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Session 4/12

Building Settlement Measurements - Oregon State College

Mesure des tassements d’un bâtiment: Oregon State College

by G l e n n  W. H o l c o m b , Professor, Structural Engineering, Oregon State College, and P h i l i p  P . B r o w n , Formerly, Civil Engi

neering D ept., Oregon State College, Corvallis, Oregon, N ow  with U .S. N aval Civil Engineering Research and Evaluation La

boratory, Port Hueneme, California

Summary

At Oregon State College, Corvallis, Oregon, two buildings were 

constructed at the same time adjacent to each other on similar soil 

profiles, one on spread footings designed with a maximum pressure 

of 3,000 psf., the other on 25 and 50 ft. timber piles. A program 

of settlement observations was carried out to compare the settle

ments of these two types of foundations and to provide information 

for future design in the area. In’conjunction with this study, a sub

surface exploration of the entire campus was conducted, and allow

able bearing capacity of the upper soil was established.

Settlements in both buildings were slight and much lower than 

had been predicted from consolidation test data. This study has 

proved to be of great value to the building program of the College.

Sommaire

A l’«Oregon State College», Corvallis, Oregon, deux bâtiments 

ont été construits en même temps, un près de l’autre, sur des sols 

similaires, l’un sur une fondation sur semelles destinée à porter une 

charge de 3.000 psf., l’autre sur des pilotis de 10 et 20 mètres de 

longueur. Des observations ont été faites pour déterminer et com

parer les tassements des deux fondations et pour fournir ainsi des 

informations pour des constructions ultérieures sur cet emplacement. 

L’exploration du sous-sol de la région entière a été entreprise simul

tanément et la charge admissible du sol a été établie.

Les tassements des deux bâtiments étaient faibles et inférieurs à 

ce que le résultat des épreuves de compressibilité laissait prévoir. 

Cette étude s’est révélée d’importance considérable dans l’établisse

ment du programme de construction des bâtiments de l’université.

Introduction

In the summer o f 1950, construction o f two buildings was 

begun on the campus o f the Oregon State College, Corvallis, 

Oregon. Although both buildings (Figs. 1 and 2) were for 

laboratory and classroom use and, consequently, were of mod

erate loading, they were distinguished by a difference in founda

tion design, one, the F ood Technology Building being con

structed on spread footings, the other, the Animal Science 

Building on timber piles. Situated as they are on opposite 

sides o f  a street over similar soil profiles, these buildings offered 

an excellent opportunity for comparing the action o f  the two 

types o f  foundations.

A ll previous buildings on this campus had been constructed 

on spread footings with design values up to 4,000 psf. Little 

information was available on settlements o f other buildings, 

although no excessive structural damage was evident. Previous 

construction was o f a variety o f types, ranging from timber 

frame to steel rigid frame arches and reinforced-concrete con

tinuous-frame design.

Since these two buildings were typical o f a number o f others 

planned in the expansion program o f the college, the opport

unity to obtain information for rational design was recognized,

and a program o f settlement observations, as well as a complete 

sub-surface exploration program for the campus area, was 

scheduled. A  description o f the methods used and the results 

obtained in these studies, forms the major part o f this paper. 

This entire program was carried out on a budget o f less than 

S3000 during a period of three months (Holcomb  and Brown, 

1950). Consequently, full use was made o f  previous soil bor

ings and tests performed on the campus; and, in several cases, 

extensive testing was necessarily sacrified to expediency.

Description of Structures

The buildings described in this paper are o f reinforced- 

concrete continuous-frame design with brick facing. The Food  

Technology Building (Fig. 1) is composed primarily o f a two- 

story classroom-and-auditorium section, with single-story 

storage area and pilot plant forming the rear, or west, end o f  

the building. The pilot plant is constructed o f  concrete co

lumns with truss roof. The storage area uses pipe columns and 

timber beam and joist roofs. A ll columns and walls o f this 

building are founded on spread footings, and the entire first-
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Fig. 1 F ood Technology Building C onstructed on Spread Footing  Foundation  

« F ood  Technology Building» construit sur une fondation  sur semelles

floor slab is placed on a gravel fill varying between zero and 

three feet in thickness. A  preloading surcharge o f two feet o f 

gravel was applied over the storage and pilot-plant area during 

the construction period to hasten the consolidation o f  the 

underlying soil before the floor slab was placed. Higher unit 

pressures were used for the design o f the exterior continuous 

footings than were used for the interior isolated-column foot

ings. The proportion o f these pressures, which were based on 

long-term, or real, loading was 2,750 psf. to 2,250 psf. In ad

dition, the interior footings were designed in a rectangular 

shape other than square to approximate exterior loading con

ditions more closely and to reduce differential settlement.

The Animal Sciences Building (Fig. 2) is slightly more com 

plex in arrangement, consisting o f three distinct sections: the 

three-story west-wing classroom section, the two-story east- 

wing laboratory and cold storage section (partly in excavation), 

and the single-story center section. All columns and walls o f  

this building are supported on piles 25 feet in length except 

the interior columns in the west-wing, which are on 50-foot 

piles. The first floors o f the west and center portion are struc

turally supported, but the first-floor slab in the east section is 

placed on grade.

