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The Central Bridge at Newport was constructed in 1891 and modified in 1914, 1930, 1964 (steel 
grid floor installed), and 1968. A structural analysis made in 1947 qualified it for H-20 loading provided 
necessary repairs were made. An H-15 loading was assigned in 1968. Early in 1970, severe corrosion 
of eye-bar members was discovered where "paired" members came together at a common pin (no spacer 
between them). The loss of section was reported in July of 1970 (1). The greatest loss of section was 

1 "Replication of Eye-Bars and Measurements of Losses in Cross Section due to Corrosion;" Indexed 

as Report No. 296. 

23%. Not considering wind loads, cursory analysis indicated that the stresses remained within the allowable 
over-stress limit. However, the possibility remained that the attendant increase in dead-load stress together 
with certain live-load stresses could cause fatiguing (exceed the endurance limit) .. beginning at some 
point in history. 

Prior to the disclosure of corrosion, we had undertaken a more general study of the fatigue life 
of older bridges in the State .. more particularly, six Ohio River bridges. It was necessary to statistically 
reconstitute (or synthesize) the traffic history for each bridge. Records were searched to obtain the 
nearest applicable traffic volumes and loadometer data back to the earliest date. One-day, on-site 
loadometer measurements were made in 1968 by the Department of Motor Vehicle Transportation to 
aide us in this program and to guide the Department otherwise in posting load limits. In order to use 
traffic volumes (AADT'S) and weight data in a fatigue analysis, it was necessary to know the probability 
of various combinations of vehicles occurring on a span at a given time, To do this, we made spot-speed 
surveys (with a radar meter) and time-interval and sequence-of-type measurements and surveys. From 
these surveys, we were able to totalize probability percentages .. which, when multiplied by ADT's year 
by year, gave us total repetitions of loadings (then converted to number of stresses in the member 
considered). A model fatigue-damage diagram (equation) was constructed on the log S-vs-log N basis 
(2 x 106 repetitions at the endurance limit .. i.e. stress below which no damage occurs, chosen for 
the particular type of steel). The computations of fatigue life in this way are feasible only by use of 
a high-speed computer. We have, on a previous occasion referred to the whole program as the "soft 





synthesis" of 11Used up" and 11remaining" fatigue life. 
The enabling work was started by Robert L. Lynch in 1967 (2, 3 ). Lynch ventured to Australia 

to pursue a doctoral degree but left an unfinished manuscript and the beginning of a computer program. 
The report was finished by R. C. Deen and me. It was issued belatedly in January 1972 (4). To that 

2"Analysis of Traffic Loads on Bridges," February 1968; Indexed as Report No. 251. 
3"Analysis of Traffic Loads on Bridges; Report II; Characteristics of Traffic on Oillo River Bridges -

1968;" March 1969; Indexed as Report No. 275. 
4"Bridges; Synthesis of Load Histories and Analyses of Fatigue;" Report No. 318. 

time, only hypothetical problems had been solved. Meanwhile, R. J. Bruner, Ill, a mid-year graduate 
(1970-71), was assigned to the study. He has advanced through the learning process and is the author 
of the report being submitted herewith. The report specifically addresses the analysis of Central Bridge 
because the loss of section in eye·bar members brings the fatigue-life estimates into a current time domain. 
Certain assumptions have been made to encompass extreme possibilities ·· that is, to bracket possible 
inaccuracies in input parameters, etc. Even so, factors such as wind loads and temperature stresses have 
not been included. The life estimates are, therefore, conservative estimates in the sense that possibly 
a great number of stress cycles remain unaccounted. 

It is interesting perhaps, but saddening to us, to cite an error in Equation 4, page 3, of Report 
No. 318, which should have read PniG = PtPG(t}n · 1). Tills error delayed the fmal writing of the 
computer program. Another error which delayed the analysis was an iterative statement which required 
multiplication of damage factors by zero when the probabilities of the load occurrence was zero. Until 
tills was corrected, the computer time estimate was 2.5 hours. 

Basically, the analysis considers 0.0 and 23.0% loss of section; the 23% loss of section relates to 
a specific eye bar. Where no loss of section is involved, the fatigue damage (or percent of fatigue life 
"used up") remains nil. Intuitively, we might expect similar analyses of other bridges to yield similar 
results. The Bridge Division has completed plans for the replacement of the affected eye bars on Central 
Bridge; and the analysis presented here tend to superimpose a degree of urgency upon the scheduling 
of the work. We do understand that work is being proposed for a letting in April. We are unable at 
tills time to determine whether or not loads (trucks) should be restricted or proillbited from using the 
bridge in the interim. Our estimates of some affecting factors simply are not that accurate. Mainly, 
we do not know how the corrosion progressed with time. Neither the linear rate nor parabolic curve 
represents the real case -- or else our other assumptions are grossly inaccurate. 

