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ABUTMENTS FOR SMALL HIGHWAY BRIDGES
By Dgr. JacoB FeLp, CoNsuLTING ENGINEER, NEW YORK CITY

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

to the design of abutments for small highway bridges

The main portion of the

report 1ncludes 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 Silt

DEFINITION AND LIMITATION OF SUBJECT
MATTER

This report Lists 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, mcluding not
only gravity walls, but also sohd enb boxes,
braced or cantilever sheeting, 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, ncluding slab
walls and legs of ngid 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
(¢) Foundation Pressures
(d) Bearing Value of Piles
(e) Uplift Resistance of Piles
(f) Lateral and Pull-out Resistance of
Soils
(g) Lateral Resistance of Piles
(h) Ice Pressure and Uplift
(1) Scour of water and silt
B. Materiwals and Stresses
(a) Mass Masonry
(b) Conerete (plamn and remnforced)
(c) Sheeting (steel, concrete, timber)
(d) Cribbing (steel, concrete, timber)
C. Types of Abuiments—Methods of Desgn
(a) Gravity Walls
(b) Cribbing
(¢) Counterforted Walls
(d) Cantilever Walls

(e) Sheeting
() Open Frames
(z) Hollow Boxes
(h) Filled Boxes
(i) Anchored Bulkheads
(j) Braced Timber Bulkheads
D. Types of Foundations
(a) Spread Footing
(b) Pile Footing
(¢) Column Footing
(d) Processed Fills
E. Bearing and Drainage Details
(a) Abutment Seat Details
(b) Backfili Materials
(c) Compaction of Backfill Materals
(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) Actwe Earth Pressure can be safely and
economically determmed by the following
rules.

1. Horizontal component for any material
for a normal type wall is closely given by the
general wedge theory for the case of a vertical
wall and substantially horizontal fill. Such
wall 18 assumed to be backfilled by usual con-
struction methods and is not so rigid that a
small rotational movement (of the magnitude
.001H) cannot occur. The necessary rota-
tion to mobilize the internal friction of the
backfill is equivalent to an outward movement
of 1 in. at the top of a 20-ft. wall. The hori-
zontal component of lateral pressure, E,, 1s
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closely given for vertical walls and horizontal
fills by the formula:
o= } wHrtaw? (45° — §) =

$vwH3K,...... 1)
where w is the average unit weight of the
filling in Ib. per cu. ft.; H is the height of the
fill in ft. and ¢ is the angle whose natural tan-

TABLE 1
NORMAL VALUES OF W AND ¢

SOILS

too large for postive surcharges, but the
differences are no greater than 10 per cent.
It is qute accurate enough, taking into
account the uncertainties 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-
gure, 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.

Material w (b per | ¢ (Intermal  However, under no condition can this angle
cu ft) Friction) . . e
exceed the angle of internal friction of the fill.
Soft ll;lntlsch(t"} a los-120 (o 4, The pressure of materials which, because
e Sand Y 90-110 2540 of lack of drainage and because of their nature
Gravel 120-136 30-40 may become fluid at any time, whether such
Loose Loam 75~ 0 3045 s . .
Compast Loam 90-100 3048 fluid material 18 widespread or only a narrow
Ginders lay e layer against the wall, 18 the same as liquid
Compact Sand-Clay 118135 40-50 pressure of a liquid having the same density
as that material,
TABLE 2 =8 TABLE 3
- -?) ml=Bme LATERAL PRESSURE RATIOS FOR GENERAL
Values for Ko = tant (45° :) FFEns URE BATIOS
- ¢) ,1+8ng
and for K = tan® (45. + 2) 1—-8m¢ For Honll&nlal Pl and Slo_ﬁd 6Walln
¢ tan ¢ Ka Kp 1 Virtioal
95 -11
10 Tre 1% 145 % -1
20 364 49 ; 04 R Far“l):emcalsol!'alh 20 and Slopsng Fill
25 .466 4 247 122 110 109 +10°
30 877 33 300 10 100 100 0
35 .700 27 360 4 88 88 -10°
40 839 .22 440 All figures are percentages of values given by formula (1
45 1 000 17 583 for the cise of \'er':lecal wall and horizontal fill and for a spe2
50 1.192 13 7585 cificvalueof ¢ Incom utmgtheabovevn.lues,theangleof
% 1783 o 350 fnetl{.a:\ l:ﬁmeenl th?fw tl an t}ze ﬁélalgﬁmumed at 30° or
70 3 748 .03 32 40 equal to the angle of Inction @, I ¢ -
80 5o 01 132.20
bt 1 0 Inf 5 The pressure of submerged soils is given

gent is the coefficient of internal friction of the
filling. The value of tan® (45° — %) 18 often

designated by the symbol K..
Table 1 gives average values for w and ¢

Table 2 gives values for tan? (45° — %)

for various values of ¢.

