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A marked increase in motor traffic in postwar Japan has made con
struction and improvement of roads an urgent necessity. In the cost 
of constructing a road the structures, such as bridges and tunnels, 
constitute a large segment and ways of constructing them more eco
nomically are an important consideration imposed on the engineers. 

Composite bridge construction, developed rapidly in the postwar 
era, has made a remarkable contribution to the problem of economi
cal design. Aboshi Bridge, the first example of the continuous com
posite girder bridge in Japan, is of three-span (3 at 32m) design, by 
which, compared with a noncomposite continuous girder, the weight 
of steel used and the construction cost were reduced by 14 and 10 
percent respectively. 

Following this pioneer work, a number of continuous composite 
girder bridges have been constructed in Japan. 

This paper describes the design, erection, and various field tests 
of the Aboshi Bridge. 

•IMPROVEMENT in transportation facilities, especially in construction of highways, is 
one of the urgent necessities for present-day Japan, where motor car traffic has re
markably increased owing to rapid development in industry after World War 11. hi the 
construction of highways, the structures (bridges and tunnels) constitute a major part 
of the cost, hence economical construction of these items is an important problem im
posed on structural engineers. 

Owing to the high price of steel in Japan, the question of how to cut down the cost of 
steel materials becomes the f i rs t problem to be solved whenever bridge construction 
expenses are considered. 

The followmg methods are to be considered for economizing the amount of steel used 
for steel bridges: 

1. Improvement of floor and floor construction. 
2. Improvement of main girder construction. 
3. Improvement of joint construction and materials. 
4. Improvement of materials. 
5. Prestressing method. 

Among these methods, a composite girder, which combined methods 1 and 2, has con
tributed most efficiently in saving steel. 

To apply the composite construction for a continuous girder, combination with the 
prestressing method is indispensable. The prestressing method implies the following: 

1. Reduction of tensile stress of the slab concrete caused by negative moments at a 
support to an allowable value (m a narrow sense). 

2. Positive improvement of stress distribution in the interior of structure (in a 
broad sense). 

The methods of attaining the f i rs t purpose are (a) introducing opposite moment by 
moving the support of the girder (Bernhard Fritz method), and (b) increasing tensile 
force by applying prestress to the floor slab (Romberg method). For the latter purpose, 
the prestress is applied directly to the steel girder by means of hig^-strength steel 
bars, steel wires, etc. (Sattler and Dischinger methods). 
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PRESENT STATUS 
In Japan, the continuous composite girder bridge has been used since 1958. Bridges 

of this type now existing or now under construction are summarized in Table 1. Aboshi 
Bridge, designed by the author, and Kema Bridge, constructed by Osaka City, adopted 
the true continuous composite girder for the first time in Japan. 

It was the success of these two pioneer projects that induced application of the con
tinuous composite girder to the three big bridges over the Kiso, Nagara, and Ibi Rivers 
on the Meishin (Nagoya-Kbbe) Expressway, which is the focus of hi^way construction 
in present-day Japan. Althou^ conditions in the United States may be different from 
those in Japan, the design and erection of Aboshi Bridge might have some significance 
for American bridge engineers. 

TABLE 1 
ASSUMED CONTINUOUS COMPOSITE GIBDER BRIDGES IN JAPAN 

Dlmenalons (m) 

Bridge Constructor Total 
Length Width Span 

Length 

Steel Weight 
Total Unit 
(tone) (Kg/m") 

Prestresslng 
Method 

Date of Construction 

aar t Finish Remarks* 

Inagawa 

Hyogo Pref 
OHice 

Japan High
way Publ. 

Corp 

Kagawa 
Prel. oaice 

183 09 8.0 

119 0 20.6 

3 at 32.0 

35 4 
-•47.2 
435.4 

113 .7 147 Raising and Aug. 1958 Mar. 1960 Including 
settlement HTSO 

3 8 2 . 0 162 Raising and Aug 1959 Oct. 1960 Including 
settlement H T 5 0 

208 4 6 . 0 3 x 3 at 22 95 136 0 Raising and Aug 1960 t b r . 1961 
settlement 

Kiirose Namazu 
City 

176 0 6.0 2 at 52 5 + 
70 

230.0 218 Raising and 
settlement, 

prestresslng 
slab with 
steel rods 

Dec. 1959 Under 
construe. 

