
"Materials of Construction, " 1st Edit., a ,diagram (Fig. 545) is given 
illustrating some tests on the adhesion of P.C. mortar to iron bolts 
one inch in diameter. Judging from this diagram, the adhesive strength 
for 1 to 2 P.C. mortar one month old should be about 270lbs.per 
sq. inch . In Prof. Hatt'sexperiments on adhesion , the following " 
average results were obtained:-

is in. bolts in 6 in. cubes of 1-2-4 concrete = 636 lbs. per sq. in. 

t " " " " " 756 " " 
Three tests were made in each series, the ag'e uf the concrete being" 
thirty-two and thirty-five days. " 

The adhesion may be increased by using :fiat bars instead of 
circular rods, as the proportion of surface to area is so pmch greater in 
the latter case, I t might here be remarked that many American 
engineers do not wholly rely on the chemical adhe~ion between the 
iron or steel and the concrete, but provide some mechapical connection 
between the two BU bstances, 

IV, V ARIOUS SYSTEMS OF COXSTRUCTION , 

Jlfollier, 

'J 'his is the earliest form 
been fully described in Mr, 
l'eferred to, 

of steel-concrete construction , and Las 
Bradfield's' interest',q8' pape!' " already 

In thi's system a network of il'On 01' steel rods is embedded in the 
(;Qnm'ete at a short distance from the tension surface, 'VIten the 
structure is subjected to stresses caused by bending which may take 
place in opposite directions, as in the case of arches or fixed beams, 
two networks should be employed, these being at short distances f rom 
the upper and under surfaces r espectively. '1'11e material used for the 
body of Monier structures consists of 3 to 1 P.C. mortar or fine 
concrete. 

Owing to the superior advantages in strength and economy of 
concrete of the composition, say, 1 P.C., 2 sand, and 4 br~ken stone 
over a to 1 P.C. mortar, and the difficulty experienced in manipulating 
and embedding a :fiexible network of rods when the concrete contains 
broken stone and gravel, the Monier has been largely superseded by 
the Melan or some other system, in w hioh the metal isused in compara
tively large masses in conjunction with concrete mixed with a coarse 
aggregate. 

life/ali. 

This system consists of rolled steel girders 01' riveted girders 
elllbedded in the concrete at intervals of about 3ft. The girders are 
spliced together over the piers, and securely anchored at the abutments. 
One of the most usual proportions of concrete in modern practice is 
1 P .O, to :2 sand and 4 broken stone. The system was invented in the 
yea)' 1892 by J oseph Melan, of Austria-Hungary. 

A number of careful experiments, which were cal'l'ied out on 
Melan arches by the Austrian Society of Civil Engineers and Architects, 
yielded very satisfactory results. 

In the Melan System the metal in the webs of the girders is not 
used to g reat advantage in increasing the moment of inertia of the 
seetioll, and there is some loss of economy through this cause. It 
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must be borne in mind, however, that the webs serve to bond the 
concrete "in a vertical direction, and the girders, taken by themselves, 
provide considerable l'esistance, which might save a structure from 
sudden destruction even if the concrete, through defective mixing or 
any other cause, failed to perform the functions assigned to it. 

When rolled steel girders are employed in Melan arch construction 
the system is subject to certain disadvantages. At the crown of the 
arch the girders may occupy nearly the whole depth, the flanges being 
close to the intrados and extrados respectfully, but at the springing 
line, owing to the much grea,tel' thickness of the aI'ch, the girdel's, if 
centrally placed, would only slightly assist t he cOllcrete in bearing the 
tensile stresses caused by bending. If the rolled gil'ders, instead of 
being central, were brought nearel' to one surface, ;tdditional metal would 
be required a t the other sul'face to afford sufficient resistance to bending 
moments in a contrary direction. 

It will be noticed that when built girders al'e substituted for 
rolled ones, this objection does not apply, as the depth may be varied 
to suit the depth of the arch ring, as long as the girders al'e not made 
so deep that they become flimsy and difficult to handle. 

T hacher ,s)slem 

This system is the invention of .Mr. Edwin T,hacher, 1"1. AlII. Soc. 
e.E., and has been fully described by him in an article! published in 
the Engineering N ews, which is a valuable contribu tion to the literature 
of steel-concrete const ruction. 

