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COMPUTING MOMENTS FOR CONTINUOUS 
CONCRETE BRIDGES 

A METHOD APPLICABLE TO THREE SYMMETRICAL SPANS SIMPLY SUPPORTED 

Reported by A. L. GOOGINS, Highway Bridge Engineer, G. B. CANAGA, Highway Bridge Engineer, 

and D. P. BABCOCK, Highway Bridge Engineer 

WELL DESIGNED continuous bridge has a depth 
A of section that varies closely with the bending mo- 

mentrequir ements froma minimum at the center of 
spans toamaximum at the intermediate supports. Reduc- 
tion in deck depth, particularly at midspan, gives the 
continuous bridge an important economic advantage 
and improves architectural appearance. Only single 
bearings are required at interior supports, mater ially 
reducing the width of piers below that required for 
simple spans. 

The time and difficulties involved in the design of 
continuous bridges, with members of variable moment 
of inertia, have prevented some designers from adopting 
such a design where it was a logical choice. 

Continuous bridges may be of several spans of varying 
length but the more common type has three sym- 
metrical, simply-supported spans. The charts ac- 
companying this article have been prepared to simplify 
the design of this type of bridge.! 

PROCEDURE IN PLOTTING CURVES 

The curves presented here are plotted for continuous 
slab bridges but may be used in designing continuous 
girder bridges by transforming the girder section into a 
slab section having equivalent moments of inertia and 
using the value of r as determined for the transformed 
slab. 

The terms used in this article are 
See figure 2. 

he=depth of transformed slab at center of span, 
r=ratio of increased depth, of transformed slab, 

at interior supports to depth of slab at 
center of span, 

l=length of end spans, 
n=ratio of length of center span to length of 

end span. 
See figure 3. 

y=difference between depth of girder at center 
of span and depth of girder at interior 
supports, 

span length ee oe 

See figures 8 and 9. 
K=ratio of distance from left end of span to 

position of concentrated load on the span, 
to the length of span. 

See figure 10. 
t=thickness of slab, 
h=depth of girder section, 
b=width of girder flange, 
b,=width of girder stem. 

as follows: 

1 The publication ‘‘Continuous Concrete Bridges’’ (second edition), published by 
the Portland Cement Association will be found very useful in designing continuous 
concrete bridges having more than three spans and in designing unsymmetrical 
bridges. 

VARIABLE = 

! 280. oh; 72 = B= 1.333 

md 80-0" 

FieurE 2.—DIMENSIONS OF SLAB AS DETERMINED FROM THE 
TRANSFORMED GIRDER. 

The coefficient values used in plotting the curves of 
figures 5 to 9 were obtained by first determining the 
moments at the supports, by the distribution of fixed 
end moments. 
When produced by a concentrated load these mo- 

ments are influenced by the position of the load on the 
spans, by the length of the center span in relation to 
the length of the end span and by the relative thickness 
of the slab. These three variables, represented by 
Ix, n, and 7 require that two coefficients ¢ and c, be 
used in expressing the moments in terms of Pl. 

The moments at the supports in terms of P/ were first 
determined for various values of and r when n=1.25 

273 
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anes: 
Figure 3.—CoMPLEMENT OF HALF PARABOLA. 

The moments thus determined were equated to cPl 
and the coefficients ¢ determined. The moments at 
the supports in terms of Pl were then determined for 
other values of n, letting n vary from values of 1 to 2. 
The coefficients, ¢;, express the moments for values of 
n other than 1.25 in percentage of the values as deter- 
mined when n=1.25. 

For a uniform load on any span fully loaded, the 
variable kK does not exist, which permits the use of only 
one coefficient, ¢, in expressing the moments at the 
supports in terms of wil?, 

The stiffness factors, carry-over factors, and fixed 
end moments, necessary for the determination of the 
true moments at the supports by moment distribution, 
may be computed or taken from various tables prepared 
and published in connection with the subject of moment 
distribution. In this analysis the tables in the bulletin 
“Continuous Concrete Bridges” (second edition) pub- 
lished by the Portland Cement Association, were used. 

If a continuous concrete slab is to be designed, it is 
first necessary to assume a depth of slab at the center 
of spans and a depth at the supports, from which the 
constants required in using the charts may be computed. 
Knowing the dead load of the assumed slab, the live 
load to be carried and the constants determined from 
the slab shape, it is possible to compute the moments 
and unit stresses for the assumed slab and revise the 
slab depth as the unit stresses indicate. 

PROCEDURE IN DESIGNING A REINFORCED CONCRETE GIRDER 

BRIDGE 

In designing a continuous reinforced concrete girder 
bridge, the width of roadway, the span arrangement, 
and the live load to be carried, will be known. It is 
necessary to assume the number, size, and spacing of 
the girders. The floor slab can then be designed and 
the loads to be carried by each of the trial girders 
determined. The next step is to transform the as- 
sumed girder into a slab shape having corresponding 
moments of inertia. With the structure constant, 7, 
as determined for the transformed slab, together with 
the loads as computed for the assumed girder, the charts 
may be used to compute the girder moments. If the 
moments thus determined give unsatisfactory unit 
stresses, the girder shape must be changed and the 
process repeated until the desired unit stresses are 
obtained. Much work may be saved in determining 
trial sizes by using section 6 of ‘“‘Continuous Concrete 
Bridges” published by the Portland Cement Association. 

The example which follows is not a complete girder 
design, but is given to show the use of the charts in 
computing the moments, which when known, make 
stress determination a simple process. 

10.4 KIPS 

Be A@=52.5 ; 

1.543 KIPS PER FOOT 

722 = 80.0 

R R, Re oe R, 
SPAN | SPAN 2 SPAN 3 

FicgurRE 4.—AMOUNT AND PosITION OF GIRDER DraAp Loaps 
AS COMPUTED. 

Assume three continuous spans as shown in figure 1. 
Transform the girder shown shaded in figure 1,B into a 
slab having equivalent moments of inertia. 

The moments of inertia of the girder sections and for 
the equivalent slab sections are computed for the gross 
conerete sections without reinforcement. 

Use figure 10 and compute moments of inertia for the 
girder at supports (2) and (8) figure 1 and at the center 
of the spans. 

At supports: 

fey atom apie 
h=7' 0’ (fig. 1, A), 
b=7' 4” (fic. 1, B), 
pete peg "Ms Fiber EN 2), 
t 0.604 
A= 79 70-0863 

Die leo 
bo 7 93 70-2387 

In figure 10, the ordinate for + 9 0863, intersects 
h 

the curve for 1 -0.2387 (visualized by interpolation) 

at c=0.0312. The moment of inertia, J, of the gross 
girder section at the supports, neglecting reinforcement, 

sth= chh=-0. 0312 133 6 1.0 famsiecs 
The depth at the supports for an equivalent slab 

_ jo “8. 4 

and solving ford. Here }, has the same value as ae 

3 

Lease 78: 4 

1278.4 

d= \/exisa eae 

At the center of spans: 

section can then be computed by the formula 

= 5.04 feet. 

Pee Yee Mina iashy 
pea’ Ua = the heh): 
b=—7 4’ (fig. 1, B), 
b, 21% °9' Eien, BY: 
t 0.604 i= 5 og = 0-1988 

eed eee ie ‘ j= 733 = 0.2387 

In figure 10 these values of i and 7 give the value 

c=0.0354. The moment of inertia, J, of the gross 
girder section at the center of the spans, neglecting 
reinforcement, is 

l=cbhi=0.0354< 7:38 3,042 3 leet 

Vol. 23, No. 11 . 
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Ficure 5.—DtaGRaM FOR DETERMINING MomEntTs AT INTERIOR Supports PropucEeD BY UNIFORM LOAD ON ALL SPANS. 

The depth of an equivalent slab section, at the center 
of spans may now be computed: 

bd _ 
1 ee 

Wood: 
xt ey 1 

me 1257.3 
i= 4) 7.33 

7.3 

| 2.29 feet. 

Figure 2 shows the equivalent slab from which the 
values of 7 and n are determined. 

For use in the solution with the charts he=2.29; 

2.75 80 
5997 )-2; ands = 69 = 1.333. 

Compute the dead loads carried by the interior 

girder shown in figure 1, considering the weight of the 

curved portion of the girder stem as a concentrated 

dead load placed at the center of gravity of the comple- 

ment of a half parabola. This may be done without 

changing the final solution appreciably, because the 

moments produced by the weight of the curved portion 

of the stem are very small in comparison to the total 

moments produced. The properties of the comple- 

ment of a half parabola, are shown in figure 3. The 

remaining portion of the dead load is assumed uniform 

over all spans. 

rhe=5.04—2.29=2.75; r= 

For dead loads considered as uniform: 

7.33 X0.604 X0.1 
1.75 X2.436 X0.1 

0. 664 kips, weight of slab, 
0.640 kips, weight of girder 

0 

0 

Or on 

stem, 
.056 kips, weight of girder 

fillets, 
7.33 X0.025=0. 183 kips, future wearing 

— surface, 
1.543 kips, uniform dead 

load per foot of 
eirder. 

For dead loads considered as concentrated in the end 

spans: 

y=3.96 feet, r=30.0 feet, 6,=1.75 feet. 

3.96 X30 

3 

5) ee . 
“~=7.5 feet, distance of load from intermediate support 
& (spans 1 and 3). 

1.75 X0.15=10.4 kips, weight of curved por- 
tion of stem (spans 1 and 3). 

For dead loads considered as concentrated in the 

center span: 

y=3.96 feet, s=40.0 feet; "OX" x 1.79 40.15 

—13.85 kips (span 2). 
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Friqure 6.—D1AGRAM FOR DETERMINING MomMENTS av INTERIOR SuppoRTs PRoDUCED BY UNIFORM LOAD ON ONE END SPAN. 

* — 10.0 feet, 4 distance of concentrated loads, in span 2, 
from supports. 

Figure 4 shows the girder dead loads as computed 
above. The numbers in circles are for reference later 
in the example. 

Consider that the bridge is to be designed for the 
equivalent H-20 live load as given by the Standard 
Specifications for Highway Bridges adopted by the 
American Association of State Highway Officials 1941. 
For this example we will use an impact factor of 0.27. 

The lane width by the above specifications is to be 
10 feet. Since the flange of the girder which we are 
considering is 7 feet, 4 inches wide, let it be assumed 
that the oirder carries 0.733 of one lane load. 

0.733 x 0.64=0.469 kips per foot, uniform live 
load. 

0.733 X 18.0=13.2 
for moment. 

kips, concentrated live load 

In the determination of stress and the proper arrange- 
ment of reinforcing steel, it is necessary to know the 
moment and shears at many points. Much work can 
be saved, however, if in the preliminary calculations 
only the maximum negative moments at the supports 
and the maximum positive moments in the spans are 
determined. 

COMPUTATION OF DEAD LOAD MOMENTS AT R»2 

The positions of the dead loads are shown in figure 4. 
Uniform dead load.—F rom figure 2, r=1.2, n=1.333, 

and from figure 5, c=0.188. 
M,=—cwl?=— 0.188 X 1.543 & 60?=—1044.3 kip-feet 

Concentrated dead loads.—For load (1)=10.4 kips, use 
figure 8. In addition to the values of n and 7 already 

| determined from figure 2, a value of K, indicating the 
position of the load on the span, is required. (See 
fig. 4.) 

K="< 0.875 for load (1). 
In figure 8 the ordinate for K=0.875 intersects the 

curve for r=1.2 (in group of curves for M/;) at a point 
c=0.065. Also from the small diagram at the lower 
right of figure 8 with n=1.333 and r=1.2 we obtain 
¢,=0.975. The moment at R, due to load (1) is then: 
M,=—ce, Pl= —0.065 X 0.975 XK 10.4 K 60=—39.5 

kip-feet. 
For load (2) use figure 9. 
ze lS OO mit == 00.0 feet: K=0 1206 27) .2 pee 

For moment at Ra, c=0.0665; remot I WE 
M,=—cc, Pl=—0.0665 X 1.09 K 13.85 K 60=—60.2 

kip-feet. 
For load (3) use figure 9. 

Knl=70 feet; nl=80 feet; K=1 =0.875. 
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Ficure 7.—D1AGRAM FoR DETERMINING Moments Av INTERIOR SuppoRTS PropucED BY UnirorM Loap ON CENTER SPAN, 

Pa losoo Kips; == 60 feet; == 12; 1.338 
For moment at R,, c=0.0345; c,=1.09. 

M,=—cc, Pl=—0.0345 * 1.09 XK 13.85 K 60=—31.3 
kip-feet 

For load (4) use figure 8. 
Since the spans are symmetrical the moment at Ry, 

caused by load (4) will be the same as the moment at 
R; due to load (1). From figure 8 compute JZ; due to 
load (1). 

Kee0i8 10 r= 1.2 == 14038 P10 4* kips 
1==60 feat; 'c—=0.0245+¢;==1:0 

Mo—=- ce, Pi=+0.0245 X1.0X 10.4 K60=+ 15.3 
kip-feet 

Summary of dead load moments at Ry 
—1,044.3 kip-feet, due to uniform, dead load 
— 39.5 kip-feet, due to load (1), 
— 60.2 kip-feet, due to load (2), 
— 31.3 kip-feet, due to load (3), 
+ 15.3 kip feet, due to load (4), 

—1,160.0 kip-feet, total dead load moment at Ry. 
Since the spans are symmetrical and the dead loads 

are symmetrically placed on the spans, the moments at 
R, and Ry, will be equal. 

COMPUTATION OF LIVE LOAD MOMENTS AT R2 

Uniform live load —The maximum negative moment 
at R. for the uniform live load occurs when spans 1 
and 2 are fully loaded, with no load on span 3. 

Use figure 6 to find the moment at R, due to the 
uniform live load on span 1. 

w—0.469 kips per foot; /=60 feet 
Pate i= oo C= LOL 

M,=—cwl?=—0.101 X0.469 X 60?= — 170.5 
kip-feet 

Use figure 7 to find the moment at R, due to the uni- 
form live load on span 2. 

= 0.409. 12260" 7 Len 1 333 
¢=—0128, 

M,=—0.128 X0.469 * 602= — 216.1 kip-feet. 

The moment at R, with both spans loaded is then 
—170.5—216.1= — 386.6 kip-feet. 

Concentrated live loads.—Figures 8 and 9 are used for 
finding moments due to concentrated loads. 

Use figure 8 and compute 2, when P=13.2; r=1. 

n=1.333. 
K=0.52 (inspect chart and select value of K. 

corresponding to maximum moment). 

9. 
a 
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FiGurRE 8.— DIAGRAM FOR DETERMINING MomENTS AT INTERIOR SuPPORTS PRoDUCED BY CONCENTRATED LOADS ON END SPAN. 

e=0, 163526; 0.975, 
M,=—ce, Pl= —0.163 X 0.975 X 13.2 X60= — 126.0 

kip-feet. 
Use figure 9 and compute M2, when P=13.2; r=1.2; 

n=1.333. 
K=0.41; ¢,=1.09; e=0.148. 
M,=—ce, Pl= —0.148X 1.09 X13.2*60 =—127.7 

kip-feet. 
As 127.7 is greater than 126.0, the concentrated load 

will be placed on span 2 as giving maximum moment 
at Ry». 

Summary for maximum negative moment at Ro. 