Including 
HT50 

Kamlshlma Cblto 
Town 

(Shlzuoka 
Prel.) 

202.45 4 0 2 at 53 144.0 178 Raising and 
settlement, 

prestresslng 
slab with 
steel rods 

Nov. 1960 Under 
construe. 

Including 
HTSO 

Choshi Japan High
way Publ 

Corp. 

1,203 2 7 0 1 X 2 at 46 + 
4 X 3 at 46 -f 
3 X 13 6 + 
3 X 19 6 

981.0 218 Raising and 
settlement 

Dec. 1960 Under 
construe. 

Including 
HT50 

Kisogawa Japan High
way Publ. 

Corp. 

1,014 0 25.1 5 X 3 at 67.3 5,784 227 Raising and 
settlement, 

prestresslng 
slab with 
steel wire 

Mar. 1961 Under 
construe 

Including 
HTSO and 
HT60 

Nagaragawa Japan High
way Publ. 

Corp. 

630.0 25 1 3 X 3 at 69.69 3,515 222 Raising and 
settlement, 

prestresslng 
slab with 
steel wire 

Mar. 1961 Under 
construe 

Including 
HT SO and 

HT60 

Iblgawa Japan High
way Publ. 

Corp. 

349.0 25.1 5 at 69.60 1,983.3 226 Raising and 
settlement, 

prestresslng 
slab with 
steel rods 

Mar. 1961 Under 
construe. 

hicludlng 
HTSO and 

HT60 

NlshiU Bflnlstry of 
Construc

tion 

150.97 8 0 
and 
9.5 

51.02 
-•49 10 
-tSO 85 

256.4 194 Prestresslng 
g i r ^ r with 
locked coil 

and slab with 
steel rods 

Apr 1061 Uhdei 
construe. 

Including 
HT60 

Kema Osaka City 150.0 9.0 39 5 
465.0 
464 5 

357.6 285 Raising and 
settlement, 

prestresslng 
slab with 
steel rods 

Dec. 1958 Feb. 1960 Including 
HTSO 

' H T = high-strength steel 
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The conversion units applicable throu^out this paper are as follows: 

Metric System English System 
1kg 
1 ton (metric) 
1 m 
1 kg/cm* 
1 l ^ c m " 
1 t -m 
1 t / m 

2.20 lb 
2,204.6 U) 
3.28 f t (39.37 in. 
14.2 psi 
1.42 X 10 ' 
7,233 Ib-ft 
672 lb/ f t 

ksi 

ABOSHI BRIDGE 
The Aboshi Bridge spanning the Ibo River in Aboshiku, Himje City, on the second-

class highway between Kobe, Ako, and Okayama, is a first-class bridge with a total 
length of 183.33 m and a width of 8 m (Figs. 1 and 2). The bridge consists of three 
main parts —a three-span continuous composite girder section (L=3 at 32.0 m =96. Dm, 
three main girders); a Langer girder span (L = 57.0 m, rise of arch =9.6 m); and a 
simple-composite girder span (L = 28.0 m, three main girders), and is a skew bridge 
of 69" 27' (20' 33' in American practice) to the rig^it. 

183 330 in 
Simple Longer fllrder 3-span continuous 

composite composite beam 

3 000 3 500 
32 000m J 32 000m II 57 000 32 OOOm 

0 370 0 795 0 795 0 370 

Figure 1. General elevation of Aboshl Bridge. 

