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SYNOPSIS 
The first part of this report contains a general outline of all factors relating 

to the design of abutments for small highway bridges The main portion of the 
report includes a discussion of one of these factors—Forces and Resistances. 
The elements considered under this heading are (1) Active Earth Pressure, 
(2) Passive Earth Resistance, (3) Foundation Pressures, (4) Bearing Value of 
Piles, (5) Uplift Resistance of Piles, (6) Lateral and Pull-Out Resistance of Soils, 
(7) Lateral Resistance of Piles, (8) Ice Pressure and Uplift, and (9) Scour of Water 
and Slit 

DEFINITION AND LIMITATION OP SUBJECT 
MATTER 

This report hsts the latest consistent data 
available on the design of abutments for the 
support of short-span bridges carrying high
way loads Where the abutment is self-
supporting and does not require the presence 
of the bridge slab for support to resist the fill, 
it is classed as a gravity type, mcludmg not 
only gravity walls, but also soUd crib boxes, 
biaiced or cantilever sheetmg, and anchored 
bulkheads As a separate class of non-self-
supporting walls there are various types which 
cannot be backfilled until the bridge slab or 
its framework is completed, mcluding slab 
walls and legs of rigid frame structures The 
outline of the subject matter to be covered 
in the complete study follows, but only part A 
is discussed in this report. 
A. Forces and Resistances 

(a) Active Earth Pressure 
(b) Passive Earth Resistance 
(c) Foundation Pressures 
(d) Bearing Value of Piles 
(e) Uplift Resistance of Piles 
(0 Lateral and Pull-out Resistance of 

Soils 
(g) Lateral Resistance of Piles 
(h) Ice Pressure and Uplift 
(i) Scour of water and silt 

B. Materials and Stresses 
(a) Mass Masonry 
(b) Concrete (plam and remforced) 
(c) Sheeting (steel, concrete, tunber) 
(d) Cribbing (steel, concrete, timber) 

C. Types of Abutments—Methods of Design 
(a) Gravity Walls 
(b) Cnbbing 
(c) Counterforted WaUs 
(d) Cantilever Walls 

(e) Sheetmg 
(f) Open Frames 
(g) Hollow Boxes 
(h) FiUed Boxes 
(i) Anchored Bulkheads 
(j) Braced Tunber Bulkheads 

D. Types of Foundations 
(a) Spread Footing 
(b) Pile Footmg 
(c) Column Footing 
(d) Processed Fills 

E. Bearing and Drainage Details 
(a) Abutment Seat Details 
(b) Backfill Materials 
(c) Compaction of Backfill Materials 
(d) Stabihzation of Backfill for Road Base 
(e) Drainage Methods and Details 

F. Correlation of Soil Profile Studies and 
Investigations with above subject matter 

G. Correlation of Report with Previous Stud
ies of Standard Abutment Designs 

H. Comparative Costs of Different Types for 
25, 50, 75, and 100 ft . spans. 

A. FORCES AND RESISTANCES 

(a) Active Earth Pressure can be safely and 
economically determmed by the following 
rules. 

1. Horizontal component for any material 
for a normal type wsJl is closely given by the 
general wedge theory for the case of a vertical 
wall and substantially horizontal fill. Such 
wall IS assumed to be backfilled by usual con
struction metliods and is not so rigid that a 
small rotational movement (of the magnitude 
.OOIH) cannot occur. The necessaiy rota
tion to mobilize the internal friction of the 
backfill is equivalent to an outward movement 
of i in. at the top of a 20-ft. wall. The hori
zontal component of lateral pressure, Ea, is 
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closely given for vertical walls and horizontal 
fills by the formula: 
E.= i ttff»tan» (45" - | ) = 

iwH'Ka (1) 
where u is the average unit weight of tiie 
fiUing in lb. per cu. ft . ; H is tiie hdight of the 
fill in ft . and ̂  is the angle whose natural tan-

TABLE 1 
NORMAL VALUES OF V A N D * 

Material v> (lb per 
cu f t ) 

# (Internal 
Friction) 

Soft Plastic Clay 
Wet Fine Silty-Sand 
Dry Sand 
Gravel 

Compact Loam 
Compact Cloy 
Cmdera 
Compact Sand-Clay 
Water 

105-120 
110-120 
90-110 

120-136 
75- 90 
90-100 
90-110 

40 
115-125 

621 

0-10± 
15-30 
25-40 
30-40 
30-45 
30-45 
25- 45 
26- 15 
40-50 

0 

too large for positive surcharges, but the 
differences are no greater than 10 per cent. 
I t is qmte accurate enough, taking into 
account the uncertamties of conditions as to 
actual slope, to use a table of ratios, referred 
to the simplified case of vertical wall and 
horizontal fill (see Table 3). 