Upon disclosure of the losses in section of the eye bars, there was immediate concern also about 
the possibility of imbalance of load on the paired members. Mindful that an imbalance could, perhaps 
critically, overstress one or the other of the members, Prewitt Scratch Gages were installed on three 
sets of eye-bar pairs (U15L'SL'4-3&4, U14L6L'S-3&4, and D14L3L2-3&4); strain records were obtained 
from August 31 to November 10, 1970. These records were analyzed and reported (5) as to the number 

5"Stress Histories of Bridge Members from Scratch Gage Records;" by R. D. Hughes; Report No. 323, 
February 1972. 

of strain events (and thus live-load stresses); however, it was not possible to compare single events on 
paired members. Judging from the first set of scratch records obtained, it appeared that a full year 
of strains could be recorded; the gages were re-started and were scheduled to be retrieved in September 
1971. Unfortunately, during the month of August, the gages were removed by parties unknown and 
have not been recovered. A new set of gages was installed April 17, 1972; and records were obtained 
through 4 1/2 1nonths. These were translated into stress events and used to estimate fatigue life. Eye-bar 
U14L6L'S-3 would, thus, have a fatigue life of 112 years · that is, assuming loading to be constant 
through all years and the rate of corrosion to be constant (total = rate x number of years). 





Finally, in order to determine more accurately the distribution of load between paired members, 
SR-4-type strain gages were affixed to bars D l4L3L2-3&4. These gages were monitored (on a strip-chart 
recorder) for 3 hours on September IS and for 3.5 hours on September 26, 1972. Results are discussed 
in the attached report. 

In surumary, it appears that the loss of section (due to corrosion) in identified eye bars has reduced 
fatigue life from infinite time to a finite time base. The confidence limit (or variability) associated with 
the assumed value for the endurance limit of the steel remains undefined - therefore, the probability 
of failure at a given calendar time remains somewhat undefined also. 

This has been an interesting progression of study for us. At times, it has been difficult to maintain 
continuity tinough lapses of inactivity. Much remains to be done in the area of bridge life and obsolescence. 
We timorously mention design life and planned retirement of bridges. Few bridge engineers in this country 
dare to speculate on how long a bridge will endure; whereas, in Europe, there is an international committee 
on bridge life. Some recent studies made in this country on modern bridges (some designed for stiffness) 
have indicated fatigue lives of 400, 1600, and 4000 years, etc. if the present level of loading persists 
and if other decaying processes do not beset the structure. We may find on other bridges we started 
to study, as in the case of Central Bridge, that fatigue life is unlimited unless corrosion becomes the 
affecting factor or loads severely exceed limits set by engineering analysis. 

NOTE: As a matter of interest and convenient reference, I have appended behind the report a 
copy of the engineer's report on the design and construction of Central Bridge (from 

JHH:dw 
Attachment 

Transactions, ASCE, Augnst 1892). 
· 

cc' s: Research Connni ttee 
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SUMMARY AND CONCLUSIONS 

Fatigue analysis qf the Central Bridge was 
approached in this study in two ways: I) by use of 
"Prewitt Scratch Gages" and 2) from probability 
analysis. The short-term scratch gage measurements of 
strains, expanded through time, indicated a remaining 
service life of 30 to 40 years; whereas, the probability 
analysis indicated that failure could have occurred 
between 1936 and 1961. The large discrepancies 
between two analyses arose from extremely large loads 
(up to ten combination trucks on a 254-foot span) 
synthesized by the probability analysis. Such loads were 
not observed on the scratch gage records. The effect 
of very large live loads superimposed on high dead-load 
(DL) stresses magnifies the damage factors (the EBL, 
Equivalent Bridge Loadings). Also, a small variance in 
the assumed or estimated endurance limit of the steel 
will produce great differences in predicted life. 

There are indications from the analysis that fatigue 
failure may be imminent unless loads are reduced or 
certain eye bars strengthened or replaced. Plans have 
been prepared by the Division of Bridges to strengthen 
those eye bars which have been weakened by corrosion. 

INTRODUCTION 

The Central Bridge, over the Ohio River between 
Newport and Cincinnati, was completed in 1891 and 
is now in danger of fatigue damage. A progression of 
studies have been undertaken by the Division of 
Research to determine the likelihood of fatigue failure 
and to estimate remaining service from the standpoint 
of fatigue analyses. In one investigation (1,2), strains 
were recorded and the loss of section due to corrosion 
of several sections was measured. Another study ( 3) 
developed a methodology for determination of fatigue 
damage from probability analysis of traffic data. 

During the current study, both the probability 
analysis and the use of strain gages were utilized to 
evaluate the fatigue damage which has been incurred by 
the Central Bridge. Extensive strain gage data were 
gathered using Prewitt Scratch Gages and SR-4 resistivity 
gages. A computer program was developed to compute 
accumulated fatigue damage from traffic data. Certain 
assumptions were necessary; these were evaluated by 
comparing results obtained from adjudged, probable 
extremes for paired input parameters. 