300 8 000 m 

I 625 I 625 
3 250 3 250 

Intermediate 
Section 

0750 Support 
Section 

Figure 2. Standard cross-section of Aboshl Bridge. 
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The beam height of the bridge was kept at 1.8 m for the entire length. The surface 
of the bridge has a parabolic form; its slope is 1/250 in the longitudinal direction and 
1/50 in the transverse direction. For the three-span continuous composite girder span 
which is the special feature of the bridge, the Bernhard Fritz method was adopted; 
namely, compressive prestress was given by settling the steel girder after composition 
to compensate the axial tensile force of the slab concrete e:q>ected on intermediate sup
ports. The bridge was completed in March 1960 by Mitsubishi Heavy hidustries. 
Design 

Design basis 
1. Live load 

1st class load in accordance with steel highway bridge specifications in Japan. 

Uniform Load 
p= 350kg/ni2 P = 5 t / m 

2. Young's modulus of steel. Eg = 2.1 x lO* kg/cm*. 
3. Young's modulus of concrete: 

(a) When creep is not considered (live load stress, immediately after settle
ment of the composite girder, stress by the difference in temperature, 
etc.) Eco =3.0 X 10* kg/cm*. 

(b) For the long-term load, in which the effect of creep must be considered 
(dead load, stress by settlement of the composite girder, etc.), 
Ect = Eco/(l + 1.1 <p) in which 0 is a. creep coefficient. The value of o 
should be taken as about 1.5, by allowing sufficient time after the hardening 
of concrete before applying the long-term load so as to reduce the effect of 
creep. However, <p = 2.0 was chosen for this bridge, taking the period of 
erection into account. Hence, E^^ = Eco/(l +~r.l<p) =0.9375 x 10*kg/cm*. 

(c) For hardening, drying and shrinkage while considering the effect of creep, 
Egh = Eco/(l + 0.52 <p) = 1.4706 x lo'kg/cm*. 

4. Final shrinkage factor, fsh = 18 x 10"*. 
5. Temperature difference, AT = ±10 C. The temperature was assumed to vary 

linearly between the top and the bottom of the composite girder section. 
6. Allowable stress: 

(a) Steel ^ 
SS41orSM41 Tension 1,300 kg/cm" 

Compression 1,200 kg/cm^ 
SM50 Tension 1,860 kg/cm' 

Compression 1,720 k©^cm^ 
•SS: Rolled steel for structure. 
SM: Rolled steel for welded structure. 

(b) Concrete am = 330 kg/cm' 
Compression aa = 80 kg/cm* 
Tension a^^ = 12 kg/cm" 

(c) Increase of allowable unit stress: 
Main load + creep drying, shrinkage + temperature: 

Compression edge 30 percent 
Tension edge 20 percent 

Main load + creep drying, shrinkage: 
Compression edge 15 percent 
Tension edge 5 percent 

Dead load + erection load 30 percent 

Design Calculation 
The design was based on Bernhard Fritz's book, "Vorschliigeftlrdie BerechnungDurch-

laufender TrSger in Verbund-Bauweise." Hie outline of the design wil l be explainedbr ief ly. 
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1. Nomenclature 

Fc Ic (Ec) 

(Es) 
" Mj 

/ 

Figure 3. 

Ic 
Is 
Ep 

Cross-sectional area of concrete section; 
Cross-sectional area of steel section; 
Moment of mertia of concrete section; 
Moment of inertia of steel section; 
Young's modulus of concrete; 
Young's modulus of steel; 

c c c 

= E^I c c c 

K_ 

V s 
Setting 

gives 
^s^^c 

S + S + â K = S c s 

K 

^c^c=Vs 

(1) 

(2) 

(3) 

(4) 

in which S is the flexural rigidity of the composite section. 

2. Calculation of Moment at Support 
(a) Moment at support by sustained load and live load. In calculation of the mo

ments at supports Mi, M2 . . . Mj., it is sufficiently accurate to use auxiliary 
rigidities Si, Sz, ... Sj,, which are constant for each span of the continuous 
composite girder. For example. Si, S2, . . . Sj. at the stations of maximum 
span nioment may be taken as the approximately representative values. 
Taking their standard value as Sq, and introducing reduced spans which are 
defined as U' = liSpSi, 12' = l2Sc/S2 
equation of threo moraents is 

1-' = IfSc/S-, the fvindamental 

•Sz 

M r - I Mr q^^ , M , * ! 