3. The vertical component of lateral pres
sure, in all cases, is such that the resultant 
pressure is mclined from the normal to the 
back of the wall by the angle of wall friction. 
However, under no condition can this angle 
exceed the angle of internal friction of the SU. 

4. The pressure of materials which, because 
of lack of drainage and because of their nature 
may become flmd at any time, whether such 
fluid material is widespread or only a narrow 
layer agamst the wall, is the same as liquid 
pressure of a liquid havmg the same density 
as that material. 

TABLE 2 

Values for Ka - tan* ( i f - | ) 

andforJC, = t a n « ( 4 5 ' + | ) 

, 1 - B m « 
1 + S m « 
1 + S ln» 

• I - S m « 

TABLE 3 
LATERAL PRESSURE RATIOS FOR GENERAL 

CONDITIONS 

tan 4 K , 

0 0 1 00 1 00 
10 .176 70 I 42 
20 .364 49 2 04 

25 .466 l l 2 47 
30 .577 33 3 00 
35 .700 27 3 69 

40 839 .22 4 40 
45 1 000 17 5 83 
50 1.193 13 7 55 

60 1 732 07 13 90 
70 
80 

2 748 .03 32 40 70 
80 5 671 .01 132.20 
90 Inf. 0 Inf 

gent is the coefficient of internal friction of the 
fillmg. The value of tan* (45° - | ) is often 
designated by the symbol Ka. 

Table 1 gives average values for w and ^ 
Table 2 gives values for tan« (45° - | ) 

for vanous values of ̂ . 
2. The general wedge theory formulas 

(taking into account the friction along the 
surface of the wall) may be used for the evalua
tion of horizontal component for all other con
ditions of wall batters and slopmg fills. How
ever, comparison with expenmental results 
mdicates tiiat the results are somewhat too 
small for negative surcharges and somewhat 

Far HomonUd F i l l and 
107 
103 
100 
95 
90 

For Vertical H'oH» and 
4, = 40" 30» 20° 

123 110 109 
100 100 100 
74 83 88 

Sloped Wattt 
+1 6 
+1 12 

Vertical 
- 1 12 
- 1 6 

Sloptnt Fill 

+10-

-10° 

Al l figures are percentages of values given by formula ( 1 ) 
for the case of vertical nail and horizontal fiU and for a spe
cific ̂ alue of ^ In computing the above values, the angle of 
friction betneen the n d l and the fill is assumed at 30° or 
equal to the angle of friction 0 , if 0 < 30°. 

5 The pressure of submerged soils is given 
by the same formula (1), with the weight of 
matenal reduced by buoyancy (for the solid 
fraction of the soil only) and the coefficient of 
internal friction evaluated for tiie submerged 
condition, and in addition thereto there is 
actmg the full hydrostatic pressure of water. 
For granular materials, submergence affects 
the coefficients of internal and wall fnction 
very little, submergence changes silt materials 
to hquids 

6 The pressure of fills dunng saturation 
and pnor to complete submergence and the 
pressure during drainage penods is affected 
by the rapidity of water movement. Drain
age produces a slight temporary decrease in 
pressure from normal. Submergence produces 
an expansion of the fill with consequent in-
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crease in pressure. Such variations will not 
occur if adequate provision is made for drain
age, if such provision is not made, the soil 
may become submerged and the pressure 
should be computed as in paragraph 5 above. 

7. The pressure of granular fills is affected 
by earthquake and other vibrations by an 
increase of approximately 10 per cent m -ralue, 
which increase remains for a time and slowly 
disappears. Silt materials and some kinds 
of clay (thbcotropic clays) imder the action of 
earthquakes or vibrations by heavy trucking 
may become liquid. 

8 The pressure of fills varies directly with 
temperature and normally decreases with age. 
Both factors can be safely disregarded in the 
design of abutments. 

9. Surface loading of the fill increases the 
lateral pressure on tibe wall The assumption 
of a trapezoidal pressure distnbution, by 
adding the pressure computed from fonnidaCI) 
for a depth of earth eqmvalent in weight to 
the surface loading or surcharge, although not 
in complete accord with recent experimental 
work, 18 considered safe for abutment walls 
because of the unlikely occurrence of the full 
surcharge over the entu« area of influence. 
In the case of hquid fill even though it has been 
drained but remained fluid, the moisture in the 
pores transmits the full weight of the sur-
chaî ge to the wall. Hence in such cases that 
part of the horizontal pressure on the wall 
which is due to the surcharge, equals the full 
weight of the latter at all depths. 

10. The resultant horizontal pressure acts 
somewhere between 0.33 and 0 45 of the height 
of the wall. Liquid and negative sloped fill 
pressures act at 033 of the height. Theo
retical point of application of surcharged fills, 
based on the method m paragraph 9 above are 
listed in Table 4 Except for liquid and 
negative sloped fill pressures, the pomt of 
application i^ould be assumed no lower than 
0 375 of the height, and higher if the sur
charge ratio so requires This assumption 
is on the safe side of the true condition sufii-
ciently to compensate for any effect of vibra
tion, age and local fill compaction The loca
tion of resultant pressure application affects 
the design of walls much more than corre
sponding accuracy m the evaluation of the 
amount of pressure. 