Soil C ond itions

The soils in this area are river deposits composed primarily 

o f silts and clays. The area is not glaciated, but the upper soils 

show som e precompression, presumably by drying. Eighteen 

borings were made in the subsurface exploration program of 

the campus and combined with previous test borings to estab

lish the uniformity o f the soil profile (Brown and Libby , 1950). 

Fig. 3 is typical o f the soil profile at the building sites. The 

upper yellow silty clay which occurs over the entire campus is 

uniform and appears unstratified. It has an average natural 

water content o f 38 per cent, liquid limit o f 46 per cent, plastic 

limit o f 26 per cent, and unconfined compressive strength of 

1.2 tons per square foot. Fig. 4  shows the results o f a consoli

dation test on a sample o f this soil taken at a depth o f 10 feet.

The underlying blue silt, clay, etc., shows definite stratifica

tion. A  number o f the deeper soil types appear very brittle and 

dry in the undisturbed state but have very high natural water 

contents.

For the purposes o f this program, the yellow silty clay was 

studied in detail, but the underlying soils were classified and 

only a few tests on undisturbed samples were made. There

Fig. 2 Anim al Science Building C onstructed on Pile Foundation

«A nim al Science Building» construit sur une fondation sur pieux
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were several reasons for this approach. For the type o f  build

ing under study and those planned for the future, high stresses 

at depths greater than 15 to 20 feet were not anticipated. A  few  

shear tests on undisturbed samples indicated the unconfined 

compressive strength to be in the range o f 1.0 ton per square 

foot. From the shear-strength and bearing-capacity standpoint,
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could contribute to the settlement o f the structure, but the pres

sures im posed at this depth are small and represent a very slight 

increase over the overburden load. In addition, because o f the 

extreme variability o f the lower soils, an analysis o f their con

tribution to total settlement would be highly complex and un

reliable.
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Settlement Measurements

Thirty bench marks were placed in the columns and walls 

o f the two buildings after footings and pile caps had been 

placed and construction had reached above ground level. In 

m ost cases, this meant that the markers were approximately

5 to 7 feet above the base o f the footings. The weight o f  con

crete at this stage o f construction was generally not in excess 

o f the weight o f soil removed during excavation. Markers in 

exterior walls were placed below the brick facing, and those 

on interior columns were placed above the first-floor level so 

that circuits could be run conveniently through main corridors 

or storage areas.

The marker used in this program consisted of a 1-inch-square 

brass plug with a tapped hole bolted directly to the forms and 

cast integrally into the concrete members. For elevation read

ings, a short bar was screwed into the open end to support a 

level rod. Level circuits were run with a Leitz 14-second tilting- 

axis level. The closure error was carefully controlled on all cir

cuits, and elevation readings are believed to be accurate to 

within plus or minus .002 ft. This degree o f precision is con

sidered entirely satisfactory since it represents the magnitude 

o f movement that might be expected from thermal expansion  

o f the concrete.

Settlement readings were taken throughout the construction  

period and for several months thereafter. Resulting time- 

settlement relations are shown for maximum settlement points 

in each building in Fig. 5. Table 1 summarizes the comparisons 

o f settlements in the two buildings. Maximum settlement and 

maximum differential settlement were slightly greater in the 

building on spread footings. However, settlement in neither 

building is excessive nor is sufficient to cause structural damage. 

In the Food Technology Building, the maximum differential 

settlement o f .027 feet occurred between the northeast and 

southwest corners o f the building. Differential settlements be

tween adjacent columns and walls were considerably less.

Table 1 Comparison of Measured Settlements for Both Buildings, 

in feet

Fig. 4 Results o f  C onsolidation T est on a  Sam ple o f  Yellow Silty Clay 

Taken from  10 ft. D epth

Com pressibilité de l’argile jau n e  d ’un échantillon extrait à quatre 

mètres de profondeur

Food Technology 

Building (on 

spread footings)

Animal Sciences 

Building (on 

timber piles)

Maximum

Settlement 0.027 0.023

Maximum

Differential Settlement 0.025 0.020

Average

Settlement 0.019 0.013
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Foundation settlement o f the Food Technology Building is 

more easily analyzed than is that o f the Animal Sciences Build

ing because the former is constructed on spread footings in a 

uniform soil, yellow silty clay. A maximum settlement of

5.5 inches was originally estimated by consulting engineers for 

this building based upon consolidation test data using som e

what lower bearing pressures than were used for design. On 

the basis o f consolidation test data obtained after the building 

was under construction, the author estimated a maximum  

settlement o f 1.5 inches. Both values were obtained by using 

the Boussinesq theory o f pressure distribution.

A large part o f the discrepancy between the first estimate and 

the observed settlement is due to precompression o f the upper 

soil layers. Other possible contributing reasons may be the 

remolding of the soil during sampling and the recognized fact 

that use o f the Boussinesq theory frequently leads to estimated 

settlements higher than observed settlements. Greater accuracy 

could possibly have been obtained by utilizing the “ second run 

o f loading” principle for interpreting consolidation test data, 

as outlined by Tschebolarioff (1951).