STRAIN GAGE ANALYSIS 

PROCEDURE 
Scratch Gages-· On April l8,  1972, Prewitt Scratch 

Gages were placed on four members of the Central 
Bridge. Two additional gages were attached on April 26. 
The gages were placed on the following paired eye bars: 

April 18 - D14L3L2-3 
D l4L3L2-4 
U!4L6L'5-3 
U!4L6L'5-4 

April 26 - U15L'5L'4-3 
U15L'5L'4-4 

Bars selected for instrumentation were those which had 
the maximum loss of section according to a previous 
study (1, 2). Gages were 48-inch, temperature 
compensating Prewitt Scratch Gages. The operation and 
use of those gages were also reported previously (1, 2). 

Gages were attached to the eye bars with C-clamps 
(Figure 1). The threads of the clamps were soldered to 
provide a more permanent attachment. Restraining 
straps made of aluminum foil were placed at one-foot 
intervals along the gage to prevent possible buckling 
)Vhich might induce errors in the records. The gages were 
then covered with plastic to provide protection (Figure 
2). Two gage targets showed no record -- one indicated 
two complete rotations and could not be read, thus 
accounting for the differences in total number of days 
of record noted in the results. All targets were sent to 
Baganoff Associated, Inc. in St Louis for computer 
reduction and analysis. 

SR-4 Resistivity Gages-- On August 23, 1972, SR-4 
resistivity strain gages were placed on Bars D14L3L2-3 
and D14L3L2-4. The gages were placed parallel to each 
other on a normal section of the eye bar so that any 
differences in recorded strain could be attributed to 
differences in stresses on those members. 



The strain gages used were BLH Electronics, Inc., 
Type FAE-50-1256-ET with a gage factor of 2.06 ± 1 
percent. A three-wire system was used to eliminate any 
error caused by the length of hthe lead wire. Three 
120-ohm ± 1 percent resistors were used to form the 
wheatstone bridge along with the active strain gage. 
Brush, dual-channel strain gage amplifier and recorder 
were used to balance the bridge and record strains 
(Figure 3). Settings used on the amplifier and recorder 
were as follows: 

Volts per chart line 0.05 
Gain 1.55 x 10 
Multiplier 5 
Prior to attaching gages to the bars, all paint was 

removed from the bars using a grinding stone and file. 
Surfaces were then prepared according to gage 
manufacturer1S specifications for chemical cleansing; 
gages were applied using Eastman 910 Adhesive (Figure 
4). 

Figure I. Method of Attaching Scratch Gage. 

RESULTS 

Scratch Gages -- Scratch gages were lllonitored for 
approximately 4 1/2 months. Data collected from the 
discs are listed in Table L These data were analyzed 
by the equivalent-bridge-load criterion and a Goodman 
diagram to determine fatigue damage. In the EBL 
calculations, it was assumed that loading was constant 
(at the current rate) and that corrosion occurred linearly 
throughout the life of the bridge. Differences in stresses • 
on parallel bars were also determined. 

2 

To calculate stresses listed in Table II, the following 
equation was used: 

where 

L = 100 (DL + LL)/C 

L :::: total stress, 
DL dead-load stress from Table I, 
LL live-load stress from Table I, and 
C percent of section remaining from 

Table II. 
The equivalent bridge load factor ( 3) was calculated 
from 

where number of events to f. Jure at the 
endurance limit, 

aE :::: endurance limit, and 
uu = ultimate strength. 

A table with predetermined EBL' s can be found in 
APPENDIX B of Reference 3. The number of cycles 
of each load was found from 

where 

N' = N X EBL 3 

N' number of equivalent loads 
corresponding to total stress level L 
and 

N number of events from Table I for 
live-load stress level LL 
corresponding to total stress level L. 

The yearly damage caused by the recorded loads was 
found from 

where 

D 365 SN'/NE T 4 

D = percent damage per year caused by 
recorded loads and 

T elapsed time of record in days. 
Since the loss of section was not known for Bar 
Ul4L6L'5-4, the above-referenced calculations could 
not be made. The values used in making the EBL 
calculations were as follows: 

Ultimate strength of steel (uu) = 60,000 psi, 
Endurance limit of steel (uE) = 16,500 psi, and 
Events to failure at endurance limit (NE) = 
2,000,000. 
From data shown in Table II, it was apparent that 

damage caused by the recorded loads was significant 
when the EBL criterion was used. The most critical 
member noted in the analysis was Ul4L6L'5-3, which 
showed a yearly loss of service life of 0.89 percent. This 
would yield a service life of 112 years if damage 
remained constant over the life of the bridge. Assuming 



Figure 4. 

Figure 3. 

SR-4 Resistivity Strain Gages in Place on 

Central Bridge and Covered with Barrier 

E (BLH Electronics) Protective Coating. 

Figure 2. Scratch Gage in Place on Central Bridge; 

Showing Covering and Identification. 