11. The pressure in pits and bins is not given 

by the wedge theory unless a correction for 
side wall friction is made, in which case actual 
field observations of pressures are closely 
checked. Such correction shows that after 
certain depth to width ratios are exceeded, 
there is no addition in pressure, as long as the 
earth is prevented from movement For 
usual soils, there is no horizontal pressure at 
the base of a pit six times the width or more 
in depth. 

12. Many attempts have been made to 
derive a consistent formula for the pressure 
of cohesive soils, mcludmg a reduction factor 

TABLE 4 
THEORETICAL POINT OF APPLICATION OF 

PKBSSURE FROM SURCHARGE FILLS 
H = height of fiU 
S " equivalent height of suraharge weight 
X = height of resultant above base, as a fraction of B 

Total Pressuic Ratio 
S/B X 

Theoretical Spangler 

0 33 100 100 
0 1 36 120 105 
0.2 38 140 120 
0 3 40 ISO 150 
0 4 .41 180 210 
0.5 i2 200 290 
0 6 42 220 

290 

0 7 42 240 
0 8 43 260 
0 « 43 280 
1 0 48 300 

i ne opangier ratios are Dased on data shown in Figure 
10, p. 63, Pneetding; Highway Reaeanh Board, Vol 18, 
Fart I I , 1IB8, assuming normal unsurohargad inaasuie equal 
to 16 h ' Smce the extarpolation u from a single surcharge 
load (100 lb per sq. f t ) , no accuraoy is to be expected for 
these values 

for the cohesive resistance. The most recent 
empirical evaluation in Chicago, indicates a 
formula of the form-

^ • = 0 -75-^^ (2) 
(See chart by R. S. Knapp and R. B. Feck m 
Eng. Neva Recordy Nov. 20,1941.) 
where Ka is the hydrostatic pressure 

ratio to be used in formula (1) 

w is umt weight of soil, in lb per 
cu. f t . 

H is depth of excavation of fill, 
in f t . 

q is average unconfined compres-
uve strength of soil samples in 
lb. per sq. f t 
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(b) Passive Earth Pressvre 
1 The honzontal component of passive 

(or maximum) resistance to pressure before 
failure (termed also "passive pressure"), is 
often computed by the formula 

= 4 wH* tatf (45° + | ) = J wH»K, . (3) 
designations w, H and <t> bemg the same as m 
formula (1), and K, = tan" (45" + 1 ) . 

In common highway work formula (3) 
furnishes satisfactory results Experimental 
work, especially with sheet piling m sand 
shows, however, that actual values of passive 
resistance are larger than those given by 
formula (3). For the design of sheet pihng 
embedded in sandy materials a maximum 
value of passive resistance equal to 2Ef may 
be recommended as permissible 

2. The vertical component of the passive 
resistance is such that the resultant pressure 
is mchned from the normal to the back of the 
wall by the angle of wall faction 

3. Little is known about the location of the 
resultant passive pressure, which is probably 
affected by the rigidity of the wall The 
usual assumption is that the distribution of 
the lateral resistance is hnear 

(c) Fomdatum Pressure 
Permissible base pressures depend upon 

the nature of the soil, size and shape of the 
foimdation, depth of subgrade and to some 
extent on the relative values of the surcharged 
live loads Because of the ngidity of abut
ments, hnear distribution of base pressure 
may be assumed If soil bearmg tests are 
made for the determination of permissible 
pressure for any given settlement, the depth 
of the test area must be comparable to the 
final design depth The increase cover from 
the backfilling, however, occurs on the side 
where base pressures are low and should not 
be considered Smce all foundations must 
settle when loaded, abutments must be de
signed to permit such settlement (usually also 
tippmg from unequal base pressures at toe 
and heel). For deeply bedded foundations, 
where there is no likelihood of deep scour or 
erosion, the lateral resistance of the soil on the 
toe side may be considered as a balancing 
force, tending to resist tipping and tending to 
reduce the mequahty of base pressures In 
all cases, however, the requu^ments of statics 
must govern; the total resistances in any direc

tion are equal to (not less nor more than) the 
total forces acting I t is recommended that 
the foundation be treated, separately m the 
analysis, and the design of an abutment be 
considered m two parts the retaining wall [and 
the foundation. 

