A Study on the

Composite Wood-Concrete T-Beam Bridge
Seihei KATO and Yuzo WADA

Acknowledgement

The exreriments rerorted in this article were performed with the aid of the Scientific Research
Fund by courtesy of the Ministry of Education. The authors deerly appreciate the kirdness of
Dr. Noboru YAMAGUCHI, Horourary Professor of C.vil Ergineeiing, Ist Faculty of Ergineering,
who strernucusly oversaw the authors’ study ard suggested the general treatment of the problems
concerned. For the execution of the experiments the authors are much obliged to Dr. Masatane
KOKUBU, Prcfessor of Concrete Engineering of the same Faculty, who gave them valuable advices
and of.ered convenience to workout in the Concrete Laboratory which is unde: his administration.
Also the laborious helrs given by the memkers of the Laboratory of Forest Utilization attached to

the Division of Forest:'y, Faculty of Agriculture, are highly appreciated by the authors:.

Contents
I Introductory .............................. 81 MOAelS-cerrri e 87
I The preliminary experiments ------ 84 IV Conclusion - o-eeeeeeremmrerenieminiaaenn, 89
Il The bending test of the composite " - .
wood-concrete T-beam bridge- L O T 90

I Introductory

Some mathods of effective application of the “Composite Wood-Concrete Beams’(’l) to
minor road-bridges for the purpose of increasing strength and durability of the wooden
beams were originally provided by Toshigoro TAKAHASHI(,Z)WhO reported(g)the result
& of his experiment in 1940 and recommended the use of beams composed of ordinary
Portland-cement and “Ezomatsu” (Picea jezoensis CARR(.%. Several road-bridges were
built of the C. W. C. beams of this kind in Hokkaido prefecture, where they proved

excellent properties both in strength ard durability even 10 years after their erection.

() In this article, denoted by #C. W.C.beams” (2) Roadengineer, Bureau of Civil Engineering
Works, FPrefectural Government of Hckkaido @) E#EfFE (Toshigoro Takawmasui) : (K=
Y7 — MR, WIS, 24 1258 (“Wood-concrete Bridges”, Roacs, Vcl. 2, No.12), 1¢40

@ A kind of timber pcpularly used for wocden structures, prcduced exclusively in Hokkaido
Island
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The results of soms supplementary experiments of the beams of the same kind were
also reported recently(.nDr. Takeo FUKUDA(ZI))SI'formed fux;ther thzoretical analysi:)of
the C.W.C. beams and gave formulas similar to those used for the design of the
reinforced concrete beams. The theory is based on the assumptions that, 1) the stresses
are always less than the proportional limits and stress-strain proportionality is
assured, 2) any cross-section of a beam remains plane even after bending, 3) a certain
ratio of the modulus of elasticity of the concrete and that of the wood never changes
in aay stags of banding, and 4) there is no tensile stress in the concrete. According
to the theory, following formulas are derived for the case of the beam with T-shaped
section and rectangular connecting teeth, which prevent slip between the concrete

and the wood, as shown in Fig. 1.

Fig. 1 Composite wood-conc ete T-beam
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(1) Position of the neutral axis: The equation of the condition that, the total
sum of the geometrical moments of the effective cross-sectional areas in regard to
the nsutral axis must be zero, is given in the expression,

A (x— é) — nAy(h— x—-—) ~0

where A.,=#tb = Effective sectional area of the concrete

A, =h.b, = Effective sectional area of the wood

Il

h Total depth of the beam

f, = Effective depth of the concrete-slab
h, = Effective depth of the wood-web

b = Width of the concrete-slab

= Width of the wood-web

O g2k (Muneo IFUKUBE ) : R = > 7 ) — FBXEHCBT 5852 ik B23, 25§
(“Considerations on the design of wood-concrete bridges”, Roads, No. 2, Feb. 1948, pp.32~-33)

(@ Prof. of Civil Enginecring, 2nd Faculty of Enginezring, Tokyo University

@ fEH Y (Takeo FUKUDA), ARSEE (Woodea Structures®, Tokyo, 1949, pp.163~175



83
x = Vertical distance to the neutral axis from the upper surface of the
concrete-slab
n = E./E. = Ratio of the modulus of elasticity
E.= Modulus of elasticity of the wood
E. = Modulus of elasticity of the concrete

From which, the position of the neutral axis,

e A A e eeerre——eav—————ean—a e esae et e
X5 A A, )

(2) Moment of inertia of the section: The effective moment of inertia I of the-
beam-section in regard to the neutral axis is given with the terms of x and other
known values;