1,160.0 kip-feet, dead load moment, 

386.6 kip-feet, uniform live load moment, 
127.7 kip-feet, concentrated live load 

moment, 

138.9 kip-feet, impact (figured at 0.27), 

1,813.2 kip-feet, maximum negative moment 
SA rad atts 

— 



January—February—March 1944 PUB IAC ROADS 

KE FORMe2 

+ sanees 
Tet 

so Seneseesss seus! a + +4 + en pae* saear de! 

seneasus 

© 0.08 Fe seuadae 

0.09 

OF10 

nic 

0.13 HHH 

0.14 
tit 

Ons eerie 

0.16 
1.0 0:9 0.8 O97 0.6 

paas 
t 

fangs tf 

0.5 OG 

FL FORM3 

Ficure 9.—D1AG RAM FOR DETERMINING MOMENTS AT THE INTERIOR SUPPORTS PRODUCED BY CONCENTRATED LOADS ON CENTER SPAN 

MAXIMUM POSITIVE MOMENT IN SPAN 2 

The maximum positive moment in span 2 will be at 
the center of the span when span 2 is fully loaded with 
uniform live load and when the concentrated live load is 
placed at the center of span. 

Compute the dead load moment at the center of 
span 2. The dead load moments at R, and R; have 
previously been determined as —1,160.0 kip-feet. 

125 1.543 X80?= + 1,234.4 kip-feet, 

13.85X10=+ 138.5 kip-feet, 

+1,372.9 kip-feet (simple 
span moment for 
dead load), 

—1,160.0 kip-feet, dead load 
moments at Ry, 

————— and R, 

+ 212.9 kip-feet, dead load 
moment at center 
of span 2. 

Compute the live load moment at the center of span 2 

with uniform live load on span 2 only and with the 
concentrated load at the center of span. The moments 
at the supports are first to be determined from the 
charts and then the moment at the center is computed 
by statics. 

The moment at R, or R; for the uniform live load on 
span 2 as previously determined is —216.1 kip-feet. 

The moment at R, or R; for the concentrated live 
load at the center of span 2 may be determined from 
figure 9. 

K=0.5, n=1.333, r=1.2, 
= 1,09: 

M,=M,;,=—ce,Pl 

M,=M,;=— 0.141 1.09 X 13.2 X60=— 121.7 
kip-feet. 

P=13.2, c=0.141, 

—216.1 
— 121.7 

— 337.8 kip-feet, live load moment at R. or Rs; 
with live load on span 2 in position 
for maximum positive moment in the 
span. 
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Figure 10.—Moments or INERTIA OF T-BEAMS 

~ 

75.2 kip-feet, 
+ 264.0 kip-feet, 

+639.2 kip-feet (simple 
span moment for 
live load), 

— 337.8 kip-feet, live load 
moment at R, and 
Rs, 

+ 301.4 kip-feet, live load 
moment at center 
of span 2, 

Summary of maximum positive moments in span 2. 

+ 212.9 kip-feet, dead-load moment, 
+ 301.4 kip-feet, live-load moment, 
+81. 4 kip-feet, impact, 

+595. 7 kip-feet, maximum positive moment at 
center of span 2. 

MAXIMUM POSITIVE MOMENT IN END SPAN 

The point of maximum positive moment in the end 
span is not apparent from an inspection of the figures 
or the girder layout, and is obtained by computing the 
moments for the various loads at sufficient points on 
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the span, so that these moments can be combined for the 
various points, and a maximum moment curve drawn. 
For the preliminary investigation to determine the size 
and shape of the girder, it will be sufficiently accurate 
to compute the moment at a point whose distance from 
the end support is 0.375 l. 

0.3875 X60=22.5 feet from end support 

Dead-load moment. 

22.5 X 37.5 X0.5 KX 1.5438 = +650.9 

ele oD. 10.4X7.5X22.5__ 1 99 3 

0.375 X 1,160.0 = —435.0 

+245.2 kip-feet, dead 
load moment. 

Live-load moment.—The maximum positive live-load 
moment at the point chosen will occur when the two 
end spans are loaded with uniform live load and when 
the concentrated live load is placed at the point. 
Compute the moments at the supports for the uniform 

live load on the end spans. 
The moment at R, for uniform live load on span 1 

has previously been determined as —170.5 kip-feet. 
The moment MM, for the uniform load on span 3 will 
be the same as the moment MM, for the uniform load 
on span 1, 

w=0.469, 1=60, r=1.2, n=1.333, from figure 6, 
G=—,.0,04. 

M;=-+0.04 0.469 < 60?= +67.6 kip-feet. 
—170.5+67.6=—102.9 kip-feet, uniform live- 

load moment at R, or R3 with both end spans 
loaded. 

The uniform live-load moment at a point 22.5 feet 
from the end of the end spans will be: 

22.5X37.5X0.5 X0.469= + 197.8 
—6.375X102.9= —38.6 

+159.2 kip-feet uni- 
form live- 
load mo- 
ment at 

DD bm lt & Git 
from end of 
end span. 

567907—44——2 

Compute the moment at R. with the concentrated 
load at 22.5 feet from the end of the end span. Use 
figure 8. 

K=0.375, l=60, r=1.2, n=1.333. 
P=13.2kips. From figure 8, c=0.146; ¢;=0.975. 

M,=—0.146 X0.975 X13.2 X60= — 112.7 kip-feet. 
The concentrated live-load moment at a point 22.5 

feet from the end of the end spans will then be: 

22D BOLD LG EE eee 
eet Reece =-+185.5 kip-feet, 

—0.3875X112.7= —42.3 kip-feet, 

+143.2 kip-feet, concen- 
trated live load 
moment at 22.5 

feet from end of 
end span. 

+ 159.2 kip-feet, uniform live load moment. 
+143.2 kip-feet, concentrated live load moment, 

+302.4 kip-feet, maximum positive live load 
moment at, 22.5 feet from end of end 
span. 

0.27 X302.4=81.6 kip-feet, allowance for impact 
for maximum positive moment in end span. 

Summary of maximum positive moments for a point 
22.5 feet from the end bearings. 

+245.2 kip-feet, dead load moment, 
+302.4 kip-feet, live load moment, 
+ 81.6 kip-feet, allowance for impact, 

+629.2_kip-feet,” total. 

The maximum moments either positive, negative, or 
both, may be determined for any point, on the spans, 
as was done for the point 22.5 feet from the end bear- 
ings, by placing the loads on the spans in such a manner 
as to cause the maximum moment at the location 
desired. 



EFFECT OF TAR, AMMONIUM FLUOSILICATE, AND 
SODIUM HYDROXIDE ON 
ANCE OF CONCRETE 

THE ALKALI RESIST- 

BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 

Reported by E. C. E. LORD, formerly Associate Petrographer, and D. G. RUNNER, Materials Engineer 

Crate No. 142 143 
Cure, moist 7 days 7 days 
Cure, air 1 day 7 days 

Figure 1.—Conpition oF Concrete Specimens WitH Cement A, Arrer 55 Monrus In Mepicine LAKE. 

144 145 
28 days 28 days 
1 day 7 days 

W/C ratio=0.7. 
Two Tor Rows or Kacnw Crate IMMERSED 4 Hour, WitH Eacu Successive Lower Two Rows IMmMersep 1 Hour, 4 Hours, 
AND 24 Hours IN Water-Gas Tar. 

EARLY INVESTIGATIONS REVIEWED 

For a number of years the Public Roads Administra- 
tion has been conducting alkali-resistance tests on 
concrete surfaces treated with various protective ma- 
terials such as water-gas tar, coal tar, paraffin, lubricat- 
ing oil and linseed oil. The results on the earlier tests 
with water-gas tar, coal tar and paraffin have been 
reported in Pusiic Roaps.’ From the field and labora- 
tory data, it was concluded that water-gas tar of proper 
quality is readily absorbed by cement mortar and con- 
crete, the rate of absorption varying, however, with 
the manner of curing of the concrete, age, and density 
of the mix. Furthermore, it was concluded that four 
coats of water-gas tar applied at the rate of about one- 
fourth gallon per square yard of surface, followed by 
one coat of coal tar appears to afford adequate protec- 

1 The Protection of Conerete Against Alkali, vol. 5, No. 3, May 1924; vol. 6, No. 11, 
January 1926; vol. 8, No. 6, August 1927, 

282 

Data GIVEN IN TABLE 7. 

tion against alkali attack, provided the concrete is of 
good quality, has been properly fabricated and is not 
leaner than a 1: 2: 4 mix. 

Results of subsequent investigations on alkali 
resistance using water-gas tar, coal tar, lubricating oil 
and linseed oil have also been published in Pus.ic 
Roaps.? From the test data relative to concrete pro- 
tection, it was found that concrete of high cement 
content, cured for a limited period in air and treated 
with water-gas tar, 1s capable of offering appreciable 
resistance to alkali attack. It was observed that the 
protection against alkaline waters is influenced by the 
cement content, the method of curing and the con- 
sistency of the mix. Rich mixes of medium consistency 
cured for a minimum length of time in air gave best 
results. 

2 The Effect of Water-Gas Tar on theStrength and Alkali Resistance of Concrete, 
vol, 12, No. 4, June 1931. 
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Crate No 146 147 
Cure, moist 7 days 7 days 
Cure, air 1 day 7 days 

Figure 2.—ConpiT1ion OF CoNcRETE SpeciMENS With Cement A, Arter 65 Montus 1n Mepicine LAKE. 
Samp Protective TREATMENT AS GIVEN SPECIMENS IN Ficure 1, PLus One Coat or Coat Tar. 

NEW SERIES OF TESTS DESCRIBED 

In the investigations reported here, the tests were 
made on concrete specimens having water-cement 
ratios of 0.7 and 0.8 by volume. The ‘ageregates were 
Potomac River sand having a fineness modulus of 
about 2.65 and Potomac River gravel containing 50 
percent of *% to %-inch size and 50 percent of 44-inch to 
No. 4 size. 
Two brands of cement passing all the standard speci- 

fication requirements were used in preparing the speci- 
mens. The results of physical and chemical tests on 
these cements are shown in table 1. The mix data 
and strength of the concrete are given in table 2. 
Comparing the chemical composition of the cements, 
it will be noted that while the major constituents (lime 
and silica) are about the same, the iron and alumina 
are present in widely different proportions. The con- 
crete specimens made with cement B having a low 
alumina-iron ratio, as will be shown later, proved 
much more alkali resistant than those containing 
cement A with a high alumina-iron ratio. 

The concrete specimens were 3- by 6-inch cylinders. 
For each water-cement ratio, curing conditions and 
protective treatment, a batch of three cylinders was 
cast for storage in sulphate solution in the laboratory 
and a batch of six cylinders was cast for storage in the 
waters of Medicine Lake, S. Dak. 

For all methods of treatment the specimens were 
given an initial curing in the moist room of 7 days and 
28 days, followed by curing in laboratory air. The 
periods of air curing were | and 7 days for the specimens 
to be treated with water-gas tar and 7 and 28 days for 

nts 

148 149 
28 days 28 days 
1 day 27 days 

W/C Ratio=0.8. 
Data GIVEN IN TABLE 8. 

TABLE 1.—Properties of cement used in concrete specimens 

PHYSICAL PROPERTIES 

Cement | Cement Item 4 B 

ADDALEMTSPECIEG OTS VLG Vise ee ee 3h 0 Ga ee 
Percentage retained on No, 200 sieve-__--__--.-____---_-_____- 13.9 | 8.5 
INonmaliconsistencys perconitas = ae ae een eee eens ae 2 23. 0 23. 6 
Time of set, hours: | 

Titian OSs < BS See eee ae ce ee eee ees 2.3 | 5.5 
Bing ls) Ae er oo Oe era eee ee ee 4.0 | 6.8 

Tensile strength, lb. per sq. in.: 
HM NDS en Mn cer Se a eke Re al eee 325 335 
28: AY Sees ae Raia ee ener mete gene he Lhasa LS) Bir 390 

| 

CHEMICAL ANALYSES 

Oxides | Percent Percent 

SLC (SiO) see seers COR oe Sere pe meee eS Ree | 2125 20. 50 
TromGHesO3) see eee eee ere eee St. 2 22 eee 2. 84 | 8. 04 
PAT min ey (CAChs © 3) ae a oe eee ee o> Se ey 6.16 | 4.76 
JIN: (COs Oy eiee een eee ee eee meee Ne see 2 ee 62. 50 | 62. 75 
MacnesignGiic\@)) sien stress ieee nae Soap ty ee ee eee 2. 96 0. 92 
Sulphunicvankiyanideu(s Op) eee eee een en ae oe ee | 1.60 | 1.48 
IFOSSOls LO MDG 1O Taco aes ee ee pa eo: Ae Me mene RAS 2. 30 1.15 
Rationlumina tonronee sss .- se. =e eee Lois ee ee 2.17 | . 59 

| : 

COMPUTED COMPOUND COMPOSITIONS 

Compounds | Percent | Percent 

Mricalciumssilicate (Gss)--ess see eee os sane Reta 43 | 62 
Dicalciumsilicate: (G75) se = seen eee Se et he ale ae 12 
Tyricalehrmiravminaven(Ca:A\) see ee eee eee ee Bee Pe al 0 
Tetracalcium alumino-ferrite Sees a POE A tel tg 7x? 5 “ee eae 0: 23 
Dicalcium ferrite (C2F)- Widg@s 86 2 4. os) | ee ee Be Le 

2.0 Calcium sulphate (CaSO,)_- A ee Be a et 7a 
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Crate No. 154 155 
Cure, moist 7 days 7 days 
Oure, air 1 day 7 days 

Figure 8.—Conpition oF ConcrETE SPECIMENS WiTH Cement A, Arter 74 Monrus in MeEpicinE LAKE. 

156 157 
28 days 28 days 
1 day 7 days 

W/C Ratio=0.8. 
Two Tor Rows or Eacu CratTE Given 4 Coats oF WATER-GAS TAR, THIRD AND FourtH Rows Given 6 Coats oF WATER-GAS 
Tar. 
IN TABLES 9 AND 10. 

TABLE 2.— Mix data and compressive strength of concrete specimens 

shales . | Mix (dry Cement < W/C ratio by volume ‘rodded volume) factor Slump Flow 

s oS ae a paid fa Sst za 

Sacks per 
: cubic yard Inches Percent 

OB ee ee eee ee eon oe aes Bet 1:1. 96: 3.36 | 5.77 3% 185 
O5 cee eee ee Se 1:1. 70: 2.90 | 6. 57 3 185 

COMPRESSIVE STRENGTH! 

Caren Specimen containing ce- | Specimen containing ce- 
ment A cured in air ment B cured in air as 

es Se ee a as indicated, followed indicated, followed by 
W/C ratio | | by storage in moist storage in moist air 

4 | Tahowige tote for— 
MOIS al eae =e 

air | ratory | — ] ——— | .—— — — 

| a |9 days | 30 anys (365 days) 9 days | 30 days |365 days 

Lb. per | Lb. per | | Lb. per | Lb. per | Lb. per | Lb. per 
Days | Days | 89. im. | sq. in. | SQ. WM. Sa Us |) SQ ae! Sete. 

0.8 7 7 3, 820 4, 490 5, 050 3, 590 3, 870 5, 320 

0.8 7 28 4, 020 4, 570 5, 940 3, 700 4, 350 5, 730 
0.7 7 (A a ae) 4,700 | 6,100 4,770 5, 550 7,070 
0.7 7 28 | 4,540 | 4,930 | 6,400 | 5,480] 5,500 7, 050 

' Strength tests were made on batches 
the periods indicated. 

of 3 eylinders, each stored in moist air for 

the specimens to be treated with ammonium fluosilicate 
and sodium hydroxide. 

The protective materials used in these tests were 
water-gas tar, ammonium fluosilicate and sodium hy- 
droxide, applied by immersion and by brush coating, 
followed in some cases by a seal coat of coal tar applied 
with a brush. 

Lower Har or Crates GivEN SAME TREATMENT AS Upper Haur, Pius One Seat Coat or Coat Tar. Data GIVEN 

The tars were similar to those previously used, 
conforming to provisional specifications TW -1—X for 
water-gas tar and RTCB-—5 for coal tar. The detail 
requirements for these materials are given in table 3. 

