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DATA & DIMENEIONS OF ARCH NO. 3.

Built, - March 1912,

Tested, - May 1913.

Tvype of arch, - Sepmental Hingeless Brick Arch.
Syan, - 10 feet.

Riae, - 11,50 inches,

Radius, - 13 feet,

width, - 3 feet 14 inoches.

Angle subtended, - 423 desprees,

Thiokness, - 84 inches (one brick itwoe rings).
Haterial, - Covmon wire out red bricks.
Jointe, - 3=1 Portland Ceuent wortar; no

joint less than 3* thiock.

Bond, - All stretchersa, no inter-annular
bond.

Centres dropped, 2nd, April,

Minimunm interval, 8 dave.

Tested, - 10th, May.

Interval, - 46 davs.

Method of loading, FHydraulioc pressure.

Distribution of load, liniform - by sand fill.

Method of measuring,- "Deflectograrh' and
Deflections, "Deflectoneter® for orown.
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Method of measuring
Horizontal thrust, - Extensometer as before,

The arch was tested in the following manner,
(1) Load taken up teo 15.8 tone (35400 1lbs.) at intervals
of about 2000 1bs. from 3 tons, (redisual load).

(2) Procedure repeated.

(3) Load taken straight up from 3 tons to 95§ tons
31,100 1bs.) and from thence by intervals of about

6000 1be. to the breaking load 43.35 tons (94700 1b s.)

Readinge wera taken at each addition of load.
IMPROVEMENTS IN APPARATUS,

The author mentioned at the and of Chapter 4.
the substitution of a zinc plate for the tracing cloth
and carbon paper in the Deflectozraph. This has been
adopted with superior results. The attachment of the
spring on the Deflectograph has been altered, so that

the deorease in effective leverage ewing to the
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obliguity of the "roller®" arm, is balanced by the
inoreased ocompression of the spring. Thus the roller
is pressed more uniformly against the intrados of the
arch. The proposed "Deflectometsr® has also been
added. This is a very simple apparatus and gives
excellent results, It consists of a needle poiknter
erbedded in the arch, and moving along a steel scale
graduated in hundredthe of an inch. The scale is
supperted from a length of angle iron which rests on
and is fastened to the skewhaoks.

Owing te the wmavoidable absence of the
author it was found impossible to provide an additional
extensometer as desired.

RESULTS OF TEST NO. 3.

The nunerical resultes will bhe found tabulated

in table 4. and plotted in Plates 17, 18, and 18.

Photographs of the fracture appear in Plates 15 &!6
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DISCUSSION OF TEST NO. 3.

This test was successfully carried out and good
results have been obtained.

The vexed guestion of the horizontal thrusts has
not been cempletely scolved. The values agree fairly
well with theory this time as will be seen from the
curves, but the divergence of the results in Test No. 3
are atlll unexplained. All the measureients were taken
by the author, and the extensomeier wae exactly the
same in both cases. It will be meen from Colwmn 18
wvhere the radius of the line of strees (according to
Naviaf'a rrinciple) is tabulated, that with the inorease
of load the radius at the arown in general Adiminishes.
This 18 quite in accordance with the Catenary Theory
which says that as the load poteniial inoreases the

curvature of the line of stress at the crown becomes



sharper, and the line of siress moves higher up in the
arch ring.

The deflections were too small 10 measure on
the *Deflectograph”, but were accurately recorded by
the "leflectoreter', They agreed very well with Test
3. A comparatively large perm:snent set occurred after
the first loading, but thie was only very slightly
inoreased at the nnd of the second. The arch seenad
to have periods of &stiffness® after inoreasee in
deflectionsyakin to metals after the vield point has
been passed, The ourves of Defleation against
Horizental Thrust seem 10 follow a fairly straight line,
particonlarly in the seacond and third series. During
the test the arch apreared to bend to quite a considerable
extengd in a horizontal plane, (that is, in the direction

of its width), - & most peculiar ocourrence. It was



best noticed when the load was taken off. The arch

moved back "sideways® quite visibly.