(d) Bearing Valve of Piles 
The bearmg value of piles should be deter

mined from pile load tests If the cost of such 
tests is prohibitive, the bearing value m 
question is to be determmed from local experi
ence and may "be estimated by using simple 
pile drivmg formulas such as the well knovni 
Engineermg News formula 

Besides the latter formula the so-called 
Hiley formula is sometimes used 

F a - H * W + M 

where 
R is dynamic pile resistance 
P is allowable load 
F is factor of safety, a value of 3 bemg suffi

cient 
W IS weight of stnkmg part of the hammer 
M IS weight of the pile 
h is height of fall of striking part of the hammer 
8 IS penetration of pile per blow 
A; IS half the lebound of pile cap 

(100 for drop hammer) 
(01 for steam hammers) 

n IS coefficient of restitution 
(0 5 for steel hammer on ateel or concrete) 
(0 4 for cast iron hammer on concrete) 
(0 25 for cast iron hammer on sound wood) 

e IS efficiency of hammer (0 75 for drop ham
mer and 0 90 for single acting steam). 

For double acting hammer substitute for 
eWh the rated available energy at instant 
of impact. 
The total value of a pile cluster is always 

less than the sum of mdividual pile values 
A reduction must be made when piles are 
spaced less than five diameters (of ttie butt) 
on centers A dmple rule is to reduce the 
value of each pile by one sixteenth for each 
other pile less than five diameters away 

For large operations, test piles should be 
driven and static load tests used for detemuna-
tion of correct bearmg values If the load 
test is done by jackmg the pile from a beam 
fixed to auxiliary piles, the latter should be 
at least 10 f t distant from the pile tested 
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The pile should be loaded at least with the 
design load; and the settlement under load 
as recorded after the removal of the test load 
should not be over 0.01 f t per ton of test load 

(e) Uplift Resistance of Piles; Fnctum Piles 
When piles are used for uplift resistance at 

the heel, the value of each pile, unless pre
viously determmed by proper full scale pulhng 
test, can be taken as equal to 600 lb per sq. 
ft . of embedded surface unless the cohesive 
resistance of the matenal is smaller. This 
value may be also considered as average 
possible skin resistance of a friction pile. 
The correct way to determme the skin re
sistance of a friction pile is by making either 
an extraction or a loading to failure test 
The puUmg out strength of tapered piles is 
practically equal to that of cylindrical piles 
having the maximum diameter of the tapered 
pile. The upward movement of the pile top 
at such loads is very httle more than the 
elastic elongation and can be assumed to be 
not over 0.1 in. 

(f) Lateral and PiM-Ovt Resistance of Soils 
The lateral resistance of soils to pressure is 

covered in section (b) above. 
The frictional resistance of soils along the 

base of the footing to translation, acts mde-
pendently of the passive resistance along the 
toe I t equals the product of the total verti
cal load unposed on the base and the coefficient 
of fnction between the soil and the concrete 
(or other base material) if less than that of 
the earth No allowance should be taken 
of the cohesive resistance of the soil Since 
the subgrade is usually rough and the concrete 
poiu^d directly against it comes mto mtimate 
contact with numerous projections, it is quite 
safe to assume that the coefficient of friction 
at the base is that of the earth itself. 

The pull-out resistance of embedded an
chors varies with the type of soil, and the 
size of the anchor but seems to be the same for 
all shapes of anchors havmg the same area 
of section normal to the direction of pull. 
The relative values of pull-out resistance for 
soils IS. 

1.0 for compact sand and stiff clay 
0 5 for faarly soft clay and loose sand 
For equal vertical depth of embedment, the 

ratio of resistance mcreases with the slope 
of the pull from the vertical, approxunately as 
follows: 

1.0 for vertical pull 
1.5 for pull at 1 1 slope 
2 0 for pull at 1.2 slope 
2 1 for pull at 1.3 slope 
2 3 for pull at 1.4 slope 
The resistance to vertical pulls m rammed 

compact loam is. 
800 lb per sq. f t anchor face at 1 ft. depth 

1000 lb. per sq f t anchor face at 1 5 f t 
depth 

1900 lb per sq. f t anchor face at 2 ft . depth 
3000 lb per sq f t anchor face at 3 f t depth 
54001b. per sq f t anchor face at 4 ft . depth 
8000 lb per sq f t anchor face at 5 f t depth 

These values should be used only for anchors 
where the depth of embedment is larger than 
the maximum dimension of the anchor 

(g) Lateral Resistance of Piles 
Customary values used in design of nver 

works by the U. S Engmeers for lateral max
imum movements of } in. are as follows 

8000 lb. per wood pile 
10000 lb. per concrete pile 
12000 lb per steel H pile 

when dnven for the usual bearing values of 
the respective piles and when acted upon 
by repetitive lateral loads For static lateral 
loads, the values can be increased by 10 per 
cent For lateral maximum movements of i 
in., the values should be reduced by 30 per 
cent. 