TABLE 3.—Requirements for water-gas tar and coal tar 

Grade TW-1-X ! RTCB-5 2 

Te Opecilicyeravity,w2p°); 20° Onde) (ie eee eee 1. 030-1. 100 1. 09+ 
2a ODOCHIChVISCOSITY, 402) © 2- muse een sae ee eee ee 3.0— 

b: Specific: viscosity. 50° Cus Se ee ee ee eee 17-26 
3. Total distillate, percentage by weight: 

RO 709: Oa Fo 2. AO Set oe EL Ee ene eee gt een 2. 0-8. 0 
ENO2200 Ost ee ee eee ee een ee ere | SE ee ope 5.0+ 
(1.02352) Oe OS ae ge sei Se Pi ak pe lao 2 Ree ea ee 8. 0-18. 0 
TOFS OOS: C= Be sae ye Es te ht a 50. 0O— 35. 0O— 

a@.) Soitening point.of resides (© sa ase ee peel ee Ae, 40-70 
4. Total bitumen, percentage by weight__....___-_--_- | 98+- 80+ 
5. Water, percentage by volume_...-....._.-.--....-- | 3.0— 1.0— 

| 

1 Water-gas tar for absorptive treatment shall be crude water-gas tar, which may be 
treated for removal of excess water if necessary to meet the detail requirements of the 
specification. 

2 Fluxed refined tar for seal application shall be prepared from refined gas house, 
coke-oven, and/or water-gas tars fluxed with suitable distillates. 

Ammonium fluosilicate and sodium hydroxide were 
applied in solutions of 20 and 10 percent, respectively, 
by weight of the air-dried compounds. 

As previously indicated, part of the specimens were 
stored in a sulphate solution in the laborator y and part 
of them were stored in the sulphate waters of Medicine 
Lake, $8. Dak. The laboratory storage was in a solution 
containing 5 percent sodium sulphate and 5 percent 
magnesium sulphate. The waters of Medicine Lake 



January—February—March 1944 PBT GC ROA D'S 285 

_ 219 

Crate No. 219 220 
Cement A A 
Cure, moist 7 days 7 days 
Cure, air 7 days 28 days 
Months inlake 37 37 

Figure 4.—ConpiTion oF CONCRETE SPECIMENS AFTER INDICATED NUMBER OF MonrTHS IN LAKE. 

tte 179 
B 

7 days ® 7 days 
7 days 28 days 
62 1 

W/C Ratio=0.8. Two Top 
Rows or Eacu Crate ImMerseD }4 Hour, With Eacu Succresstve Lowrer Two Rows ImMmMersep 1 Hour, 4 Hours, anp 
24 Hours In AMMONIUM FLUOSILICATE PLus EQUIVALENT PERIODS OF IMMERSION IN WATER-GAS TAR. 
IAN Dace 

contain high percentages of salts. Analyses made in 
1923, 1924, and 1925 indicated a total salt content of 
from 2.34 to 4.72 percent, consisting almost entirely of 
a combination of magnesium and sodium sulphates in 
which the magnesium salt predominated.* A sample of 
water taken from the lake in July 1941 showed the 
following composition: 

UE eaaciniaany SUMOMH Eo 
Sodium sulphate___-_____. 
Calcium sulphate____- oes Pee ee ee 
‘store huumany, Clo kanale Sere. ae ey oats 
Calcium carbonate____-__-_-- ee ts SER Tp: 
OC ICROrACIGY 22ae tec 7 een ae eee 

3.3 percent. 
eles percent: 

.d percent. 

.l percent. 

.O06 percent. 
1.0532 

METHODS OF TREATMENT DESCRIBED 

The protective treatments were applied to 16 major 
groups of specimens, each group containing 8 subgroups 
of either 2 or 4 batches of cylinders each. Batches for 
the laboratory storage contained 3 cylinders each and 
those for lake storage contained 6 cylinders each. The 
general schedule for the entire series is indicated in table 
4. The major groups of specimens numbered 1 to 10, 
inclusive, were treated with water-gas tar and ammo- 
nium fluosilicate, and stored both in the laboratory 
and in Medicine Lake. The major groups numbered 
5-S to 10-S, inclusive, constituted a supplementary 
series in which the primary treatment was with sodium 
hydroxide, the specimevs being stored in the laboratory 
only. 

3 PurRLIC Roaps, vol. 6, No. 8, October 1925, p. 174. 

DATA Given IN TABLES 

Cement A was used throughout the entire investiga- 
tion, while cement B was used only in the ammonium 
fluosilicate series. 

In the earlier investigations it was found that the 
curing period was a factor in the absorption of the pro- 
tective agents. In order to further investigate this 
effect, the concrete specimens were subjected to dif- 
ferent periods of moist curing and air curing. After 
air curing, the protective tre atments were applied. 

The materials used in the initial treatments were 
water-gas tar, ammonium fluosilicate, and sodium 
hydroxide. These were applied both by immersion and 
by brush coating. For some specimens this was the 
final treatment. For other specimens the initial treat- 
ment was followed by a seal of coal tar consisting of one 
coat applied with a brush. Other specimens were given 
an initial treatment with ammonium fluosilicate or 
sodium hydroxide followed by an immersion or brush 
treatment with water-gas tar. 

Immediately after air curing, the initial weights. of 
the specimens were determined and they were then 
given the protective treatment. They were then 
weighed a second time to determine the absorption or 
retention of the protective liquid. After a period of 
drying and immediately before immersion in the sul- 
phate solution, they were weighed again. This third 
weight was used in determining the change in weight 
that took place in the solution. 

The specimens to be treated by immersion were 
weighed and immersed in the protective liquid for the 



286 PsUtB TA, CER OAID:S Vol. 23, No. 11 

TasBLe 4.—Schedule of protective treatments 

44 Curing 
Major Water-ce- ; ; Method of appli- | Period of immer- | Number of 
group Cement entiratio ssp SS Ess Protective material cation sion (hours) brush coats 

sp, Moist Air 

Days Days . 
1 eae te ae 0.7 and 0.8__| 7 and 28_____ Landi7a2o=- ‘Wiater-fas tar snk eae Een ee a eee eee ee ie ¢ oats ¥,1,4,and 24___ 

Pad Wd. eae as se doze se eee Glee Pe domes ee Water-gas tar followed by seal coat of coal tar_-_-._--- {rush Feet ops sah my » eee ees rey 
Be RAS Slate GO Se do sae Cotes Wiater-cas "tari. 228 ee eee ee ee es | 0.2 SE 4 ee ee eee 4and 6. 

ADIGA) best 38 Seana meicex Oke Bes ee do-=aae | donee Water-gas tar followed by seal coat of coal tar_...__-_- Cates oi Siac ee ue 6. 
5 /MASANO RB see] eee 76 (ope eae ee Tend 28222 _—| PA MIMOnTUm tL UOSi Ca lO b= eee eae ee Immersion_-____- 4, 1,4, and 24___ 
6 Aandi s.-|. ae Fiala do wee Agha a eee Se fluosilicate followed by seal coat of coal |; = gy ¥, 1, 4, and 24__- 

| (0 Go eh Os, OR (SR eee en ee ee Bae Brush coatzovass kee eaees see eee 1. 
fa) PACA MES ea es as (6 toa e ete] See COB aa eee (eed COL=eens Ammonium fluosilicate followed by water-gas tar !___| Immersion !____- 4, 1,4,and 24___ 
Sul TA ane Boe oa Sead On eee 00.2 Ses |S do23 735) ATIMOMIU I A OSI Ga tOk eee aees ae ee eee eee Brush Costes: oss |eoeee eee ee 4 and 6. 
9 Aang Bs. se bh es ee ceil} © bo ape yikes bane fluosilicate followed by seal coat of coal {----d0 AL ie ae 4and 6. 

Oe a age a aa ee cnn a cs ee a ee oe 00.522 8 ee ee 

BD hy Aye en ee Cole). Se be || ecole doz ess (eae. d0iee es Ammonium fluosilicate followed by water-gas tar, __- { ; ay "SS GaNT fall coe Saath aaa : ars 
| | Fin mai ieee ta Bae of | eae ea gee er r 

10) Beene ae Gon-se alee doe bees Ge Ammonium fluosilicate followed by water-gas tar____ ene Rasen ee aae ool 6. 
BaSal A Se eee lene donee aie AiO nee | eee oto we ee a Sodium’ hydrox digas sees eee eee Immersion_____- Y, 1,4, and 24___ 

Orel A ee oe eee doseae me. o dost |e dOMteeeee Sodium hydroxide followed by seal coat of coal tar___- Gu ae ane ene 1 

7-S | | pes eee | ets (0 Coo wee ER O0s22s =a] Fae (oka Sodium hydroxide followed by water-gas tar________ Immersion 2____- 4,1, 4, and 24___ 

8-S | Aveaaees. te eats Os dasa sete dox:5.-2) Sodium nydroxideseee eee ee Brush coat. tts \oseae ees eee 4and 6. 
9-5 [gq Ac eee ee ol nel ee eae 6fome ee ye domes Sodium hydroxide followed by seal coat of coal tar__.- {eas rama Ep r aon 6. 

10-S | Nogeasecaces a EASES | oe OL sess es d= Sodium hydroxide followed by water-gas tar_-___--- pong hee ee PIT wm Ae pond 6. 

_ 1 The periods of immersion in water-gas tar and ammonium fluosilicate were the same. That is, specimens immersed for 14 hour, 1 hour, etc., in fluosilicate were then 
immersed for 4 hour, 1 hour, etc., respectively, in water-gas tar. ; : ’ . ys 

2? The immersion procedure was the same as described in footnote 1 except that sodium hydroxide was used instead of ammonium fiuosilicate. 

Tasie 5.—Effect of sulphate solution on untreated concrete stored in laboratory! 

CEMENT A 

days Percentage of gain in weight after laboratory storage 

Series |Batch| W/C re a a an Pr a we a n a an a Rea g re] 
No. | No. | ratio alia Der ig ree faa pref ee ie cece otc Yili itieb, all Gata | cel i rel ss tee S| ete | meey lf oaek || ae Flea aet= (eee fee = 

q we) ve) =) re) q q q q q q q qa q g qa q os 3 i) 
im (o) a a a a i) ) 3° ° ° S) fo) iS} ° ro) fe} re) #8 g g 

S 4 | I g | | =| S| | q | S| | =| q | | | g a 2 
= <q Ss 19 re 0 a = oN a a mS 8 33 Be = a g S 3 = x 

(| Pee 7 1 A oat sk 7 | 2 a eS A | Po 3. 20 FF eco alice Sache ee a ew oe Fe eS es | ne Siren ee ea 
1 | PHN (nhs) 7 TAN Nee eh (eae ete Wm ||, eal tea 3. 56 Bek sl ae ah a ee als SS Re We ett Ee i call a ea | 
a ay 1) et ee 28 Vo) 157. |encst slocccus lose eel) BRUT NG gE gle Be Bl | oe a SN a ea i Sa a | 

ARNE A eae 28 TOA OS 13 al aes Se eee | eee 3. 82 Wr eek hace eee Se a ae a Nh Ss ee eS ee | rn 
Dy ie eS 7 Dy) Div Mi eae Sie Sek eee eee 2. 59 BP ee a Me ee se Me eS Oe Sy ee Wa eae ee 

2 Ble Gelly get (mn Tad 20101) 22 ena ates Jal eee eee EO eee (meet crake Rags Pel eon ene Rte PERN Ae Se ee 
ee | ee 28 ULE We Se ee ee eee al 2 Boo ae eet I ee Ele ee eh eS eS a Se | | ee a eee ee | en | 

oy Beneee 28 7 felis (= eee) ea ee LS 2.45 Bh ck 2S ee Oa ae LS ee ee NE aa RY EP a pees a | ae pe ge | 
Or Eanes 7 Cale GS aloo Clee 5.35: i cLpm| (emg) (MP, by Seah (Bem Ory pe Ae Ela | ce | ek Pe re a pS a ee |e le RE OR ali eM 

3 et 10 re Seta? et 2818.72 124.34 Ue eee B88.) Bef cece so ee Se NE Oe |S ee es A ae a eee ee eee 
“alae | ut ee 28 Tal LTO Le SSis ees oO) | aetna eee Aa ae een) Ee Re re ee, © Se Ar ee ee (a O(a AS hs Ba Seip ie ee 

125 | ee 28 Peel Mia Re ees Patol |e a ae 5. 29 Bees 2 Wee oe REE, SU pe 8 SSP eR Ee ee Pe Pe TS aes oe | eee | cee 
134) eee 7 (Miao a Koen Lae: Nae © De 2 (OA Ne Pee et eo 2.96 By lo ee ee ee cl BS EE a eg 2 ee ean (ee |e ee 

4 | 14 ef U Zeno, LOM SOs 5) Seen 4 OSU an. 2a ee 5.32 Hie oe ol pee So Oe eS Sa ee ee oe te 
went i Lox| Fe 28 ON al C6 el 88) ees LO Geers | eee DG Be A ah SR es Mec a I ES | a ee 

67 |e 28 ZO a EZ Os LOS eee 2506s |2 eee ee 3. 46 A Seah |e = Pe De og US Ip «|| ected | Eee ote ea ey |e eee |e ee Vat oa alee ee 

CEMENT B 

Vail SSeRe 7 TiN OB ieee |e | 28) || Sess SH De St 3504 |/Eeeealese 310) Geese eee S00 eee ee 4.19 TRN(Q2)\| eae sal eee 
5 18 0.8 7 D8) tes 48a sean oe 35.7 Gil es ee a Ko il eet [Lhe A SO eee een eee 6.043) nee 5. 80 EY (92) eas Sa ae 
ame < 19 etal co8 y fal tae (el (eee Pee (ee OS Mae Ie Cra iy ee 8 EAS eal Ori eee Shs eo ee el Bey eeuceall BhGhl HY (92) 2 ee 5a eee 

40) Semen 28 28) NH 2985 o] eee all Sta 37 BO. tee See | ee SOON Cae ee ee 3 OMe aeee ARON t | eeeetelies Se oe 95: eu Hh (92) See ee 
H(i 2 eee 7 C2 EL G eee cs ES es A Se 2, 66 io peel Seale Est HT gee ae & [eae eet 2 Vd ube ees |e 32060 aeee 3. 60 Hi(93) | Seeees | Daas 

6 |) 22} .7 Up Ree Sllt3- 08h eee nse ee 3y335 | ea Se Eee 3555p sere peer aeees 35640 eee SRB ex ae Sod ieee (92) |5 en 
re oars Nh wool eee 28 7 \ 1040,.| 22 ooo) 1s80N oc. 28 Ste 1 SOG |e e089 ee eas |e Se EDR 7a ei re een 2s Gn een ROD mua 3. 26 

24) ene 28 Ql eate OGu nee DOS ee Se SS a Se een OPM g ll ee Pa ee eee | Saree 290) ss eee Nee ee Si 27h eee 3.92 (91)| 4.04 | 4.04 
| 

: Specimens were tested in 6 series, each containing 4 batches of 3 cylinders to a batch. F indicates failure of specimens. ees 
* Figures in parentheses indicate exact number of months in solution at time of weighing or number of months in solution until failure. 

desired period of time. The periods were %, 1, 4, and | periods of time in water-gas tar. After the first immer- 
24 hours. At the end of the immersion period the speci- | sion, the specimens were allowed to dry before being 
mens were removed from the treating bath and allowed | immersed in the water-gas tar but otherwise the pro- 
to drain for 1 hour before the second weight determina- | cedure was the same as for a single immersion. 
tion was made. If the specimens were to receive only The specimens for brush treatment were weighed and 
this initial treatment, they were allowed to dry for 2 | given 4 and 6 brush coats of the protective liquid, each 
days, weighed for the third time, and immersed in the | coat being permitted to dry before the next coat was 
sulphate solution. In the case of groups 7 and 7-S, | applied. After the final drying they were weighed and 
the initial immersion in ammonium fluosilicate or | then, if no further treatment was intended, they were 
sodium hydroxide, was followed by immersion for equal | dried for an additional period of 2 days, weighed again, 
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and immersed in the sulphate solution. The same pro- 
cedure was followed with the specimens of groups 10 
and 10-S except that the initial brush treatments with 
ammonium fluosilicate and sodium hydroxide, respec- 
tively, were followed by brush treatments with water- 
gas tar. 

