etc:eous 

41go fnoutribicted diretly to a slope failure that ozourred IL a cdllar 

tx:avation a% GrevAeltt Maxylazd. ix DvisMber 1962. The cut faze 

that failed was part of a cellar for a rew department store that was 

dug k0 to 30 fret below the s4.arfat2e it the Pateps*o clay. Elastiv 

rebour4 relief of pressure of the exoavated material and deaiv-

Ation contribwIted to the opening of ic(Apletrut fractures in the 

flay. The largest and MO3i persistent of these fractures ar east-

trlazdivtg joitts, whia are rmarly vertiLbal ar.d inter se Quay the 

we,st mid east fazes. Tile cellar was dug in early DeteMber 1962. 

Ca the 28th. seAilm of the ftorth (rat faze about 40 feet lting, 

15 feeit i a, ar,d about a foci thirA, toppled (irstead of slumpirg 

or sliding) against a mr,tret form. killirg 3 men a:4.d injuring 11. 

fOrikliin seq4eir‘,7e of eveotts is postulated to at4ount for the 

ailur*?4 The gmund uas frozen to a depth of about 3 feet se oral 

by abott 2 irgatex ref spew. During a ti awr melt water flawed 

toward the poit of failure into a pint that W23 parallel to and 

abolf;t a foot from the north fir,:e. Tice water pertitrated down the 

jot until it tus stopped by the frozegt grotr.d. Tho pressure of tb4 

water ford opus, thit joint, x:ttja the se-Jtior along the wall boama 

ovarbaittneuty, and the frozen outer block toppled as a 4e t. 
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JOINTS IN CLAY AND THEIR RELATION TO THE SLOPE FAILURE 
AT GREENBELT, MARYLAND, DECEMBER 28, 1962 

C. F. Withtngtoin 

A joint set in the stiff clays of the Patapsco Foraatioa of 

Cretswewe age has tten found to have had a direct bearing as a elope 

failure of major catasequen4e. Although joint, in clay have pr vicuely 

bs* reporbad to have contributed to slope (Terzaghi axed Peat 

1948, p. 363), t, the failure that ocaurred at Gresaelt, Maryland, 

oz December 28, 19620 a joint surface can be identified as the locus 

of failure. 

In 1961, the U. S. Geological Sr rvtlq began a detailed geologic 

study of the Washington Metropolitan area. This project is cm of 

several betrg ,parried out in cities throughout the United States, 

designed to yisld geologic maps of urban areas, scale of 1:24,000 

that depict rwt oay the major litholcgic units but also the general 

engineertNg properties of these units and the available mineral re-

a‘urcea. In the course of these studies excavations are examined in 

ex-der to study the lithology and engivaftring characteristics of they 

rolos txpvstd. It was durirg the wares of the geologic investigaticra 

of the Washington area that the exaavatico at Greenbelt was examined. 

Greenbelt, which lies northeast of Washington, D. C. (fig. 1), 

is underlain by thin Pleistocene gran 3. and about 200 feet of Ave 

silty PA/4y and sandy clay of the Patapslo Formation. The Greenbelt 

area is undergoing a baildiug boom in dwellings and large stores. 

One pro jest, started in 1962. was the excavation for a departmeRt 
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Figure I• Index map of Washington, D.C. and 
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, ::;sizted of lev.liAg the eitie of a hill to mth as CO-

feet and diggle,g a4 18Y foot-,deep cellar approximately 4001 feet ever*. 

141.J. the exteption of the gravel ire, the 'if.pper 10 fetit, all the exca-

vat'aor is in the Pataps:o Formation (fig. 2). 

About 100 feet of the lower part of Pataps4o Formation is 

exposed in the excavation. A section them the base upward shows 

abont 20 fee-. of red clay overlain by about 80 feet of red sandy 

clay. Thiz grew sard layeea occur wrottered throughout in the 'May 

and a persistent bed of yellow eamd 3 feet thick occurs about 63 feet 

froim the base of the out. The clay minerale in the formation at the 

site of tale excavation consist of betwecn 73 red 90 percent kaolinite0 

with illits making up the remainder (J. W. Hoatermaa, oral communi-

cation, 1963). The uadiaturbed clay contains as muzh as 30 per 

pore water by weight which ie lost whim the clay is exposed to 

air. Samples taken from near he bate of the cut for the cellar agTd 

tested for potential volume change (Lambe, 1960), range from -tvezy 

crltial" for the nlay aad clay 1.,) "marginal" for the saAdy 

The clay ie cut ty numerous, crooked, nearly vertical, incipier,t 

east.trending joints, which, in the undieturbed clay, are .cepletely 

closed. Upon releaels of the premtre of overburden in the exumation0 

the cloy rebocnded. aad the cratks cpened up. Peterson (1958, p. 1121),. 