(h) Ice Pressure and Uplift 
Where abutments may be exposed to the 

pressure of heavy ice formed on water in 
direct contact with the face of the wall, the 
maxunum pressure to be considered is 50,000 
lb per lin f t , which is the crushing strength 
of block ice 1 f t thick In the design of dams 
with sloping faces, a value from 20,000 to 
30,000 lb per Im ft . is usually used 

If the base of the abutment may be below 
flood level, the uphft pressure equal to full 
hydrostatic pressure acting on the entire area 
of the foundation, must be taken mto consid
eration in the stability analysis. 

(i) Scour 0/ Water and Silt 
Where the underlymg soil is subject to scour 

of water and silt, special study must also be 
made of possible weakening of the sub-soil 
by infiltration of water m addition to the 
phjrsical removal of part of the bearing. Some 
lessons learned from the May 1942 floods m 
Pennsylvania were stated by J L Herber of 



SOILS 

Fenn State Hy. Dept. (Pivil Engineering, 
Nov. 1942, p. 623) as follows-

"The flood, though disastrous, taught 
several important lessons Waterway areas at 
bridge sites in the hilly parts of northeastern 
Pennsylvania should be designed to carry 
maximal flood volume. To avoid damage to 
the approaching roadway, stream channels 
should be straight through the abutments. 
Channel widening and cleaning must be studied 
and kept up to date in the vicimty of the high
ways. Everything should be done to en
courage the public to keep the stream channels 
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Figure 1. Lateral Pressure on a Wall (New 
York City Board of Transportation, 1932, by 
M. A. Dnicker). 

free from all encroachments and obstructions 
which might increase the danger during flood 

''Concrete decks or steel-pan structures may 
be submerged in strong currents and still survive 
if the foundations remain secure and the super
structures are not struck by heavy debris 
Outstanding examples of this were the con
crete bridge at Bear Creek, Luzerne County, 
and the steel truss over Dyberry Creek at 
Upper Honesdale. At certain locations it may 
be well to design for unusual flood stages by 
depressing the roadway approaches so that the 
stream can flow over them, provided the berms 
and slopes of the roadway are properly pro
tected with a paving which will withstand 
erosion." 

Where likely danger of undermining exists, 
it might be considered economic practice to 
design the structure to be self-supporting when 
one abutment is partially or even completely 

undermined. This can be done by physical 
connections between bridge and abutments 
with the wing walls acting as stay anchors or 
else providing special anchorage. 
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Figure 3. (After Drucker, 1932) 

SPECIAL EXAMFIES 

Some examples of methods employed for 
design under special conditions are: 

(1) Lateral pressure diagram used in 
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defflgn at Panama Canal (Cornish, ASCE 
Trans. Vol. 81,1917) is given in Figure 4. 

(2) Methods for computing lateral pressure 
on the walls of subway structures to include 
concentrations from buildings, etc., in New 
York are shown on Figures 1, 2, 3 and tables. 

(3) The usual equivalent liquid pressures 
used m subway design in New York are 33 lb. 
for dry soil and 95.5 lb. for soil below water 
level. 

(4) In Philadelphia, the usual values are 
25 lb. above water level and 62) lb. below 
water level. I t must be noted that the New 
York designs are based on the assumption 
of complete waterproofed structures, while 
the Philadelphia structures have the fills 
drained and the assumption is made that 60 
per cent of hydrostatic pressure acts. 

(5) In general the U. S. Engineer Depart
ment uses 33 lb. above water and 83 lb. below 
the water level. 
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Figure 4. Method used at Panama Canal 
(After Comish, 1916) 

DISCUSSION ON ABUTMENTS 

M B . V . T . BOUGHTON, Aasociote JBdttor, JSn-
gineering News Record: I would hke to see 
something about vibrations due to heavy 
trucking With any irregularity of pavement 
surface such as an open expansion joint in 
the pavement on the fill behind the abutment, 
vibration may be quite an item. I t seems to 
me that the chance of such vibration develop
ing is much greater than the chance of having 
to provide for vibration due to earthquakes. 

I t may be outside of the scope of the com
mittee, but it seems to me that this section 
might also include some parenthetical state
ment about vibration as affecting the abut
ments of railway bridges. While this is a 
Highway B«search Board study, nevertheless 
it seems obvious that the railway engineers 
may use this document to help them in the 
design of their structures 

I question the advisability of including 
Section " i " in this discussion If a discussion 
on this subject is to be mcluded, I recommend 
Imiiting it to the first sentence and the last 
two of section " i . " The quotation about size 
and shape of waterways does not appear to 
me to be pertinent to this subject. I t seems 
to me that questions of possible scour and 

channel area must be considered in the pre
liminary design of the bridge. 

MR. A. W . BUSHBLL, Deputy Commissioner, 
ConnectuM State Highway Department (in 
cooperation with Mr. L. G. Sumner) states. 
I t is agreed that results from formulas are not 
satisfactory, when applied to sloping fills. 
However, the statement if I understand it 
correctly, that a 10 per cent variation in 
pressure as computed for level backfills is 
sufficient to take care of all usual conditions 
of slope would seem somewhat dangerous. 