^So Sr 

i r + l 

1' 
Figure k. 
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(5) 

in which Lr is a load term. 
(b) Shrinkage while considering the effect of creep. The load term for shrinkage is 

^ = -3 ^ sh(Vr»^r r - ^ . l ^ r . l ^ r . l sj^ > 
in which, for the calculation of K and S, = Egp/(1 + 0.52«p) is to be used, tgj^ is the 
final shrinkage, and <p is the creep coefficient. 

(c) Temperature difference. 
The load term for the case where the temperature varies linearly between 

top and bottom of composite section is 

Figure 5. Difference of temperatvire. 

(7) 

in v^ich Oj, is the expansion coefficient. In this case, the effect of creep is not con
sidered. 

(d) Settlement of support. 
The load term for arbitrary settlement of a support is given by 

M r . I 
Mr 

Figure 6. 

A - A 
L , = 6 S ^ ( ^ r-1 . X ^ ) 

1 (8) 
r+1 

because of the nature of a susta.ined load, settlement of the support is influenced by 
ee] 

3. Sectional Force. 

creep. In this case, E .̂ = 2^.^(1 + 1.1 <p) is used for the calculation. 

After obtaining the moment at the support by the preceding method, the bend
ing moment, M^, in an arbitrary section can be calculated. 
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The sectional force caused by MQ wiU be obtained from N = a (K/S) M , 
Mc = (So/S)Mi„ Mg = (Ss/S)Mo. 

4. Bending Moments Under Various Load Conditions. 
(a) Bending moments due to dead and live loads. These moments are calculated 

by the three-moments equation. Moment due to the dead load, except pave
ment and accessories such as water pipes, acts solely on the steel girder; 
that due to live load and the rest of the dead load acts on the composite sec
tion. 

(b) Moment due to raising of steel girder. Negative moment is caused by pre
viously raising the steel girder 45 cm at the intermediate supporting points. 
This is the bending moment which acts on the steel girder alone. In Figure 7, 
at the outside girder. Mi = Ma = -190.83t-m; at the inside girder. Mi = Mb = 
-215.97t-m. 

(c) Moment at support due to settlement of composite girder. Hie bending mo
ments of the inside and outside girders at t = 0 (immediately after settlement) 
and t = GO are shown in Figures 8 and 9. These are the bending moments act
ing on the composite section. 

(d) ^determinate moment due to drying, shrinkage and creep of concrete occurs s i 
multaneously with the shrinkage of the concrete. Hie resulting bending moment 
actsonthe composite section, as follows (Fig. 10): outside girder, M_v=-102.8( 
t-m; inside girder, Mgv =-118.42 t -m. 

(e) bideterminate moment due to temperature difference. The bending moment 
causedbyatemperaturedifference( ±10C) actsonthe composite section, asfol-
lows: outside girder, M^g^ = ±83.68t-m; inside girder, Mjgj^= ±92.76t-m. 

5. Sectional Stress 
Sectional stresses at various points caused by the previously mentioned sec

tional forces are summarized in Table 2. 

M2 

fl2 \ . 

f2 /3 

Figure 7. Moment diagram due to raising. 

Figure 8. Moment diagram due to settle
ment, outside girder. 

Figure 9. Moment diagram due to settle
ment, inside girder. 
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Figure 10. Moment diagram due t o drying 
shrinkage and creep of concrete. 

Measurement During Erection 
After erection of the steel girder the 

end supports were lowered 5 cm and the 
intermediate supports were raised 40 cm. 
The end supports were prevented from 
springing up by the wei^ t placed on them. 
The concrete work was scheduled so that 
the slabs around the intermediate supports 

were done last. Three weeks after finishing the concrete slab, the compressive strength 
of the concrete had reached 350 kg/cm*. The support of the composite girder was then 
lowered, using interlocking oi l jacks. Adjustment was made at each 2 cm so as to avoid 
unequal settlement and stressing. The last operations were pavement surfacing and 
setting of the handrallings. 