The initial treatment of the specimens in groups 2, 
4, 6, 9, 6-S, and 9-S was followed by a seal treatment 
of 1 brush coat of coal tar. These specimens were 
allowed to dry for 2 days after the initial treatment, 
the brush coat of coal tar was applied, and they were 
dried for an additional period of 2 days before being 
exposed to the alkali solution in the laboratory. 

The specimens intended for storage in Medicine Lake 
were given the same treatments as those intended for 
laboratory storage. They were shipped in specially 
prepared crates containing 24 cylinders each, and were 
immediately placed in the lake, where they were 
inspected and photographed at yearly intervals at 
which time the condition of the specimens was recorded. 

The laboratory specimens were placed in covered, 
porcelain-lined 5-gallon cans containing the sulphate 
solution. After 7 days they were removed from the 
sulphate solution, dried for % hour in air and the gain 
in weight, based upon the dry weight after treatment, 
recorded. They were then transferred to paraffin- 
coated concrete storage tanks containing the sulphate 
solution and the gain in weight determined as before at 
intervals thereafter, or until failure. 

In addition to the treated specimens that have been 
described, batches of cylinders without treatment were 
made for each brand of cement, water-cement ratio 
and method of curing for exposure to the sulphate solu- 
tion. Immediately after the period of air curing they 
were immersed in the sulphate solution and weighed 
at intervals until failure. These specimens were allowed 
to remain in the original containers and were not 
transferred to the storage tanks. 

In all these laboratory tests, no attempt was made to 
maintain the initial concentration of the sulphate 
solution. The original volume of solution was main- 
tained constant during the period of the tests by the 
addition of distilled water but no sulphates were added. 

EFFECT OF ALKALI ON UNTREATED CONCRETE INVESTIGATED 

Before discussing the protective effect of the com- 
pounds used in this investigation, it will be of interest to 
note the relative resistance to alkali attack offered by 
untreated concrete made with cement brands A and B. 
The results of these exposure tests are given in table 5. 

It will be noted that three series containing cement A 
failed at 12 months or less, while one series failed at 
20 months. On the other hand, all series containing 
cement B were intact at the end of 69 months. It 
appears that, for the curing conditions studied, the 
resistance to alkali attack, as measured by gain in 
weight, was increased as the period of moist curing was 
increased and as the period of air curing was decreased. 
This condition was noted for concrete of both 0.7 and 
0.8 water-cement ratio. For comparable curing con- 
ditions the concrete having the lower water-cement 
ratio was the more resistant. 

4 This solution was made up in 5-gallon lots, each containing 2.25 pounds 

MgSO, 7H:0 and 1 pound anhydrous Na2SO,,. 

Crate No. 162 163 
Cure, moist 7 days 7 days 
Cure, air 7 days 28 days 
Months in lake 43 42 

Ficure 5.—ConpiTion oF CoNCRETE SPECIMENS WitTH CEMENT 
B, ArreR Numser or Inpicatep Montus in Mepicine Lake. 

W/C Ratio=0.8. Two Top Rows or Eacu Crate IMMERSED 

144 Hour, Witn Eacu Succysstvs Lowrr Two Rows In- 
MERSED 1 Hour, 4 Hours, anp 24 Hours 1n AMMONIUM 
FiLuosiuicaTs. Data GIVEN IN TABLE 11. 

PROTECTIVE VALUE OF WATER-GAS TAR, APPLIED BY IMMERSION, 

STUDIED 

Exposure tests were made on concrete specimens 
containing low-alkali-resistant cement A treated with 

water-gas tar by immersion and by brush coats and both 
with and without seal coats of coal tar. The results of 

these tests on specimens stored in the laboratory and 

in Medicine Lake are given in tables 6, 7, 8, and 9, 

corresponding to major groups 1, 2, 3, and 4, The 

results of water-gas tar treatment by immersion alone 
are given in table 6. 

It will be noted from the table that the average quan- 

tity of tar absorbed increased with the time of immer- 

sion, was greater in the concrete of 0.8 water-cement 

ratio than in that of 0.7 water-cement ratio, and was 

correspondingly greater in the specimens cured for 7 

days in air than in those cured in air for 1 day. The 

average percentage of tar absorbed by samples having 

the same air curing was uniformly greater for the speci- 

mens moist cured for 7 days than for those moist cured 

for 28 days. 
In regard to the protective effect of the tar treatment, 

the laboratory results indicate that the leaner mix 

(higher water-cement ratio), although more tar absor- 

bent, was somewhat less sulphate resistant than the 
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TABLE 6.—Protective effect of water-gas tar applied by immersion on concrete. Specimens stored in sulphate solution, 
major group 1, cement A! 

Cured—days | Treat- | Percent- Percentage of gain in weight after Number of lake samples attacked and failed after— : tot ment, | age of laboratory storage 

Subgroup No. els he ———__—_——— hours in water-g8s — 

; : ; Ne a 9or10 | 20t022 | 22to 33 19 31 43 55 67 
| Moist | Air | gas tar | absorbed | 4 month} jonths | months? {months? | months | months | months | months | months | months 

¥% 0. 63 0.99 1.730 0n 4.74 (21)| ee Be (23) 0 0 6 6 Toe 
- L| 1 77 91 1.40 | 4.25 28 F (23) 0 0 6 6 kis eee 

1...----- | 138) 0.8 y 4 1.03 187 1.01 | 4.28 (21)|  F (33) 0 0 0 6 ¥ ee 
il 24 1.37 44 .80 | 2.57 (21) F (33) 0 0 0 6 Pues seen 

AVOT8GO) Noe cee caso ele 8 See eee - 95 A783 1. 23 SOG whe ake Oe 5 |e ee ae ee ee se & saline et ee ee is 

| \% 1.03 1.37 2.29 Bly eek 0 6 6 Bil 222 Sa eee 
ss 139 2 .. 1 1. 40 1.28 2.15 Te (2 1) ee ene 0 6 6 digs Nees <3 BS hoy ad 
aaa sc aaa 3 : el fo. 1.82 90 1.93 pus(21) | gece eae 0 0 6 F408 mR eit. 32 se 

| 24 2.34 . 66 1.38} 3.09 (21) F (88) 0 0 6 6 124 be ee 

A verage__ 1 eee eres ee eee 4 eS 1.65 1.05 1 QAM eae eo | ee Se eI eee eee 23523. Sipa2 eee ‘eS ae 

14| AL 94 1.75 Fe) bee 0 0 0 6 if pereeare 
4 = i 1 61 .88 1.68 Hat (2)\ ee oe 0 0 0 6 jh ecaa. bae 

ie <5 are ssiict baat 4 64 60 1.09] 4.74 (20))  F (27) 0 0 0 6 F i 
24 82 . 50 EST 2.93 (20) (27) 0 0 0 6 fs): eee 

Average. _|._ fsck se ee | Paes Ne eee . 60 513 TSB Wee oe re ee ae Nhe es et oe Spee eS See ae 

\% . 67 1. 45 2.42 | 9.23 (20)| F (22) 0 6 6 Fe aa ao ae 
4 141 8 98 _ 1 82 1.18 1.94 | 6.33 (20)| F (22) 0 6 6 Fl ate eae 
bar ip ape : vt 4 1. 20 90 1.49 3.90 (20) F (27) 0 0 6 | gd Pee a 

24 (73 . 58 PalO eo 3SmO0)| eae (2) 0 0 6 E | eS erie eae 

Average__|_____. i Meats a air Mee Oe 8 RIS So 1.10 1.03 1774 p\ en ede ae ee VERO GMIE ae, Sa ae cio 2s Se ees 

% 77% ee ney, 1.28| 3.16 (21)|  F (28) 0 6 6 6 6 F 
5 as 7 7 4 1 8 .64 1.04 | 3.30 (21)| F (28) 0 0 6 6 6 F 

4 .97 . 56 Nt) PAZ) (OW © GD 0 0 6 6 6 F 
24 1.15 . 50 E7ot | OnObR (21) me Eu 3b) 0 0 0 3 6 F 

ANOLEE G2 Sue een | Se eee heer | Seeneead [forces .87 . 64 OOF) eeenS6 met ee eee eee ee oe | Cae eee de | Sees oh oa ee ee 

¥% .63 1.92) A | Ke Go| iw Gy 0 6 6 6 i eke» 
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1 Values based on 3 and 6 specimens for laboratory and lake storage, respectively. F indicates failure of specimens. 
4 Figures in parentheses indicate exact number of months in solution at time of weighing or number of months in solution until failure. 

richer mix. It will be observed too that the quantity 
of sulphate absorbed by each subgroup of specimens, as 
indicated by the gain in weight, decreased as the time of 
immersion in the water-gas tar was increased. The 
greater resistance thus indicated was reflected to some 
extent in the ages at which failure took place, but the 
differences in age at failure are not sufficiently great to 
be considered of practical importance. After 33 months 
exposure to the sulphate solution all specimens stored 
in the laboratory had failed. 

The effect of the water-gas tar treatment on the dur- 
ability of samples stored in Medicine Lake showed 
approximately the same trend as that indicated by the 
laboratory specimens. However, all the lake specimens 
had failed at 67 months. Comparable subgroups of the 
richer mix were somewhat more alkali resistant than 
those of the leaner mix and the beneficial effect of the 
shorter air curing was also indicated. (See photo- 
graphs in fig. 1, crates 142 to 145 inclusive.) 

EFFECT OF WATER-GAS TAR WITH COAL TAR SEAL COAT 

The results of the tests on concrete treated with 
water-gas tar by immersion, followed by a seal coat of 
coal tar, are given in table 7. A comparison of these 

results with those given in table 6 shows that the addi- 
tion of the seal coat appreciably increased the resistance 
of the concrete to the action of sulphate waters. 

Of the specimens shown in table 6, all had failed in the 
laboratory at 33 months. In contrast to this, table 7 
shows that none of the seal-coated specimens failed in 
the laboratory until about 53 months and two of the 
subgroups were showing continued resistance at ages of 
101 and 102 months. 

The absorption of tar by the specimens shown in 
table 7 was affected by the different variables in the 
same manner as the specimens of table 6. Table 7 
shows that the resistance of comparable subgroups of 
laboratory specimens was generally greater for the 
water-cement ratio of 0.7 (rich mix) than for the 
water-cement ratio of 0.8 (lean mix); and was greater 
for the specimens cured 1 day in air than for those 
cured 7 days in air. 

With minor exceptions, the same factors that 
influenced the resistance of the laboratory specimens 
also influenced the resistance of the specimens stored in 
Medicine Lake. Insofar as the data for both laboratory 
and Lake specimens permit of a determination, it 
appears that little, if any, added durability is gained 
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TaBLe 7.—Protective effect of water-gas tar applied to concrete by immersion followed by a seal coat of coal tar. Specimens stored in 
sulphate solution, major group 2, cement A} 
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1 Values based on 3 and 6 specimens for laboratory and lake storage respectively. 

by increasing the period of immersion in water-gas tar 
beyond 1 hour. Photographs of crates 146 to 149, 
inclusive, are shown in figure 2. 

PROTECTIVE VALUE OF WATER-GAS TAR APPLIED BY 

BRUSH COATING 

The test results for concrete treated with water-gas 
tar applied by brush coating and for a comparable 
series of brush-coated specimens with a seal coat of 
coal tar are given in tables 8 and 9. The significant 
showing of these tables is the low protection afforded 
concrete by brush coats of water-gas tar (table 8) as 
compared to the protection given by the same treat- 
ment with an additional seal coat of coal tar (table 9). 
Over half of the entire lot of laboratory specimens with 
a brush coat only had failed at 40 months, while 
practically all the laboratory specimens with an addi- 
tional seal coat were intact at 76 months. The test 
results indicate about the same general relations 
between water-cement ratio, method of curing and tar 

F indicates failure of specimens. 

absorption as were recorded in tables 6 and 7 for the 
immersion treatment. 

Comparing the effect of the treatments on specimens 
stored in Medicine Lake, it will be noted that nearly all 
cylinders treated with water-gas tar alone had failed 
after an exposure of 74 months or less (table 8), while 
of those receiving the coal tar seal coat, only two 
failures were recorded at 74 months (table 9). Photo- 
graphs of crates 154 to 157 inclusive in figure 3 show the 
condition of four representative subgroups with and 
without seal coats of coal tar. 

EFFECT OF AMMONIUM FLUOSILICATE ALONE AND IN COMBINATION 

WITH WATER-GAS TAR AND SEAL COATS OF COAL TAR 

A preliminary investigation of various fluosilicate 
compounds indicated that the ammonium salt, when 

applied to concrete in a 20-percent water solution, was 

effective in retarding sulphate attack, especially when 
followed by an application of water-gas tar or coal tar. 
Exposure tests were therefore carried out on specimens 
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TABLE 8.—Protective effect of water-gas tar applied to concrete by brush coating. Specimens stored in sulphate solution, major 

group 8, cement A} 
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1 Values based on 3 and 6 specimens for laboratory and lake storage respectively. F indicates failure of specimens. 
® Figures in parentheses indicate number of months specimens had been in solution at time of weighing, or number of months in solution until failure. 

treated with this material alone and in combination 
with water-gas tar and seal coats of coal tar in the 
manner indicated in table 4. The concrete test speci- 
mens were fabricated both with low alkali-resisting 
cement A and with high alkali-resisting cement B. 

As the exposure tests progressed, it became evident 
that the alkali resistance did not materially increase 
with the quantity of fluosilicate applied, but was af- 
fected more by the curing of the test samples. For 
this reason the results of individual treatments have 
been combined and the values recorded in tables 10 
and 11 are the averages of all treatments applied to 
each subgroup of specimens. 

The laboratory test results indicate that none of the 
treatments imvolving the application of ammonium 
fluosilicate to concrete made with cement A (table 10) 
was particularly effective. 

The specimens of major group 5, treated with fluo- 
silicate by immersion, showed no better resistance than 
similar untreated specimens (table 5) while, with the 
exception of major group 7, few of the laboratory speci- 
mens attained ages greater than 20 months. The lake 
specimens showed about the same general trend of 
performance as that for the laboratory specimens. 
Major group 7, treated by immersion with fluosilicate 
and water-gas tar, has shown the best resistance to 
sulphate action, both in the laboratory and in the lake, 
but even in this group the performance is not impres- 
sive as compared with that of the specimens treated 

with water-gas tar and given a seal coat of coal tar. 
(See tables 7 and 9.) 

Table 11 shows the results obtained with the various 
treatments with ammonium fluosilicate and tar ap- 
pled to concrete made with cement B. In view of 
the results shown in table 10 for concrete made with 
cement A, it must be concluded that the greatly 
superior resistance recorded in table 11 is due primarily 
to the character of the cement rather than to the pro- 
tective treatments. It is also concluded that ammon- 
ium fluosilicate, either alone or in the various combina- 
tions with water-gas tar and coal tar, does not afford 
effective protection to concrete exposed to the action 
of sulphate waters. 

