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Concrete Roads.

By Utanojo Makino, C. 8., Member.

Synopsis.

This paper deals with a Comparison between Conerete and “ Koseki” (Sandless
Conerete) baged on data from experimentation on these materials in laboratories
and in actual nse in paving.

The laboratory tests of these materials are compression tests, transverse test,
and abraision tests by a brick rattler, a Talbot-Jones rattler testing machine and
an Amsler wearing machine at different conditions and ages.

The records of experiment on trial paveinents by running vehicles at the
Technological laboratory of Osaka and experiments made on pavements actually
in use at Kanda, Umejima and Nishinomiya.

The use of automobiles has considerably increased in Japan in recent
years, but the majority of vehicles are stoel-tired. According to traffic census
taken at twenty-five streets in Tokyo, in 1925, two hundred thousand six
hundred (200 600) vehicles passed in a day of twelve hours (from 6 a. m. to
6 p. m.) of which ouly 34 000 (that is 17 per cent.) were rubboer-tired, the
rest being all steel-tired. Even in wrban districts where automobiles are
extengively used, such is the present state of affairs; and it is naturally to
be expected that on rural highways, vehicles are almost wholly horse drawn
steeltired ones. During the seven years between 1918 and 1925, the average
daily number of automobiles in the twenty-five roads above referred to, increased .
from 13 000 to 34 000 showing a rise of more than 250G per cent.

Motor-trucks in Japan are mostly from one fo two and a half tons in
capacity, and animal-drawn carts and waggons are either two or four wheeled,
drawn almost invariably by one animal. There are slight local modifications,
but the horse drawn waggons in use in Tokyo and its vicinity have wheels 8
ft. 6in. in diameter with tires 2.5 in. in width. The total weight of each
including load is approximately two-wheeled, 3 800 1bs.; four-wheeled, 4 200
Ibs. Their speed is 2.5 miles an hour. Hand-carts usually have tires of about
one inch in width and weigh less than 1 5001bs. (The new regulation re-
quirement for the width of tires of horse-drawn waggons is 3%/, in. and over,
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under about the same wheel load as above mentioned, but its enforcement is
temporarily withheld.) ‘

The width of roads is not in a very satisfactory condition. National or
prefectural roads arve usually from 12 to 15 ft. wide, rarely exceoding 18 ft.
Begides, as telegraph-poles and othor obstacles take up space available for
traffic, streets do not have ample width; roadways possessing a double truck
electric car line are generally less than 48 . wide.

These circumstances cause the rapid wearing of roads, and the ordinary
gravel facing has but a short life. The necessity for better roads is felt more
keenly than ever before, TFinancial and other considerations, however, make
it difficult to build good, high-class paved roads even in the city and the
question of less expeusive but economical road-making is receiving the active
attention of experts.

Experiments have long been tried with wood block and asphalt paving,
and there i3 considerable road area in this country paved after these types.
‘But concrete pavement is a new thing. Its actual study has only lately been
started among our specialists and its application, which is still very limited
in extent, iy confined to side-walks. It has been apprchended that the pre-
valence of stecl-tired vehicles would prove very detrimental to concrete pave-
ments. Thig apprehension has been confirmed by actual experiments, though
these may not have been properly conducted. Later experiments have shown,
Lowever, that concrete proportioned with a smaller percentage of sand and a
certain rich percentage of cement, increases wear resisting power. Concrete
with no sand in its composition has more wear-resisting power than ordinary
concrete. A pavement of this sandless concrete analogous to granolithic pave-
ment is known among our pavers as ‘‘ koscki’ pavement. This paper deals
with a comparison between concrete and ‘ koseki” based on data collecled
from experimentation on these materials in laboratories and in actual use in
paving.

' The following laboratory tests have Dbeen carried oub:—

1. Compression test.

2. Transverse test.

3. Abrasion test. _

(a) By a brick rattler. A.S.T.M. Standard (U.8.A.);
(b) By a Talbot-Jones ratiler testilmg machine {U.8.A.);
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(¢) By an Amsler wearing machine,
4. Emperiment on trial pavements by running vehicles thereon.

Table I. Tests of Cement,

The test made in accordance with the Standard Methods for Portland
Cement by the Japanese Government.
Cement:  Asano Portland Cement, manufactured of the Fukagawe foclovy, Tokyo.
A) Strength Tests.

Normal Tenstle Strength (k. cm-) o t}omprnsﬁivt Steength (kp. em)
Consistency | Neat Cement Mortar (1;:3) Mortar {1:3)
Yin T days 7 days 28 days 28 days
26.4 5.2 30.8 38.0 386
B) Chemical MaD 50, }é‘ﬁf\}isﬁ
. - b
Analysis, %o Y “ |
1.28 1.51 1,05 r

Cy Miscellancous Tests,

E ) Residue on Time of Settng
: - —— Speeific Soundness
1000 mesh. one? { 4900 mesh, em? | Temp, | Initial Finai " ilingge
sieve 9 - sjgve W, Cp h |k m Gravity {Bolling)
|
’ 0.0 3.2 l 9 |2 32J 5 22) 3.5 0.K |

Table II. Tests of Aggregates.

Aggregates:  The ngyregates consisted of sand and crushed granite.