AMPLIFIER 
AND 

BALANCE 

EXCITATION7 
AMPLIFIER AND 

BALANCE UNIT 

RECORDER 

Schematic of Circuitry Used for SR-4 

Strain Gage Recording. 
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TABLE 1 

NUMBER Of EVENTS PER STRESS LEVEL 

BAR NUMBER 
LIVE-LOAD 

STRESS (PSI) DI4L3L2-3 D14L3L2-4 UI4L6L'5-3 U14L6L'5-4 Ul5L'5L'4-3 U15L'SL'4-4 

<200 324 338 278 513 323 44 
200 597 502 462 830 543 91 
400 1009 530 367 779 338 129 
600 742 313 267 448 157 132 
800 99 60 103 97 69 32 

1000 33 25 45 29 35 31 
1200 13 9 44 21 26 11 
1400 4 9 3 9 4 
1600 3 6 2 5 
1800 3 2 2 
2000 4 
2200 
2400 2 
2600 
2800 

Total Events 2821 1783 1589 2722 1507 467 

Total Time 
Days 129 91 69 129 121 83 
Average Stress 
(psi) 491 433 489 425 423 570 
Dead-Load 
Stress (psi) 14180 14180 14260 14260 14260 14260 
Percent of Original 
Section Remaining 78 85 78 NA 77 85 

4 



TABLE II 

EBL LOADINGS (DL + LL) WITH LOSS OF SECTION CONSIDERED 

BAR NUMBER 
TOTAL 

STRESS (PSI) D14L3L2-3 D14L3L2-4 U14L6L'5-3 U15L'5L'4-3 U15L'5L'4-4 

16750 372 48 
17000 602 109 
17250 689 168 
17500 438 185 
17750 92 49 
18000 42 35 
18250 586 16 503 20 
18500 1164 8 901 630 8 
18750 2159 2 785 1162 2 
19000 1729 622 787 4 
19250 249 2 259 395 
19500 90 122 187 
19750 26 87 70 
20000 29 85 
20250 10 21 '32 
20500 11 19 
20750 4 17 8 
21000 5 
21250 5 5 
21500 10 
21750 
22000 6 

Total 6017 2263 3362 3401 628 

Damage 
(%/year) 0.85 0.45 0.89 0.48 0.14 

5 



that corrosion occurs uniformly over the life of the 
bridge, the loss of fatigue life which has occurred can 
be computed. When damage was computed in this way, 
it was found that 30 percent of the service life had been 
used. Another computation was made which extended 
present conditions into the future; this showed that the 
bridge had 40 years of remaining service life if corrosion 
continued to increase at the same uniform rate 
previously considered. 

In these calculations, wind and temperature 
loadings were not considered. These loads could have 
considerable effect on the service life of the bridge. 

In Figure 5, the maximum damage stress (DL = 
18,500 psi and LL = 3,650 psi of Ul5L'5L'4-3) was 
plotted on a Goodman diagram to show its relationship 
to the endurance limit thus determined. It can be seen 
that the stress is well within the safe limits according 
to that criterion. Because of wind and temperature 
loadings, and age and condition of the steel, the more 
conservative EBL criterion is probably more appropriate 
for this situation. 

Comparisons were also made of scratch gage data 
to determine what percent of the load was being carried 
by each of the paired parallel bars. Results of this 
analysis are shown in Figures 6, 7, and 8. Differences 
in stresses are apparent for all pairs. These differences 
are more prominent at low stresses but also occur at 
higher stress levels. These differences do not appear on 
the figures at the higher stress levels because of the low 
percentage of events at those stresses. 

The cause of the differences in stresses in the 
members cannot readily be identified but several 
possibilities are apparent: 

1) there may be loose pin connections in the eye 
bars, 

2) the strain gages might not have been placed 
on sections of equal areas, and (or) 

3) the strain gages might not have been exactly 
parallel. 

SR-4 Resistivity Strain Gages -- Further analysis of 
stress differences in the eye bars was made using SR-4 
resistivity strain gages on Bars D l4L3L2-3 and 
D l 4L3L2-4. Resistivity gages were placed on the Central 
Bridge to determine whether or not equal strains were 
occurring in parallel bars. A simultaneous record (Figure 
9) was made of strain in each bar. These data were then 
used in a least squares analysis to obtain equations 
relating stress in one bar to that of the companion bar. 
Channels of the recorder were then reversed and the 
least squares analysis was rerun. An average equation 
was then computed so that any differences in recorder 
channels would be eliminated. The equations and their 
plots are shown in FigUre 10. 

6 

Differences in stresses in the instrumented paired 
members were relatively smalL These differences could 
be attributed to any of the reasons mentioned earlier 
regarding differences found from scratch gage data. 

General -- According to the equivalent-bridge-load 
criterion and data obtained from the scratch gages, there 
is noticeable fatigue damage occurring in corroded eye 
bars of the Central Bridge. Although the service-life 
calculations are vague as to life remaining in the bars·, 
they do show that possible danger exists. 