The first oracks oocurred at the springings similarl
T

a :
wth a,load of 655001bs. L.-h the mecond test, A slight

superfisial orack in one of the bricks was noticed at

a ymch lower load, but it was due to the superior
strength of the neat ocement pointing shearing the edge
of the bricks. At a load of 78900 1lbm. the cracking
becane serious, and the brioke begen tospall off badly
at the springinges, thus showing that they were ¢rushing.
When the load reached 87,700 lbs. 1t was clear that the
arch was falling. As the load was further inoreased a
ocurious thing happened, The arch began to orush and
buckle just to the right of the crown. From the

second to the seventh brick from the centire the arch
ring crushed. Longitudinal cerasks from the springing

upwards to that point formed, the two rings separated,
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a2 reverse curve set in, the joints opened, and the arch
FAILED &nd came down on the centree, after having
supported a total load of 94,700 lbs. (43.35 tons). But
the end was not vet reached when the arch ceme down on
the centres, The rressure was released, The arch ROSE
two inches, althoush it was apparenily totally arushed,
and was aotually sagging at the point where fallure
osourred. The centres were then lowered about couple

of inches end the load was re-applied. It reached almost
ite former amownt, and the arch again descended on the
centres. For the seocond time the pressure was released
and the arch ACAIN rose, but te & less extent. The
centres having been lowered another few inches the

pressure wae sgain aprlied. The arch fell on the

centreg for the third and final time, and when the load

wan reroved it was evident that complete fallure

had at last occurred,
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It was most remarkable how an arch in such a
deplorable condition could still support & heavy load.

The rhotograrhs rhow the nature of the
fraoture quite olearly,.

The joints only began to open when the bricks
crushed, thus bearing out the suthor's statement to
that effect in Chapter 3.

Until the arch began to fail the two brick
rings each took thelr fair share of the thrust, for no
aprarent shearing or ssparation toek nlace between them,

It wae notioced that the skewbacks were consider-
ably deformed at the end of the test., The bolts were
sheared and the webs of the I Beams were buckled. It 1s
doubtful, however, whether this had moh afact on the
failure as the skew back plates wore hardly danaged at all.

New skewbaoks, tie rods and bearing plates
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will be neesded for the next arch,
The sause of fallure of both Arch No. 2 and

Arch ¥o. 3 was undoubtedly the orushing of the brioks,
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TABLE v,

SYNOPSIS OF RESULTS.

Average Compressive Strengih of one brick,

d0. do. yer sq. ft.
do0. do. of mortar Jjoint.
4o0. do. per sq. ft.

107,000 1lbs.
380,000 1bs.
38,930 1bs.
138,000 1bs.

(From teat 2 as owing to misunderstanding no jointe

were teeted in compression for test X.)

Average Comrressive Strength 3* oube of Cement
nortare 2,890 1ba,

do. do. rer sa. i, - 46,900 1bs,
Average cohesive strength of 1 joint, - 180 1bs.
do. do. DPer sq. ft. - 640 lbs.
Total lo2d4 on Arch at lst, orack, - 65,500 1bs,
do. per sq. ft. « = 23,183 1bs.
Total Horizontal Stress, - 75,000 1bs.
do, do. per sq, ft.- 30,000 1be.
Deflection at Crown, - 0.44 inches,
Total load on Arch at fallure, - 084,700 1b=.
do. per sq. ft. do. - 3,156 1lbs,

do. Horizontal Stress, do. - 117,500 lbs.
do. do. per nrq. ft. __ 48,000 Ibs.
Previous Daflection, rer sq. ft. 1.43 inches.