SAND: Arakawa River sand, from Yorii, Chichibu, mainly consisted of quertz, grey-
wacke and crystalline-schists. Before using, the sand was sereened through a No, 8
gieve. All materials coarser than this size was rejected. The sand was used with-

" out further sereening, but care was taken to see that it was uniform throughout the
series. )

CRUSHED GRANITE: Fresh fiue grained Biotite-granite, from Makabe, Ibaraki. The
cruslied granite was screencd to three different sizes (No. 4-3/,, 3/,-%/,, ?/.-1
inches) and recombined in definit proportions for each batch, as shown in the sieve
analysis in Table TI. Miscellaneous tests of aggregate are given in Table II-B.

Ay Sieve Analysis of Aggregates.

Sieve N. |Size of cloar Per cent by Weight, Coaser than Each Sieve
or Size opening Cand Crushed Mixed Aggregate
in in. fnmn. | 240 Granite |~ 755 12:25 | 1.5:33 | | 2:4%
100 0.149 98 | 100 99.4 09.3 09,3 90.3
50 297 86 | -100 95.6 95.1 05.9 95.0
30 59 68 ¢ 10D 90.0 888 £0.8 88,5
16 118 251 100 76.7 738 75.2 73.1
8 2.38 0 100 |" 69.0 65.0 66.7 64.1
4 4.70 — [ 100 69.0 65.0 66.7 641
3/8 9.5 — 90 62.1 58.5 60.0 577
3/4 19.0 — 15 10.3 0.7 10.0 96
1 254 - 0 o 0 0 0
Fineness Modulus |2.77| 7.05 5.12 5.55 5.63 5,51
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Table IL (Continued) .
Y Miscellancous Tusts of Adggregates.

Test i Sand %r";“?;l
Weight of Dry Aggregate. (loose measure) kg/m® | 1547 1381
Water Absorption of Aggregate, Per cenit by Wetgt 2.49 .50
Specific Gravity . . . 2.64 2.64
Abrasion Tests, Loss in Welght—l-‘er cent
A.5.T. M, Standard Method & . - - - 20
Rea's Method . . e e - 24.3
Hardness Test ... . . . G e e - 18.5
Toughness Test . - P 14-
Elutriation, Per cent by welght A . 2.5 -~

In order to conduct these experiments the materials to bo used were first
tested and the results are given in Tables I and II. In the experiments,
equal conditions wore secured as far as possible in mixing, tamping, curing
¢te.; and special care was exercised in the aggregate. The aggregate was
sereened to several different sizes and recombined in definite proportions. In
the table the water-ratio and the results of slump test are both given.

For compression test, a cylindrical test piece, 8in. high and 4in. in
diameter, was used. The Olsen automatic and autographic universal testing
machine, 100-ton capacity, was worked with a pressure increment of about 6
tons per minute. The results are given in Table IIL. Tt will be gathered from
the table that the compressive strength of rich concrete is stronger than that
of a poor one. The strength is about 35 per celi. higher in * koseki ", which
has no sand ingredient, than in rich concrete with a mixture 1:1.5:38.3

For trangverse fest, a béam, Gin. square and 30 in. in length wos used.
The clear span was fixed at 24in. The machine used in this test was the
same as that used in the compression test. The results are givel-l in Table
IV. A similar result has been obtained in this as in the compression test.
“* Koseki ** with a mixture of 1:1.8 was found about 20 per cent. stronger than
rich concrete proporidoned 1:1.5:3.3, and about 100 per cent. stronger than
1:8:6 concrete.  Although it differs according to time and place, the usual
cost of ‘‘Koseki’ proportioned with 1:1.8 is about double that of 1:3:6
concrete. As the stress of a slab iz inversely proportional to the square of
its thickness, it would seem, from a purely statical point of view, that the
use of poor, thicker conerete is more economical than the use of either richer
concrete or ‘‘ koseki’’. Ifrom this it will be seen that a pavement with two

layers, (““koseki'’ layer placed upon gre:n concrete) is a favorable section
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Table III. Compressive Strength of Concrete and “ Koseki”,

Kind of Mix, by | Water- | Shenp | L Compressive Strenpta, kgiem?®
Specimen Volume | Ratio [ inin. ' 7 daya | 14 days | 21 days | 28 days

237.2 | 412.5 | 408.8 | 400.8
2865 | 410.7 1482.2 | 532.5
2715 14119 4946 | 4061
2023 | 4110 | 461.5 | 473 6
266.4 | 428.6 | 423.0 ; 526.6
Average | 270.8 | 401.5 | 454.1 | 480.9

“Koseki"| 1:18 | 043 | 100

(2 Y S

I 2109 | 240.7 | 360.3 | 369.5

2 200.6 | 274.7 | 335.6 | 208 2

Concrete | :1.5:3.3 063 | 0.50 3 2072 | 252.2 1 3479 | 427.6
k) 2037 | 253.4 | 300.4 | 366.2

5 2109 | 2386 { 3381 | 411.3
Average | 208.7 | 263,7 | 317.3 | 374.6

178.5 | 230.3 | 258.7 | 334.6
1831 { 2374 | 2706 | 346.5
181.6 { 242.0 | 276.0 | 308.3
170.5 | 248.5 | 276.2 | 346.5
175.3 | 207.2 | 286.1 | 3256
Average | 1783 | 2133 | 273,7 | 3323

Concrete | 1:2:45] 075 | 0.50

ok Wb —

783 | 109.1 [ 141.2 | ¥76.0
7557 F13.1 | 139.3 | 18251
78.0 | 1050 ! 137.5 | 169.2
TEO 11001 1628  217.0
7301 107.3 | 1495 [ 1689
Average| 764 10801 p46.0 | 1827

Conerete | 1:3:6 1 1,10 | 045

Ol 0 b

Hand-mixed Conecrete and ** Koseki ™,

Compression tests of 4 by 8-in. eylinders.