It was also found that strains in parallel members 
were nearly equaL Some differences were recorded, but 
this was more than likely due to gage locations and 
recording differences rather than actual differences in 
strains in the bars themselves. The only large differences 
in recorded strains were for Bars Ut5L'5L'4-3 and 
UI5L'5L'4-4. In that case, there were also large 
differences in numbers of events per day and in percent 
of events per load increment, so it is possible that errors 
in the records for these bars may be present. 
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PROBABILITY ANALYSIS 

PROCEDURE 
A computer program was developed to calculate 

loss of fatigue life from the probability analysis 
presented in Reference 3. All traffic data used in this 
analysis came from References 4 and 5. Input data were 
as follows: 

J7ehicle Llata 
Percent of Total Traffic 

Cars 
Trucks 
Combination Trucks 

Average Length 
Cars 
Trucks 
Combination Trucks 

Average Spot Speed 
Average Weights 
ADT 
Gap Probabilities 

91.4 percent 
7.3 percent 
1.3 percent 

20 feet 
25 feet 
47 feet 
28.2 mph 
See Figure 
See Figure 
See Figure 

11 
12 
13 

Material Llata 
Yield Strength 
Ultimate Strength 
Endurance Limit 
Events to Failure at 

Endurance Limit 

Bridge Llata 
Length of Span 
Width of Span 
Design Load 

Critical Member Llata 
Dead-Load Stress 
Design Live-Load Stress 

4-2 

1200 

33,000 psi 
60,000 psi 
As Indicated 

2,000,000 

254 feet 
23 feet 
75 psf 

14,260 psi 
5,950 psi 

9 
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All computations covered a period of 81 years 
(from 1891 to 1972). When corrosion was taken into 
account, the section was considered normal in 1891 but 
advanced to a 23 percent loss of section by 1972. Both 
uniform and parabolic aging (due to corrosion) were 
considered (Figure 14). For the complete computer 
program and an explanation of its use, see the 
APPENDIX. Wind and temperature stresses were not 
considered in this program because of the difficulty in 
measuring such stresses accurately. 

RESULTS AND DISCUSSION 
Eight computer runs were made using different 

loads, considerations of corrosion, and endurance limits. 
Results of these runs are listed in Table Ill. In Runs 
Nos. 1, 2, and 3, loss of section due to corrosion was 
not considered; it was found that very little damage 
resulted even when all vehicle classes were considered 
at their maximum recorded weight (Figure 11) and all 
recorded ADT's were doubled. All other runs took 
corrosion into account. These runs considered loading 
at the 50th-percentile level and ADT' s as recorded 
(Figure 12); variables were endurance limit and type of 
corrosion aging. From these results, it became obvious 

100 
--------

that the most important factor is the range between the 
dead-load stress and the endurance limit of the steel. 
Also, the loss-of�section-vsGtime relationship assumed, as 
seen from Runs 6 and 7, greatly affects the 11duration" 
of the range. Small changes in the assumed endurance 
limit caused great changes in the calculated service life 
of the bridge member. Inasmuch as failure was predicted 
in all runs where corrosion was considered, it appears 
that some assumptions regarding the severely corroded 
members in the Central Bridge are too extreme. 

Failure was predicted when the dead-load stress in 
the member reached a value near that of the endurance 
limit; thereafter, all vehicles crossing the bridge became 
damaging loads. However, fatigue damage is a function 
of dynamic (live-load) stress and static stress; and the 
Goodman diagram, Figure 5, tends to moderate the 
damage attributable to the live loads in similar 
situations. Inasmuch as wind and temperature stresses 
have not been considered in these analyses, the original 
condition of the steel is not known, and insamuch as 
the effects of aging on the steel are not known (at this 
time), the calculations are somewhat overly conservative 
in assessing fatigue damage. 

.............. - PARABOLIC AGING 
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TABLE m 

LIFE ESTIMATES FROM PROBABILITY ANALYSIS 

GROSS VEHICLE 
PERCENT AGE IN CALENDER WEIGHT 

RUN NO. LIFE USED YEARS YEAR ADP (PERCENTILE)*"' 

I 0 

2 0 
3 5 

4 wo
' 

5 wo
' 

6 wo
' 

7 wo
' 

8 100' 

*See Figure 12; From Reference 4 
usee Figure II 

81 1972 Figure 12 
81 1972 Figure 12 
81 1972 Figure 12 

(Doubled) 
25 1916 Figure 12 
45 1936 Figure 12 
55 1946 Figure 12 
66 1957 Figure 12 
68 !959 Figure 12 

"''"'"Maximum Recorded Loading (from 1968 weighings, Reference 4) 

REFERENCES 

I. Hughes, R. D., Stress Histories of Bridge Members 

from Scratch Gage Records, Kentucky Department 
of Highways, February 1972. 

2. Kentucky Obtains Bridge Load Histories with 
Newly Developed Scratch Gage Device, Highway 
Research News, Highway Research Board, No. 36, 
Summer 1969. 

3. Havens, J. H., and Deen, R. C., Bridges: Synthesis 
of Load Histories and Analysis of Fatig&te, 
Kentucky Department of Highways, January 1972. 

4. Lynch, R. L., Analysis of Traffic Loads on Bridges, 
Kentucky Department of Highways, February 

1968. 