Photographs of representative crates of specimens 
from major group 7, made with cements A and B, 
are shown in figure 4. Two crates from major group 
5 made with cement B are shown in figure 5. 

PROTECTIVE VALUE OF SODIUM HYDROXIDE 

The specimens in major groups 5-S to 10-S, inclusive, 
were made with cement A and the treatments were 
identical with those given the specimens in the corre- 
sponding major groups 5 to 10, inclusive, except that a 
10-percent solution of sodium hydroxide was substi- 
tuted for the 20-percent solution of ammonium fluo- 
silicate. The results of the exposure tests, which were 
made only in the laboratory, are shown in table 12. 
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TABLE 9.—Protective effect of water-gas tar applied to concrete by brush coating, followed by a seal coat of coal tar. Specimens stored in 
sulphate solution, major group 4, cement A} 
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1 Values are based on 3 and 6 specimens for laboratory and lake storage respectively. 

The protection afforded by the treatments involving 
the use of sodium hydroxide was, with some exceptions, 
generally superior to that afforded by the similar treat- 
ments with ammonium fluosilicate. It is perhaps note- 
worthy that the greatest resistance to attack was shown 
by the specimens of major groups 6-S and 9-S which 
were the only ones with a seal coat of coal tar. How- 
ever, the protection afforded by the sodium hydroxide 
treatments was distinctly inferior to the protective 
effect of the treatment with water-gas tar followed by 
a seal coat of coal tar as recorded in tables 7 and 9. 

CONCLUSIONS 

From the data that have been presented, the follow- 
ing conclusions are drawn: 

1. The trends of performance of the specimens ex- 
posed in Medicine Lake and those exposed to the 
action of sulphate solutions in the laboratory were in 
sufficiently close agreement to justify the conclusion 
that the results of laboratory tests of this character 
may be considered indicative of the performance to be 
expected under natural conditions of exposure. 

2. Concrete fabricated with the cement having a 
low ratio of alumina to iron was more resistant to sul- 
phate action than was concrete containing the cement 
having a high ratio. 

F indicates failure of specimens, 

3. The application of water-gas tar to concrete either 
by immersion or by brush coating afforded about the 
same degree of protection. The resistance to sulphate 
action was greatly increased by the addition of a seal 
coat of coal tar. The data indicated no appreciable 
added benefit from immersion in water-gas tar for more 
than 1 hour or from the application of more than 4 
brush coats. 

4. Ammonium fluosilicate, alone or in combination 
with water-gas tar or coal tar, did not afford adequate 
protection from the action of sulphate waters. 

5. Sodium hydroxide, alone or in combination with 
water-gas tar or coal tar, afforded better protection 
than similar treatments with ammonium fluosilicate. 
However, all the treatments with sodium hydroxide 
were distinctly inferior to the treatment with water-gas 
tar followed by a seal coat of coal tar. 

6. The resistance of the treated concrete was influ- 
enced by the character of the concrete and by its 
curing prior to treatment. Concrete of the richer mix 
having the lower water-cement ratio was more resistant 
than concrete of the leaner mix with the higher water- 
cement ratio. Also concrete cured for a short period 
(1 day) in air prior to treatment was more resistant 
than concrete cured for a longer period (7 days). 



1 Values for major groups 5, 6, and 7 are based on 12 specimens for laboratory and 24 specimens for lake storage. 
for laboratory storage and 12 specimens for lake storage for groups 8 and 9, and 24 specimens for lake storage for group 10. F indicates failure of specimens. 
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TaBLE 10.—Protective effect of ammonium fluosilicate and tar on 

Cured Average absorbed Gain in weight after laboratory storage 

one group anes teats Baie oad Treatment ine i arene Gace i 
0. : 

No. Moist Air Salt Tar Y%month | ote 00 eesti 

Days Days Percent Percent Percent Percent } Percent | 
1 202 0.8 if 7 132"| 2 eee 2.78 ¥ (0) ees 

2 203 x 7 28 2200 te eee 3. 36 a (9) | 2-2 eee 

3 ae 8 oe zi Immersion in ammonium fluo- ne oPaere ee , o F 8} peer ai 

eee em 5 306 : 7 7 |) Silicate for periods of 34, 1, 4, 1,1) weap 228 F (9) tec 
6 207 "7 7 ag || and 24 hours. Hg Pane ss 12 3.37 F (a) gc eee 
7 208 au 28 7 S70), |e ee ees 1. 84 P5(8)'|\ ee 
8 209 wal 28 28 T05c tae 2.45 F'A(7)\o00 eee 

Group average__________-- Newey s ape mie See 2 BLAlses 2 eee eee ee 

9 210 .8 7 7 1.76 0. 45 1.95 2.52 (6) F (19) 
10 211 .8 7 28 TOPs . 51 1. 68 3.02 (5) F (20) 
11 212 OS 28 7 ||Immersion in ammonium fluo- . 98 . 50 1.35 1.88 (5) F (18) 

: 12 213 8 28 28 silicate for periods of %, 1, 4, 133 . 42 1. 62 2.98 (4) F (19) 
6. .------- 13 214 Ae uf 7 and 24 hours plus 1 brush coat 1.38 .49 1.69 2.47 (5) F (18) 

14 ile ih 7 28 of coal tar. 1.49 Od 1. 69 3.05 (5) F (17) 
15 216 My 28 7 . 70 . 80 . 82 2.09 (4) F (17) 
16 217 hie 28 28 1.03 42 1,37 2.36 (4) F (16) 

Group average. ____._____- 1.36 . 44 1.52 2.55 «| eee 

17 219 .8 7 7 1. 80 . 53 1. 58 1.66 (5) 1.70 (15) 
18 220 aS ve 28 Immersion in ammonium fluo- 2. 49 . 61 2.52 2.45 (5) 2.50 (15) 
19 221 .8 28 7 ilicate f iods of 14, 1, 4 . 84 384 1.30 1.62 (4) 2.28 (14) 

z 20 222 ‘8 28 DSsl i ceeg ouvir galled ed Ceara 1. 26 41 1.52 1.86 (3) 2.53 (13) 
Tone onan a= 21 223 7 7 Tol | ev atenares ta CePA Geet 1.38 42 1.29 1.40 (5) 1.65 (15) 

22 224 vA 7 28 || aoa vere, eee ease oe 1.85 87 1.44 1.83 (4) 1.90 (14) 
23 225 27 28 Tail hee uns e8h .37 90 1.17 (3) 1.70 (11) 
24 226 ag 28 28 . 83 45 1. 56 1.98 (3) 2.55 (11) 

Group average. _.-.-.-..__- 1.41 . 46 1. 50 bers 2.10 

25 227 .8 7 7 200 Se See secs oe 2 58 3.19 (7) 5.08 (19) 
26 228 .8 7 28 1, 34: Naan, Sees 3.49 4.09 (7) F (18) 
27 229 .8 28 7 43 ee es 1.78 2.08 (6) F (18) 

Bae eee) 28 230 3f3 28 28 |\4and 6 brush coats of ammonium 1323 |_ eee ees aie 3.08 (5) F (17) 
29 231 mull 7 i fluosilicate. 1367, | 22 Sees ee 1. 96 Pee (Gp) 2.81 (18) 
30 232 at Kf 28 A 50: eee ee 2.78 3.26 (7) 3.85 (18) 
31 233 aati 28 7 1335 ye oe eee 1.97 2.26 (6) F (17) 
32 234 Af 28 28 IE UG es a on Te 2. 29 2.84 (6) F (17) 

Group average_____-___-_-- IS5S8' | Pee Ae 2. 45 2.89 0 |e 

33 227 .8 a 7 2. 06 43 2.47 SOURCE) F (19) 
34 228 .8 vf 28 a 78 389 ‘le - 3. 51 tas 4 ie oe 
35 229 8& 28 Uf - 40 42 1. 2 1.97 5 

G2) ae 36 230 ‘8 28 5 (oS eee 142 "39 1.17 2.78 (5) F (17) 
37 231 ai 7 7 Coatoficoal tar: Ie 1. 68 .39 1. 63 2.12 (7) 2.34 (18) 
38 232 i 7 28 ae 1. 60 . 44 1. 43 PES Awp) 3.31 (18) 
39 233 adh 28 Uf 1. 28 .39 1, 22 2.06 (6) F (17) 
40 234 aA 28 28 1, 28 . 36 iGyAs 2.27 (6) F (17) 

Group average___________- 1. 56 . 40 1. 54 2°54 = || eee 

41 235 .8 7 7 1.41 . 67 1. 48 8.71 (10) F (20) 
42 236 ae) 7 28 1. 86 .85 1.65 2.56 (9) F (20) 
43 237 .8 28 7 ||4 and 6 brush coats of ammo- 1. 56 . 48 eat 1.75 (9) F (20) 

Oe Fee ee 44 238 .8 28 28 nium fluosilicate plus an aver- 1.52 . 40 1.43 2.64 (8) F (20) 
45 239 ah, 7 7 age of 3 brush coats of water- 1. 40 . 50 Leon 1.95 (10) F (20) 
46 240 <6 7 28 gas tar. N72 .79 1.10 1.97 (9) F (20) 
47 241 oth 28 7 1. 27 -32 atl! 1.16 (8) 1.54 (19) 
48 242 58 28 28 1.45 38 93 1.92)" (7) | ae eee 

Group average. ...-..._--- 1.52 55 et 7 20) 2.91 oe | eee 
| 

Values in major groups 8, 9, and 10 are for 6 specimens 
Figures in paren- 

theses indicate number of months specimens were in solution at time of weighing, or number of months in solution at time of failure. 



January—February—Mareh 1944 PUBIELC ROA DS 
a 

concrete made with cement A, stored in sulphate solution } 

Gain in weight after laboratory storage 

24 to 27 
months 

Percent 

30 or 31 
months 

Percent 

Number of lake samples attacked and failed after — 

38 or 39 3 to 8 11 to 13 15 to 21 23 to 25 27 to 33 35 to 45 47 to 53 59 to 65 et months |6! months) jv onths months months months months months months months | 72™onths | 84 months 

Percent Percent 

Te es eee: Sree (6) eee oe 11S) Wee eee TUNE) en ee cy Sel Nees e-em [Om oe we 
‘2 aL ERS 2 es OG) Eanes 3 Sk. eee ee EY (80) eee eal CN te eer Rear’ «CCS re eee 
Pease e... TED | aa fe a Oat) mu ay A1('7))| Sones Be 4F (29) CeCe ae a: Nae Oe ea a aa 
To ESAS Ses ene read ne hme 2 an Biome t oF oa) E a Sh. 8p eS ee Se (ae 
eee eee eG er aT OMS) St ae 0:17) | eee : oe ips A tel) eel Races et ee a ie ee De® 
ae San ee hla eo rey 0 ( ee 0 os laters s 6 (29) 6F (41) TENG (59) eee Se (ee et a ee 
25 Te Pees esl, Gee O8C)) Sine E O16) Dae ear 12 (28) 12 (40) TBR05 2) ae ees (OTe «|e A eats 
oe ee ee a ee nea gC) Seen 0! (iG) Seen 12 (28) Tt (20) ea tel, EEN me ee in oe 

__ SST ie | el are Gee ORIRNIN weed u RIN Lee ele 18F (33) ach ee ee eR, 5 ye nee 
A ee ele 25 ae ie ee eae CCS) eee Waa (GONE = ed (32) aeeet aetels | eteeain | Meee etre eee | I 
eee aes ieee. | | ee ORC eee ae O19) ee ee TONS) dpe OY en ce SS ee RES So eae ee ae [ep ee 
2S a ee are | ee OCG es caeas OuC1S)) eee 12F (30) TENG ea | ee | eee ee eee eae 
DN ge Seats = 40 es ry aed ce Dane Os (On (20) |e ee ane 12F (32) Ts (42) ait SPD OS om Rien ys Cia oh Sol ee ae 
Re ee ares ORT) ee ee ‘8 (19) Sen ee eee HS 1(94:)|| eee 2s | CMOS RU Serene || Se SE NS a ee 
es se (O(G)) (Cee ONG WE Te 0 (30) QF (42) 1 (GEN 25. ed ee ee ee ee 
oe TOR on al (a a ca (iN Gah eee eae Ou 7) | aoe oe 6 (29) 2) eae emereeree| = ee Se oo se 

‘\ 
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TaBLeE 11.—Protective effect of ammonium fluosilicate and tar on 

Cured Average absorbed Gain in weight 
Sub- . 

F = Crate QYSoCo SSS SS 
M roup No. rou P | Treatment 
pk aes 6 RBs No. TAvIO Moi Aj Salt Tar % 37 to 46 48 to 58 

Aoist aaau month months months 

Days Days Percent Percent Percent Percent Percent 
| 1 162 0.8 7 7 DABS Me eed 2. 80 3.64 (45) 4. 22 (55) 

2 163 .8 7 28 PIS Hy eee eet 3 iS; : 49 vn rir ee 
| 3 164 .8 28 7 . . . OA Wak eee 99 (44 14 (56 

3 4 165 ER 28 28 erie eet = aaeat ie fae ih ig gee Bea 3.17 4.05 (44) 4.46. (55) 
Bis -hasan ele ws | 5 166 7 7 Alerter 4, 1, 4, Ei) eee 2. 30 2.97 (45) 3.11 (56) 

6 167 i a 9g j|ean puss: TOG Wine epee 3. 16 3.74 (44) 4.24 (55) 
iu 168 ah 28 dal at: | ERE Let ee 1. 68 2.46 (43) 2.73 (54) 
8 169 mf 28 28 | FAG; pee eee 2. 29 3.12 (43) 3.30 (54) 

| Group:averageves=-—- 22 a 126i 2. 63 3. 43 3.79 

9 | 170 8 7 7 2.08 0. 37 2.44 3.20 (44) 3.20 (55) 
| 10 171 .8 7 28 3. 07 Py) 1, 37 3.84 (42) 3.99 (52) 

11 172 .8 28 7 ||Immersion in ammonium fluo- 1, 13 . 28 . 68 2.17 (42) 2.17 (53) 
; 12 173 .8 28 28 silicate for periods of 14, 1, 4, 1. 65 . 34 1.17 2.95 (41) 2.95 (52) 
Wake tie ane 13 174 a7 7 7 |( and 24 hours plus 1 brush coat 1. 25 36 1. 15 2.31 (42) 2.31 (54) 

14 175 =i 7 28 || of coal tar. 1.80 ol 1.41 2.80 (40) 2.80 (52) 
| 15 176 yf 28 7 . 58 . 30 . 65 1.88 (41) 1.88 (53) 

16 177 stab 28 28 87 . 30 46 2.29 (41) 2.35 (52) 
| es 

Groupiaveratemsctas-- 4s s)2 es 1.55 .32 LA17, 2. 68 pA 
| | | | a 
| 17 178 | -8 | 7 my) 2.72 1. 50 1. 50 2.24 (40) 2.24 (52) 

18 179 .8 a 28 ||Immersion in ammonium fluo- 3.11 .97 2.10 24), (38) 2.71 (50) 
19 181 PKs: 28 7 silicate for periods of 4, 1, 4. .83 mie Lbu 2.14 (44) 2. 26 (52) 

SEE eee ei 20 180 Can 28 28 and 24 hours followed by equal 1. 38 ie 2. 08 2.78 (37) 2.81 (48) 
| 21 182 dell 7 id periods of immersion in water- 1. 69 .95 1. 24 1.85 (38) 1.96 (50) 
| a 183 cnt if 28 gas tar. D520 . 62 200 2.91 (37) 2.91 (49) 