Cement and Aggregates: same as Table I. and 1L

Bpecimens cured in water.

Water-ratio is to volume of cement {1520 kg. per eubic meber).
when tensile strength is requiréd on the surface of a pavement.

In the abrasion test, those made by a brick rattler specified by A.8.T.
M., U.S. A., a ball 6in. in diameter wags used as a test-piece. After it was
moulded, it was kept in the air for twenty-four hours. It was then removed
from 1lhe mould and cured in damp sand. As in the casge of a brick test,
the balls were tested at a speed of 80 vevolutions per minute. A record was
taken at the completion of & 800 revolations. In the tests were used ten 3.75
in. diameter steel balls and from two hundred and fourty five to two hundred
and gixty (245 to 260) 1.8751in. diameter steel balls, with an aggregate weight
of 3001bs. The results are shown in Table V. The figures indicate the
average results of six tesi-pieces.

These tests were conducted with a view to' ascertain the resistance to
abrasion of ‘‘ koseki ”” and concrete and also to ascertain in these two substances
the effect on the wear of proportion, age at test, amount of water, .size of the
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Table IV. Modulus of Rupture of Concrete and * Koseki ”.

. Modutus of Rapture.-
Kind of Mix. by | Water- | Stump No. af kg, per sq. -I:m.

Specimen Velume Ratio | in in. Test

7 days [ 14 days| 21 days|28 days

1 | 5167 | 5065 | 50.41 | 6871
o . 2 | 50.10 | 66.51 | 59.93 | 70.26
Koseki”| 1:18 | 043 | 100 | 5 | 5036 16320 | 6630 | 56,31
Average | 50.71 { 60.15 | 61.91 | 65.09

1 33.26 | 51.01 | 47.78 | 57.47
2 43.81 | 47.78 | 54.25 | 52,30
3 47,01 | 46.49 | 54.80 | 52.95
Average | 41.36 | 48.43 | 52.31 | 54.24

Concrete |§:1.5:33 063 | 0.50

1 38,22 | 50.62 | 53.73 | 65,03
2 34.86 | 36.40 | 47.01 | 48.04
3 37.19 | 46.49 | 51.01 | 50.36
Average | 30,76 | 44.51 | 50.58 | 51.31

Concrete | 1:2:45| 0753 | 050

1 2014 17.56 | 2583 | 31.51
2 | 2105 | 28741 | 3151 | 2763
116 1 0.25 3 |2324| - |[3009 3000
Average | 21.78 [ 2299 | 29.44 | 30.04

(2]
(=]

Concrete | 1:

Hand-mized concrete and “‘ Koseki”’

Transverse tests of 6x6x30-in. beams, 24-in. span.

Cement and Aggregate: same as in Table I and 11.
Specimens cured in water.

Wator-ratio i3 to volume of cement (1520 kg. per cubiec mefer).

aggregate, and caleium chloride. In Table V, A. “koseki’’ comes out as
possessing a superior resisting power to abrasion compared with concrete. In
the cage of ‘‘koseki’’ it seems that there is a certain limit beyond which any
increase of cement fails to bring about a corresponding increase in any ap-
preciable degree in wear resisting power,

- The proper amount of cement differs with aggregate, but at least, for the
aggregate used in the experiments, it has been found that the addition of
more than 55% to aggregate is unnecessary. In concrete the richer the pro-
portion the greater iz the resisting power to abrasion. In both ‘‘ koseki’’ and
concrete abrasive resistance, increases with their age, attaining a fair degree
of slrength in about three weeks. As in the case of concrete, the strength
weakens with the increase in the amount of water, and a good result is likely
to be obtained by reducing water as much as possible and thorough tamping.
Experiments show the effectiveness of adding caleium chloride in the composi-
tion of ‘‘ koseki” as a means of quicking its hardening. By the addition of
caleium chloride, ‘‘ koseki ”’ attains, in about ten days, a strength which it
would otherwise require twenty days to acquire. 'The effect of caleium chloride
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Table V. Wear tests, by means of Brick Raitler.

