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f o o t i n g  s e t t l e m e n t  w e r e  a b o u t  e q u a l  t o  d e a d  l o a d  m o m en ts a n d  t o  w in d  l o a d  m o m e n ts , b u t  i n  t h e  i n t e r i o r  

p a n e l  t h e  m o m en ts d u e  t o  s e t t l e m e n t  w e r e  f r o m  tw o  t o  t h r e e  t i m e s  t h e  d e a d  l o a d  o r  w in d  l o a d  m o m e n ts ."

If this is true for l/4n settlements of the nature studied, even small settlements of l/8" or l/l6" are 
worth considering.

A second case which was oarefully studied by Walter Soholtz in 1935» is that of the upper ten 
stories of the olassio Parcel and Maney bent, in which one of the interior oolumns was assumed to settle« 
Mr. Soholtz ooncludes that a settlement of 1/8" induces girder moments at the second floor adjacent to 
the settling oolunm equal to one third of the total allowable moment for the girder*

E f f e o t s  s u c h  a 6 t h e s e  a r e  n o t  t o  b e  l i g h t l y  p a s s e d  o v e r  b y  d e s i g n i n g  e n g i n e e r s .  A l t h o u g h  t h e  l a b o r  

i n v o l v e d  i n  a n a l y z i n g  s t r u c t u r e s  f o r  f o o t i n g  m o v e m e n ts  i s  a r d u o u s ,  a n d  p e r h a p s  n o t  c o m m e r c i a l l y  p o s s i b l e  

a t  t h e  p r e s e n t  t i m e ,  t h e  r e c o g n i t i o n  b y  e n g i n e e r s  o f  t h e  m a g n it u d e  o f  t h e  i n d u c e d  s t r e s s e s  i s  i m p o r t a n t .  

I f  e n g i n e e r s ,  a r c h i t e c t s ,  a n d  o w n e r s  c a n  b e  m ade t o  r e a l i z e  h o w  m uch i n f o r m a t i o n  o a n  b e  o b t a i n e d  f r o m  

m o d e r n  s u b s u r f a c e  i n v e s t i g a t i o n s  a n d  t e s t s ,  a n o t h e r  s t e p  i n  t h e  d l r e o t i o n  o f  b e t t e r  s t r u c t u r a l  d e s i g n  

w i l l  h a v e  b e e n  t a k e n *

N o . F - 3  SETTLEMENT OF E X H IB IT S  BU ILD IN G S AT THE TEXAS CENTENNIAL CENTRAL E X PO SITIO N

R aym on d F .  D a w s o n , T e s t i n g  E n g i n e e r ,  T h e U n i v e r s i t y  o f  T e x a s ,  A u s t i n ,  T e x a s

D u r in g  1 9 3 6  t h e  S t a t e  o f  T e x a s  i s  o e l e b r a t i n g  t h e  o n e  h u n d r e d t h  a n n i v e r s a r y  o f  i t s  i n d e p e n d e n c e .

T h e  m a jo r  p a r t  o f  t h i s  c e l e b r a t i o n  w i l l  b e  a  w o r l d  f a i r  h e l d  i n  D a l l a s  c a l l e d  t h e  T e x a s  C e n t e n n i a l  

C e n t r a l  E x p o s i t i o n *

T h e  s i t e  o f  t h i s  e x p o s i t i o n  i s  a  s e c t i o n  o f  o l d  r i v e r  t e r r a c e  f o r m e r l y  u s e d  a s  t h e  S t a t e  F a i r  

g r o u n d s .  T h i s  t e r r a c e  c o n s i s t s  o f  a  l a y e r  o f  c l a y  a p p r o x i m a t e l y  t w e n t y - f i v e  f e e t  t h i c k  o v e r  a  s t r a t u m  

o f  s a n d .  B o r i n g  s h o w s  t h e  s a n d  t o  b e  o v e r  4 0  f e e t  t h i c k  a n d  g e o l o g i c a l  m ap s i n d i c a t e  t h a t  i t  i s  p r o b a b l y  

6 0  f e e t  t h i c k  a n d  u n d e r l a i d  b y  a  m ed iu m  s o f t  l i m e s t o n e  k n ow n  a s  t h e  A u s t i n  C h a l k .  T h e  w a t e r  t a b l e  i s  

o v e r  3 0  f e e t  b e l o w  t h e  g r o u n d  l e v e l  a n d  w e l l  b e l o w  t h e  c l a y .  F i g *  1  g i v e s  t h e  l o g  o f  t e s t  b o r i n g s .