The Thacher system combines in itsel f );ome of the best fea t ures 
of both the Monier and the Melan systems, and during the las t few 
years has been largely employed in the constl'Uction of arches in the 
1Jnited States. . 

The metal is used iu the form of flat bars, spaced about 3ft. 
centre to centre, and embedded in the concrete at short di stances from 
the upper and lowel' surfaces of the sectioll . 'f he proportion of the 
concrete is 1 p.e. to 2 sand and 4 broken stone or gravel, not more 
than I t inch in diameter, for which MI'. 'I'hache r r ecommends a 
working stress--of 501bs. per square inch. 

Mr. Thacher, in common with other American engineers, con
siders that the adhesion of concrete to steel should . not be entirely 
relied on, and specIfies that rivets with large heads should be driven 
in the bars at intervals, so as to form a mechanical connection between 
the metal and concrete. H e also considers that the steel should he 
capable of taking the entire bending moment, without passing its 
elastic limit, and that it should have a flange a.rea of not less tlUllI 

r ho of the total area of the arch at the crown. 
The use of concrete with coarse aggregate, in place of 1 to 3 mortal', 

affords considerable economy over the Monier system, a.lthough per
haps the absence of the more perfect boud })l'Ovided by the network 
might be considered as a disadvantage. The flat bars can be easily 
bent, and can be placed so as to follow the contours of the iutrados 
and extrados, and thus the mai n defect of the Melan system lS 

obyiated. 

I . Hu:;. J.\n.:s, Stpt. 2JSt, J&]9. 
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The following ·specification for Portland cement concrete, a used 
by the firm of K eepers and Thacher, is quoted in Mr. Edwin Tha"her 's 
paper:-

"The concrete shall be eomposed of clean hard broken stone, or 
gravel, with irregular surface; clean, sharp sand, and cement, mixed 
in the proportions- hereafter specified. W henever the amount of work 
to be done is sufficient to justify i t, approved mixing machines shall be 
used. The ingredients · shall be placed in the machine in a dry state, 
and in the volumes specified, and be thoroughly mixed, Itfter which 
clean water shall be added and the mixing continued unti l t he mix
ture is thor'ough and t he mass uniform. No more water shall be used 
than the concrete will bear without quaking in . ramming. The 
mix ture must be done as rapidly as possible and the batch deposi ted 
in the work without delay. 

" If the mixing is done by hand, the cement and sand shall first be 
t horoughly mixed dry in the propor"tions specified. The stone 
pl'eviously drenched with water sha ll then be deposited Oll t his mix
ture, clean water shall be added and the mass be t horoughly mixed 
,Llld turned ovel' until each stone is covered with mortar, and t he batch 
shall be deposited without delay, and be thoroughly rammed until all 
voids are filled. 

" The grades of concrete to be used are as follows : For the a rcheI; 
between' · skewbacks- l part Portland cement, 2 parts sand, 'and 4 
parts broken stone, or gravel, that will pass through a Iiin. rin:g; for 
the foundations, abutments, piers and spandrels-l par t 'P ortland 
cement, 4 parts sand, and 8 par ts broken stone, or gra'vel, that will pass 
through a 2in. ring." , 

Mr. Thacher considers that it would be possible to economically 
build steel concrete arches with spans up to 500 or 600 feet. 

E_'\.jJlwded jJifdal. 

E xpanded metal has been used with great success in com bination 
with COllCr"ete, principally for small span arches. and flooring slabs. It 
is manufactured from sheets of low carbon steel of special quality, 
having an ultimate tensile strength of about 25 tons per sq. in., with 
an . elastic limit of 13k tons per sq. in., and an elongation of 25 per 
cen t., measured on a length of ten inche~. , The sheets a re cut with 
toothed cutters ill series of slits arranged i ll lines, the widt h of the 
strand being the distance between the lines of sli ts. The slits ovel-lap 
olle another in adjacent lines, and are formed into meshes by extending 
the sheets laterally in a direction making an angle with them of 90deg. 
or less. 