' P . Average Weight (k) Wear
ind of Mlx, b 51 e B
sif,;,,;,. Vol Water - Ratio i,,"'i','f Tesl, Before Alter fer cent Depti
in days Fattling Kiattling by Weight in tn,
A} Effect of Proportion on the Wear,
1:1 0.40 1.25 21 4.329 . 3676 15.1 0,159
" Koseki®™ 1:0L.% 230 0.50 21 4.419 3.821 13.5 .142
1:1.8 43 Lap 2 4.472 3.874 13.4 144
1:2 26 0.20 ] 4.475 3.823 146 154
.
1:1 :25 A0 1.50 21 4.451 3479 21.8 236
Concrete 1:1.2:25 56 1.50 21 4,486 2401 2.2 264
1:i15:33 63 0.75 21 4482 3212 283 a4
1:2 :4 45 050 21 4503 2,872 36.2 417
B) Effect of Amonnt of Water on the Wear.
35 090 21 4,483 3046 12,1 127
- : . . 40 0, 2% 4,529 3.955 127 133
“ Koseki™ 118 ‘3 1.00 21 4472 3874 131 1al
45 200 21 4.408 3.853 13.8 Lid5
C) Effect of Caleium Chloride on the wear, (Caleinm Chloride: 3%, by weight of Cement).
g 4.183 2-233 21.5 232
. 4203 41 18.8 201
“Kosekl” 1:18 4 200 1 am 3419 153 201
. 10 4,203 3.025 128 145
I
Table V. (Continued)-
) - T e B T T ™ N T W
Kind ol Mix. by King o} Wates - Rutis Stump Age ax Average Weikht thes : ki -
Specimen Valume Cemem ’ in i in dags 1a'§?.'i!ﬁ§ k':{:fi:m h'yc{t-'f-tiz;n n Ii’:a,'
t
D) Effect of Age an the Wear
10 4.420 3.731 15.8 Ollgg
X Asa : ) 15 4410 3739 15,2 .
o Kosehi ” 118 sano 043 1.60 21 4472 3874 134 141
Ciment Fondu PE] R0 2 1,377 3.924 0.2 106
[{U 4.538 3224 20.0 334
Asano 08 0.75 15 4,546 3.363 260 )
Concrete 1:15:33 a3 2.482 3,212 283 314
Ciment Fogdu Kili} 0.75 2 < 4,49 3722 1.1 182
L) Effect of Sixe of Aggregate on the Wear,
. : H : ape Welght (k) Wear
Kind o1 Mix. by Size ot . spl Ape at Average
Specinien Volume Au{ﬁ'ﬁ'n"‘ Water - Ratio ;‘I: I;:‘" ; Test, Before Aher ey cent Depih
o days Tattling Redtling by Weigat 1 i,
. 1-1;4 0.40 0.50 21 To4M8 3834 138 0.145
“Koseki” 1:1.8 24-14 .44 0.50 21 4,461 3789 15.1 A58
38-1/4 G50 £20 21 4.382 335 243 .265
" Marlar 1: LB No. 8-0 " D.5D 0.0%r 21 4,225 2.993 20.2 2326

Hand-mixed conerete and * Kogeki ”.—Woar tests of 6-in. dia, spherienl balls placed in the brick
rattler, with 3001bs. emst iron balls, 1800 revolutions at the rate of 5}r, p. m. Resulta: mean
value of six balls.—Cement and aggregate: same ag Table I and IT.—Bpecimens eured in.
damp sand.—Water-vatio is to volome of Cernent (1520 kg. per cubie mater).

is remarkable in the early stage of hardening. In ‘‘koseki’’ the smaller the-
size of aggregate, the weaker seoms its strength. From the results shown in
the table, it will be found that the strength of mortar has been proved to be
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‘the weakest, next followed by ‘‘ koseki '’ made of the aggregates /e in. and
8/, in. ete. in size. The strength is considerably weak when the size is smaller
than !/, in. Undue largeness in the size of aggregate, however makes the
road surface non-homogeneous, which results in quickening abrasion. The
size, therefore, should be adjusted according to the trafiic conditions and other
requirements.

Judging from these testz, actual roads, and present traffic conditions, the
-aggregate Tetained on '/, in. screen and passed through 11/, in. screen, seems
‘to be most satisfactory in the majority of cases in this country.

Tn this tests made with a Talbot-Jones rattler, the shape and size of the
test-piece, the speed of revolution, the weight and number of cast iron balls
used, were as given in Table VL

A slight modification- was made only in the Talbot- Jones testing m'lchme,
that is a 2-in. square shaft was set across the center of the drum. In Series
18, however, a Talbot-Jones rattler in its original form was used.

Similarly as in the wear tests, already mentioned, these tests were madle
t> compare abrasion resistance of “koseki”’ and concrete and to ascertain the
effect of proportion, amount of water, calcium chloride, size of aggregate, and
gilicate soda. ‘ ‘ '

Table VI. Wear Tests by means of Talbot-Jones Rattler.