23 184 Gi 28 7 iti . 60 1.39 2.02 (45) 2.06 (56) 
24 185 adi 28 28 89 ~ 55 2.00. 2.29 (43) 2.29 (55) 

| a paee 

Groupiaveragsems. =e Veg 7A. . 83 1.78 2. 36 2. 40 

25 186 .8 7 7 ] 3. 3. 43 4.30 (46) 4.51 (58) 
| 26 187 .8 7 28 3. 4.70 BA(43)| 2. eee 
| 27 188 ae) 28 4 ifs 2. 28 2.50 (43) 2.80 (55) 

ie SARE cb ne 28 189 8 28 28 |\4 and 6 brush coats of ammo- if alo 3.39 (43) 3.95 (55) 
29 190 C7, 7 7 { nium fluosilicate. 3 3. 20 3. 53 (41) 3.77 (53) 
30 191 A 7 28 | 2. 3. 51 4.10 (41) 4.36 (53) 
3] 192 od 28 7 | 35 2.33 2.64 (42) 2. Fo. (54) 
32 | 193 7 28 28 1. 2. 68 3.09 (42) 3.24 (54) 

| | Group avers: cas sees DPANC a. cogs Re 3.000 ees ae ee 
| | = = 

| 33 186 8 7 1 3.37 .44 3. 03 4.26 (45) 4.36 (57) 

| Bek strana ale apn ase og 135 | “0n| Ler aay] hot GH oc é: (| * = . 3 * « 

‘ | 36 189 2 28 28) en eee 1.62 “50 1.32 | 2.90 (42)| 2.96 (55) 
ape is * o 37 190 a 7 tlt crest ee | 2. 91 44 3.13 3.47 (41)| 3.46 (53) 

38 191 me 7 28 | ‘ VATAl -41 oone 3.86 (41) 3.86 (53) 
39 192 ots 28 (a\ lege! 41 ieeAl 1.99 (42) 2.09 (54) 
40 193 | pil 28 28 | 1.90 50 .97 2.68 (42) 2.77 (54) 

| ——_——. SS Oe ee 

Group average__________ $ 2. 36 Ray, 9026) \.s colo a Se 

| 41 194 | 8 7 7 3. 59 1.02 2. 28 2.69 (41) 2.76 (53) 
| 42 195 8 i 28 3.19 pos 8.45 3.73 (39) 3.75 (52) 

43 196 .8 28 7 Mande brush coats ORnmirionrannt| 2AS i 20 1.65 2.19 (38) 2.19 (51) 
10 44 197 .8 28 28 fluosilicate plus an average of 2 2.05 25 3. 07 3.40 (37) 3.40 (50) 

faidae beans 45| - 198 a 7 WOM race corte Ge eras Bac oie 3.19 34 2.13 2.64 (39)| 2.72 (52) 
46 199 ah) a 28 ES ; 2. 26 . 40 2. 58 3.01 (88) 3.06 (51) 
47 200 Rif 28 7 1. 67 ao 1.03 1. 56 (37) 1.63 (50) 
48 201 aii 28 28 | 2. 57 . 28 1.98 2.61 (37) 2.61 (49) 

| Group average_-.--------- 2. 58 41 2.51 2.73 2.76 

1 Values for major groups 5, 6, and 7 are based on 12 specimens for laboratory and 24 specimens for lake storage. Values in major groups 8, 9, and 10 are for 6 specimens for 
laboratory storage and 12 specimens for lake storage in the case of major groups $ and 9, and 24 specimens for lake storage for major group 10. F indicates failure of specimens. 
Figures in parentheses indicate number of months specimens were in solution at time of weighing, or number or months in solution at time of failure. 
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concrete made with cement B and stored in sulphate solution ! 

after laboratory storage Number of lake specimens attacked and failed after— 

60 to 69 73 to 93 85 to 105 | 102 to 106 1 toll 12 to 23 24 to 35 36 to 47 48 to 59 61 to 71 72to 83 | 84to95 | 96to101 | 102 to 113 
months months months months months months months months months months months months months months 

Percent Percent Percent Percent 
4.77 (69)| 5. 63 (93) BG(LO5) (Sek ees ee 0 (7) 0 (19) 24 (31) 24 (43) 24 (55) 24 (67)| 18F (79 P01) peek a scees le ee 
7F (67) LE (CP) es — ee | ES at 0 (6) 0 (18) 24 (30) FRE (22) age ee a | ei ae a Be ee Ste eR eae Sa 

3.45 (69) 3F (93)| 6F (105)| 6F (122) 0 (7) 0 (19) 12 (31) 18 (43) 24 (55) 24 (67)| 12F (79) BEC D1) ee See kal ee ae 
5.47 (68) Lib (0072) ep teete gS Pees (nh eee else 0 (6) 0 (18) 0 (30) 9 (42) 24 (54) 6F (66)| 6F (78) WE(O0) Roe ere Soo ee 
3. 50 (68) Hg (O2) |e ceeal oars) Geet eres 0 (8) 0 (20) 12 (32) 24 (44) 24 (56) 24 (68)} 12F (80) Bi (G2) peered 
5.02 (68) TiO): We went es eee ee ae eee 0 (6) 0 (18) 12 (30 18 (42) 24 (54) 24 (66) 24 (78) BAGO) ft eee =k [te rae 
2.89 (67) 6F (91)| 6F (103)| 6F (120) 0 (6) 0 (18) 6 (30) 6 (42) 24 (54) 24 (66) 24 (78) P00) |seemeeee MOSHE = 5 ee eee 
3.40 (67) USO.) |e ek Oe See |e a oe 0 (6) 0 (18) 0 (30) 0 (42) 24 (54) 24 (66) 24 (78) TBO ))| eee nS 

ee) ee ee eee oe eS 8s el oe | el ake tie eel Gee sib ame eeeee Bore Foe Oe le oe 

3.20 (67)| 3.68 (91)| 3.81 (103)} 3.81 (121) 0 (5) 0 (17) 0 (29) 5 (41) 6 (53) 24 (65) 24 (77)| 1F (89)| 1F (101)| 1F, (113) 
4.96 (65) 6F (89); 6F (101)} 7F (118) 0 (3) 0 (15) 0 (27) 7 (39) 24 (51) 6F (63) TBs (7) | eee eta hat |b te ee Dae pee 
2.17 (66)| 2.43.(90)| 2.55 (101)! 2.55 (119) 0 (4) 0 (16) 0 (28) 3 (40) 3 (52) 4 (64) 4 (7 4 (88) 4 (100) 4 (112) 
3.37 (65)| 3.58 (89)| 3.81 (101)| 3.81 (119) 0 (3) 0 (15) 0 (27) 0 (39) 5 (51) 24 (63) 24,(75).) SE) (87)| “GF (90) l--- 0 2 
2.39 (66)| 2.61 (90)| 2.73 (102)} 2.73 (119) 0 (4) 0 (16) 0 (28) 2 (40) 2 (52) 5 (64) 5 (76) 5 (88) 5 (100)| 24 (112) 
2.84 (64)| 3.19 (89)| 3.34 (101)| 3.34 (116) 0 (3) 0 (15) 0 (27) 3 (39) 6 (51) 6 (63) 6 (75) 21 (87)} 3F (99)| 4F (111) 
1.94 (65)] 2.16 (89)} 2.26 (101)| 2.26 (119) 0 (4) 0 (16) 0 (28) 1 (40) 1 (52) 1 (64) 1 (76) 1 (88) 1 (100) 1 (112) 
2.48 (65)| 2.71 (89)| 2.79 (101)| 2.79 (119) 0 (3) 0 (15) 0 (27) 0 (39) 1 (51) 1 (63) 1 (75) (87) 2 (99); 11,.(110) 

0 2 a eee eee! |e ate |e |e en eee Clete” ee le wee weeds als tall eee Me cee ek lv eee er! Io oS 

2.32 (64)| 2. 64 ($8) 2.73(100)| 2.73 (117) 0 (2) 0 (14) 0 (26) 0 (38 6 (50) 15 (62) 15 (74) 24 (86) 24 (98) 1F (110) 
2.71 (62) 2.92 (87)| 2.98 (99)] 2.98 (116) 0) 0 (13) 0 (25) 0 (37) 0 (49) 0 (61 (7 1 (85) 1 (97) 2 (109) 
2.26 (62)| 2.85 (80)| 3.08 (92)| 3.08 (110) 0 (7) 0 (19) 0 (31) 0 (43) 12 (55) 15 (67)} 11F (79)| 18F (91)|_.---.__-_- 18F (103) 
2.97 (60); 3.25 (85)| 3.41 (97)] 3.41 (114) 0 (11) 0 (23) 0 (35) 0 (47) 0 (59) 0 (71) 1 (83) mO5) fae eee ek 10 (107) 
1.99 (63)| 2.25 (87)| 2.43 (99)} 2.43 (116) 0 (1) 0 (13) 0 (25) 0 (37) 0 (49) 0 (61) 2 (73) 6 (85) 18 (97)| 18 (109) 
2.91 (61); 3.17 (86)} 3.31 (98)| .3.31 (115) 0) 0 (12) 0 (24) 0 (36) 1 (48) 1 (60) 1 (72) 1 (84) 1 (96)| 1 (108)) 

ae 2.34 (80)| 2.48 (92)} 2.48 (110) 0 (7) 0 (18) 0 (30) 0 (42) 9 (54) 12 (66) 18 (78) 24 (90)|-----------| 24 (103) 
2.49 (68); 2.91 (80) 3.06 (92)| 3.06 (109) 0 (6) 0 (18) 0 (30) 1 (42) 7 (54) 9 (66) 18 (78) 245(90)|| em 24 (102) 

SS eee 2.79 2.93 2.93 ea a Mee meets nF ee LS Sees... Seemann eee eee ew aS Rewer ne wealrecnen ee PAGE Tat okt Loe 

ot 3F (81) 3F (93) F (111) 0 (8) 0 (20) 0 (32) 12 (44) FV (56)) | ee ae ere fae ee eee ee Sore oe 
Pere Pere rs eet Tee ae es 0 (6) 0 (18) 0 (30) 12 (42) TG ee. a ees |S poe eee) Soe ee ed ee ee 
ee 3.55 (79)| 3.74 (91) F (108) 0 (5) 0 (17) 0 (29) 0 (41 6 (53) 6 (65) 1D (Ns Sel easter |e am ee ee 
ve LU 7A) | Me lle oe 0 Meters OE 0 (5) 0 (17) 0 (29) 12 (41) 6F (53) HE (65))| Seen | ee een eae ee ore ee 
ees 4.24 (77)| 4.34 (89)] 4.34 (106) 0 (3) 0 (15) 0 (27) 0 (39 0 (51) 6 (63) 6NG75) Pen Ge(S7)imeeaGE) (O9))|- <2 
oS ae Ee 3F (76) 3F (88) F (106) 0. (4) 0 (16) 0 (28) 12 (40) 12 (52) CF (64)| ewe ae ee eae Sele | > a Sw ee 
eee ade Ree 3.18 (78)| 3.31 (90)) 3.31 (107) .0 (4) 0 (16) 0 (28) 0 (40) 0 (52) 12 (64) 12 (76) 129(88) eb En (100): Soe 2 eee 
= eae 3F (78) 3F (90) F (107) 0 (5) 0 (17) 0 (29) 12 (41) 12 (53) 12 (65) GDS Sh Ee ee 

oe 4.65 (81)| 4.79 (93)} 4.81 (111) 0 (8) 0 (20) 0 (32) 0 (44) 0 (56) 0 (68) 
Sct Sdhcdepeeieel tS pis hoe enti Ra Se i Ui il 0 (6) 0 (18) 0 (30) 6 (42) 12 (54) 12 (66) 

1.99 (79)| 2.11 (ol) 2.11 (108) 0 (5) 0 (17) 0 (29) 0 (41) 0 (53) 0 (65) 
3.37 (79)| 3.49 (91)| 3.49 (108) 0 (5) 0 (17) 0 (29) 0 (41) 4 (53) 12 (65) 
3.67 (77)| 3.78 (89)| 3.78 (106) 0 (3) 0 (15) 0 (27) 0 (39) 0 (51) 0 (63) 
4.10 (76)} 4.17 (88)| 4.17 (106) 0 (4) 0 (16) 0 (28) 0 (40) 0 (52) 0 (64) 

Ree ee 2.27 (78)| 2.40 (90)} 2.40 (107) 0 (4) 0 (16) 0 (28) 0 (40) 0 (52) 0 (64) 
Pitahe 4a5/ 3.01 (78)} 3.08 (90)) 3.08 (107) 0 (5) 0 (17) 0 (29) 0 (41) 0 (53) 0 (65) 

3.23 (89)| 3.23 (106) 0 (3) 0 (15) 0 (27) 0 (39) 2 (51) 18 (63)| 12F (75)| 12F (87) 
4.34 (88)| 4.34 (105) 0 (2) 0. (14) 0 (26) 0 (38) 2 (50) 6F (62)| 18F (74)| 18F (86) 
2.40 (87)| 2.47 (104) 0 (dd) 0 (13) 0 (25) 0 (37) 0 (49) 0 (61) 0 (72) 0 (84) 
3.80 (86)| 3.80 (103) 0 () 0 (12) 0 (24) 0 (36) 0 (48) 0 (60) 0 (72) 0 (84) 
3.15 (88)|} 3.15 (105) 0 (2) 0 (14) 0 (26) 0 (38) 0 (50) 0 (62) 3 (74) 11 (86) 
3.42 (87)| 3.42 (104) 0 d) 0 (13) 0 (25) 0 (37) 0 (49) 6 (61) 12 (72)| 6F (84) 
2.04 (86)| 2.04 (103) 0 Q) 0 (12) 0 (24) 0 (36) 0 (48) 0 (60) 0 (72) 0 (84) 

Sen eee 2.76 (73)| 2.94 (85)| 2.94 (102) 0 (11) 0 (23) 0 (35) 0 (47) 0 (59) 0 (71) 0 (83) 0 (95) 
| ‘ae 

fe ree 3. 02 3.16 3.17 sooth shah atl eape pee eel lye wee peis palpate meee amallee OE Tye ie | Pee ee aC a <p el Ce 



296 PUBLIC ROADS Vol. 23, No. 11 

TABLE 12.—Protective effect of sodium hydroxide on concrete made with cement A and stored in sulphate solution ! 

Average Ros . : Cured absorbed Gain in weight after laboratory storage 

Major Sub- r eae 0F Laeors ee eae —— ———— ee 
group grou ee Treatment ; 

No. | No. 2 eae nen Be “4 2t09 | 15to 21 | 27to29 | 40or41 | 51 to64 | 64to 76 | 93 
Moist | Air ae ar | month | months | months | months | months | months | months | months 

Days | Days Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
] 0.8 7] i 1 ESN sy) 2.03 | 2.99 (6) Fo (19) 00 a alee Se ss a ee ee 
2 nies 7 28 2134 esas 2,72) | 64..22)(6) EV ACO) | o2 5 eee Sle Re cee Se eee | ee es |e 
3 | 8 28 7 ||Immersion in sodium L001 | See W660) 2.57" (6) Be (19) |. oe er oe ee NS ee ee eee 

Sale : 4 | 8 28 28 hydroxide for peri- 1542) Serer Ney = 2.02 | 5.22 (6) Fi "(19) i 52k SS SS ee ee ee 
5 iA 7 7 ods of 4%, 1, 4, and 24 LOO Sse ee 1. 44 2.58 (6) Br (19))} 202 S02 Sule 28 ee Se es 
6 Sif zie 28 hours, LS) | eee 2.16 | 3.19 (6) FL%(19) | 2do i eel Seek oot lec es ee 
7 a7 28 7 80, | Sees 1.35 1.90 (6) EY (19)! See SES ee ee ee er 
8 7 28 28 151.9) eee eee 1.55 |- 2.69 (6) BY (18) | fo. ae seals aes ope | See ee oe | ere | 

Group average _ _ ATS Nee eee L878! Ballo * kage sseole ene SS ecles cutee BILE = Se oe 
| 

9 8 7 7 1.66 | 0.47 .69 | .92 (3)| 1.07 (16)| 1.37 (27) 2..06.|"~.F (64) gaa ele 
| 10 | ns “(al 28 ||Immersion in sodium 2. 37 40 .69 | 1.15 (3)| 1.24 (16)} 1.90 (27) 3. 63 F (64) 22 225.12. 