9. 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 slopmng fills. How-
ever, comparison with expermental results
indicates that the results are somewhat too
small for negative surcharges and somewhat

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 the submerged
condition, and n addition thereto there is
acting the full hydrostatic pressure of water.
For granular matenals, submergence affects
the coefficients of internal and wall fnction
very httle, submergence changes silt materials
to hquids

6 The pressure of fills dunng saturation
and prior to complete submergence and the
pressure dunng dramage periods 15 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 1n pressure. Such variations will not
occur if adequate provision 1s 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 1s affected
by earthquake and other vibrations by an
increase of approximately 10 per cent 1n value,
which increase remains for a time and slowly
disappears. Silt materials and some kinds
of clay (thixotropic clays) under 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 the wall The assumption
of a trapezoidal pressure distrbution, by
adding the pressure computed from formula(1)
for a depth of earth equivalent 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 entire area of influence.
In the case of liquid fill even though it has been
drained but remained fluid, the moisture in the
pores transmits the full weight of the sur-
charge to the wall. Hence in such cases that
part of the horizontal pressure on the wall
which 18 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 1 paragraph 9 above are
listed in Table 4 Except for ligmd and
negative sloped fill pressures, the pomt of
application should be assumed no lower than
0375 of the height, and higher if the sur-
charge ratio so requires This assumption
is on the safe side of the true condition suffi-
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

405

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, meluding a reduction factor

TABLE 4
THEQRETICAL POINT OF APPLICATION OF
PRESSURE FROM SURCHARGE FILLS
H = height of fill
8 = equivalent height of surcharge weight
X = height of resultant above base, as a fraction of H

Total Pressure Ratio
S/H X
Theoretical Spangler
0 33 100 100
01 36 120 105
0.2 38 140 120
038 40 160 150
04 41 180 210
0.5 42 200 290
[ X] 43 220
07 42 240
08 43 260
09 43 280
10 48 300

The Spangler ratios are based on data shown 1n Figure
10, p. 63, Proceedings, High Research Board, Vol 18
Part I1, 1038, assuming normal unsurcharged pressure equ.lf
Since the exterpolation 1s from a single surcharge
load (100 1b per sq. ft ), no accuracy 1s to be expested for
these values

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

= S
K, =075 wH (2)

{See chart by R. S. Knapp and R. B. Peck
Eng. News Record, Nov. 20, 1941.)
where K, is the hydrostatic pressure
ratio to be used in formula (1)
wH?
E. = KT
w is umt weight of soil, in Ib per
cu. ft.
H is depth of excavation of fill,
in ft.
¢ is average unconfined compres-
sive strength of soil samples in
lb. per sq. ft
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(b) Passive Earth Pressure

1 The honzontal component of passive
(or maximum) resistance to pressure before
failure (termed also “passive pressure”), 18
often computed by the formula

E, = jwHtan* (45° + D) = yuHK, .(3)
designations w, H and ¢ bemg the same asm
formula (1), and K, = tant (45° + ).

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 piling
embedded in sandy matenals a maximum
value of passive resistance equal to 2E, may
be recommended as permussible

2. The vertical component of the passive
resistance 1s such that the resultant pressure
is mnchined from the normal to the back of the
wall by the angle of wall friction

3. Tittle is known about the location of the
resultant passive pressure, which 1s probably
affected by the ngidity of the wall The
usual assumption 15 that the distribution of
the lateral resistance is hinear

(c) Foundation Pressure

Permussible base pressures depend upon
the nature of the soil, size and shape of the
foundation, depth of subgrade and to some
extent, on the relative values of the surcharged
live loads Because of the ngidity of abut-
ments, Linear distribution of base pressure
may be assumed If soil bearng tests are
made for the determmation of permussible
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 Since 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 hikelihood 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 mequality of base pressures In
all cases, however, the requirements of statics
must govern; the total resistances in any direc-

SOILS

tion are equal to (not less nor more than) the
total forces acting It 1s recommended that
the foundation be treated . separately n the
analysis, and the design of an abutment be
considered m two parts the retaming wall jand
the foundation.