Settlement o f the subgrade surface under the three feet o f 

gravel fill and two feet o f  preload surcharge fill in the west end 

o f the Food Technology Building was observed by means o f a 

buried bench mark. Access to the bench mark was maintained 

by providing a 4-inch conduit from the subgrade surface to the 

top o f the fill. A  level rod was then placed on the bench mark 

at any desired time. Settlement o f 3.8 inches had originally 

been predicted in this fill-area because o f the fill weight and the 

interaction o f the footing loads distributed beneath the fill area. 

The preload surcharge was applied during the construction 

period to hasten settlement so that the floor slab could be 

placed. Observation o f this buried bench mark indicated there 

was no movement whatsoever o f the subgrade surface in excess 

o f the limits o f accuracy o f measuring methods. Consequently, 

the surcharge was removed after 4 months, 3 months ahead of 

schedule, to allow earlier placing o f the first floor slab.

Analysis o f settlements for the Animal Sciences Building is 

more difficult because the pile foundation imposes higher loads 

on the underlying soil layers which, as noted above, are very 

complex. The consolidation o f the yellow silty clay cannot 

contribute greatly to the settlement in this building, and the 

small settlement which occured is primarily due to consolida

tion o f the blue silt and clay layers.

A llow ab le  Bearing C apacity

The ultimate and allowable bearing capacity o f the upper 

soil was a matter o f considerable controversy before these 

buildings were constructed, and an attempt was made in the 

program to establish allowable values by several methods. In 

the laboratory, unconfined compression tests on a large number 

o f samples along with a few direct-shear and triaxial-shear 

tests, indicated a cohesion value o f 0.6 ton per square foot. 

The allowable bearing capacity computed using this shear 

strength and those obtained by means o f a field bearing test 

on one square foot plate and from previous bearing tests in 

the campus area are outlined in Table 2.

To obtain the bearing-capacity values given in Table 2, a 

factor o f 5.4 times cohesion was used, this factor being an 

average of the coefficients from the Terzaghi, Fellenius, and 

Prandtl equations. A  safety factor o f 2.0 was applied to these 

results to obtain an allowable bearing capacity.

Table 2 C om parison o f Bearing Capacity Values

F ro m  u n co n fin ed  c o m 

p ress io n  tests 

F a c to r  o f  S afe ty  =  2 .0

F o r  c o n tin u o u s  F o r  iso la ted  

fo o tin g s  fo o tin g s  

3300 lb s./sq .ft. 4300 lb s./sq .ft.

F ro m  field  b e a r in g  tests 

Y ie ld  p o in t  v a lues 3330 lb s./sq .ft. 4330 lb s ./sq .ft.

F ro m  field  b ea rin g  tests 

U ltim a te  lo a d  d iv id ed  by 

F a c to r  o f  S afe ty  =  2.0 3100 lb s ./sq .ft. 4000  lb s./sq .ft.

(N ote: Relation between continuous footing and isolated footing 

values used is factor o f  1.3.)

Interpretation o f  field-bearing-test data was made in two 

ways. First, a yield-point value was obtained from the load- 

settlement curve, and this value used directly as the allowable 

bearing capacity. Second, ultimate failure load was divided by 

a safety factor of 2.0 to obtain the allowable bearing capacity. 

The agreement between these various bearing-capacity deter

minations and interpretations is sufficient to establish the de

sign value at 3,000 psf. for continuous footings and 4,000 psf. 

for isolated footings.

C onclusions

The magnitude o f measured settlements in the two buildings 

described is not great enough to allow significant conclusions 

to be drawn concerning their distribution and the distribution 

predicted. The limits o f accuracy o f measurements, while 

small, form a significant portion o f  these small settlement 

readings.

The true importance o f the results o f this program lies in the 

establishment o f the fact that a well-designed spread-footing 

foundation served its purpose equally as well as did the pile 

foundation and that the performance o f existing buildings in 

the area proved a much better barometer for prediction than 

did laboratory consolidation tests and analyses. Conclusive 

evidence o f the satisfactory performance of existing buildings, 

however, was not available at the time o f this construction be

cause no settlement observations had been made. The records 

obtained in this program indicate the range o f settlement to be 

expected in future construction and considered in future design.

The results o f consolidation tests are sensitive to sampling 

methods and interpretation and can lead to gross overestimates 

o f settlements which, in turn, lead to overconservative founda

tion design. For construction in undeveloped areas, settlement 

estimates o f necessity must be based entirely on consolidation  

test data. However, the first opportunity to obtain settlement 

records should be utilized to provide information which will 

result in the most econom ical construction.

References

Brown, P. P. and Libby , J. R. (1950): Oregon State College F oundation  

Investigation. (Unpublished.)

Holcomb, G. W. and Brown, P. P. (1950): Building Settlem ent Tests 

on Two F oundation  Types. W estern C onstruction  News, M arch, 

p. 72.

Tschebolarioff, G. P. (1951): Soil M echanics, Foundations and E arth 

Structures. M cG raw  Hill Com pany, p. 391.

380