The need for proper drainage because of the 
greatly increased pressure due to saturation 
of the fills serves to remmd us of the impor
tance of this feature 

Statements m the report regardmg the ef
fect of surcharge loads and pomts of applica
tion of resultant pressure are in general 
conformity with our present practice. 

The formula given for the pressure of co
hesive soils is noted with mterest, but until 
closer cooperation between designers and soils 
laboratories exists, it seems doubtful if meth
ods mvolving such factors as soil density and 
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its average~unconfined compressive strength 
will receive very wide acceptance 

Passive earth pressure and foundation pres
sure offer nothing of a controversal nature 
but the pile loadmg formula (4) seems some
what comphcated. I t is my experience and, 
I think, that of many others, that all such 
values may be very unreliable An article 
in the Nov. 18, 1943 issue of Engineering 
New8l2fiecord states. 

"Piles were driven to a resistance that 
by any of the commonly used bearing capac
ity formulas, based upon the 'set' produced, 
would have safely supported 70 tons, yet 
many of the piles settled several inches 
under loads of 35 or 40 tons " 
Uplift resistance of piles seems to me of 

doubtful use m design since its value is un
certain and to develop it requu:es careful 
anchorage of pile to footing Except in 
unusual cases, the need to rely on such values 
can be eliminated by a modification in footing 
dimensions and pile layout. 

Data on lateral resistance of piles are useful 
and are somethmg upon wMch but little 
information is available. The values given are 
for movements of } m. only with a statement 
that for i m movement the values should be 
reduced by 30 per cent Are these for a,ver-
age conditions of pile length and materials 
penetrated? I t would seem that this section 
might be elaborated somewhat 

The statement that "where likely danger of 
undermining exists, it might be considered 
economic practice to design the structure to 
be self-supportmg when one abutment is 
partially or even completely undermmed," 
leaves a large question m my mind, first, as 
to just how this is to be done with assurance of 
success, and second, as to the justification for 
a design which admits "likely danger of under
mining." 

M B C. N CONNER, Chairman, DepartmerU 
of Design, Highway Research Board: I believe 
it would be unwise to rely on the passive lat
eral resistance of the soil on the toe side of the 
abutment if there were any likelihood of severe 
scour or deep erosion m that area. A word 
of warning to that effect would be desirable 

Paragravh "e»—Uphft Resistance of Piles 
I t IS understood from the te.xt that piles may 
be counted on to take tension as well , as com

pression. If this is the case it seems to me a 
definite statement to that effect would be 
helpful Also somewhere in the report there 
should be an example illustrating the char
acter and distnbution of pressure on piles 
under an abutment for different positions of 
the resultant of all forces actmg at the eleva
tion pile cut-off. 

Paragravh "?"—Lateral Resistance of Piles. 
Since all soils do not offer the same lateral 
resistance i t seems to me there should be a 
statement to that effect or values should be 
inserted if available. 

Special Emmjiies—Tbs analysis of pres
sures resultmg from saturated soils is par
ticularly important and interesting. I t so 
happens that at one time I worked with Mr. 
Cornish on the design of masonry for locks 
and dams along the Ohio River At that 
tune the general method of determinmg ex
ternal pressures as developed by Mr Cornish 
was used in the design of retaining walls on the 
land side of locks built by the U. S Engmeer-
mg Department. Insofar as I have informa
tion, aU of these walls have given satisfactory 
service. 

PBOF R. G. HENNES, UniuersUy of Wask-
ington: I believe enough references should be 
cited to enable the i ^ e r to gain'a better 
background than can be provided in the body 
of the report This is especially true where 
quantitative recommendations are made. 

The use of Table 3 in connection with Article 
Aa2 would be simplified by a sketch showing 
positive and negative slopes and batters. 
For greater clarity Table 3 could be split into 
two tables, one for batter and one for slope 

Article Aa3 provides little aid to the designer 
m selecting a value of wall friction Ter-
zaghi's MI .T wall tests suggest that this 
value IS especially erratic Where the phys
ical facts are obscure, as here, the designer is 
most m need of the competent profes^onal 
judgment that the Outline is intended to 
provide Perhaps a recommendation to use 
some small but defimte percentage of ̂  would 
be the best answer for general design purposes, 
say, 20 per cent of 0 for a wall with vertical 
back and no projecting heel. As a tentative 
proposal for wall with batter, and/or project
ing heel, the slope of the residtant earth pres
sure might be taken as 20 per cent <l> plus the 
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acute angle included between the vertical and a 
hne joining the back of the wall crest with the 
extreme corner of the base. A more rational 
criterion would be better, but in any case 
some specific recommendation should be 
xiade. 

Article Aa8 sounds somewhat dogmatic, 
although I am not prepared to offer a sub-
-stitute recommendation. 

Is Article Aall pertment to abutment 
design? 