(d) Bearing Value of Piles

The bearmg value of piles should be deter-
mmed from pile load tests  If the cost of such
tests 1s prohbitive, the bearing value in
question 1s to be determined from local experi-
ence and may be estimated by using simple
pile driving formulas such as the well known
Engineermg News formula

Besides the latter formula the so-called
Hiley formula 1s sometimes used

R eWh

- W4 ntM
F s+k

WM @

where

R 18 dynamic pile resistance

P 15 allowable load

F is factor of safety, a value of 3 bemg suffi-
cient

W 1s weight of striking part of the hammer

M 18 weight of the pile

h is height of fall of striking part of the hammer

8 18 penetration of pile per blow

% 15 half the 1ebound of pile cap
(100 for drop hammer)

(01 for steam hammers)

n 18 coefficient of restitution
(0 5 for steel hammer on steel or concrete)
(0 4 for cast iron hammer on concrete)

(025 for cast wron hammer on sound wood)
¢ 18 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 18 always
less than the sum of mndividual pile values
A reduction must be made when piles are
spaced less than five diameters (of the butt)
on centers A simple 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 determina-
tion of correct bearing values If the load
test is done by jacking the pile from a beam
fixed to auxihary piles, the latter should be
at least 10 ft 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 ft per ton of test load

(e) Uplift Resistance of Piles; Fraction Piles

‘When piles are used for uplift resistance at
the heel, the value of each pile, unless pre-
viously determined by proper full scale pulling
test, can be taken as equal to 600 Ib per =q.
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 falure test
The pulling out strength of tapered piles 1s
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 1s very lttle more than the
elastic elongation and can be assumed to be
not over 0.1 in.

(f) Lateral and Pull-Out Resistance of Soils

The lateral resistance of sois to pressure is
covered in section (b) above.

The frictional resstance of soils along the
base of the footing to translation, acts inde-

pendently of the passive resistance along the |

toe It equals the product of the total vert:-
cal load imposed on the base and the coefficient
of friction between the soil and the concrete
(or other base matenal) if less than that of
the earth No allowance should be taken
of the cobesive resistance of the soll Since
the subgrade 1s usually rough and the concrete
poured directly against 1t comes mto intimate
contact with numerous projections, 1t is quite
safe to assume that the coefficient of friction
at the base 1s that of the earth itself.

The pull-out resistance of embedded an-
chors varies with the type of soil, and the
s1ze of the anchor but seems to be the same for
all shapes of anchors having the same area
of section nurmal to the direction of pull.
The relative values of pull-out resistance for
souls 1s.

1.0 for compact sand and stiff clay

0 5 for fairly soft clay and loose sand

For equal vertical depth of embedment, the
ratio of resistance increases with the slope
of the pull from the vertical, approximately as
follows:
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1.0 for vertical pull

1.5 for pull at 1 1 slope

20 for pull at 1.2 slope

21 for pull at 1.3 slope

23 for pull at 1.4 slope

The resistance to vertical pulls m rammed
compact loam 1s.

800 lb per sq. ft anchor face at 1 ft. depth
1000 1b. per sq ft anchor face at 15 ft
depth

1900 b per sq. ft anchor face at 2 ft. depth

3000 Ib persq ft anchor face at 3 ft depth

5400 Ib. per sq ft anchor face at 4 ft. depth

8000 1b per sq ft anchor face at 5t depth
These values should be used only for anchors
where the depth of embedment 1s larger than
the maximum dimension of the anchor

(z) Lateral Resistance of Piles

Customary values used in design of river
works by the U. S Engimeers for lateral max-
imum movements of 4 in. are as follows

8000 Ib. per wood pile

10000 Ib. per concrete pile

12000 Ib 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 }
in., the values should be reduced by 30 per
cent.

(h) Ice Pressure and Uplft

Where abutments may be exposed to the
pressure of heavy ice formed on water in
direct contact with the face of the wall, the
maximum pressure to be considered is 50,000
Ib per lin ft, which 1s the crushing strength
of block 1ce 1 ft thick In the design of dams
with sloping faces, a value from 20,000 to
30,000 Ib per hn ft. 15 usually used