_ b 3 nbo _ 3 . craens
I=3 [x (x—1.) ] +72 [(h—x)3— (h—x—h.) ] .................... (2
(3) Extreme fiber stresses: If the bending moment M at any point of the beam
"due to the external forces is given, then the extreme fiber stress o. of the concrete
and o of the wood,
o—c == -I~ x’ g‘wz ng-e k ............................................................... (3)
where, k = k/h

(4) Maximum shear stress: Denoting S the shearing force at any point ¢f the

beam due to the external forces, the maximum shear stress,
" SG,3 S
. USRI NP PP PP PPPPTPPIPPPP (4)

Tmazr = rp =9 bk

where, G = Geometrical moment, in regard to the neutral axis, of the
part of the section divided by the same axis
I/G = g h (approximately in most cases)
(5) Stress in the connecting testh: Assuming that the horizontal shear stress is
uniformly distributed along a short distance s of the base line of one set of the

teeth, and denoting H the total stress along the base surface of length s, then

H = 7Thaw bgs
Hence, the horizontal shear stresses in the concrete and in the wood,
H _H '
T T e T T e T ®)

If these formulas are reasonably applicable, the necessary numerical values required
for the adequate design of the C. W.C. T-beams can be easily obtained.
The authors attempted to investigate and examine the applicabilities of these for-

mulas for the bridge design by means of the laboratory experiments.
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I The preliminary experiments

A. Notes on the materials used for the C. W.C. test-beams
Properties of the materials, e. i. wood, cement, gravel and sand, used for the test-

beams are shown in tables [ ~IV in general.

Table I Wood

Wood species ”Sugi” (Cryptomeria japonica D.DON) *

Timbver Grown in Akita Prefectu e

Average width of year- ing | 2.5~4.0 mm

“Air dry 0.43~0.52
Absolute dry 0.38~0.46

Specific gravity

Compression 305 a
(J] to the grain) 280~-305 kg/cm
Mechaical pro_erties ; Teasion
; I : 199~-309 ”
| Ultimate streagth % to. the grain)
( at moisture content ) : Bendiag 370~450 “
o Shear ~
18~157 i (// to the grain) 50~ 80 i
\ Modulus of elasticity for tension 4.7x104~9.1 x 10*k g/cm?

* #Sugi” is one of the most popular kind of the structural timbers all over the country
except in Hokkaido

Table II Cement

Commercial name Chichibu Silica Ceneat

Manufactured by Chichibu Cem=nt C»., Saitama Prefezturs

Specific gravity 291

Ultimate strength et 97~22) kg/cm?

examined by J. E. S. Compression Average 212 ”

Standard mortar test 46.8~56.2 k 2

i .8~56. g/cm’

(28th day) ; Berding Average 50.7 "

Table II1 Gravel

. Cecmposition

Kind of gravel Specglc Maxfinum - ;
gravity size Grade of size ’Percentage by weight

Natural gravel i 5~10 mm l 45 %
taken from the 2.63 20 mm 10~15 | 45
river bed of 15~20 ' 10
Arakawa, Saitama i i
Prefecture | Total 100 %

B. Composition of the concrete mix used for the experiments

To secure excellent qualities such as strength, workability, consistency and plas-
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‘ticity of the concrete, J.E.S. standard slump-test and strengh-test were performed,

while the water-cement ratio and the gravel-sand ratio were changed 40~70% and

Table IV Sa-d

. 1 Composition
Kind of Sand Specific gravity :
Grade of particles Percentage by weight
- Natural sand <0.15 mm 2.1 2z
0.15~0.30 9.5
‘taken from the 0.30~0.60 20.3
river bed of 2.65 0.60~1.20 36.2
) : 1.20~2.50 25.7
Arakawa, Saitama ‘ 2 50~5.00 6.0
Prefecture >5.00 0.2
Total 100.0 2

140~16094 respectively. According to the results of the tests and following to the
-generally recommended values, the composition and the requirements for the con-

«crete mix were determined as shown in table V.

Table V  Conacrete

Water-cement .Gravel-sand For 1 m3 of concrete Ultimate Slump
ratio by weight ratio by weight compres-ive
§ : th
(W/C x 100) | (G/S x 100) | Cement| Water | Sand | Gravel | SI7e"Et0 of
! 28th day
53 140 373 kg | 210 kg | 679 kg |951 kg | 200 kgjem? B~llem

C. The results of the preliminéry experiments

In order not only to obtain an adequate design but also to make clear some fun-
-damental properties of the C. W.C. beams, the authors carried out various preliminary
-.expariments, the results of which are summarized:

(1) The adhesive strength between the wood (sawed timber with rough surface)
:and the concrete was estimated at average 2 kg/cm? by the shearing tests; there-
fore it may be neglected for the general calculation of the beam.