Measurements of stress variation were made during erection to confirm the amount 
of prestress introduced and determine the amount of prestress decrease due to concrete 
shrinkage and creep. Measurements were taken at 13 locations (Fig. 12), each of which 
has three measurement points (that is, the middle of the concrete slab, and the top and 
bottom flange surfaces of the steel girder), making a total of 39 measuring points. 
Carlson-type strain meters were used for the measurements. 

Measurements of the steel girder stress during lowering of supports A and D and 
raising of supports B and C show the measured values to be generally about 100 to 120 
percent of the calculated ones. This results from the addition of stress due to the 
fairly large temperature difference (about 10 C) between the top and bottom flanges of 
the steel girder. 

0 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

10(g) 3 2 = 32 0 I0@> 3 2 : 32 0 10(9 3.2 = 32.0 

Flgvire 11. S t r e s s measurement p o i n t s . 

TABLE 2 
SECTIONAL STRESSES' 

Point 10 Pplnt 15 
St ress Due to o 

cu "cl a su "si a cu "cl "su "si 

1. Raising 1,032.4 -766.9 _ _ 1,523.4 -779.7 
2. Dead wei^ts - - 1,160.1 861.8 - - -575.5 294.6 
3. Settlement t = 0 -68.3 -39.1 -295.2 1,447.7 -74.5 -41.2 -287.1 1,613.9 
4. Settlement t = oo -35.6 -26.8 -577.6 1,109.0 -40.9 -30.7 -681.3 1,234.5 
5. Shrinkage of con 15.5 15.3 -159.4 -226.5 14.4 13.9 -180.7 -250.9 

crete 
6. Temperature dif ±10.3 ±6.0 ±41.6 7215.8 ±11.0 ±6.1 ±42.4 7238.3 

ference 
7. Live loads 19.4 U.3 78.8 409.7 -15.0 -8.3 -57.9 325.5 
8. 1 +2 . _ 2,192.5 1,628.7 - - 947.9 485.1 
9. 1 + 2 + 3 -88.3 -39.1 1,897.3 -181.0 -74.5 -41.2 660.8 1,128.8 

10. 1 + 2 + 4 + 7 -16.2 -15.5 1,693.7 -929.4 -55.9 -39.0 208.7 1,074.9 
11. 1 + 2 + 4 + 5 + 6 + 7 9.6 5.8 1,575.9 -1,371.7 -52.5 -31.2 -14.4 1,062.3 

upper f l t e r s t r e s s o f concre te 
O"" = lower f i b e r s t r e s s o f concre te 
a = UBper f i b e r s t r e s s o f s t e e l 

"si = l o v e r f i b e r s t r e s s o f s t e e l 
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TABLE 3 
COMPARATIVE STRESSES AFTER SETTLING 

THE COMPOSITE GIRDER 

Stress ikg/cm") 

Location Gage 
Point Me as. Calc. Ratio (It) 

4 1 -16 -22.9 70 
2 -84 -96 88 
3 515 543 95 

5 1 -18 -21.3 85 
2 -82 -70 117 
3 593 537 110 

6 1 -16 -22.9 70 
2 -59 -96 62 
3 496 543 91 

7 1 - -56.7 -
2 -191 -232 82 
3 563 1,396 40 

8 1 -26 -51.7 50 
2 -206 -161 128 
3 - 1,222 -

9 1 -50 -56.7 88 
2 -240 -232 103 
3 1,280 1,396 92 

10 1 -49 -60.3 81 
2 -183 -242 76 
3 1,382 1,546 90 

11 1 - -55.7 -
2 -166 -151 110 
3 1,350 1,692 80 

12 1 - -60.3 -
2 -158 -242 65 
3 1,370 1,546 89 

13 1 -55 -56.7 97 
2 -189 -232 82 
3 1,370 1,396 98 

14 1 -51 -51.7 99 
2 -254 -161 157 
3 540 1,222 44 

15 1 -49 56.7 86 
2 -336 -232 145 
3 1,200 1,396 86 

The floor slab was installed on several successive days between February 19 and 
March 5, 1960. Measurements were made when all slab work had been completed. The 
measured values were about 80 to 110 percent of the calculated values and seem to be 
reasonable, considering the increase in thermal stress, the longer period of operations, 
and the effect of the sequency in operations. 
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TABLE 4 
COMPARISON OF STEEL USED, CONTINUOUS GIRDER BRIDGES 