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

(1) Scour of Water and Silt

‘Where the underlying soil 1s subject to scour
of water and silt, special study must also be
made of possible weakening of the sub-soil
by infiltration of water in addition to the
physical removal of part of the bearing. Some
lessons learned from the May 1942 floods in
Pennsylvania were stated by J L Herber of
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Penn State Hy. Dept. (Civil Engineering,
Nov. 1942, p. 623) as follows*

“The flood, though disastrous, taught
several important lessons Waterway areas at
bridge sites 1n the hlly parts of northeastern
Pennsylvama should be designed to carry
maximal flood volume. To avoind damage fo
the approaching roadway, stream channels
should be straight through the abutments.
Channel widening and cleaning must be studied
and kept up to date 1n the vieimty of the high-
ways. Everything should be done to en-
courage the public to keep the stream channels

4
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Figure 1. Lateral Pressure on a Wall (New
York City Board of Transportation, 1932, by
M. A. Drucker).

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

“Concrete decks or steel-pan structures may
besubmerged 1nstrong 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 cértainlocationsit 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 economuc practice to
design the structure to be self-supporting when
one abutment is partially or even completely
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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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SPECIAL EXAMPLES

Some examples of methods employed for
design under special conditions are:
(1) Lateral pressure diagram wused in
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design 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 in subway design in New York are 33 1b.
for dry soil and 95.5 Ib. for soil below water
level.

(4) In Philadelphia, the usual values are
25 Ib. above water level and 623 1b. below
water level. It 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. 8. Engineer Depart-
ment uses 33 lb. above water and 83 Ib. below
the water level.
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Figure 4. Method used at Panama Canal
(After Comish, 1916)

DISCUSSION ON ABUTMENTS

MRe. V. T. BoucrToN, Associate Editor, En-
gineering News Record: 1 would hke to see
something about wibrations 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. If 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.

It 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 ralway bridges. While this 18 a
Highway Research 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 ‘1™ in this discussion If a discussion
on this subject 18 to be included, I recommend
limiting 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. It seems
to me that questions of possible scour and

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

MRr. A. W. BuseELL, Deputy Commissioner,
Connecticut State Highway Department (in
cooperation with Mr. L. G. Sumner) states.
It 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 remind us of the impor-
tance of this feature

Statements m the report regarding 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 interest, but until
closer cooperation between designers and soils
laboratories exists, it seems doubtful if meth-
ods nvolving 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 loading formula (4) seems some-
what complicated. It is my experience and,
I think, that of many others, that all such
values may be very unrehable An article
in the Nov. 18, 1943 issue of Engineering
News[gRecord states.

“Piles were driven to a resistance that
by any of the commonly used bearing capac-
1ty 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 ”

Uphft resistance of piles seems to me of
doubtful use mn desmign since 1its value is un-
certain and to develop 1t requires careful
anchorage of pile to footing Except in
unusual cases, the need to rely on such values
can be elimmated by a modification in footing
dimensions and pile layout.

Data on lateral resistance of piles are useful
and are something upon which but little
informationis available. The values given are
for movements of 3 m. only with a statement
that for $ n movement the values should be
reduced by 30 per cent Are these for aver:
age conditions of pile length and materials
penetrated? It would seem that this section
might be elaborated somewhat

The statement that ‘‘where likely danger of
undermining exists, 1t mght be considered
economic practice to design the structure to
be self-supporting when one abutment 1s
partially or even completely undermined,”
leaves a large question 1n my mind, first, as
to just how thus 1s to be done with assurance of
success, and second, as to the justification for
a design which admits “likely danger of under-
mining.”

Mr C. N CoNNER, Chatrman, Department
of Destgn, Highway Research Board: 1 believe
1t 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 likehhood of severe
scour or deep erosion 1n that area. A word
of warning to that effect would be desirable

Paragraph “‘¢’—Uphft Resistance of Piles
It 1s understood from the text that piles may
be counted on to take tension as well|a.s com-
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pression. If this is the case 1t seems fo 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 distribution of pressure on piles
under an abutment for different positions of
the resultant of all forces acting at the eleva-
tion pile cut-off.