(2) The effect of the nails used at the connecting teeth for the purpose of rein-
forcing the unification of wood and concrete was not clear. Although they we1:e
-useful to increase the ultimate resistance by the shearing tests, the large amount
-of the bending strain in each nail and the crush of the wood fibers adjacent to
‘the nail surfaces were observed. Hence, the reinforcing force of the nails should be
rather neglected for the general calculation of the beam.

(3) The depth of the concrete-slab; #= 4.0 cm was sufficient when the maximum
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grade of the gravel in the concrete was 15 mm.

(4) The span-depth ratio of the C.W.C. beams should be prefered larger than 8,
because the ultimate strength by bending tests suddenly dropped when the span-
depth ratio was decreased less than 8.

(5) By the bending tests of the C. W.C. beams with .wood-webs of poorer flexural
rigidity the failures occured by the cracks in the lower parts of the concrete-slabs.
When higher flexural rigidity was given to the wood-webs, the failures due to the
bending stresses were observed neither in the concrete-slabs nor in the wood-webs;
in most cases, failures appeared in the form of creep or slip in the wood-teeth adjacent
to the both end of the beams due to the accompanied horizontal shear.

(6) The maximum bending strength was obtained when the theoretical neutral
axis calculated by the previously cited formulas, in which n= E./E. = 0.5 was app-
lied, fell on the web nearly coincident with the lower surface of the concrete-slab.

(7) About the shape and the dimension of the connecting teeth; the larger the
length of the teeth s = a + ¢, or the larger the depth of the teeth ¢, the larger the
deflection of the beam. When a:e= 1:1~1:1.6, the concrete teeth did not fail due
to the horizontal shear. By smaller depth of ¢, the side surfaces both of the c;oncrete
and the wood teeth crushed by the compressioﬁ due to the horizontal shear. When
s=13cm, a:e= 1:1~1:1.6 and ¢=15~2.0 cm, beams having rectangular cross-
sections of b = b,, failed by the diagonal cracks at the bottom corner of the concrete
teeth. In the case of the beams with T-formed cross-sections of b = 2b,~3b, and with
the same size of teeth as mentioned above, there observed no failure in the concrete,
but the horizontal slips at the tottom of the wood-teeth adjacent to the both ends
of the beams, which immediately followed by the failures due to the extreme fiber
stresses of the wood-webs and, at the same time, the random cracks in the concrete-
slabs.

(8) When a piece of air dry timber (moisture content 14~2295) was used in the
building up of the C. W.C. beam, water in the concrete transfered into the wood,
causing the decrease of strength of the concrete.

When the timber was sunk in water more than 7 days before the building up 6f the
beam and the moisture content of the wood was increased to 50 % or more, there

observed almost no change in the moisture content of the wood after the setting
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-of the concrete and no_influence to the water content of the cement paste.
(9). There were no remarkable dlfference in th° strength of the beams when the :
-curing of the concrete was perfprmed either in a water pf)ol or kept under a wet
-mat on which water splayed frequently. o -
B The bending tes: of the composite wood-concrete
T-beam bridge-models
Considering the capacity of our testing machine and aceording to the previous
investigations mentioned above, the authors prepared bridge-models composed of
‘the C. W.C. beams, the effective span of which chosen at 105 cm. Each model was
built of three C. W.C. T-beams, and the continuous concrete-slab unified them to a
:solid bridge simillar to an ordinary reinforced concrete T-béam—bridge. The design
and the dimension of the bridge-models are shown in Fig. 2.
Fig. 2 C.W.C. T-beam bridge model
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The same materials and concrete mix as described in II A.B, were used and cured

4n the water pool during 20 days while temperature of water kept at 20° C.

Fig. 3 Me hod of loading The bending tests were perfor-
P med 20 days after the setting of
d L b d the concrete by the AMSLER-type 30
y—i - o
a - ton universal testing machine

" i\C gd C/ ml equiped in the Laboratory of Forest
t l

. i Utilization attached to the Division
- l=705 €M—i
P; Statical concentrated load at the center of the s»pan

«; Test bridge model Tokyo University. The method of
b,c; Steel plate preventing the damaze of the sirface

d; Dialg 1age loading is shown in Fig.3. The load
1 ; Effective s an /

() Manufactured by Tokyo Koki Co. (TH{3tfighbkXeriit)

of Forestry, Faculty of Agriculture,
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was increased in each case in the ratio of 5~10 kg/sec until breaking. The amount
of the displacement of the three definite points, e i é; at the span center and J.,
83 at the both supports, were measured by the dialguages attached to the beam.