Steel Weight (kg) 

Item Composite Noncomposite Item 
Steel 
SS41 

Steel 
SM41 

Steel Cast 
SM50 Steel Total Steel SS41 

Main girder 
Lateral and sway 
Shoe 

58,848 
12,020 

26,751 12,061 

4,008 

97,660 
12,020 
4.008 

115,389 
12,020 
4.008 

Total 70,868 26,751 12,061 4,008 113,688 131,419 
Unit weight (kg/m') 146.8 169.8 

TABLE 5 

COMPARISON OF CONSTRUCTION COSTS' STEEL GIRDERS OF CONTINUOUS 
GIRDER BRIDGES 

Composite Noncomposite 

Item Quantity IMit 
Cost 
(yen) 

Cost Quantity Iftiit 
Cost 
(yen) 

Cost Item 
(kg) 

IMit 
Cost 
(yen) (yen) (kg) 

Iftiit 
Cost 
(yen) (yen) 

Material: 
SS41 70,868 56,500 4,004,042 127,409 56,500 7,198,608 
SM41 26,751 58,500 1,564,933 

127,409 56,500 7,198,608 

SM50 12,061 70,500 850,300 
Fabrication: 

850,300 

SS41 70,868 46,400 3,288,275 127,409 46,400 5,911,777 
SM41 26,751 46,400 1,241,246 

127,409 46,400 5,911,777 

SM50 12,061 
113,688 

51,000 615,111 
Transport 

12,061 
113,688 4,500 511,596 131,417 4,500 591,376 

Painting 113,688 3,500 397,908 131,417 3,500 459,959 
Shoe 4,008 250,000 1,022,000 4,008 250,000 1,022,000 
Erection 113,688 28,000 3,183,264 131,417 23,000 3,022,591 
Total' 16,678,675 18,206,311 
11 yen = $l /360, or $1 = 360 yen. 

32 0 ,32 0 
12 8 19 2 16 0 V 16 0 ^ 1 9 2 12 8 

t 1 / " •! 

V 
^ 7 * \ 13 \ 

320 

17 

A B C D 

Figure 12. Measurement l o c a t i o n s . 
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After Installation of the floor slab the concrete was cured for about three weeks 
before the supports of the composite girder were finally adjusted. The measured 
stresses are given in Table 3, which indicates that 70 to 100 percent of the predeter
mined calculated stress was successfully introduced, considering the accuracy of the 
measuring Instrument, the stress due to temperature difference, etc. 

The stress variation caused by concrete shrinkage was measured between comple
tion of the floor slab concreting and settlement of the composite girder. The measured 
values include the effect of the load due to the forms and the stress caused by tempera
ture difference; hence, it cannot be concluded that the variation is solely caused by 
shrinkage. The temperature difference (AT = ±10 C) caused a stress of ±10.3 kg/cm* 
in the floor concrete, and ±42 kg/cm' and ±216 kg/cm', respectively, at the top and 
bottom flanges of the steel girder. Although the second purpose of the measurement 
could not be achieved, the foregoing results are a valuable guide for future measure
ment. 

Steel and Cost Savings 
Table 4 compares the amount of steel used in Aboshi Bridge with the amount used in 

a noncomposite girder bridge designed for the same class load and having the same 
girder height, number of girders, and span. Table 5 compares the construction costs 
for these same two bridges. The data show a 14 percent reduction in steel we i^ t and 
an 8 percent reduction in cost, despite the higher cost of erection due to prestressing. 