In several recent papers l on steel concrete const ruction attentioll 
is d r'awn to the gr'eat advantages to be derived from the use of 
expanded metal in conjunction wi th concrete. It ensures a mor~ 
uniform distribution of stress, and avoids any shearing action such as 
would take place in the concrete with metal bars embedded at in tervals. 
By the nature of its structure, it affords an almost perfect mechanical 
cOllllectiolJ with the concrete. It is also said to be more economical 
than the use of metal in the form of !"Ods or barll. 

1. . 1 Steel Concrete COJlstruction," G. Hill, Proe. Am. Soc. C.E., March, 1898; .j The Use of 
Expanded Metal in Concrete," A. T. Walmisley, M. Inst. C.E., Tiu Builder, Sept. Ijth, I goo. 
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In Mr. W almisley's paper, a table is given showing the stock sizes of 
expanded metal. By a reference to this table it will be seen that the 
size giving the maximum area per unit of section across the mesh is 
that in which the width of the mesh is 3 inches, and the strands i in. 
x hin. The area per lineal foot is therefore 

4(i x h) = '281 sq. ins.t, 
which is equivalent to a layet' of rods j in, diameter, spaced 4in. apart, 
centre to centre. 

It may here be remarked that in all forms of steel-concrete con
struction it is necessary that the metal should be cleaned as thoroughly 
as possible from any oil, paint, or rust, &c., adhering to it, particularly 
where it is not provided with projections such as rivets or bolts. This 
will give full play to the chemical action which takes place between 
the surface of the iron or steel and the cement in the concrete, and 
will ensure that the adhesion will attain a maximum value. 

Amencan PractzCe. Concluding Remarks. 

As an illustration of modern practice in steel-concrete bridge 
construction, part.iculars and dimensions of a number of highway 
bridges which have been designed by American engineers in recent 
years, are given in Table III. It will be noticed that, on the whole, 
the height of the rise is considerably less than is usually allowed in the 
case of voussoir arches, and for this reason steel-concrete bridges offer 
great advantages in situations where headway is of not much im
portance, and where steep gradients in the approaches would be 
unavoidable if the arches were constructed of ordinat'y masonry, 

Steel-concrete bridges are free from vibrat ion and noise, and 
according to Mr. Thacher, their cost is about the same as tha t of steel 
bridges, and considerably less than the cost of stone bridges, 

In addition to arched bridges, many other applications have been 
found for steel-concrete construction. I t has been successfully em
ployed for vaulted roofs for service reservoirs, flooring slabs and 
arches, retaining walls, &c., and has various other uses, many of which 
have been described in Mr, Bradfield's paper on Monier construct ion. 

Although, perhaps, it is not suit.ed to withstand the sudden loading 
and impact caused by railway traffic, steel-concrete construct ion will 
doubtless find increasing application in the future, wherever bridges of 
moderate span and elegant appearance are required. In addition to its 
other ad vantages, this form of construction combines great strength 
and durability with low cost of maintenance, and is in harmony with 
that modern tendency of engineering pr'actice, which is leading in 
many cases to the erection of structures of a more permanent 
character than can be ensured with the use of iron or steel alone. 

Y. It is assumed in this example, which is given n Mr. Wal misley's paper, that the lateral 
exte nsion of the slit is equa l to the shor tes t axis of the mesh, wbich could on ly be the case if the 
obeets were extended at r igbt angles to the direction. of the s lits. 



TA.BLE I_ 
SUMMARY OF PROF. HATT'S TESTS OF STONE-CONCRETE BEAMS. 

Span = 80 inches. Sect ion of Beams = 8 in. x 8 in. 
Composition of Concl'ete- I P.C., 2 sand , 4 broken limestone, 1 in. gauge and under. All beams loaded at cent,rc. 

.. -- -

\ I 
Distance of lLoad at Deflection 

2Valuc of lLoad pro- Deflection at Test Age in Area of Steel Bars first at first crack "£" at first ducing total Failure-No. 

I 
Days. Steel Bars. from under crack- lhs. - inches. crack- failure- Ibs. inches. surface- in. lbs. per sq. in. 