Lay 8 28 if hydroxide for peri- 1, 24 46 84 121 (3) le 67616) 2ap0) (20) 3. 26 FEN(63) |= 2 eee 
se a 12 Sh 28 28 ods of 4%, 1, 4, and 24 1, 36 49 .79 1.33 (3)| 1.59 (16)| 2.80 (27) Beis fee ae cass tle ee 

13. | weet 7 7 hours plus 1 brush 1.30 43 . 66 .88 (3)| 1.04 (16)| 1.15 (27) 1.40 | 1.80 (64); 1.96 (76)| 3F (93) 
14 | ae eal 28 coat of coal tar. 1,82 40 .81 1519 -S)ilelees ClO) ela 70m cen) 2.14 | 2.90 (64) EF (76) |p = 
15 aK 28 | 7 1.03 49 1B 97% 3) 1.02) (16)))) 1. 25) (27) 2.03 F')\(63)'|_ 3 eee 
16 Rt 28 | 28 1. 25 46 . 62 97 (8)| 1.01 (16)| 1.32 (27) 1. 63 B(63)| cee 2 eee 

Group average__ 1. 50 45 73 1.08 1. 24 Vol 4.’ oa SS ewe tle. oe oo ee 

fey .8 7 | 7 pees ‘ 1. 55 58 69 | 2.70 (9) B’(20) ino ee oe ee EE | ae oe 
ig Pe es 7 og ||itamersion in sodium || 9°39 |  * g7 BO. 2.93 (8) |) Fh C19) |. bs ecko [a cone Rr) ae hota g tc | eo 

| 2 hydroxide for peri- 
19 8 28 ft ods of 4 1 4 and 24 1 06 . 50 64 2 37 (8) F (21) ee ed peed er nd ee ee ge yd Rae) ee ea 

20 8| 2 28:1\e ours tollowede Dv aes . 33 O1n|, 3.18 (8)| Fe (20) |25 205.8 oS a2 aaah aye ee oe 
Go 21 Ri 7 Till cual erode Grit: OIE a eee 48 {| 1.63. (0)| FF (20)| 2 00 6 | teat el ce ee 

ite: le maar 7 Pt anne ee integers TNR 10) 72h 1564 (8) len, EO (19) try cee cee eee ae 1gaie'| ae pe. cae a 
23 | a 28 ral Nese 8 81 44 43°) -1,23,,(8)l, VP (10) | ee ee ee 
24 Sith 28 |} 28 | Be 1.16 sel 71 2.00 (8) F020) || 2c. eS PO ae ale Ae ee ee |e es 

Group average. _ 1.42 .49 68 QD waxe ene 22 | ae oO Re es | Re ee 

25 ot 7 ff 1:04 Ee eee mY A 3.35 (4) BCG) \ 2 Seal oe Oe ee ee ee | ee |e 
| 26 .8 ont 28 ARV AT pets 2s 3. 24 3.76 (4) F-(16)). 220 eee 22. ee ee eee 

27 .8 28 | 7 1.26) eee 2.10 2.36 (4) EY (16) 22288 S22 ee, Soa 58 SS ae Se ee | 
8282.4 = 28 eS ui 28 28 |\4 and 6 brush coats of be 47a ee 2.39 | 3.01 (4) FCG) \\* = Bit |e eae a ers 28) |S el ee 

29 A7al 7 7 sodium hydroxide. L-'66: eso ee 2.40>| 2.80 (4) FAs 6) ae eee he eee eee | Were) Ss Sr 2 al 
30 ad ee 28 159) Seog ones 2. 34 3.00 (4) F (19) 22 oe e422 es S| ee oe 
31 | a7 28 7a : 385 eee 1.25 | 1.66 (4)| 3.45 (16) BE (28): (ooh se SN eee | ee | re 

| 32 | ais 28 28 E.20°)| nena 1. 62 2.08 (4)| 4.76 (16) EA C28)\ 2 eee Ee ee |e 

| | Group average__ ey ieee 226 Ne D276. MP OSS an cos Salle Seb oe 8 ee ee | 
| sy = | = 

33 .8 7 et 1. 93 . 44 58 120) 14) el cA 85 CHG) WE S227) (eee 3.02 (52) FY(65) |2 ee 
34 .8 vd 28 | ee .38 71 1A 2 (4) le Zor CLG) izes (29) |e SH TiTe (VD) HS (G5) ieee 

: | 35 8 28 | 7 ||4 and 6 brush coats of 1. 23 38 . 58 .93 (4)| 1.60 (16) Ba (28) 222 See. ee 5 | S54 oot 
0-Si.-. 36 | 38 28 | 28 sodium hydroxide 1. 43 . 36 1 1.26 (4) 2.61 (16) FY (28) |, oe ok | ee eae 0 

37 nil 7 uy plus 1 brush coat 1, 63 .41 42 O34 iiete 255 CLG))) e428) ee 2.79 (52) (65) eee 
38 ot 7 28 of coal tar. 1. 54 38 NOCUl e356: (4) ili er On (16)i\e2800n (28) | = ae 3.47 (52) By (64): eee 
39 Bf 28 of 1.44 .39 .39 Su C4)" EOS GIG )ite4 an -28)) eee FE) (62) 5 ses 23 

| 40 se 28 | 28 1. 29 +B 22 911-(4)]) 1,82 (16) 178828) 2 Fy (61))|- a | eee 

| Group average__ 53 38 sisi tad 1:66, "|e nen ek Soo ella = 8 ee ee 

| 41 8 Zila ash Slat Bf |) 1:66 (6)| 9 FN(18)| 2 outa lon eke ee 
y 5 He) 28 ine 1.48 .85 90 1.80 (4 P17) nce el a oe ee ee 

43 Nou 28 | 714 aud 6 bree oye 1. 28 53 89 | 1.04 3} F i163 mere | fio eee bon | ae es ae 
NUS ier Meare Bee oe: 28 28 ET nan eesrarontd | an ome 1. 7F HS 2.67) (3) (16) | oes en (See le ep eee 

45 ad 7 TEC iseachomeceee torah eee oe ene 82. elh AS: CON) 2S 7017) eae F(A) ee agen ee 
46 ily 7 28 ray ermine ve ‘ 1. 50 .78 1.19 Ie7OnS) le 20 Te CLG) ||. sae He (40) te | 

| 47 7 | 28 7 te é 1. 62 55 84 1.16 (3) F* (16) 2.2 2. Se ek St ee ee 
48 Se 28 | 28 il, SB} 43 AOE | Ee) Be C5) ct 2 ee ee ee Oe ee 

Group average__ 1. 42 65 1.06 L163. sells MS oN et a 

' Values are based on 12 specimens for major groups 5-S, 6-S, and 7-S, and on 6 specimens for groups 8-S, 9-S, and 10-S. F indicates failure of specimens. Figures in 
parentheses indicate number of months specimens were in solution at time of weighing or number of months in solution at time of failure. 



DETERMINATION OF CEMENT CONTENT OF 
SOIL-CEMENT MIXTURES 

BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 

Reported by JACOB MIZROCH, Assistant Chemical Engineer 

HEMICAL ANALYSES made during the con- 
struction of soil-cement base courses have been 

of value in locating and controlling discrepancies be- 
tween required percentages of cement and the amounts 
actually present. This information is also useful i 
studies of the pavement during its service life. 

In 1939 and 1940 several State Highway Depart- 
ments began to make chemical analyses as a control 
measure on soil-cement work. This led to a_pre- 
liminary survey by Subcommittee No. 2 of the Project 
Committee on “Stabilized Roads” of the Highway 
Research Board to determine the methods of analysis 
in use and their relative merits. 

The survey showed that 2 basic methods were in 
use. At the request of the subcommittee, 23 labora- 
tories cooperated in testing standard soil-cement samples 
by the 2 methods. The results of these cooperative 
tests are reported by Carson and Reid in the Proceedings 
of the Highway Research Board.! 

Of the 2 basic methods used, method 1 involves 
determination of the calcium oxide (CaO) content of 
raw soil, cement, and soil-cement mixtures, and calcu- 
lation of the percentage of cement in the soil-cement 
mixtures using the proportionality law applied to 
mixtures. Metbod involves determination of the 
calcium (Ca) content of a sample of soiul-cement mixture 
from the completed roadway and a similar determi- 
nation on a control sample prepared to contain approxi- 
mately the same percentage of cement, using the 
original raw soil and cement as components. From 
these 2 values the percentage of cement in the road- 
way sample may be calculated. 

Both methods require the removal of silica, iron, 
and alumina before the subsequent precipitation and 
determination of calcium. In method 1, three steps 
are necessary since silica is first filtered off and then iron 
and alumina are precipitated, filtered off, redissolved, 
reprecipitated and filtered off a second time. In 
method 2, the iron and alumina are precipitated in 
the presence of silica and filtered off together with it, 
hence saving two steps in the procedure. 

In the control of soil-cement construction it is 
necessary to have a rapid method of determining 
chemically the cement content of the soil-cement 
mixtures. From this viewpoint, method 2 is more 
desirable than method 1 because of the saving in time. 
However, the subcommittee has recommended method 1 
as the more suitable of the two, because of its inherent 
accuracy and wider applicability. 

A procedure combining the accuracy of method 1 
and the shortness of method 2 is desirable. 

Such a procedure has been worked out at the labora- 
tory of the Public Roads Administration based on the 

1 Chemical Determination of Cement Content of Soil-Cement Mixtures from 
Cement Hardened Bases. By L. S. Carson and Carl Reid. Proceedings, Twenty- 
first Annual Meeting of the Highway Research Board, p. 471 (1941). 

principles brought out by the work of Chapman,” and 
McComas and Rieman* on methods of determining 
calcium in the presence of iron, alumina, and other 
interfering ions. These investigators found that calcium 
can be precipitated as the oxalate in the presence of iron, 
alumina, etc., if the solution is buffered with sufficient 
ammonium chloride and various organic acids at pH4. 

The Public Roads method, therefore, embodies the 
following procedure: The samples of soil, soil-cement, 
and cement are treated with hydrochloric acid, the 
insoluble residue is filtered off, and calcium is precipi- 
tated and determined in the filtrate after sufficiently 
buffering with ammonium chloride and acetic acid 
and adjusting the solution to a pH of 4. 

Determinations of percentage of cement by this 
method are fully as accurate as determinations on the 
same samples by subcommittee method 1. The time 
required for the analysis by this method is the same as 
that required by method 2 of the subcommittee. The 
saving in time over that necessary for subcommittee 
method 1 amounts to approximately one-half hour 
per sample. 

PREPARATION OF REAGENT SOLUTIONS 

Potassium permanganate, 0.1 N.—3.2 gm. KMnO, 
is dissolved in 1 1. of distilled water and the solution is 
heated in a covered beaker for 3 hours at 90° to 95° C., 
then set aside at room temperature for several days. 
The solution is then filtered through asbestos and 
standardized against pure oven-dried sodium oxalate. 

Acetic acid, 10 percent —100 ml. glacial acetic acid is 
diluted to 11. with distilled water. 

Oxalic acid, 10 percent—To 100 gm. oxalic acid is 
added 400 ml. distilled water and the whole warmed 
until the crystals dissolve. The solution is filtered into 
a clean liter flask and diluted to 1 1. with distilled water. 
Ammonium chloride, 80 percent.—300 gm. of NH,Cl is 

placed in a liter beaker and enough distilled water 
added to make beaker about four-fifths full. The 
mixture is stirred, warmed to room temperature and 
then filtered on 9 cm. grade A, B and A filter paper 
into a clean liter flask. The undissolved residue is 
brought on the filter with a stream of distilled water 
from awash bottle and dissolved by repeated additions 
of a few milliliters water to the filter. When all of the 
salt is in solution, the filtrate is diluted to a liter with 
distilled water. 

Brom-cresol green indicator, 0.04 percent solution.— 
This indicator solution may be obtained from the 
LaMotte Chemical Co., Baltimore, Md. 

2 The Precipitation of Calcium Oxalate in the Presence of Iron, Aluminum, Titan- 
ium, Manganese, Magnesium, and Phosphorus. H. D. Chapman. Soil Science, 
vol. 26, p. 479 (1928). 

3 Accurate Determination of Calcium Without Reprecipitation. W.H. McComas 
and W. Rieman. Industrial and Engineering Chemistry, Analytical Edition, vol. 
14, p. 929 (1942). 
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METHOD OF ANALYSIS DESCRIBED 

Soil-cement mizxtures.—The soil-cement mixture is 
air dried, then pulverized to pass the No. 40 sieve. 
About 50 gm. of the mixture is oven dried at 110°C. to 
constant weight, then cooled and 1 gm. weighed into a 
100 ml. beaker. Ten ml. 1:1 HCl is added, the beaker 
covered and the solution boiled on a hot plate for 5 
minutes. The insoluble residue is filtered off on 7 or 9 
em. grade A, B and A filter paper (or equivalent) and 
washed chloride-free with hot distilled water (about 
five washings, after all the residue has been brought on 
the filter paper) the filtrate being caught in a 250-ml. 
beaker. Now 10 ml. 30 percent ammonium chloride 
solution, 10 ml. 10 percent oxalic acid and 10 ml. 10 
percent acetic acid are added and the solution diluted 
to 150 ml. 

Ten ml. 30 percent NH,Cl insures the presence of at 
least 6 gm. NH,CI in the solution when the pH is ad- 
justed to 4. The quantities of reagents given are for 
soils or soil-cement mixtures containing less than 10 
percent acid-soluble iron and aluminum oxides. For 
soils containing more than 10 percent acid-soluble iron 
and aluminum oxides, the amounts of reagents given 
are insufficient to give a satisfactory precipitate of cal- 
cium oxalate. When soils with between 10 and 20 
percent soluble iron and aluminum oxides were tested, 
it was found that the quantities of reagents had to be 
increased to 20 ml. 30 percent NH,Cl, 15 ml. 10 per- 
cent oxalic acid and 15 ml. 10 percent acetic acid. The 
volume of the solution also had to be increased to 
200 ml. 

The diluted solution is heated nearly to boiling and 
11 ml. 1:1 ammonia is added with stirring. <A drop 
of brom-cresol green indicator is then added. If the 
drop turns green, the solution is at pH4. If it turns 
yellow, not enough ammonia had been added; if the 
drop turns blue, the solution is too basic and a few drops 
of 5 NHC] must be added till the desired pH is attained. 
The cloudy solution, now at pH4, is boiled gently for 5 
minutes on the hot plate and then set on a cooler portion 
of the hot plate (or on a steam bath) for an hour for 
the calcium oxalate to settle out. The calcium oxalate 
is then filtered off on 7 cm. 00 Munktell filter paper 
(or equivalent grade), the beaker is rinsed three times 
with hot distilled water and the precipitate is washed 
five times with the hot water. 

The filter paper is transferred to the rinsed beaker, 
then 50 ml. hot distilled water, and 5 ml. 1:1 H.SO, 
are added. The filter paper is opened with a glass rod 
and the solution is stirred till all the calcium oxalate is 
in solution. The paper is now lifted with the glass rod, 
thoroughly rinsed with hot distilled water into the 
beaker and finally balled up between thumb and fore- 
finger, squeezed dry, and discarded. The solution is 
heated to between 80° and 90° C. and immediately 
titrated with 0.1 N standard KMnQO, solution. 