Percentage of Strength of one joint, = 48,000 - 34.8%
1,380



Extensions. “Inches. iives ft. ibs. TR LT STk et
et Bk 2054 . %60 TR ches . ,{,br:as. ft. ibs. i{.‘: . 1. f. Elas. Actual
ea. ft. Pront. Raok. ! i y Tisory, Theor. pati,
lbn. inches. inches., inches. inches. . thrus
1 load
' 0.000 0 Log
0 0,000 0,000 0.000  0.000  0.000 £ 5 * &
102 - - - - - 0.004 5340 2175 1780 17.45
108 3 " i - - 0.008 10680 350 3560 2035 1380 17.45
o # 7 ya - 0.000 0.008 10880 4350 3560 2625 1.350 16.91
a76 0,0005 0.,0006 0,002 0,002  0.001; 0.0092 12350 4900 4083 3450 1180 16.91
355 0.001  0.008  0.004 - 0.002! 0.0105 13400 5700 4466 4437 1'003 gt
424 0.002  0.006 0,004 -~ 0.004 0.012 18000 6400 5333 5300 1.004 | 12:98
496 0,002  0.007  0.005 - 0.005 0.013 17300 6900 5786 6200 ;933 12,60
577 0.004  0.009  0.006 - 0.006! 0.0145 19400 7750 6466 7212 ses 1320
653 0,005 0,010  0.007 = 0.007t 0.0155 20600 8250 5866 8162 ; g 11.20
735 0.006  0.012  0.011 - 0.010 0.018 24000 9600 8000 9200 ‘8e9 10.50
816 0.008 0,014 0,014 - 0.012 0.03C 26600 10600 8866 10200 ‘sgg 10-89
886 0.010  0.016  0.017 - 0.014 0.023 29400 11800 9800 11075 885 1y 0o
960 0.011  0.018  0.020 - 0.016 0.034 32000 12800 10656 13000 -+ BT
1030 0.015  0.080  0.031 - 0.018 0.026 34600 12800 11533 12960 .891 4.3
1106 0.014 0.081  0.032 - 0.019 0.037 36000 14400 12000 13900 .865 s3vas
1180 0.015 0.023 0.023 - 0,020 C.038 27400 15000 12466 14800 .ﬂs io.m
210 - - = = - 0.008 10680 4350 3560 2625 1380 10 ok
276 0.001  0.008 0.004 0,003 0.002 0.010 13300 5400 4433 3450 1.285% 13' v
555 0.004 0.006  0.0068 0.004 0,005 0.013 17300 6900 5766 4437 1.300 13"?‘
454 0.007 ©0.009  0.005 0.009 0.008 0.016 21400 8600 7133 5300 1.340 15'33
496 0.010 0,018 0,013 0.011 0.011 0.019 25400 10800 8466 6200 1.365 17.00
577 0.013 0.015 0.015 0.013 0,014 0.022 29400 11800 9800 7312 1.355 .99
653 0.014 0,017 0.017 0.015 0.016 0.024 32000 12800 10686 8162 1.510 ig'su
735 0.016 0.03C (0.025) 0.017 0.018 0.036 34600 13800 11533 9300 1.249 15.68
a16 0,017 0,030  0.025 0.018 0.020 0.028 57400 15000 13466 102300 1.821 15,50
866 0.020  ©0.021  0.038 ~— 0,023 0,031 41300 16500 13766 11075 1.339  15.80
960 0,036  0.024 0,051 - 0.024 0.032 43600 17000 14200 12000 1.180 14.79
1030 0.031 0.035  0.038 - 0.025 0.033  £4000 17600 14665 12960 1.155 14.20
1106 0.082 0.087 0.034 - 0.028 0.036 48000 19200 16000 13900 1.149 14.40
1180 0.025 0,028 0.035 = 0.029 0.037 49000 19800 16333 14800 1.100 13.79
210 ~ - - - - £.008 10680 4350 3560 2625 1.550 16,91
210 i = i i - 0.008 10680 4350 3560 2635 1.350 16.01
703 0,085  0.024 (0.030) ~— 0.025 0.033 44000 17600 14666 8800 1.238 20,95
863 0.027 0.027 o.cssg - 0.037 0.055 46800 18700 15553 10800 1.438 17.99
1106 0.031 0.0%3 (0.042) - 0,052 0.040 53300 21500 17766 13800 1.285 16.00
1396 0.036 0,058 (0.ca5) -~ 0.025 0.043 57400 23000 19133 17400 1.100 13.71
1543 0.036  0.05§ (0.045} - 0.035 0.043 57400 23000 19133 19400 1984 12.39
1753 0.040 0.041 (0.057 e 0.04) 0.049 65000 26000 21666 23000 989 12,36
1956 0.042  0.043  (0.057) = 0.044 0,058 69200 27750 23066 24400 960 11.81
2183 0,048 0.047  (0.063) = 0.048 0.056 75000 30000 25000 27300 918 11,42
2410 0.054 0,050 (0.068) = 0.054 0,062 83000 33100 11.42
2663 0.061  0.054 0.076 - N.061 0,069 92000 36800 30066 35400 o1 142
2903 0.088 n.058  0.080 - 0.087 0.076 100000 40000 33333 36600 .08 11.38
5156 0,081 0,063 - - 0.CRO p.0BR 117500 48000 39166 39500 ooy 12.39
5 4 5 6 7 8 9 10 1 1= 13 14 15
1
FXPLANATIN OF TABLE. HARERENCE
Iina Yo.
1. i No load,
1. No. of resading. 2. 30680 1bs, of sand on Arch,
a. Tote]l load on Arch. 5 * A1l apparatus on top of Arch., Total
X Load per sq. ft. - Totnl loﬂ-d/ma. load B’SM lbs,
4,5,6,7, Differonces from extensomater readings. 4, vormncement of test, Permanant or
8. Mean slongation on 100 8. redidual load £,700 1bs,
9. sotal alongation (Maan - Residual). 18, ## 1st, serias com:letad, Ioad back to
10. Totnl Horizontal thrust. 3,300 1bs. 2nd, sariss baglin,
11. Mean compressive stress per sq. ft, on cross 32, # ond, sarias completsd. Load hack to
section of arch rir%. 33800 1bs, Fimal serias begun,
12. Stress per 1lineal foot of Arch ring. 41, wirs, appearance of cracks of any
13. hmrstggal stress per lineal foot. importance (at springings).
14. Ratio - Actual/Theoretical. a3, 2 Bricts spalling off at spr s,
15. Badius of 1ine of stress, 44, < Areh beginning to fail,
16 & 18. Yot taken this test. ) 45, @ Crusiing and Puokling mear Orown,
17. Rise of Arch of Crown from "NDeflactomater’. FPATLURE,
19. Totnl deflection from unloaded profile,
20. Deflsction from Mo, 3 (6,700 1bs,) |
o1, Daflection bayond first permansnt set.