The inclusion of Section Ab, Passive Earth 
Resistance, appears warranted mainly by its 
relation to the general topic through its bear
ing on sheet pihng design If such is the case, 
the section should be amplified to cover the 
•computation of sheet piUng penetration, if 
only to the extent developed in the publica-
"tions of steel manufacturers. 

Section Ac leaves the designer with the 
following questions unanswered* 

1. How should allowable base pressures be 
determmed? 

2 What, if any, laboratory tests should be 
made? 

3. What, if any, field tests should be made' 
4 How are test results to be applied to 

design? 
Uplift would seem to be more appropri

ately considered under Section Ac than under 
Section Ah. 

PROP. W . P. KIMBALL, DartmovOi Cdlege, 
formulated quite a few valuable remarks and 
most of them have abeady been taken mto 
account in editmg the report, especially his 
opmion about both the chairman's introduc
tion and Hiley's pile driving formula. How
ever, m view of the special general mterest of 
Professor Kimball's discussion, the largest 
part of it is quoted hterally hereafter. 

" I t is not entirely clear to me just what we 
are trying to accomplish by this work I 
think the aim should be more definitely stated 
and emphasized in the introduction Is this 
theory? Is it general practice? Is it good 

.practice? Is it handbook material or text
book material? Is it a compilation of what 
should be done, what is bemg done, or both? 
I t seems to me the paper breaks away from 
the usual soil mechanics discussion by setting 
forth actual formulas, rules and figures which 
the designer can use. I am very much m 

favor of doing just this whenever our knowl
edge justifies it. Too much of our soil mechan
ics has been devoted to showing how compli
cated the problems are without giving the 
designer anything he could really put mto 
practice If this committee believes that the 
tune has come to stop beclouding some of these 
issues and that we are prepareid to give the 
designer something he can really apply, I 
think the introduction should state this belief 
clearly. 

"Following up these thoughts somewhat, 
I can't help wondering what is the source of 
some of the statements and values m the re
port. I t may be that where authorities are 
available they should be mdicated by foot
notes, or by reference to a bibhography at the 
end of the paper. This might increase the 
value of the paper considerably For exam
ple, the part with which I am most familiar 
is the discussion of pile foundations I feel 
that equation (4) does not represent either 
common practice or good practice, and the 
statements following equation (4) don't 
improve the presentation any This, of 
course, shakes my confidence somewhat m 
the remainder of the paper. If authorities 
were stated, it would help the reader to judge 
the worth of individual parts. 

"As indicated by the paragraph above, the 
section on 'Beanng Value of Piles' is not 
acceptable to me. 

" I do not thmk the long quotation m the 
section on 'Scour of Water and Silt' is appro
priate or consistent with the rest of the paper. 
Here, however, as m paragraph 12, references 
are given This seems like a good idea and 
one which should be enlarged on in other 
sections." 

M R L . A PALMER, Senior Engineer, Bureau 
of Yards and Docks, U. S Navy Departmient, 
proposes the foUowmg approximate method of 
determinmg the active pressure Ea in the case 
when besides the weight of the wedge W. there 
IS a surcharge P located at a certam distance, d, 
from the retaining wall (or sheet pilmg) AB. 
(Fig. 5) 

The weight of the wedge Ea causes the driv
ing downward force along CB equal to W-
sin $ At the same time the restraimng force, 
actmg upward along the direction CB, equals 
[BB-COS 0 + W-cos e + Ea am S] tan 0, 
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where tan ^ is the coefficient of internal fric
tion of the earth material along CB. From 
the condition of equilibrium: 

(iy. + P ) ( t a n 9 - t a n » ) 
1 + tan «-tan ^ 

(W, + P)(n-m) 
1+nm 

W,in - m) _|_ P(n^ m) 
1 + nm 1 -I- nm 

•Ea' + Ea" (6) 

The symbols n and m in Formula (5) designate 
tan e and tan ^ respectively. I t is obvious 

o/ eacftfitt 

Figure 5 

that the first member m Formula (5), namely 
= expresses pressure due to 

the wedge W., whereas the second (£. ') cor
responds to the pressure due to the surcharge. 

As to the distribution along the height of tiie 
wall H (Fig. 5) of the total pressure Ea as 
furnished by Formula (5), Mr. Pahner pro
poses linear distribution for the pressure due 
solely to the weight of the wedge W.. This 
part of the total horizontal pressure equals 
W,(n-m) rm^ . J 

. The maximum unit piessure due 
1 + nm 

to the wdght of the wedge W. will be at 
the base of the wall, its value being equal to: 

W,(n — m) wH 2We n — m 

where is the height of the wall (Fig. 5) and 
w—the imit weight of earth material. 