5. Lynch, R. L., Analysis of Traffic Loads on Bridges; 
Report II: Characteristics of Traffic on Ohio River 

Bridges- 1968, Kentucky Department of Highways, 
March 1969. 
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Card I 

PROGRAM INPUT 
(FORMATS IN PARENTHESIS) 

Colunms 1-4 Length of bridge in feet (F4.0) 
5-10 "A" in gap probability 

equation for mixed traffic 
(F6.4) 

1 1- 16 "A" in gap probability 
equation for cars (F6.4) 

17-22 "A" in gap probability 
equation for trucks (F6.4) 

23-28 "A" in gap probability 
equation for combination 
trucks (F6.4) 

29-34 "B'-' in gap probability 
equation for mixed traffic 
(F6.4) 

35-40 "B'' in gap probability 
equation for cars (F6.4) 

41-46 
"B" 

In gap probability 
equation for trucks (F6.4) 

47-52 
"B" 

in gap probability 
equation for combination 
trucks (F6.4) 

The gap probability equation is of the form: 

where 

Card 2 

G � 
PG � 

A, B � 

gap length in feet, 
probability of gap less than or equal 
to G, and 
constants (see Figure 13). 

Colunms 1-5 Percent cars expressed as a 
decimal fraction (F5.4) 
Percent trucks expressed as a 
decimaf fraction (F5.4) 
Percent combination trucks 
expressed as a decimal fraction 
(F5.4) 

6-10 

1 1- 15 

16-18 

19-2 1 

22-24 

Length of average car in feet 
(F3.0) 
Length of average truck in feet 
(F3.0) 
Length of average combination 
truck in feet (F3.0) 

Card 3 
Columns 1-6 

7-12 

13-18 

Card 4 
Colunms 1-3 

4-9 

10-13 
14-19 

Card 5 
Colunms 1-9 

10-18 

19-27 

28-30 

31-32 

Card 6 
Columns 1-3 

4-7 

Cards 7, 8, ... N 
Colunms 1-7 

8-11  

Weight of car in pounds (F6.0) 
Weight of truck in pounds 
(F6.0) 
Weight of combination truck 
in pounds (F6.0) 

Width of bridge in feet (F3.0) 
Live-load stress in psi which 
occurs at desigu loading (F6.0) 
Design load in psf (F4.0) 
Dead-load stress in psi (F6.0) 

Ultimate strength of material 
in psi (F9.0) 
Endurance limit of material in 
psi (F9.0) 
Number of events which will 
cause failure at endurance limit 
(F9.0) 
Loss of section due to 
corrosion expressea as a 
decimal fraction (F3.2) 
Factor which determines type 
of corrosion aging used. Use • I 
for parabolic aging and 0 for 
linear aging (12) 

Number (N) of different 
ADT's used (13) 
Average spot speed in mph 
(F4.1) 

ADT (F7.0) 
Number of years at constant 
ADT (F4.0) 

17 



PROGRAM DESCRIPTION 

Caution: · Run time for this program can become very 
long; runs should be made only after tho!ough study 
of program and input data. 

Initialization Section - In this section, all arrays 
except AGL(l) (average gross load) are initialized to 
zero. AGL(l) is initialized from AGL(2) = 14,500 psi 
by increments of 1000 psi up to AGL(25) = 37,500 
psi. AGL(l) is set equal to 10,000,000 psi so that 
asterisks will be printed in the printout; these asterisks 
are subsequently defined as being stresses Jess than 
14,000 psi. 

Format Section I -- In this section, most of the 
input data are read and then printed in the printout 
section. The type of corrosion being considered is 
printed and headings for a subsequent table are 
prepared. See "Input Data Symbols" at beginning of 
program for list of variables. 

Computation Section I -· In this section, 
probabilities of occurrence of different vehicle 
configurations where only one vehicle type is considered 
are computed. MN1 is the maximum number of autos 
(vehicle type I) of length VLJ which can be placed on 
a span of length L. 

The probability array is a four dimensional array 
as follows: 

P(Number of Autos + I, Number of Trucks + I, 
Number of Combination Trucks + I, Lane 
Number) 

For example, P(3, 4, I, 2) = b would be interpreted 
as follows: 

b = probability of indicated load occurring. 
Indicated load in lane 2 = 2 autos, 3 trucks and 

no combination trucks. 
The reason for adding 1 to the number of vehicles 

was that O's cannot be used as array subscripts. Since 
I is the number of vehicles being considered !TOT = 
I + 1 was used for array subscripting and IR was defined 
as real for use in computations. G I, G2 and G3 are 
gap lengths for each vehicle type - autos, trucks, and 
combination trucks, respectively. These are used in 
decision statements and stop computations when the gap 
is Jess than or equal to zero. 

18 

Computations occur as follows: 
I) Gap probability is found from PG 1 = 

AC(G I BC)/100 where AC and BC are 
constants derived from traffic data. 

2) If the value of PG I is greater than one, 
it is set equal to one. 

3) Probability of load occurrence is 
calculated. 

4) If the probability of occurrence is less 
than or equal to 1.0 X 10"15, it is set 
equal to zero. 