F o r  e o o n o m io  r e a s o n s ,  i t  w a s  d e c i d e d  t o  p l a c e  t h e  f o u n d a t i o n s  o f  t h e  s e m i - p e r m a n e n t  e x h i b i t s  b u i l d ­

i n g s  o n  t h e  b r o w n  o r  y e l l o w  c l a y *  P h y s i c a l  t e s t s  o f  t h e  c l a y  a r e  g i v e n  i n  T a b l e  I .  I t  w i l l  b e  n o t e d  

t h a t  t h i s  d a y  p o s s e s s e s  l a r g e  v o lu m e  c h a n g e s  w h e n  d i s t u n b e d  a n d  t h a t  i n  t h e  u n d i s t u r b e d  c o n d i t i o n  o n l y  

a b o u t  o n e - h a l f  o f  t h e  v o i d s  a r e  f i l l e d  w i t h  w a t e r .  ( T e s t s  m ade b y  U . S .  B u r e a u  o f  P u b l i c  R o a d s  M e t h o d s .)

T A B L E  I

F h y s i o a l  C h a r a c t e r i s t i c s  o f  S o i l  f r o m  t h e  S i t e  o f  t h e  

T e x a s  C e n t e n n i a l  C e n t r a l  E x p o s i t i o n

L o w e r  L i q u i d  L i m i t 69*49
L o w e r  P l a s t i c  L i m i t  - \v 20.45
P l a s t i c i t y  I n d e x 49.04
S h r i n k a g e  L i m i t  ,  ̂ v : 5.3
S h r i n k a g e  R a t i o 2.065
V o lu m e  C h a n g e 141.45
L i n e a l  S h r i n k a g e 25.3
A b s o l u t e  S p e c i f i c  G r a v i t y 2.7007
V o i d s  i n  U n d i s t u r b e d  S a m p le  ■ 38. i+9#
I n i t i a l  M o i s t u r e  C o n t e n t  o f  U n d i s t u r b e d  S a m p le 19.14#
V o i d s ,  F i l l e d  w i t h  A i r 9.79#
I n i t i a l  V o i d  R a t i o 0.6255
V o i d s  i n  S a m p le  a f t e r  c o n s o l i d a t i o n  t e s t 35.85#
M o i s t u r e  c o n t e n t  a f t e r  c o n s o l i d a t i o n  t e s t 20.25#
V o i d s  F i l l e d  w i t h  a i r  a f t e r  C o n s o l i d a t i o n  t e s t 1.25#

N o te  1 T o t a l  v o i d s  a n d  v o i d s  f i l l e d  w i t h  a i r  a r e g i v e n  i n  p e r c e n t

o f  v o i d s  i n  t o t a l  v o lu m e .  M o i s t u r e  c o n t e n t s  a r e  g i v e n  i n  

w e i g h t  o f  c o n t a i n e d  w a t e r  d i v i d e d  b y  t h e  d r y  w e i g h t .

T h e  b l a c k  t o p  s o i l  a p p e a r s  t o  b e  a  d i s i n t e g r a t i o n  o f  t h e  y e l l o w  a n d  b r o w n  c l a y .  S t a t e  F a i r  b u i l d ­

i n g s  p l a c e d  o n  t h i s  b l a c k  s o i l  w e r e  v i r t u a l l y  w r e c k e d  b y  i t s  m o v e m e n t. I t  i s  b e l i e v e d  t h a t  t h e  A u d i ­

t o r i u m  w a s  b u i l t  o n  t h e  y e l l o w  d a y  b u t  t h e  i n f o r m a t i o n  i s  i n d e f i n i t e .  T h i s  s t r u c t u r e  i s  a l m o s t  1 5  y e a r s  

o l d  a n d  i n  v e r y  g o o d  c o n d i t i o n *

I n  p l a n n i n g  t h e  f o u n d a t i o n s ,  a  t e s t  p i t  w a s  d u g  ( S e e  F i g .  2 )  a n d  a  f i e l d  l o a d i n g  t e s t  m ad e* F i g .  3 
g i v e s  t h e  r e s u l t s  o f  t h i s  t e s t .  A  m axim um  s e t t l e m e n t  o f  s l i g h t l y  m o re  t h a n  o n e - h a l f  in o h  w a s  o b t a i n e d  

f o r  a  l o a d  o f  JOOO p o u n d s  p e r  s q u a r e  f o o t .