Avcrage Weigt {kg} ) Wear
Age at ARer Por cent Depth
ind of . Watet- oy
5‘; ;::i mecn Miz, by Volume R:';T; ?:‘u::p ‘i:';sll;s Rn:m;eg Rutiling by Weight inn.
2
we | e W | e | Ve | samrer
A} Effect af Proportton on the Wear, :
1:1 053 0.75 21 1273 11.97 11.67 07 13.04 0.209 0.652
| o kogeki” 1: 1.5 059 1.00 21 12.63 1191 10.97 570 13.14 285 657
[ 118 043 1.00 21 12.85 112,28 11.60 4.44 .73 222 A48T
152 0.46 0.50 21 1288 1254 11.70 3.39 290 470 495
1:1 :25 .47 1.00 21 12.98 12,47 1ETL 303 Q.78 197 485
Conerete 1:1.2:25 0.54 1.00 2] 12,09 12.50 1315 3.77 9.55 189 AT8
1:1.5:33 0.69 0.75 21 12.98 12,54 11.66 339 10.17 a70 509
1:2 ;45 0.75 0.50 21 12.98 12.51 1142 347 11,88 374 594
" By Effect of Amount of Waler on the Wear, '
040 gég %I 1 2.8? §2.20 422 .23.';
' . . 041 A 1 128 i2.11 5. 21
" Koseki” 1:18 04z | 100 | 2 1282 | 1221 | 476 738
. 0.45 158 21 - 1271 11.99 5.66 283
C) Effect of Calcium Ghioride on the Wear. (Caleitim Chioride: 3%, by Weight af Centent).
“ Koseki | 1:138 043 | 150 | 3 | 1am | 119 | | 591} | 208 |
Dy Effect of Size of Aggregafe on thr Wear.
w
Kind of Mix by Size of Waters Stump ",‘IFCE'M -— Average Welght (ki) Wear
Specimen Vaolume Aggregate Ratln in . in Edﬂ;” I{::?i:}eg nﬁu'ﬁ?ﬁg bsl{v‘éfg:“ El" “1“
T o 1:1.8 |- 14 ] 0.45 Lo 21 12,68 12.35 4.11 0.206
{| ** Koseki 34 - 14 045 1 100 21 1298 1233 501 0.251
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* : .1
Table VI. (Continued). :
Avezage Weight {kg) Wear
: Per ce Depht
Kind of Mix uy Surface Waler- Shump J‘1{'::5:‘l R’:I'l(ﬁ:g- hlye;:li:t.ﬂ ine?n‘-
Specimen Volume Ratio T ir. In du;'s Befare
Raltling |y gy 5,400 1,800 5,400 180 | 5400 .
rev. few, 1ev. rey. rev, rev,

E} Effect of Silicate of Soda on the Wear,

“ Kosehi = 18 ‘Treaied 045 17100 [ 21 1 1275 1200 | 1049 5.8 | 15361 0204 0768
- s Nomtrealed | 045 | 1.00 | 21 | 12060 | 1187 | 1066 | 646 | 1586 323| .798

Treated " 0.68 0.76 A 1282 | 1216 1089 515 15.04 258 752

Conerete } 1:15:33 | Nonieatled | 068 | 075 | 3t | 1292 1227] 100 | 503 | 1508 | .ma| 782
. AL

Specimens cured 14 days in damp sand, and 7 days in air.
Surface Ireated with Silicate of Soda (4%} such as follows:
st Areatment ¢, L L L L. . 14 days after plating
2od. treatment . . . . . . ., lidays ¥
3rd dreatment . . ... . . . .'i6days s #
Tesls made al Technological Laboratory of Osaka Municigalify.

Hand-mixed cozerete and * Koselki 7.

Wear fests of 8x8x5-in. bloeks of ¢anevete and ** Kosoki”’, placed in Talb si-Jones Rattler with
200 1bs. east iron balls. '

Speed: 30 revclutions per minnte.

Specimens cured in damp sand.

Water-ratio is to volumoe of cemont (1520 kg, per cubic meter).

- A glance at the results of the tests, will show that they are substantially
the same in results as those of the brick rattler tests with the exception of the
relative wearing strength of ‘“koseki’ and concrete. Series A relates to a
comparison in abrasion between ‘‘ koseki’’ and concrete. The tests were made
at two different numbers of revolution—1 800 and 5 400. In either case,
concrete had a better showing. In ‘‘koseki’’ the larger the percentage of |
coment the greater the abrasion. _

In concrete, the richer the proportion the grenter the abrasion up to 1 800
revolutions. The case was reversed when the number of revolution was in-
creagsed to 5 400; that is, the poorer the proportion, the greater the abrasion.

As already mentioned, *koseki’ is superior to concrete in compressive
strength and modulus of rupture. In abrasion alsd, ‘ koseki’’ stood higher
than concrete in ball tests with a brick rattler and with an Amsler wear
testing machine. In the abrasion tests conducted with a Talbot-Jones rattler,
however, the position was reversed. Ixamining the nature of abrasion in the
tests with this machine, it has been ascertained that the abrasion in the test-
pieces, both ‘‘ koseki ” and concrete is conspicous on the ontside, that is, on
the edge and at the corners, and that the central part suffers but slight abra-
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sion. The size of broken pieces on the outside dye to impact is larger in the
case of ‘‘ koseki "’

It will be observed that the abrasion in the tests made with this machine
largely cousists of splitting of the borders, differing remarkably in the effect
of abrasion on balls in the tests with a brick rattler. A close examination of
abrasion both during its progress and at its final state revealed the fact that
abrasion is effected in larger pieces in ‘‘ koseki’’ than in concrete, presumably
because the latter is harder and has a grealer modulus of rupture. In Series
A **koseki” is represented as having a higher rate of abrasion at an earlier
stage of revolution, the rate lowering with the increase in the number of
revolution, while in concrete the rate of abrasion is, generally speaking,
proportional to the number of revolutions. The results of abrasion tests on
rich and poor concretes are roversed when the number of revolution is raised
from 1 800 to 5 400. These facts seems o indicate the difference in property
between ‘‘ koseki’”” and conerete. Generally speaking, the result of tests does
not indicate the actual wear which takes place under traffic.