I 
.1 28 none. ... ... . . . ... . . .. . 310 2,640 O'OO:{ 

-- - ------ ---- - -
2 28 none. ... .. . . ..... .. . .. 287 2,440 0 '014 

-- --
:l ! 25 ] pel' cent. 2 5,240 0'140 :~33 5,740 0 '163 

_ . . ____ I --- - -- -------- --
~ 1 28 I 

" .. 2 5,240 0'136 :133 (i , 4~}() 0 '186 
- -- -I -------.- - ---- - - ----- -

;') I 25 2 
" " 

2 5,990 0 '109 316 10,490 0 '278 
---- - ----- --- ------- - ---

(i 27 2 
" .. 2 fi,74f) 0 '133 356 10,490 0 '278 

-_. . - - - - ------ -_ . -- --
7 I 25 I " " I 7,490 0 '138 296 7,740 0 '1.45 

- -I --'-'-'--- -- - - - -----
H 23 1 

" " 1 6,740 o ·]'~o 266 7,540 0'177 
._-_.- - ------- ----- -- -- - -

H 27 2 " . ,. 1 10,240 0 '174 281 12,240 0'247 
--- -- - ---- --- ---

JO 2.'; 2 .. " 
1 10,240 0'158 281 12,040 0'208 

------ -------- -_.-- --- -
11 ao I .. " It! 4,240 0'087 210 6,740 0' 176 

---- -- -- ------ ---_._---- --------
12 :~O 1 

" " I! 5,740 0 'la8 285 I li,640 0'17P 
. -

1. One-hILI! wei~ht of beam added. Average "alue of f. test·", Nos. 1 lLud 2 = 298 Ills. pcr sq. in. 
t . Computed by Author :- Value of JL assumed = 100. "f, I' " a to 12 :::: 296 

. F = :!. 



T.A.BLE II_ 
TENSILE STRENGTH AN D MODULUS OF RUPTURE OF PORTLAND CEMENT CONCRETE, AND I TO 3 MORTAR. 

Composit ion. 

Body 01 Arch-
1 P. O., 3 sand, 2 broken stone, 3 gravel 

1. P. O., 3 drift sand, 6 broken limest one 

1 P. O. to 5 crushed granite, not greater 
t han l lin. gauge 

1. P. 0 ., 8 sand, 6 broken trap rock 

Concret e. Composit ioll not stated 

Age in 
Da~~ B. 

80 

1----
30 

30 

not stated 
-------------- --'---._. -
1. P . 0" 2 Mild, 4 broken lime stone, 1 in. 

gauge alld smaller 26 to 35 

I P. C., 2 '1 sand, 511 broken sandstone 570 

1 P. C. , 8 sand and stone not. 8tated 

Si ze 01 Test 
Piece. 

75 ·41t. span arch 

6in. I'- 6in. bars, 
18in. span 

not stated 

121n. x Sin. sec
tion, 111t. span 

not stated 

-&: in. x .j. in. 

lOin. x lOin. bars 
41t. span 

Tensile I Mod. 01 
Strength. Rup. Ibs. 

lbo. per sq. ill. per sq. in. 

290 

319 

,,33 

850 

all 

588 

Authori ty. 

Austri llD experiments a.t Puckersdor1. 

Me88~ Hawley and Krahl, Eng . Nrws, 
J u"'ne 7th, 1900. . 

Re Ula rks.. 

Compo 01 conc .. ete lorintrado., 1 P.C., 1 sand, t stone, t gravel 
" " extrados, 1 P. C., hand, I ! st one, Ii gravel 

M ear> of two te&ts. 
-----------------~-

Edward Sandeman,l'. I. e. K , vol. CX LVI, Average v .. luel' Testl! lor Plymouth W. W. 
_ ___________ [_P.~7-. 1------------------------------------
L. C. Wason, Proc. Am. Soc. C.K, 

Aug. 1901. 1 t est only. 

Valu e assumed by IV. Beer, P. I. C. E. , FO\lnd~,([ 011 Austri.an, German and ~'rench experiment ... 
vol. CX XXHT. 

W. Kendrick Hn,t t , E n!:. News, July Average of four tests. 
17th, 1902. 

Table XXX VII. p. 608 .Johnson's " Ma.teria.ls Mean of two t eat s from Report of Ollief Engineers of U.s. 
of Construction. " Army, 1895. • .. 

--------I-~~~~~~~~~I--~~----------~~------
Lowest value, 9 t.ests. 12in. x 12in. 