1 ml. 0.1 NKMnO,=0.0028 gmCaO 
Untreated soil—Same procedure is followed as for 

the soil-cement mixtures. 
Cement.—One gm. oven-dried cement is weighed out 

into a 100 ml. beaker; 50 ml. 1:4 HCl is added and the 
beaker covered. The solution is boiled 5 minutes on 

the hot plate and the insoluble residue filtered off, the 
filtrate being caught in a 250 ml. volumetric flask. 
When the residue is washed chloride-free the contents 
of the flask are cooled and the volume adjusted to 250 
ml. <A 25-ml. aliquot portion is pipetted into a 250-ml. 
beaker and 4 ml. concentrated HCl added. From this 
point on the procedure follows exactly the procedure for 
precipitation and determination of calcium described in 
the section on soil-cement mixtures. 

Calculations: 
Let A=percentage CaO in the soil-cement mix- 

ture. 
B=percentage CaO in the untreated soil. 
C=percentage CaO in the cement. 

Then Z *100=percentage cement in the A-Bb 
Cae soil-cement mixture. 

Alternate method of calculation: 

ml. KMnO, required for 1 gm. soil- 
cement—ml. KMnQO, required for 
1 gm. untreated soil 

ml. KMnO, required for 1 gm. ce- 
ment—ml. KMnO, required for 
1 gm. untreated soil 

< 100 = percentage 
cement in soil- 
cement 

This alternate method of calculation has the advan- 
tage of doing away with the necessity of standardizing 
the potassium permanganate solution. 

NEW METHOD GIVES SATISFACTORY RESULTS 

To test the accuracy of this method, determinations 
of percentages of cement in soil-cement mixtures were 
made by this method as well as by that recommended 
by the subcommittee. Table 1 gives the results on 
samples obtained by crushing and pulverizing to pass 
the No. 40 sieve some soil-cement cylinders which had 
been subjected to 12 cycles of wetting and drying. 
Table 2 gives the results on samples obtained by crush- 
ing and pulverizing air-dry clay-cement cylinders which 
had been cured in the moist closet for 7 days. 

TasBLE 1.—Percentages of calcium oxide and cement, and grams of 
cement per 100 gm. of soil found by 2 methods 

(Tests made on soil-cement cylinders sutjected to 12 cycles of wetting and drying 
and pulverized to pass the No. 40 sieve] 
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CaO Cement gm. of 
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Doles ha ee aeees aes pa yh BOO ea Be OF 28 0s20n |e see | ose | ei Re 
5A, 5gm. cement per 100 gm. soil___________ 85218283. | BISS8h BIO) | EO DIB 2A aoe 
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5B, 5 gm. cement per 100 gm. soil_______-___-____ 3.27 | 3.382 | 4.9) 49 | 6.2 5.2 
7B, 7 zm. cement per 100 gm. soil___-______.___ | 4.46] 4.441 6.8/6.8) 7.3) 7.3 
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TABLE 2.—Percentages of calcium oxide and cement and grams of In 4 of the 6 mixed samples listed in table 1, the 
cement per 100 gm. clay found by 2 methods. 

{Tests made on air-dry clay-cement cylinders cured in moist closet 7 days and 
pulverized to pass the No. 40 sieve] 

K Cement 
CaO Cement | per 100 

gm. of 
clay 

o | 2 | u © a 
Sample 2 z 2 | 3 2 3. 

=% a \90|/Su0lS0/9v 

Ha |e | eS)" 3| ee |e 
RS} oo | 8S] 00] 2] oo 
SH) Se /S8aieea| Salas 
as Sie! ioe ae ee 
mn _ mM Ay io) oy 

+ 7 a I 

| Pct. | Pct. | Pet.| Pct.|Gm. | Gm. 
New YORK AVENUE CLAY._.....-.___..- Se Os LS. SOS 16 cee ae a eel Pte 

3 gm. cement No. 1 per 100 gm. elay____________| 2.02 2.00 | 2.9 | 2.9 | 3.0 | 3.0 
7 gm. cement No. 1 per 100 gm. clay___________- 4.26 | 4.24] 6.5|6.5| 6.9] 6.9 
11 gm. cement No. 1 per 100 gm. clay___________ 6.26 | 6.23 | 9.7 | 9.6 |10.7 | 10.6 
COATT RAIN Toy RE ie er 2 a 62.1804 68e20 gis eee | ee ee (es 

3 gm. cement No. 2 per 100 gm. clay____________ TOR Lo O2al 2aOute 2e9 | Ba0 3.0 
7 gm. cement No. 2 per 100 gm. clay____________ 4.12 | 4.04 | 6.4] 6.3] 6.8 6.7 
11 gm. cement No. 2 per 100 gm. clay__________- 5.94 | 6.02 | 9.4 | 9.5 |10.4 | 10.5 
CeO Oa cet ae em ees oe See GIFSOM BOL Sea eae Nee ee 

3 gm. cement No. 3 per 100 gm. clay_________- Pei) 20045), 2:08 |) 259 259 1 3.0 3.0 
7 gm. cement No. 3 per 100 gm. clay___-_______- 220) (ete ale Oren POrd Gad yo 162.8 
11 gm. cement No. 3 per 100 gm. clay__________- 6.33 | 6.32 | 9.6 | 9.5 |10.6 | 10.5 
(WOMEN BEN Olio ae eee celee Nel eh ee a 64555-164: 78/22 = [eee Hs oe | 

3 gm. cement No. 4 per 100 gm. clay___________- TOL MC OG | QISole2a9: iP 29h 63.0) 
7 gm. cement No. 4 per 100 gm. clay___________- 4.07 | 4.09 | 6.3] 6.3] 6.7] 6.7 
11 gm. cement No. 4 per 100 gm .clay__________- 6.14 | 6.15 | 9.6 | 9.6 |10.6 | 10.6 
CTE, INCRE Sr ee ee es ee 625004 62-70 nl een eae alee oh ae 

3 gm. cement No. 5 per 100 gm. clay__.________- f..99 4) 12:99 }-2)-9' |) 2.9: 8.0 3.0 
7 gm. cement No. 5 per 100 gm. clay___________- 4.12 | 4.13 | 6.2/6.2] 6.6 6.6 
11 gm. cement No. 5 per 100 gm. clay__________- 6.16 | 6.12 | 9.4 | 9.3 |10.4 | 10.3 
SOMEH TaN Om OR eeime na = eye ae 63200 O5n028 eee a oSeeeee wee 

| 

3 gm. cement No. 6 per 100 gm. clay___-_-_____- 1.99 | 1.98 | 2.9 | 2.9 | 3.0 3.0 
7 gm. cement No. 6 per 100 gm. clay___---____- 412 1745197) 6:3) 6.471, 6.7 | 6.8 
11 gm. cement No. 6 per 100 gm. clay__________- 6.20 | 6.25 | 9.6 | 9.6 |10.6 | 10.6 
Ae GITIOEITON Ot One toe ee ee ea, 2 Sens 63.10 |63. 60 |_____ #3 ed Eo 

COTO Gy GIEG hos, es, os eee None |None |____-_|_-_-- Ween 

3 gm. cement No. 1 per 100 gm. clay__--_-_____- LOOMS Soleo OulecnOmroe 3.0 
7 gm. cement No. 1 per 100 gm. clay___---____-_- 4.11 | 4.08 | 6.5 | 6.5 | 6.9 6.9 
11 gm. cement No. 1 per 100 gm. clay-_-_---___--- 6.23 p62 145909) 9: 7 10.0) 1057, 
Gpesroeyahr INGA be an ale 2 a pe en ee ad G2r SOM Goa2ON |e: became ete eI ee 

3 gm. cement No. 2 per 100 gm. clay___-_-____-_- EPA Ale VTP ISNA) | PAteh | Gia! 2.9 
7 gm. cement No. 2 per 100 gm. clay_-_-_-------- 3.98 | 3.90 | 6.5 | 63|)6.9) 6.7 
11 gm. cement No. 2 per 100 gm. clay _-___-_-_-- 5.97 | 5.94 | 9.7 | 9.6 |10.7 | 10.6 
(Pyar HINO, OF FNS Se Selene ae els eye es ee GLSSOM OLN Sa Leen ea ee 

3 gm. cement No. 3 per 100 gm. clay___-_-_-_--- POE LGO MS. On 200 3.0 3.0 
7 gm. cement No. 3 per 100 gm. clay__--------_- 4.18 | 4.17 | 6.5 | 6.4 | 6.9 6.8 
11 gm. cement No. 3 per 100 gm. clay eee Sen 6.28 (LOO ONT 987 iLO } 10:7 
WomontiN Onoseaeee bere: aan Ew ee Se G45 DSa C4780 eee ee cae? ae 

3 gm. cement No. 4 per 100 gm. clay-_----------- IES 7 le St aheosO ln 2nO alee 3.0 
7 gm. cement No. 4 per 100 gm. clay__-_-------- 4.03 | 4.03 | 6.5 | 64/69] 68 
11 gm. cement No. 4 per 100 gm. clay__---_--__- 6.00 | 6.03 | 9.6 | 9.6 |10.6 | 10.6 
CMON GaN Od eee cy eek Si ee eed 62.30 |62.75 |__--- PRie es se | eee oe 

<2 
3 gm. cement No. 5 per 100 gm. clay_-_---------- 1.89 | 1.88 | 3.0 | 2.9 | 3.1 3.0 
7 gm. cement No. 5 per 100 gm. clay_-_---------- 4,12 | 4.06 | 6.5] 6.4]69}| 68 
11 gm. cement No. 5 per 100 gm. clay_--.------- Get eeGr LOmIMORS eros OL 8 am L0. 7, 
WementiN won ee FP 8 oe 6325011630 2m les | eer peel ee ae 

3 gm. cement No. 6 per 100 gm. clay-_----------- 1,94 | 1.90} 3.1] 3.0] 3.2] 3.1 
7 gm. cement No. 6 per 100 gm. clay_-_--------- 4.18 | 4.09 | 6.6] 6.4] 7.1] 6.9 
11 gm. cement No. 6 per 100 gm. clay----------- 6.12 | 6.17 | 9.7 | 9.-7 |10.7 /10. 7 
WOMEN bENOS OMe ee ease eee nee nee ein Ate 63hLON163; 60s eemen | see | cee ee eee 

percentages of cement found by the 2 methods are 
identical. Of the remaining 2 samples, the Public 
Roads method gives a result 0.1 percent lower in 1 
case and 0.1 percent higher in the other. Of the 36 
samples listed in table 2° the 2 methods give identical 
results on 14 samples. The results obtained by the 
Public Roads method are 0.1 percent lower on 14 
samples, 0.2 percent lower on 4, 0.1 percent higher on 
3, and 0.2 percent higher on 1. 

These differences are listed in table 3, columns 3 and 
6. The average of the algebraic sum of the differences 
is —0.4 percent. This minus value shows that the 
Public Roads method tends to give slightly lower 
values for the cement content of soil-cement mixtures 
than the method recommended by the subcommittee. 

TABLE 3.—Differences in cement content found by the two methods 

| 

Subecom-| Public aoe \Subcom-| Public : 
mittee | Roads pan mittee | Roads D ae | 
method | method method | method| © | 

Percent | Percent | Percent | Percent | 
4.9 4.9 Peel 2.9 | EA at ae ee 
7.0 (Ee | see yeh 6.4 +0. 1 
8.2 Cul —0.1 DEG waite ON Ge 2) ose > | 
4.9 4.9 eee 3.0 2.9 —.1 | 
6.8 6.8 ae 6.5 6.5 | 
8.2 8.3 +.1 9.9 9.7 —.2 | 
2.9 Te rg ae Se 3.0 2.8 —.2 | 
6.5 6.5 BIS ES 6.5 6.3 <2 | 
9.7 9.6 | —.1 9.7 9.6 —.1 | 
2.9 2.9 me: 3.0 2.9 —.l 
6.4 6.3 =. 6.5 6.4 —.1 
9.4 9.5 +.1 9.7 9.7 - ane 
2.9 2.9 ip ong 2.9 —.1 
6.2 6.4 +.2 6.5 6.4 —.1 
9.6 9.5 —.1 9.6 OF Gig ay meee 2 
2.8 2.9 +.1 3.0 2.9 ell 
6.3 6.3 eet 6.5 6.4 —.1 | 
9.6 9:6 a ite eee 9.8 9.7 —.1 | 
2.9 PAS Ya 5a 3.1 3.0 —.1 
6.2 6,2 ee: 6.6 6.4 —.2 
9.4 9.3 —.1 9,7 9.7 core iil 

SUMMARY 

A method for determining the percentage of cement 
in soil-cement mixtures is described. Data are presented 
giving the results of the determination of percentage of 
cement in soil-cement mixtures by this method and by 
the method recommended by Subcommittee No. 2 of 
the Project Committee on ‘Stabilized Roads” of the 
Highway Research Board as a suitable method of test. 
In nearly half the samples the percentages of cement 
found by the two methods are identical. In the 
remaining samples, the variation is not greater than 
0.2 percent. By eliminating the double precipitation 
of iron, aluminum, and other ions this method offers a 
saving in time without sacrifice of accuracy. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 

Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 

Work of the Public Roads Administration, 1940, 10 cents. 

Work of the Public Roads Administration, 1941, 15 cents. 

HOUSE DOCUMENT NO. 462 
Part | . . . Nonuniformity of State Motor-Vehicle Traffic 

Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3 . . . Inmadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 
Part 5. . . Case Histories of Fatal Highway Accidents. 

10 cents. 

Part 6... . The Accident-Prone Driver. 10 cents. 

M ISCELLANEO US PUBLICATIONS 
No. 76MP . . The Results of Physical Tests of Road-Building 

Rock. 25 cents. 

No. 191IMP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 
No. 279MP. . Bibliography on Highway Lighting. 5 cents. 
Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 35 cents. 
Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 
Transition Curves for Highways. 
Highways of History. 25 cents. 
Specifications for Construction of Roads and Bridges in National 

Forests and National Parks. | dollar. 
Public Land Acquisition for Highway Purposes. 10 cents. 

Tire Wear and Tire Failures on Various Road Surfaces. 10 cents. 
Public Control of Highway Access and Roadside Development. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 192] and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6, 7, I], 12, 15, and 

17--22, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work, on Farm Outlets Needs Skill and 
Right Equipment. 

REPORTS IN COOPERATION WITH UNIVER- 
Sa LEINOIES 

No. 303. . . Solutions for Certain Rectangular Slabs Con- 
tinuous Over Flexible Support. 

No. 304. . . A Distribution Procedure for the Analysis of 
Slabs Continuous Over Flexible Beams. 

No. 313. . . Tests of Plaster-Model Slabs Subjected to Con- 
centrated Loads. 

No. 314. . . Tests of Reinforced Concrete Slabs Subjected to 
Concentrated Loads. 

No. 315. . . Moments in Simple Span Bridge Slabs With 
Stiffened Edges. 

No. 336. Moments in I-Beam Bridges. 
No. 345. Ultimate Strength of Reinforced Concrete 

Beams as Related to the Plasticity Ratio 
of Concrete. 

No. 346. . Highway Slab-Bridges with Curbs: Laboratory 
Tests and Proposed Design Method. 

UNIFORM VEHICLE CODE 
Act J.—Uniform Motor Vehicle Administration, Registration, 

Certificate of Title, and Antitheft Act. 
Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 

License Act. 

Act III].—Uniform Motor Vehicle Civil Liability Act. 
Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 
Model Traffic Ordinances. 

A complete list of the publications of the Public Roads Administration 
classified according to subject and including the more important articles in 
PuBLic Roaps, may be obtained upon request addressed to Public Roads 

Administration, Federal Works Bldg., Washington 25, D. C. 
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