In the tests with an Amsler wearing machine, a cubic testpiece of 7.07

centimeter was used. It was subjected to a weight of 30kg., and measure-

Table VIL
Wear Tests by means of Wear-testing Machine, Amsler & Co.

. Wear Test

Jatd of Mix. by Volume | Walee- Ratio | Shmp in o, | M8 TS0 | coition | Misthncs _Weight tg) Wear
Specimen mn (lﬂ)’! YEVD!\'B({ Per ceiit Dcplh
i meter Initial Final by Weight in in.
A Dry 500 863 840 2466 19
“Haoseki” r:18 043 1.00 14 Dry 1.000 863 821 4.87 34
) \Vet 500 22 80 Bt 36
Drey 500 875 248 3.0 22
Conerele 1:15:33 0.63 015 1 Dry 1000 375 823 ) .42
Wet S0 824 773 514 44
: Dry 500 B78 835 2,672 A9
Concrete 1:2:45 0.75 Q.5u (%3 Dry 1.000 8718 /31 .39 38
. We't A 832 785 3,63 40

Hand-mixed conerete and * Koselki .

Wear tests of 7.07 em. cubes, the fgures in the column wear indicate the average value of two
tests.

Load laid on specimens was 30 kg.

As abrasive charge quartz sand in used (No. 30 -No. 40,

Cemeént and aggregate: same as Table I and II.

Specimens cured in damp sand.
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Table. VIIIL.

c : Apgregale Water
2 Kinds ol Area] Proportion [ ——p— Cep\gnl Remarks
g Pavenment ft: by Velhime | gunq %"“’ol:;“ l%fa;;ﬁr(l:z
i
. : Yodo | Granite Fine and eoarse
1| Concrete | 51.5] 1:1.75:3 | River |Pass. 7/8"| (.39 |grained granite
Sand | Retain. mixed
/8" Cement (a)
o | . Fine grained
2| "Koseki'™ |587] 1:1.5 - . 0.37 graniieg, cement
: {a)
Andesile
3 . 41.8| 1.:1.5 — |Pass. 7/8" 0.37
: : Retain. )
| 18" Cement {a)
Granite Fine and coarse
4 » 36.0f 1:1.5 — {Pass. 78" 0.33 | grained granile
Retain. mixed, Cement
18" {a)
5 ’ 158 1:15 — Slag | 0.33 | Cement (a)

ments were takon at the end of every 500-meter travel, operating the machine
at the speed of one meler per second. The results are shown in Table VIL
The results of these tesls may differ according to the property, size, and state
of interlocking of the aggregate, but, generally speaking from the results

1

obtained in these tests, ‘‘ koseki’’ suffers less from abrasion than concrete, and
that in both cases abrasion is greater when ihese are moist than when dry.

Tlaborate tests more closely corresponding to actual conditions were made
at the Technological Laboratory of the Osaka Municipality. In these the rate
of abrasion was measured on circular test slabs with an average diameter of
26 feet 5 inches. Omn these slabs, steel wheels weighing 1 225 1bs., with tires
3in. in width were rotated at a speed of 5.5 miles per hour. The test slabs
were of five kinds as shown in Table. VIII.

The pavement wag prepaved as follows. A sandy subgrade was covered
with gravel to a thickeness of one fool followed by careful tamping. The
second layer consisted of concrete (6-in. thickness) with a 1:8:06 mixture. On
this concrete Iayer was constructed a wearing course to be tested. These con-
erete and ‘‘koseki’’ with proportions and consistencies as given in Table VIII
were spreaded over a specified site. The material was first rammed down
“with a pneumatic tamper and then rolled with an iron roller, 210 1bs. in
weight, being finally finished with trowels. After finishing, the surface was

covered with straw matting for 24 hours, and eured under water for 30 days.
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Table IX,
" Kind of Proportion by Wear in inches No. of Dot
Section pavement Volume Max. Min Avera. Hales
1 Concrete 1:1.75:3 5/8 1/8 1/4 8
2 " Koseki’ 1:1.5 516 1 1/16 | 1,8 -
3 > 1:1.5 7/8 I8 1/4 4
4 a 1:1L5 18 116 | 1;8 -
5 " 1:1.5 3/8 1/8 1/4 4

During the process of testing, sand was strewn on the pavement, while the

wheels were in motion.

The wenr was measured
by taking the longitudinal and
transverse sections with the use
The
results given in Table IX arc

of an automatic recorder.

those obtained after the test
to
18 000 revolutions for 50 hours,

pavement was subjected

equivalent to wheel loads of
43 800 tons per foot width.

The notes taken during
the progress of the tests arc
given in Table X.