This procedure is then repeated for Type 2 and Type 
3 vehicles. 

Computation Section II - In this section, the 
balance of the probability calculations is made (i.e., 
probabilities involving two or more vehicle types) .. For 
this purpose, MN2 and MN3 are calculated and used 
along with MN1 to determine the maximum number of 
times each loop is run. The next computation is MNI 
= MNI + I, MN2 = MN2 + 1, and MN3 = MN3 + I. 
This is done since in this section the loop counter is 
used as the subscript for the probability array thus 
requiring it to be carried to 1 plus the maximum number 
of vehicles possible. I, J, K, IR, JR and KR are used 
for computational purposes, I, J, and K being the 
number of vehicles under consideration for Types I, .Z 
and 3 vehicles, respectively, and IR, JR, and KR being 
defined as real values of I, J, and K. 

The first decision statement causes the program to 
skip all further computations in this section if the 
calculations have been made previously in Computation 
Section I. The second decision determines which gap 
equation should be used according to how many vehicle 
types are being considered (two vehicle types being 
considered, Statement 102 is used; three vehicle types 
being considered, Statement 99 is used). 

Next, the gap probability (PGM) is calculated if 
the gap is greater than zero. If this gap probability is 
greater than 1.0, it is reduced to 1.0. The probability 
of occurrence is then calculated in Statement 107, and 
as before, this value is set equal to zero when it drops 
below 1.0 x 10-!5. FAC(I,J,K) is a function written into 
this program and is not a previously stored function. 



Final Data Input - In this section, average spot 
speed (SP), average daily traffic (ADT(I)), number of 
years at constant ADT (YEARSN(I)), and number of 
different ADT's (NYRS) are read into the program. For 
example, traffic data would be stored in the program 
as follows: 

for 

YEAR AVERAGE ADT 
1955 15,000 
1956 15,000 
1957 15,000 
1958 16,000 
1959 17,000 
1960 18,000 

Average spot speed � 29.5 mph 

data cards as follows: 

NYRS � 4 
ADT(i) � 15,000 
ADT(2) � 16,000 
ADT(3) � 17,000 
ADT(4) � 19,000 

SP � 29.5 
YEARSN( I) � 3 
YEARSN(2) � I 
YEARSN(3) � I 
YEARSN(4) � I 

(Note: When corrosion is considered, accuracy can be 
gained by using the smallest possible values for 
YEARSN(I) ·· i.e., yearly incrementation of ADT(I); 
however, this will not be possible under all 
circumstances due to the practical limits on run time.) 

Computation Section Ill ·• This section is 
composed of seven nested DO loops; therefore, any 
modifications requiring loops will have to be made in 
the form of subprograms. In this section, cross 
correlations are made to compute the probabilities of 
any possible loading in one lane occurring in conjunction 
with any other loading in other lanes. Stresses and the 
number of events at that stress are also calculated and 
these are placed in stress increments in subroutine 
INC REM. Finally, the percent damage (PERLIF) is 
calculated as percent life used. 

Statements 126 and 130 are decision statements 
which prevent the program from making unnecessary, 
time-consuming calculations when Z (Statement 148) 
would equal zero. Statement 137 also causes the 
elimination of unnecessary calculations by skipping 
computations when no vehicles would be present on the 
span. 

The time-dependency calculations are used to find 
the probability that loads in adjacent lanes would occur 
within a certain time period sufficiently small to be 
considered as one load. Statement !38 causes this 
time-dependency probability (PD) to be set equal to ].0 
when vehicles are considered to be on one lane only. 

The computation of load and stress is accomplished 
as follows: 

life 

I) 

2) 
3) 

Total weight of vehicles (W) on bridge 
is computed, 
W is then changed to LOAD in psf. 
Corrosion factor (F) is then determined 
according to either linear or parabolic 
aging as specified in data input 
(Statements !51 through 157). 

4) Dead-load stresses (DLSTR) and design 
live-load stress (DSTR) are corrected to 
take corrosion into account. 

5) Live-load stress (LLSTR) is found as a 
proportion of the factored design 
live-load stress (FDSTR). 

6) Total stress (TSTR) is then computed as 
the sum of the factored dead-load stress 
(FDSTR) and the live-load stress. 

Computation of the EBL factor (FACTOR) and the 
Used (PERLIF) occurs as follows: 

I) EBL factor is computed if average gross 
load AGL(IS) is greater than endurance 
limit. For AGL( l )  and when AGL(IS) is 
less than endurance limit (ENDLIM), 
BLOAD and LODFAC(IS) (the number 
of events corresponding to AGL(IS)) are 
defined to be zero, thus not changing 
LODTOT (the total number of 
equivalent events). 

2) When AGL(IS) is greater than ENDLIM, 
BLOAD is defined to be LODFAC(IS). 

3) LODFAC(IS) is redefined to its new 
value, which includes the loading just 
considered. 

4) LODTOT is redefined to its new value, 
which includes the loading just 
considered. 

5) PERLIF is computed. 
6) If PERLIF is greater than 100 percent, 

computation stops; if not, a new loading 
is considered. 