Then, the real amount of the central deflection of the beam was calculated

& =8 — (0: + &)/2

For the purpose of comparing the strength and the flexural rigid’ity of the C.W,\
C. beam-bridges to those of the wooden beam-bridges, the bridge-models, each of
which with three wooden beams, were also tested in the same manner. The same-
dimensions were given to these wooden bridge-models as in the C.W.C. models,
while the slabs were made of wooden boards simply nailed upon the beams in such.
a manner that they never resist any bending moment.

The results of these experiments may be explained as follows. (See also Fig. 4 )

Fig. 4 Result of the be ding tests (1) The ultimate
/D K g Lﬁd‘d ‘HE][ [ 5511[‘0/] Dé‘é'gl‘dﬂlﬁ strength of the C.W.C.
4000 r T-beam-bridge was
I LI:CWCE T-beam more than 1!/, times
[ Bridge-odel higher than that of
L W i the wooden beam-brid-
5.000 — 2950 ge of the same size.
] (2) The flexural
L rigidity of the C W.C
i v/ 22,02 T-beam-bridge was far
2000 .. e
7 R greater than that of the
i ¥k 7 rwe
L S P wooden beam-bridge.
i /’/ 7 For the amount of the
1000 | }/,’:/’/ I : Woodenbean maximum deflection
- - Iw:
i pa Bridge-ttodel equals to 1/300 of the
27 6]
I ,+47/ m span length,
Vayd e. i. &=3.5mm,
il .

IS N RRRN SR RPN PR BT the ratio of the cor-
3 4 5 6 7 8§ g mem

(0 ”The maximum deflection=1/300 of the span length” is usually specified for the allowable limit.
of the deflection of the teams of tke wcoden bridges.
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responding loads, P. and P. of the C. W.C. bridge and wooden bridge respective-
ly, was

P,: Py, =13/~2%,: 1

(8) It was proved by the experiments that the theoretical formulas for the C. W.
C. beams were practically reliable. For instance, if we takem n = E.JE. = 0.5, ts
= 2.5cm, b=10cm, b =5cm, k= 11cm, h =7 cm in eq. (1), (2), then,

x = 3.8cm, I = 206.69 cm*

Substituting these values to eq. (3) and taking allowable stresses ov; = 50 kg/cm
and Acrm = 60kg/cm, we obtain the theoretical resisting moment of the single C.
W.C. beam and the theoretical extreme fiber stress of the wood,

M = 2720 kg/cm,. ow = 47 kg/cm < oua
So that the amount of the allowable load, which assumed to be a single concentrated

load Q. at the center of the span of length / = 105 cm, for each one of the three

beams is

_4AM  4x2720 _
Q= "7 =755 =104kg

While, the mean value of the real breaking load Q. borne by each beam is appro-

ximately,

Q: =Pyf3 = 290

= 983 kg where, P, = Total breaking load

Comparing @; with @., we know that, @, = 9.4 Q,

Which means the factor of safety for bending of the C. W.C. T-beam is appro-
ximately 9.4 and is fortunately larger than the factor of safety in regard to the
allowable stresses used for the theoretical calculation: so that the theoretically

designed beam is safe enough by statical bending.
IV Conclusion

Considering the results of the investigations mentioned above, it may be concluded

that,
(1) The strength and the flexural rigidity of the C.W.C. beam-bridges are con-

siderably higher than those of the wooden beam-bridges of the same size.

(D See also, HAfiEHF: (Muneo IFUKUBE): (K= > 7 9 ~ MBEORS kBT 2=, =oxs) {1l
T AE B H AL 6 5Y, )95, 5 (”Studies on Weod-Conciete T Beam Bridge”, Report of the
Civil Engineering Exrerimental Station of Hckkaido. May, 1950, p.p.5,6.)
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(2) The theoretical formulas are practically applicable for the proper design of
the C. W.C. beams.

(3) Adequately designed C. W.C. beam-bridges composed of good materials might
be safely applied for the practical purposes if they were carefully erected.

Moreover, it is also evidently foreseen that the durabilitym of the C.W.C. beam-
bridges may be far more excellent than that of the ordinary wooden beam-bridges,
because the wooden parts of the former beams are covered by the concrete-slabs
and thus weatherproved.

The authors have now the opinion that the extended use of the C.W.C. beam-bridges
for the forest-roads instead of the wooden-bridges may be successfully expected not
only from the view point of the structural mechanics but also for their economical

advantages, especially when and where adequate steel materials are not available.
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() The authors are now preparing the ezezution of the durability experiments and impact tests
of the C. W.C. beam-bridges. See also, Jkf32i5 (Koji KITAMURA): k2> 27y — s M DIETE
s dbiEE LRSI 7 5%, #E25, 98 (”Report oa the Investigation of Wood-Concrete
Beam Bridgss”, Re jort of the Civil Enginee-ing Experimenta’' Station of Hokkaido, Sept., 1950,
p.p-20~27) )