In Section T abrasion was
found to be more considerable
than in any other section ot
the end of five hours after the
commencement of the test,
when the traffic density was
4 880 tons per foot of cffective
width. The destruction was
so considerable with the pro-
gress of the test that in o little
over ten hours pot hioles were

produced in several places.

Table X.
Conditl 4 Time of Loads Pabsed
::v:ni“nlo No. u.l Gperatien in Fr“‘;“{{"i:ﬂll Resulta
when fested Revolution Minutes i Tans
) Wear conspicuons
Wet 1,800 300 4380 in Section L.
Relniive! abrasion
on each section
Wet 3,600 600 8,750 more distinet; best
results shown in
Section Il and V.
Damage in geve-
- places inlSL‘ctiu_n I;
Wet 5,440 a00 13,140 damage in Section
Ul gradualty en-
targed.
Pot holds in Se‘j:-
; B ticn ! enlarged:
Dry 7,200 1200 17,520 greater jerking of
wheels.
Greater damage
Diy 4,000 1,500 21,000 in Section I, IlI,
and
E111nrgeg pot ho[—
les in Section I,
Dry 10,800 1,800 28280 [ |if, and V Eiled
withsand orgravel
- . Same condilion as
Dry 12,600 2,100 600 | SEE
Wear in all
Dry 14,400 2,400 35,420 Sections
. conspicuons.
. l Same condition
Dry 16,200 2,700 39,420 as ahove
Damage in
- Section | so
Dry 18 200 3,040 43,800 serious that tile
test had to be
stopped.

As, in this scction, great damages were done in the earlier stage of the test,

repairs were made with sand or crushed stone so as to prepare for the
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continuation of the test in the later stage and aleo to minimize the affection
of other sections due to the dumping of the wheels in this Section.

In Section II, better results were obtained compared with Section 1, III
and V. Dot holes were not visible. .

In Section III, andesite was used ns aggregate. In the course of the test,
the stone particles projected on the surface and the cement was worn ofl'; but-
no pot holes were produced making a far better showing than that of Section I

In Section V, slag was used as aggregate, and as it lacked uniformity,
abragion varied in places.

In Section IV, the best results of these test were obtained. The surface
wear was uniform and smooth with no pot holes.

In these tests, it bhas been ascertained that * koseki’’ resist wear more
effectively than concrete. In Sections II and IV ‘‘ koseki’’ successfully bore
the traffic of 43 800 tons per foot of width, that is 18 000 rotations at a speed
of 5.5 miles an hour.

The foregoing reffers to laboratory experiments on conerete and *f koseki 7.

Below aro given instances of experiments made on pavements actually in use:—

Ezperiment at Nishiki-cho, Kanda, Tokyo.

This experimental pavement was constructed in the spring of 1922. A
““ koseki’” pavement was laid on a concrete base (proportion 1:3:8) already
in existence at the time of the cxperimental work. The ‘‘koseki’ layer was
31/, in. thick and covered an arvea of about 400 square yards.

For aggregate, crushed granite passed through a 7[8 in. siovo and retained
on a ![; in. sieve, was used. The mixture was a rich one, being one part
of cement to one part of granite. The amount of water was such that it
exuded on the surfaces when tamped. This mixture was first rammed down
with a pneumatic tamper and then rolled witl. a hand roller of about 400 ibs..
in weight. Expansion and contraction joints 5/8 inch wide, were provided
with a spacing of about 18 ft. for half the entire length of the pavement.

This experimental road has o width of 83 f&. The roadway has n total
width of 53 ft. with a double track street car line. The roadway and the side-
walk are separated By a gide diteh, 1ft. wide and 1ft. 6 in. deep.

Under these circumstances, traffic is naturally heaviest on the middle part
of the pavement. According fo traffic census taken in June, 1925, during one
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«day. (from 6 a.m. to 6 p-m.; slight rain in the forenoon), the traffic at the
site of the experimental pavement ineluded 1 360 mechanically driven and
2460 animal and hand-drawn vehicles. The entire traffic reaches 10 200
“vehicles when bicyeles and jinrikishas are taken into account.

.About one year after construction, n crack was found across the road at
& construction joint. Two or three similar cracks several fect long were subse-
-quently found acros the road, bub these cracks wore not further enlarged by
vehiclar traffic. Only at the edge and corners, the °°koseki® layer was
-crushed under heavy traffle, and these damages were spreading. The surface
‘ig little worn and remained smooth. It looks in excellent condition bearing
a resemblance to mosaic work. The pavement has preserved its original
-condition without a single repair.

Experiment on National Road No. 4 (in Umeshima-mura Tokyo Fu).

This pavement was constructed for purpose of experiment in 1925. Tt is
1800 feet long and 21 feet wide. It was laid over an earth coated gravel
road and consisted of *‘ koseki’’ made of various kinds of materials.

The original gravel road -was raked evenly and rolled to specified form
with a roller. The surface was then covered with conrcte (1:3:6 proportion)
aade of river gravel and sand.

