
A B U T M E N T S FOR S M A L L H I G H W A Y BRIDGES 

PART 4 
B T DR. JACOB FBLD, Consulting Engineer, New York, N. Y. 

This report covers part " H " (Comparative Costs of Different Types for 25, 50, 
75, and 100 f t spans) of the general outline of all factors relating to the design of 
abutments for small highway bridges. 

Comparative designs and estimates of costs for several of the abutment types 
previously described and tabular data are given as a guide towards economy of 
type. Bridge reactions for two and three lane bridges of 25, 50, 75, and 100 f t 
spans are imposed on each type of abutment to show the variation in design and 
cost with different bridge sizes. 

This report is the concluding part of the 
three previously published in Proceedings, 
Highway Research Board, Vol. 23, p 403 
(1943), Vol, 24, p 332 (1944), and Vol. 25, 
p 399 (1945). I t deals with the section of the 
general outline: 

H . Comparative Coste of Different Types for 
25,50, 76, and 100 ft spans. 

The information given in this report is for 
the guidance of the designing engineer and 
must be construed in the light of unit costs 
assumed for the various types of classified 
work. Relative costs of different materials 
vary with local experience and availability 
of specialized trades. 

The cost of an abutment, if properly de
signed and built, can well be assumed as a 
fixed charge with no maintenance or deprecia
tion for the life of the structure. Certainly, 
the abutments will outlast the bridge which 
they support and often are re-used for the 
support of bridge replacements. Careful 
attention is necessary to drainage and bear
ing details, as described in Section E (Pro-
ceedings. Vol. 25, 1945, p 399) of this report. 

Loads. Total load (dead, live and impact) 
is taken at 300 lb per sq f t of bridge area. The 
reactions of the bridges allow for end over
hangs necessary for bridge bearings (Fig. 1). 
In addition to roadway widtlis at 12 f t per 
lane, allowance is made for 41-ft side clear
ances and railings. Bridge girders are as
sumed at 14-ft spacing for a 2-lane bridge 
with an added center spacing of 12 f t for a 
3-lane bridge. 

Two general soil types are assumed for 
backfill, with Ka of 0.50 and 0.25, equivalent 
to 0 of about 20 deg and 38 deg, or average 

silty sand weighing 110 lb per cu f t and dry 
sand weighing 100 lb per cu f t respectively. 
Height of walls from footing level to bridge 
seat is taken at 15 f t . Allowing 3 f t for 
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Figure 1. Bridge Sections and Loads 

bridge depth and 2 f t as the equivalent sur
charge for the live load, the total earth pressure 
is for a depth of 20 f t . From Table 4 (Pro
ceedings, Vol. 23, 1943, p. 405), the point of 
application of the earth pressure is at 0.36 of 
the height of 18 f t . , or at 6.5 f t above the base. 
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Designs of abutments of eight types were 
prepared for each of the two assumed soil 
backfills and for each of four bridge spans, 
i.e., 25, 50, 75, and 100 f t . Four gravity 
types were studied for base widths necessary 
to provide a resultant base reaction at the 
front edge of the middle third, which, on the 

assumed conditions are coincident with those 
encountered. 

Two gravity types, V and V I , with vertical 
and horizontal relieving ribs are shown in 
Figure 3. In Type V, the reduction of base 
area in the rear of the wall has little effect 
on base pressures since the ribs provide suffi-
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Figure 2. Abutment Types I , I I , I I I , IV 

assumption of linear distribution is equivalent 
to a zero unit reaction at the heel. 
Designs. Figure 2 shows the dimensions of the 
sections, Types I , I I , I I I , and IV, for each 
case. Some minor simplifications were in
corporated in the designs to reduce the amount 
of work, but they do not affect the conclusions. 
Actual designs for any type must include the 
correct soil and loading characteristics, and 
it is not intended that the dimensions listed 
be used for actual construction unless the 

cient area for the low compressive 
existing at the rear. Type V I should receive 
special attention in backfilling and may re
quire the postponement of the placing of 
backfill until the bridge loading is first applied 
on the abutment seat. This precaution is 
especially necessary if the foundation is on 
weak soil. In these two types, the base pres
sure, on the assumption of linear distribution 
is zero at the heel. 