A  c u b i c  f o o t  u n d i s t u r b e d  s a m p le  w a s  c u t  f r o m  t h e  b o t t o m  o f  a n o t h e r  t e s t  h o l e ,  c o a t e d  w i t h  p a r a f f i n e ,  

a n d  s e n t  t o  T h e  U n i v e r s i t y  o f  T e x a s ,  B u r e a u  o f  E n g i n e e r i n g  R e s e a r c h *  A  s a m p l e ,  3-3/4 in o h e s  i n  d i a m e t e r  

a n d  3 * 3 c m . h i g h ,  w a s  o a r e f u l l y  c u t  f r o m  t h e  c e n t e r  o f  t h i s  s p e o im a n  a n d  t e s t e d  i n  t h e  T e r z a g h i  C o n s o l i -  

d o m e t e r .  T h e  c o n s o l i d a t i o n  t e s t  a n d  a b s o l u t e  s p e c i f i c  g r a v i t y  d e t e r m i n a t i o n  (v a c u u m  m e th o d )  w e r e  m ade 

a o c o r d i n g  t o  " L a b o r a t o r y  P r o c e d u r e  i n  T e s t i n g  S o i l s  a n d  S e d im e n t "  o f  t h e  U* S .  W a te r w a y s  E x p e r i m e n t
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Station. Fig. 5* 6* 7 and 8 give results of the consolidation test..
Following these tests the engineers decided to place the exhibits buildings on spot-footings going 

well down into the yellow or brown clay and use an allowable dead load of 1.25 tons per square foot. The 
exhibits buildings are one-story structures of the following typei steel frame; concrete grade beams; 
concrete piers; spot footings; matal roof deck; bar joists; tile walls-stucco. Although the exhibits 
buildings are of the semi-permanent type, they will not be destroyed after the Exposition but will re­

main as a part of the State Fair group.
Since this soil has given considerable trouble as a foundation material, and because of the wide 

difference in estimated settlements between the field loading and consolidation test actual settlement 
observations have been started on three of the buildings. However, construction on only two of them had 
progressed far enough at the time of the last reading to give settlements. Settlements have been ob­

served on Buildings 4 and 5 (Foods Group) whioh has an area of 33,528 square feet, and Building 43 
(Poultry) which has an area of 27,203 square feet. Fig. 4 gives the log of test holes under these build­

ings.
The average depth of the clay under these structures is 25 feet. The footings of buildings 2* and 5 

are 13 feet deep leaving a 12 foot layer of clay underneath. The footings of building 43 ®>re only 10 
feet deep thus leaving a layer of olay 15 feet underneath.

Three permanent bench marks were constructed in the stadium which has been built for about 10 years, 
therefore has had ample time to settle. It is also near the structures under observation and still away 
from the actual construction. The benoh marks oonsist of two inch pipe set in mortar deep in the sand 
and well below the water table. The two inch pipe is cased-off from the clay and upper sand by a four 
inoh pipe.

Settlement observations are made by precise levels reading to one-thousandth of a foot. Foresights 
and backsights are measured to keep the distances equal. The first readings were taken when the concrete 
piers were completed, this is the zero settlement. Subsequent readings were taken after the steel was 
erected, after the masonry was completed and after the roof was completed. Observations are being made 

on 13 columns of building 4 and 5» and 11 columns of building 43»
In calculating the settlements from the consolidation test, it was felt that to consider the total 

load effective for the entire depth of the clay would give estimated settlements that would be too large. 
Results of these calculations are shown in Table II, "Estimated Total Settlement, Entire Pressure."

Typical columns were selected and pressure distributions calculated by the method proposed by Nathan 
M. Newmark in "Simplified Computations of Vertical Pressures in Elastic Foundations," Circular No. 24, 
Engineering Experiment Station, University of Illinois. The stratum of elay was divided into three- 
foot layers and the average pressure calculated. For the first three-foot layer the entire load of 1.25
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tons par square foot was considered effective but nothing was added for pressures from adjoining 
oolumns. In all the layers below the first, pressure from adjoining columns was added. The weighted 

average of pressure at the center, edge and corners was purely an estimate. From these effective
average pressures and the consolidation 
ourve, settlements were estimated for each 
t'nree-foot layer. The total of these 
estimates for each column is given in 
Table II, "Estimated Total Settlement, 
Pressure Distributed."