Before setting, the concrete was topped with *‘ koseki’’ of gravel, crushed
granite or andesite. The concrete foundation is 4'f, in. thick at the middle
part and at the corner and the edge, thoe thickness is increased by about 30
-per cent. For joints special shapos or dowels were used, so that the adjacent
slabs, may work as a whole. Transverse joints (expansion or contraction)
‘were provided at intervals of from 40 ft. to 80 fi. Longitudinal joints were
‘provided in the center of pavement in some sections, but in others they were
not provided. The aggregate retained on a ! fein. and passed through 11!/, in.
fereen (fineness modulus 7.00) was used and the Proportion was one part cement
to two parts aggregate. The amount of water nsed for mixing ‘‘ koseki’’ was
about 40 per cent. of the volume of cement. This dry-mixed material (slump
test O and flow test nearly 100) was rammed down with a hand and preumatic
tamnper and then finished off with striking boards and floats. As the concrete
thixer then in use was not fit for the preparation of concrote of the required
‘consistency, mixing had to be done by hand.
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The cost of this pavament was roughly 14 yen per tsubo _(unit' tubo is

equal to 4 squaré yards). The pavements now under constfuction in Tokyo
'rapge in cost from 32 to 70 yén per tsubo-, detailed figures being as follows: —
Stone block, 70 yen; wood block, 48 yen; brick, 44 yen; durax, (conrcte
base, 6 in. thick), 36 yen; sheet asphalt, 32 yon. The ostimated cost of a
“ kosoki *’ pavement with a foundation of the same thickness as in the pave-
ments above mentioned is about 22 yen per tsubo, which is half the cost of
a wood pavement and two-thirds the cost of a sheet asphalt pavement.
" The volume of traffic on the site of this pavement, according to the in-
vestigation made in May, 1925, was 155 mechanically driven vehicles (mostly
motortrucks and a few passenger cars} and 1080 animal or hand-drawn
vehicles, making a-total of 1 235. These are figures for a twelve lhour day
from 6a.m. to 6pm. .

It is yet too early to speak deﬁnitelj about the durability of this type of '
pavement, but so far no eracks or other damages are discernible, and the
condition of surface is satisfactory. Only at placos where river gravel was
used the cement coaling on the gravel seems liable to fall off under the strain

of vehicular traffic.

Experiment at Nishinomiya, Hyogo prefecture.

This pavemnent was constructed in 1923. The original earthcoated gravel
road was scarifired and rolled to specified form preparatory to laying 1:2:4
concrete 4 in. thick. Before the concrete sef, it was topped with ‘ koseki”
2.5 in. thick. The swface was consolidated with o tamper, rolled with a
lmnd roller, and ﬁna,lly finished with a trowel. The proportion was one part
cement to 1.7 parts crushed stone. The amount of water used was very small
and as the mixing of “‘ koseki *’ eould not effectively be done with an ordinary
mixer, it had to be executed by hand. The crushed stone was of two sizes—
Ha' to " and 37 to 31,1, The method of construction and curing were
substantially the same as those adopted in ofher experimental pavements, and
the rond was opened to traffic two weeks after its construction. The volume
of traffic over this pavement for one day is roughly—70 mechanically <riven '
and 400 horse-drawn vehicles. The results as shown after a lapse of threo
years after consiraction are fairly good. No serious damages are to be detecterd
with the exeeption of some wear at the edges and corners of joints. The
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condition of surface wear is uniform and smootl.

“* Koseki paveinent. has been experimented upon in Ibaraki prefecture,
Osaka-fu, and Tokyo-fu efe. and it is now being usod in the construction of
& street railway track in Osaka. In all these cases the method of construction
is substantially the same as the already described, and the results too are
generally in accordance with those of the experimental pavements dealt with
in the foregoing pages.

Summing up the results obtained from laboratory tests and experiments.
on pavements in actual use, we notice various features in favour of *‘ koseki ’
pavements. As long as the present traffic condition continues, a ‘‘ koseki ”’
pavement resists the wear of steel-tived vchicles more successfully than an
ordinary concrete pavement. In a ‘‘koseki’ pavemet the surface wear is
uniform and smooth, and it is likely to cause less wear on rubber tires than
in the case of a concrete pavement. The materials are easily obtainable in
all parts of the country, and the methods of construction are comparatively
simple; “‘koseki’’ pavement can be adopted wherever required. The cost of
“koseki " pavement is far lower than wood or asphalt pavement, when it is
used as wearing course only. Maintenance cost of such roads is very small.

A ““koseki’’ pavement, however, has nearly the same disadvaniages as
those of a concrte pavement. It requires much time in repairing; and unless
some special device be invented, it can not be opened to traffic immediately
after construction as in the case of agphalt. It is not elastic as wood o
asphalt pavements, consequently passing vchicles make mmuch noise. The
surface tends to become somewhat slipperly with the progress of time.

The best results are obtainable with the use of as little water as possible
and with adequate lamping. The aggregate should be mneither too hard nor
too soft, keeping the golden mean. Itz size should be decided according to
the condition of traffic. As the cost is higher than that of concrte, in many
cages it would be found to be more economical to use concrete as a Dasis,
and ““koseki’’ of a certain thickness for wearing course. In order to attain’
a high standard of excellence in laying ‘‘koscki’ pavements, mixers and
tampers better adopted to its special requirements have to be designed.

‘ U. MAKINO, Civil Engineer,

The Research Bureau of Public Works,
Imperial Japanese Home Department.
~— The Ind —