Two reinforced concrete types, V I I and 
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V I I I , cantilevered and buttress designs, are 
shown in Kgure 4. Maximum concrete 
stress is 750 lb per sq in. and the reinforce
ment stress is 18,000 lb per sq in. Rein
forcement is designed for the net moment 
resulting from the reduction of the earth 
pressure moment by the counterbalancing 
effect of the vertical loads. 

Costs. Unit costs for comparison of design 
costs are: 

a. Concrete including straight form work 
and excavation—$1.00 per cu f t . 

b. Special formwork for ribs and counter
forts—0.50 per sq f t 

c. Reinforcement in place—0.12 per lb. 
Costs per foot of abutment are shown in 
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Figure 3. Abutment Types V and VI 

Xo comparative designs or estimates are 
submitted for the various sijecial types of 
abutments, using timber or steel sheeting, 
because of their rather limited application to 
special conditions and because the costs to be 
comparable must include the foundations. 
I t is hoped that some of these special types 
will be included in the discussions of this 
report. 

Table 1. In the reinforced concrete designs, 
allowance has been made in the weights of 
steel estimated for temperature and spacer 
bars, and for dowels into the foundations. 

Notes on Foundations. Any of the walls. 
Types I to V I inclusive, can be placed on rock 
or hardpan without any special provisions, 
except leveling off course. All will have 
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Figure 4. Abutment Types V I I and V I I I 
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•Rods into footing or rock. 

triangular base distribution with maximum 
edge pressure (Type VI) of 14.6 kips per sq 
f t for 0 = 20 deg and 12.0 kips per sq f t for 
0 = 38 deg. 

For Types V I I and V I I I anchorage must 
be provided at least equal to the main rein
forcement into the rock or foundation. The 
true total cost comparison must include the 
foundation design, but there is very little 
difference in cost or design of foundations for 
any definite soil condition for Types I to 
V I inclusive. Foundations for Types V I I 
and V I I I must develop the necessary resist
ance for the tension rods. Where soil condi
tions are good, the reinforced designs permit 
smaller and more economical foundations. 
"Where piles are used, the concentration of 
loadings in the buttress and cantilever types, 
permit a more economical grouping of piles, 
as well as a decrease in the number of piles 
because of their smaller mass and dead 
weight. 
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Condttsions Of the eight types of self sup
porting abutments listed herein: 

1. Type V I I I is the most economical de
sign—a reinforced slab spanning between 
buttresses which carry the bridge loads. 

2. Type I is the most economical plam 
concrete design, although more expensive 
than any of the reinforced designs. 

3. Type I is the most economical gravity 
design, a vertical back face is conducive to a 
better balance of the acting loads. 

4. Type IV produces the lowest base pi-es-
sures. 

5. Bridge loadings on spans of from 25 
to 100 f t have little effect on the relative costs 

of the various types, especially on Type I 
and Type V I I I walls. 

6. The cost of an abutment backfilled with 
a silt is 25 percent or more above the cost of 
the same type backfilled with sand. This 
factor should be carefully considered. I t may 
pay to import good backfill materials in silt 
and clay areas, so as to permit more economi
cal wall designs. 

In these days of high and possibly even 
higher future costs—especially in the con
struction industry, more care must be taken 
in design. The report indicates where econ
omy is possible in the design of highway bridge 
abutments and is offered so that the highway 
dollar can be stretched a little. 
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HIGHWAY RESEARCH BOARD 
December 6, 1946, Washington, D. C. 
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man Morrison at 8:00 P.M. with the following 
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Pyke Johnson 
Corps of Engineers, U . S. Army 
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