From the time-consolidation curve,

Fig. 7 » the percent of estimated settle­
ment was determined for a period of time 
equal to that of the actual settlement 
observations. These values are given in 
Table II along with the actual settlements 

of the columns.
While the estimated settlements from 

the distributed pressure and the actual 
settlement agree remarkably well for these 
first readings it is questionable whether 
or not future observations will check as 
well. In the first place the "time" in 
the actual settlement observation is not 
the time the column has carried its entire 
load but the time from the initial read­
ing. Since the entire load has been on 
the column only a fraction of this period 
one might expect that ultimately the actual 

settlements will greatly exceed the ones 
estimated by distributed pressure. How­
ever, the footings carried some load during 
this entire period and under lighter loads 
the rate of settlement was greater than 
under the 1.2 5 tons per sq. ft. load.
From Fig. 3, we see that under a load of
0.60 tons per sq. ft., there v/as a settle­
ment of in 1 minute on the sample or 

13 days on the structure. Thus the 
settlement would be more nearly complete 
for the light loads and tend to offset the 
difference in time. Data is not available 
to calculate the settlement for these 

lighter loads.
Table III gives the maximum, minimum 

and average settlements for the various 
types of columns of the buildings. At 
this date there have not been sufficient 
observations to plot time-settlement curves 

for the structures.
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T A B L E  III

Actual Settlement Observations on Exhibits Buildings at the 
Texas Centennial Central Exposition

Building Type of Column Maximum Minimum Average

4 and 5 Interior 0.624" 0.528" 0.585"
» Wall 0.828" 0.432" 0.613"
n

C oraer* 0.600" 0*600" 0.600"
43 Interior 0.624" 0.588" 0.606"
43 Wall 0.792" 0.276" 0.475"
43 Corner 0.960"+ 0.372" 0.588"

* Only one column.

+■ This column, is at a corner ■where an "L" projects from the 
structure. Therefore, the structure covers 270° around 
the column instead of 90° as in the case of the usual cor­
ner.

Since part of the voids in this clay are filled with air we can expect a much greater rate of 
settlement during the earlier loading periods because the air can move through the soil at a greater 

speed than water. Curves in Fig. 7 and 8 show this to be true. It is also interesting to note that 
after the consolidation test was complete there were still soma voids in the soil filled with air 
although water was available through the lower porous disc, during the entire test and under a head of 
approximately 3»3cm.

The following conclusions may be drawn from these testsi
1. The field loading test on this clay gave estimated settlements lower than the actual observed 

settlements.
2. Pressure distributions under the footings should be calculated before estimating the amount of 

settlement.

3» The estimated settlement calculated from the laboratory consolidation curve and distributed 
presstires, checks very closely to the observed settlements. However, one may well question whether or 
not future observations will oheck as well*

4* We cannot consider that the voids in clay are entirely filled with water in all cases*

5* Although water was available during the entire consolidation and rebound test, the clay did not 
take up sufficient moisture to fill the voids*

No. F-4 ABSTRACT
SETTLEMENT RECORDS OF THE MISSISSIPPI RIVER BRIDGE AT NEW ORLEANS 

Win. P. Kimballj^Assistant Professor of Civil Engineering,
Thayer School of Civil Engineering, Hanover, N.H.

Prior to the erection of the Mississippi River Bridge above New Orleans two series of borings were 
made. The first borings were made in 1926 and used for the tentative selection of foundation types, 
construction, methods and landing elevations* The second series was conducted in 1933 just before con­
struction was begun* The soil stratification as determined by the borings, the location of the borings, 
and the profile of thè bridge and the main piers are shown in Fig. 1* Undisturbed samples were obtained 
by means of a sampling tube illustrated in Fig. 2. Other borings than those 6hown were made for a 
distance of several thousand feet along the approaches to the bridge, but this paper confines itself to 
a study of the main piers*

Using the undisturbed samples obtained in the 1933 boring program estimates were made of the 
settlements of the nine main piers. The results of the estimates were forwarded to the engineers in 
oharge of the work three months before the construction of the pier6 was begun.

Observations of settlement were taken on all the piers from the time of sealing the caissons*
These observations are being continued and the records for the first six months of 1936 will be appended 
to this paper as they become available. A comparison between the estimated and observed settlements is 
shown in Table II.

The settlement estimates led to two practical results*
1. The truss bearing plates were redesigned to allow jacking the trusses back to position and the 

bridge seats were finished at higher elevations than called for on the plansj 

2* It was agreed to land the caisson for Pier A 15 feet above the plan elevation. It was thought that 
this would effect a saving of over $10,000, several times the cost of the actual settlement analy­
sis. This caisson over-ran the new proposed landing elevation during construction, however, and was 

finally brought to rest at the plan elevation.

Adaptability of Conditions to Soil Studies. As shown in Fig. 1 the soil stratification lends itself 
rather readily to consolidation analysis. The various strata are reasonably homogeneous throughout 
their respective depths, and obvious drainage course are provided for the consolidation of the clay