31t. span 
------------------------- I -- -----I-----~----·-

Experiments ,b y , J ohn Kyl?, Colombo 
H . W., E a;.... /\ lW S, Aug . .':lrd , 1900. 

.1 P.C. , 2 sand, 4- broken limestone, 
I!in. "nd 2in. gau ge 

1 P. C. I 3 sand, 6 broken limestone, 
Iiin. ILnd 2in. gauge 

- ---------------
1. to 8 Portltond Cement mortar 
-----------

Do. 

Do. 

Do. 

Do. 

Do. 

ao 

ao 

28 

30 

28 

28 

lI,rea . 10 sq. in. 180 W. H. Honby, Journal 01 the Associ· 
ation of Eng'. Societies, Sept. t 1900. 

,. 

-

.. - -- --.-- ------1---------- --- ------------

" " " 
llO Do. 

_. ---1---------·1-----·--
.... oO 

202 A. F . Bruce, p.I. a .E. , yol. CUll. Average of a larg. number 01 tests. 

282 Test s by Sewerage Dept. , N. S. Wale8. Averag e ot 13 Engli . h brands. 
_ .. -----. ------ ----------- ---~---.--

308 Do. Average of 5 Gcnnan brands. 
-----------_.----- ----- ---- -----------------

220 

307 

Edwin Thacher 's Speci1lcatiol1)j, fillg . 
tv ( W$ , Sept. 21st, 1899. 

Average 17 t est .. I . C. Wason, 1' .. "". Am. Soc. C. E. ' j 
Aug. , 1901. 

-- ----- ------ - -- - - ------- -------------
262 Average 4 English brands. 

--- ------------------ - ------ - --. ----- 1---- - ----
D. B. Butler , P. J. C. K, vol. e,xx lI, p. 346' 1 
Ira O. Baker , "Treatise on Masonary - F-re- n- c-h- S-l"'- C-i-tl-ca- t-io- n- .. --------------

Con struction," 9th Ed. p. 781. Do. 28 218 



LocALITY. 

f<'i\' c.spu,l1 
U.S. A.. 

bl'iilg-t:', Topeka, Ka.n88.8 , 

Three-8pan b"id~e o"er 
Pa.terson. N. .• U. S. A. 

Passaic It , 

Bi ngle arch bridge. 
Wigeonsin. U.S. A. 

Oconomowoc, 

nyj(lgctI conllecth~ mainlll.nd with 
Green 18. , an Green Is. with 
(;",.t [s. , at Niagara Falls 
spa lls in all ) 

(six 

Two bdtlges of three equal .p"n8 
eMh. Fall Creek, IndianopoJis, 
{l.R A. 

Th ree.span bridge 
Por to Rico 

over Jaca.gua.'03 It. , 

ISingle I\rch bridge over Rock Oreek. 
7..oo1~cal Pa.rk. Washington. 
D. o. . T.S.A. 

T WO-H)l:ln LJndgc, 
V.S. A. 

Bangor, Maine, 

~~ight-span Y bridge. Zanesville. 0 .• 
U.S. A. 

TA.BLE 
PARTICULARS OF STEELwCONCRETE ARCH BRIDGES. 

Spa.nin 
J<'eet a.od 

Inches. 

125ft. Oin. 

89ft. Oin. 

21ft. Oi n. 

110ft. Oin. 

74ft ~i n. 

120ft. Oin. 

80ft. Oin. 

{ 6ft. Sin. 

122ft. Oin. 

m se in 
Feet and 

Inches. 

19ft. Uin. 

9ft. 6in. 

Oft. Sin. 

11ft. 6in. 

Oft. 6ill. 

lilt. Oin. 

Uft. Oin. 

8ft. 7in. 

11ft. 6in. 

Ha.tio, 
Rise to 
Span. 

1)') 0 

0'11 

0'32 

0'10 

0 '13 

0 '10 

0 '17 

0 '18 

0'00 

P A R'rrCULAR8 0>' LoNGKST SPAN. 

Thickness at 
n.t CrowD, in 

Feet and 
Inches. 

2ft. Oin. 

lft. 3in. 

Oft. 5in. * 

:lft. 4in. 

lit. 4ill. 

2ft. 4in. 

1ft. 6in. 

tift. Gi ll. 