in a discussion of the Bearpaw Shale of CsAade, says that the mbourd 

due to excavation takes plate immediately, ard that on the South Sas, 

kat4hewan River the rebound amounts to as much at 0.3 of a foot. Is' 

the excavation at Greenbelt, no data are available on the extent of the 

re d, but inasmuch as the Patapsco Clay has not been under an much 
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Figure 2: Sketch of East-'e:est cross-section through th e 
excavation at Greenbelt, Maryland, showing 
the original and new surfaces, and the amount 
of the Patapsco Formation that was moved 



as Bearpaw Sipe, prow.6iy s.31dtrably YoL:b 

Exposani a tip? ..14 to the air al.-do causes dryirg, whirl, 

turg iglteRidifiez the tIraykili4, In tle process of relurled nom aparam' 

toc,k alovg tor Jonas teld slickensIdea acne developad or the 

svrfa,les. Tha joints bezamt. effecit. faults* although 

mcvenert was probUqyric more than an i)A44. Thxa mathod of origilA 

ef slicteasidts in clay was recognized by Casegraede (1949), as 

quoted by Peterson (1958. p. 1117-1118) 

The east trending joints, which penetrate the east azd wvst warIL: 

of the cellar exoavatILoa at least a foot are, for the most part, less 

than on*.half iech wills. although some masur& as mtiz2-: as as inah 

width. Figure 3 ehame a portion of s',he 1ay exposed on the east wall 

of the cellar wmavatiol. The tea:sly /erti:;a1 araCks, w%ich are as 

nuah as a foot and a tall apart, are the principal icint tot, and the 

les.t.,) extensive cratks are, probably the resat of dasicaation. The joint 

set was observed only cr, the east aild vast walls; none were observed or; 

the floor of the excwation be ease the traffic of corstra4tion eqa ip. 

mast obrim:red th details. Sime the eaet.treoadiv.g joint set is 

parallel with the P;3rth arid south walls, they do mt intersect these 

farce:). 

The tellar ex.iavatim was rgimpleted bit the early part of DeembAr 

and on to for th4 walls waz being poured w the north aide 

by December 28th. A piture (fig. 4) taluln about 1:00 p. m. OP the 28111 

shows the overall view of the north wall of the excavation. At abmt 

1:15 p. m. our the same: dAy, a section of the vorth wall, 42 fe,5t wide. 

15 feet high, and about a foot thick. topplede carrying with it a et*. 

tior of the forms that were being filled with con4rKte. Five men warn 
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Figure 4. liew of the north wall of thelltliation at 
Greenbelt, 1.,rylaricly taken about 1:000 p.m. on December 
28, 1262. (Photo by author) ,
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:Oiled and 11 IA:jured. A picture (fig. 3) taken later ir, the aft3r.I.oc:1 

vf the 28th iihVW, the same view as figure 4. Figure 6. taken k days 
later, Shows a closer view of the part of the wall of the **liar emu, 

vation after the fall. Note the amino* of any major cracks on this 

fate except those gtonhected with the 

Decanter was dry and cold„ and the ground was estimated to him,* 

been frozen to a depth of about 3 feet. This estimate la based on 
tbservations of other exnavatiaas in the area. On the 23th of the month 

about 3 inehes of wow fell, and althougt the temperature rose briefly 

abovt freezing point on the 26th and 27thp the SAOW did 'Act begtn 

molt until the 28th. The offiAal maximum temperature in WashingaN 

D. C., that day wan aid *A the north wail of the excavation, 

received fall sun most of the morniEg, the temperature was probably 

above 40° for several hourzo Figara 7 is a sal tic cross secticu of 

the rtwth wall, dravnz from a phc.tograph (fig. 8), tad 'shows the part cf 

the wall that failed. The following sequence of eveAs could ae44ount 

for this failulm. The 82tow m4lted and wattir flowed into a joigt that 

was pa:, el to and about a font from the.edge of the 4orth wall. The 

joint filled with melt water, and as the water could not escape be gauss 

of the frosen clay, a hydrostatic press, re was built cp. The press' xt 

fwced the ii t sarfar.T3es apart, aAd in so doing, the upper part of t 

wall was pushed outward until it bevami unbalanced and fell, toppling 

forward instead of alumpiag 'a- sliding. 
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Figure 5 . Same view as Figure 4, oaken later iii he afternoon 
of Decerriber44, 1962. Note point of ''failure. Washington 
Post photog4raphy) 
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N Figure 5: Schematic cross-section of the 
north wall of the excavation at 
Greenbelt, Maryland, showing the 
part of the wall that failed 

concrete form 
18' 

71-0-1 

clay vall that ollapse.:1 
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I Figure 8. jhotograp y 
• • , 16%-. 74; • 
he north wail of the excavation at 

Greenbelt, Maryland, looking east, taken December 29,.1962.This i)f_cture is the bEsis for Figure 7, ‘PhotO by author) •
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