28 %o, of mﬂdw.



DEFLECTION {'&TL CROWN,
Total, =—Init*Defl, —permset. No.

e
b gi.'gwn inches inches, hes,

inches.
11.50 0.00 0.00 - s 5>

,495 0,005 0,00 - 2§
%1.49 0.01 0,00 - 3
11.49 0.01 0,00 = 4 .75
11.49 0,01 0.00 - 5.
11.49 0001 0-00 - 6.
11.4'8 0. 02 0. 01 — 7-
11.47 0003 Oo 02 - 8-
11.45 0.05 0.04 . 9.
11.44 N.06 0,05 - 10.
11.43 0,07 0,06 - 33
11,42 0.08 0.07 - 12,
11.39 0.11 0,10 - s &,
11-58 O. 12 0.11 - 149
11.37 0,13 0.12 - 15.
11.36 0.14 0,13 - 16.
11,35 0.15 0.14 - 27,
11.45 0,05 0.04 0,00 18,22
11.45 0,086 0,04 0,00 19.
11.44 0,06 0,05 0.01 20.
11.43 0,07 0,06 0.02 -
11.42 0.08 0,07 0,03 2.
11.41 0,09 0.08 0.04 23,
11.39 5. 11 0,10 0.06 4.
11,38 0.12 0.11 0,07 25.
11,38 0.12 0.11 0.07 26.
11,37 0.13 0.12 0,08 27.
11.36 0.14 0,13 0,09 28,
11,34 0.16 0.15 0.1 29,
11.33 0.17 0.16 0.12 30,
11.33 0,17 0.1B 0.12 31.
11.44 0.06 0,05 0,01 32
11.44 0.06 0.05 0,01 33.
11.28 0.22 0.21 0.17 34,
11.25 0,25 0,24 0.20 35.
11.20 0,30 0.29 0.25 36.
11.17 ¥0.33 0.32 0.28 37.
11.16 0,34 0.32 0.28 38.
11.14 0.36 0.35 0,31 39,
11.10 0,40 0.39 0.35 40,
11,06 0.44 0.43 0.39 41,
15.01 © ;. 0.49 1,48 0,44 42,
10.95 . 0,55 0.54 0.50 43,
10,83 0,67 0.66 0,62 44,
10,08 .45 1.41 1,37 45;255

17 19 20 21 22

16 18
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