- --
i.f(, (j ill. 

1ft;. Oiu. 

----

OIL. 4-in. 

]ft.. Din. at 
10ft. from 
8}1l'in g in g 

1 P.O., i saud, 4. urokell 
atone, ! in. to lin. gange 

P.C. , 2 sand, " broken 
stone, i in. tol in. gauge 

P. C. , a sand, "" crushed 
limestone, ~ i u. g"auge 

----
1 1'. C . • 2 sand. 4 b" oken 

stone or g ra.ve l, between 
{in. and 1 ~in. guage. 

t, Jl c n . - i n- 1 P. C. , iSllJld,4 gravel. 
crenses rnpi . 
(ll,r t.o abut· 
ment .. 

tift. Oi n. 

;,ft. Oin. 

P.O. , 2 sand, 4- bruken 
stone, l :tin. g uage, in· 
cl uding dust. 

1 P. C., 2 sand, 4, broken 
stone, 2!in. guage. 

Pa,·t ieul"", of iSte~1 Em
he.lded ill Cnncrete. 

N AlH : 0 ,.. IJ I!'JHUN h:1t. 

Steel latt ice girders, 18in. 
deep "t crown and 26io. Mesars. [(eepers •. nd 
at spriuging, spaced :ut. J Thachel'. 
c. to c. 

----- --1 
lOin. l'olled steel girders, 

251bs. per ft. , plllCCd 
ccnt ra.lJy in concrete, 3ft. 
c. to c. 

One la.ycr expanded Illet a.l. 
16 g. 2tin. mesh. Ilear 
intrados 

Mr. Edwin Thac hc l·. 

MI'. Charles ~'. Hall. 

E1Ig . News, 
Apl'il 2nd , 

1896. 

1-:1'1:. Ntws , 
~l:.,.ch 10th, 

1899. 

l!.' II t; . Nett/s, 
Odoher 19th. 

1899. 

JJaycrs of 6in. x ~ in. sli<:c:l 
bars (wi th rivet s) ; hal'S 
I'lpac:crl :ift. , Co to c. , :1nd 
mn. from intl'ado8 aud 
extrnd os respectively 

Entt. NtTIJS , 
)I'T~';:;; he~.cep(" '8 and December 6th . 

1000. 
• 

Wi n. rolled stet:! g irde",. Melan Al'cb Uon.tl'llC-
~:~i~)s.c.pe r ft .• spaced 3ft. . t ion Co. , New York. 

[,ayers of 4in. x ! in. har. 
(wi th rivets) ; b.."trs spaced Mr. Edwill Thn.chc l·. 
8ft .• 2in. , c. to c. 

E llg. News, 
Aprill1tb. 

1001. 

Eng. News. 
August 1st. 

1001. 
---- ------ ----
.Me la.n A rch (JOlltlt 11H;' 

t ioJl Co., New York. 
Etlg. News. 

October 31st 
lOOI . 

Steel lattice g irders. H ill. 
deep at crown and 2ft. at 
sprmg iug , ~paced 12iH., 
C. to c. 

---- --- ---1---------1---------

Oft. 11in. tft. Gin. 

2ft. 6in. 7ft. Oin. 

J'. C .• 2 sand, ~ gr:weI 
of size 2!in. to pea.. 

P. O_. 2 sand. 4 broken 
stone. 

tin. sq uare .:oJd-twisted 
steel h .... rs. sp.wed 14in . • 
Co to e. , a.nd ~ i n. from 
intradoi3 (l-ud extrados 
respectively 

Steel ba.rs about 5ill. x t in. 
(with rivets); bal'8 spaced 

il~~r.To.rt. :g .2~t!J~ 
respect.ively 

Designed by Abert haw 
Construction Uo. of 
B ostO Il , OU t he 
Itansome Patent. 

Designed by AIr. E. J. 
Lo,lld o l' o n th e 
Thll.chel' Patent. 

E ug . . N l ttJS, 
Mltl'ch 20th. 

11)02. 

Eng . News. 
Ma.rch 2'7 t.h. 

1002. 

-!,; t 
o 

* Reinforr.ed hy three concrete ribs .in. thick and 2ft. wide at int,rados. 

--------------------~--.. 