Paragraph “g”"—Lateral Resistance of Piles.
Since all soils do not offer the same lateral
resistance 1t seems to me there should be a
statement to that effect or values should be
inserted 1if available.

Special Ezamples—The analysis of pres-
sures resulting from saturated soils 1s par-
ticularly mmportant and interesting. It 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
time the general method of determining ex-
ternal pressures as developed by Mr Cormsh
was used 1n the design of retaining walls on the
land side of locks built by the U. S Engmeer-
ing Department. Insofar as I have informa-
tion, all of these walls have given satisfactory
service.

Pror R. G. HenNEes, University of Wash-
ington: T beheve enough references should be
cited to enable the reader to gain’a better
background than can be provided m the body
of the report This 15 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 spht 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-
zagh's M LT wall tests suggest that this
value 18 especially erratic Where the phys-
1cal facts are obscure, as here, the designer is
most 1n need of the competent professional
judgment that the Outline 15 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 ¢ for a wall with vertical
back and no projecting heel. As a tentative
proposal for wall with batter, and/or project-
mg heel, the siope of the resultant earth pres-
sure might be taken as 20 per cent ¢ plus the
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acute angle included between the verticaland a
hine 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
made.

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

Is Article Aall pertinent 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 piling design  If such is the case,
the section should be amplified to cover the
computation of sheet piling 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 appled to

design?

Uphft would seem to be more appropri-
ately considered under Section Ac than under
Section Ah.

ProF. W. P. KmMBaLL, Dartmouth College,
formulated quite a few valuable remarks and
most of them have already been taken into
account in editing the report, especially his
opinion about both the chairman’s introduc-
tion and Hiley’s pile driving formula. How-
ever, n view of the special general mnterest of
Professor Kimball’s discussion, the largest
part of 1t 15 quoted literally hereafter.

“It 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 1t general practice® Is 1t good
.practice? Is it handbook material or text-
book material? Is 1t a compilation of what
should be done, what 1s being done, or both?
It seems to me the paper breaks away from
the usual soil mechames discussion by setting
forth actual formulas, rules and figures which
the designer can use. I am very much m
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favor of doing just this whenever our knowl-
edge justifies1t. 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
time has come to stop beclouding some of these
1ssues and that we are prepared 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 1n the re-
port. It may be that where authorities are
avallable they should be indicated 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 famihar
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 1n
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 ‘Bearing Value of Piles’ 18 not
acceptable to me,

“I do not think the long quotation in the
section on ‘Scour of Water and Silt’ is appro-
priate or consistent with the rest of the paper.
Here, however, as in paragraph 12, references
are given This seems hke a good idea and
one which should be enlarged on in other
sections.”

Mr L. A PALMER, Senior Engineer, Bureau
of Yards and Docks, U. S Navy Department,
proposes the following approximate method of
determining the active pressure E, in the case
when besides the weight of the wedge W, there
18 a surcharge P located at a certain distance, d,
from the retaimng wall (or sheet piling) AB.
(Fig. 5)

The weight of the wedge E, causes the driv-
ing downward force along CB equal to W-
sin & At the same time the restrainng force,
acting upward along the direction CB, equals
{Ea-cos ¢ + W-.cos 8 + E, sin 6] tan ¢,
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where tan ¢ is the coefficient of internal fric-
tion of the earth material along CB. From
the condition of equilibrium:
B = (W, + P)(tan 6 — tan ¢)

.- 1 4 tan 6-tan ¢

_ W+ P)n—m)

1+nm
Weln — m) , P(n—m) , "
= 1+ nm 1+ nm ='E¢ +E¢ (5)

The symbols 7 and m in Formula (5) designate
tan ¢ and tan ¢ respectively. It is obvious

le o

A 11

lc ,J'an’ace
of Backfi1/

P

Figure 5

that the first member 1 Formula (5), namely
ES = Weln_m) express due to
" = T pqm ©Xpresses pressure due
the wedge W,, whereas the second (Z,”) cor-
responds to the pressure due to the surcharge.
As to the distribution along the height, of the
wall H (Fig. 5) of the total pressure E, as
furnished by Formula (5), Mr. Palmer pro-
poses linear distribution for the pressure due
solely to the weight of the wedge W,. This
part of the total horzontal pressure equals
W.(n_m) . .
——=—_, The maximum unit pressure due
14 nm
to the weight of the wedge W, wil be at
the base of the wall, its value being equal to:

W.(n—m)_ﬂ_?z. n—m

1+am = 2 wH14+nm"' ®

SOILS

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

‘There is no pressure on the wall due to the
surcharge P between pomnts A and A’ (Fig. 5),
where point A’ has been obtained by drawing
the straight hne CA’ making an angle ¢ with
the honizon. For any point A* between A’
and B, located at a distance y measured
vertically downward from A, the pressure due
to the surcharge P will be:

The umt pressure due to the surcharge at a
pomnt located at a depth y below point 4, is
obtained by differentiating E,” with respect
to ¥.

dE;,” P

— B et 8
dy D (1 +m_g)’

This formula is applicable to points from A’
to Bonly. If the unit pressure dg;; is plotted
against y, a curve strikingly similar to the
Boussmnesq distribution for a concentrated
load 1s 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 1s 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 shearing plane BC passes to
the edge C of the surcharge P as in Fig. 5 if
Pz W, Ii P <4W,, a few trial values of
the angle ¢ are taken by drawing a straight
line through point B. The corresponding full
values of E, are then determined, and its
maximum quickly approximated.

The foregoing procedure is described for
cohesionless soils only. It has considerable
application in waterfront structures where
sand often predominates.

Mr. Palmer also states “Again, the wealth
of materal pertinent to the subject of retain-
ing walls, bulkheads, etc., that Dr. Terzaghi
has provided the profession should be utilized.
Particularly is this true in the consideration
of passive earth resistance It is accurate
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enough to use Coulomb’s development for
active pressure, but for passive pressure the
combination log spiral-plane shearing surface
should be assumed.”

Pror. G. P. TSCHEBOTARIOFF, Princeton
University: My general impression is favorable,
although similarly to Professor Kimball, I
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feel that this “Summary” appears to have gone
far beyond the scope of stress distribution
studies. In fact, the majority of phases of
applied soil mechanics have been touched
upon. The question arises whether it is
advisable in a necessarily abbreviated form.
In the affirmative, a very careful study of all
details would have to be undertaken.

RESEARCH ON SOIL STABILIZATION

By Mo Cuix Lz

Professor of Hiyghway Engineering and Direclor of Highway Engineering
Ezperiment Station, National Tsing Hua University, China

SYNOPSIS

On most of the highways in China which were designed and built for the hght
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 proven
to be inadequate to carry the continuously increasing, heavily-loaded truck
traffic. On some stretches of the hhighways which are of considerable military
importance the maximum daily traffic is over 1,000 vehicles, of which 85 to 90 per

cent are trucks.

It is apparent that, by improvement of the existing road surfaces of the 10,000
miles of trunk military highways, millions of dollars could be saved annually by
reduction of gasolime consumption, tire wear, replacement of spare parts, depre-
ciation, and other factors pertaiming 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 1n carrying out an ex-
tensive highway research project in which soil stabilization 18 one of the most

1mportant problems.

In dealing with the specific problems in accordance with the prevailing local
conditions there are some differences which must be borne in mind, but the |,

underlying principles of soil stabilization are the same

One of the main differ-

ences 18 to obtain 1mmediately a serviceable surface course, while the prevaihing
practice in the United States is to use a stabilized base course which, sooner or
later, wm1ll be surfaced. Economic conditions in China will prevent improvement
to a higher type of surface 1n the near future. Inaddition to the use of soil stab-
1lization 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 1s an all-weather surface, 1t tends to become
dusty 1n dry weather and muddy 1n rainy seasons

Another difference is that use must be made of cheap, local stabilizing agents,
such as burnt-clay, quick hme, cinders, tung-oil, ete., instead of cement, as-
phalt emulsion or a1l, tar, calcium chloride, sodium chlorde, etc , which are com-

monly used in the United States

Research work on soil stabihization has been

carnied on under adverse conditions and must be strictly hmited to local mate-
rials. The application of the science of soil stabihzation will mark a new era in

road-building in China.

NECESSITY OF SOIL STABILIZATION

Roads in China fall, generally, mnto five
types: earth, sand-clay, gravel, untreated

macadam and bitununous surface treatment,
with the earth and untreated macadam pre-
dominating. When both the soil and climatic