•There is no pressure on the wall due to the 
surcharge P between pomts A and A' (Fig. 5), 
where pomt A' has been obtained by drawing 
the straight hne CA' making an angle ^ with 
the horizon. For any point A' between A' 
and B, located at a distance y measured 
vertically downward from A, the pressure du& 
to the surcharge P will be: 

Ea (!-") 
1 + 

.(7> 

The umt pressure due to the surcharge at a 
pomt located at a depth y below point A, is 
obtained by differentiating Ea" with respect 
to y. 

dEa" 
dy 

P 1 + m? .(8) 

1 H- nm • ~ v)H'l+nm " ' 

This formula is applicable to points from A"^ 
dE " 

to B only. If the unit pressure — i s plotted 
ay 

against y, a curve strikingly similar to the 
Boussmesq distnbution for a concentrated 
load is obtained The magnitude of the hori
zontal pressure due to the surcharge P is, how
ever, larger than that computed after Bous-
sinesq for the case when the wall is replaced by 
earth. In the preceding derivation the angle 
of friction between earth and wall is taken 
equal to zero which is on the side of safety. 

In general the she&ring plane BC passes to 
the edge C of the surcharge P as in Fig. 5 if 
F-^W,. I f P < m„ a few trial values of 
the angle 0 are taken by drawing a straight 
line through pomt B. The corresponding full 
values of Ea are then determined, and its 
maximum quickly approximated. 

The foregoing procedure is descnbed for 
cohesionless soils only. I t has considerable 
application m waterfront structures where 
sand often predominates. 

Mr. Pahner also states "Again, the wealth 
of material pertment to the subject of retain
ing walls, bulkheads, etc., that Dr. Terzaghi 
has provided the profession should be utilized. 
Particularly is tUs true in the conaderation 
of passive earth resistance I t is accurate 
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«nough to use Coulomb's development for feel that this "Summary" appears to have gone 
active pressure, but for passive pressure the far beyond the scope of stress distribution 
combination log spiral-plane shearing surface studies. In fact, the majority of phases of 
should be assumed." applied soil mechamcs have been touched 

upon. The question arises whether it is 
PROF. G. P. TSCHEBOTARIOFF, Princeton advisable in a necessarily abbreviated form. 

University: My general unpression is favorable. In the affirmative, a very careful study of all 
although simdarly to I^fessor Kimball, I details would have to be undertaken. 

RESEARCH ON SOIL STABILIZATION 

BT MO CHIH L I 
Professor of Htghway Engineering and Director of Highway Engineering 

Experiment Station, National Tsing Hua University, China 

SYNOPSIS 
On most of the highways in China which were designed and built for the light 

traffic before the war and on those which have been hastily .built during the war 
to keep pace with the needs of military operations, the road surfaces have p roven 
to be inadequate to carry the continuously increasing, heavily-loaded truck 
traffic. On some stretches of the highways which are of considerable mihtary 
importance the maximum daily traffic is over 1,000 vehicles, of which 85 to 90 per 
cent are t r u c k s . 

I t is apparent that, by improvement of the existing road surfaces of the 10,000 
miles of trunk military highways, m i l l i o n s of dol lars could be saved annually by 
reduction of gasoline consumption, tire wear, replacement of spare parts, depre
c i a t i o n , and other factors pertaimng to the cost of vehicle operation and road 
maintenance Owing to the necessity of improving the highways, the National 
Tsing Hua University has been co-operating since December 1939, with the 
Bureau of Highways of the Ministry of Communications in carrying out an ex
tensive h i g h w a y research project in which soil stabilization is one of the most 
important problems. 

In dealing with the specific problems in accordance with the prevailing local 
conditions there are somie differences which must be borne in mind, but the , 
underlying principles of soil stabilization are the same One of the main differ
ences IS to obtain immediately a serviceable surface course, while the prevailing 
practice in the Umted States is to use a stabilized base course which, sooner or 
later, will be surfaced. Economic conditions in China will p revent improvement 
to a higher type of surface in the near future. In addition to the use of soil stab
ilization in its strictest sense, the soil binder of clay-bound macadam surfaces, 
which are the typical type of road surface in China, must also be stabilized 
Although the clay-bound macadam is an all-weather surface, it tends to become 
dusty in dry weather and muddy in rainy seasons 

Another difference is that use must be made of cheap, local stabilizing agents, 
such as burnt-clay, quick lime, cinders, tung-oil, et'c, instead of cement, as
phalt emulsion or oil, tar, ca lc ium chloride, sodium chloride, etc , which are com
monly used in the United States Research work on soil stabilization has been 
earned on under adverse conditions and must be strictly limited to local mate
rials. The application of the science of soil stabihzation will mark a new era in 
road-building in China. 

MECESsriT OF SOIL BTABiuzATioN macadam and bitummous surface t r e a t m e n t . 

Roads i n China fall, genera l ly , mto five with the earth and u n t r e a t e d macadam pre-
types: earth, sand-clay, g rave l , un t r ea t ed d o m i n a t i n g . When both the sod and c l i m a t i c 