Data Printout ·· This section prints all the data 
which have been determined during the computation 
stages. All computations made in this section are to 
effect easier interpretation of data printed. 
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H I S TOR I ES AND ANALY S I S  O F  FAT I GUE 

INPUT DATA SYMBOLS 

L�LENGTH O F  B R I DGE 
P l ,PZ, P3=VEH I CLE T Y P E  P R OBABIL J TIES 
Vl l , VLZ.VL3=AVG. VEHICLE LENGTH BY T Y P E  
VWl,VW2,VW3=AVG. VEHICLE �!EI(;HT Rv· fYPE 
WTDTH=ARIOGE W I DT H  
OSTR"=DES-JGN S T R E S S  
DLOAD=DE S I GN LOAniNG I N  P S F  
OLSTR=DEAO LOAD STRESS 
Ul T S T = U L  T I M  ATE S T RENGTH OF M.liTE R I AL Il\1 1viEI'1�ER 
EI\!DLrM=ENr)uRANce urvrn oF MATeR-r&

·c- - - --
ENDI\JUM=NUi'1BER O F  CYCLE-S TO F A I LURE AT EI\JD\JRAI\ICE lir-1IT 
NYRS=NUMBER O F  D I F FERENT ADT1S TO BE EVALlJATED 
ADT I IJ=AVG. OA I L

.
Y TRAF F I C -FoR'YE.

AR 
.. 

- GRDlJPIN(; I 
YEAR SN( I J =NUM R E R  OF YEARS COVERED I N  YEAR GROLJPING 
COR=CDRRDSION DAMAGE IO.D T O  1.0 l 
AM,�M AC.�C AT , R T  ATC.STC=CONSTANTS USED IN GAP PRORABI L I T Y  

EQUATION O F  FEJRf"i PG=Ai"i*(GM':":'BM J \.-!HERE N;=Pf{URAF) I L I T Y  nF 
GAP Gf'1 QCCUR TNG 

NFAC=-1 FOR PARABOL I C  CORROS I ON AGEING 
NFAC= 0 FOR L I NEAR CORROSION AGEING 

IMPL I C I T  REALI A-H,L,P,R- Z l o  !NTEGER(U,O l 
REAL �135 , 2 8 , 15,2 l ,ZTJ25_l,AGL I 2 5l0IR,JR,KR , M R ,NR,QR,OR 

loAD T ( 50 J ,YEARSNI 50),LODFAC I 2 5 l  

C IN I T I AL I ZAT I ON SECTIO_N STAHI'lENT_ 3 THRLJ 2A 
c 

oo I = l o 3 5  
p o_  2 J=l,ZB 
DO 3 K = 1 , 1 5  
D O  4 1"1= 1 , 2  
P ( I ,J,K,M l =O .  

4 -CONT INUE 
3 C ONT I NUE 
2 CONTINUE 
1 CONTII\IUE 

AGETOT=O. 
LODTOT=O 
DO 5 J::ol , 2 5  
ZT! I l = O ·.  
I_OOFAC( I J = 0 .  

5 CONTINUE , 
DO 300 1= 1 .50 
AOT(T J =O .  
YEARSNI I l = O .  

300 CONTINUE 
AGL( l ) = lOOOOOOO. 

P/\GE 000] 
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l ) ( l  1 11 0 1  I = l 0 101!\l ] 
f T l l f = J + l  
I R =  I 
r; l = ( I_- { I "1 '::\I L l ) ) I ( I R- , 5 ) 
h 2 = (  [_- ( I R ,� \ 1 1_ ? ) ) I ( I R - . 5  l 
r:, � = ! 1_- ( I R '� \f I_ 3 l l I I I f< - • "l l 

il f' H I CI_ E T Y :.> F:  l 

T F ( (, l . I_ f-' ,  n )  f�l I T ( I  i1 
P �� l = ( t\ ( ::: ( 1"; 1 '� '� R C I I I )_ nn 

,, ., , , !-'  ' 1 !) 1 1 }  



..., 
N 

�I_]R l"R A N  I V  � l  � � I_ F b � �  1 . l  · i'c T ! " r t--- 7 "•J , ; ;.-, 1 ? 1 r;c-1 1 r-1 '"'-

nnA':l 
OOAf> 
()I)A7 
OOAR 

0009 
0 0 7 0  
0 0 7 1  
o o n  
0 0 7 3  
0074 

0 0 7 ') 
007A 
0 0 7 7  
0 0 7 8  
0079 
O O R O  
OORl  
0 0 R 2  

O O R 3  
O O R 4  
0 0 fl 5  
0 0 R A  
OOR7 

OORfl  
O O R 9  

0090 
0 0 9 1  

_flO<t_2 
0093 
0094 
0 0.9 '5 
0 0 9 f, 

0 0 9 7  

0 0 9 R  
0099 
0 1 0 0  

c 

T F ( �.> t:, l , i� r . J  . •  ) .J I: l = l_ . '  
P I 1 T l i T ,  l • l , J. ) = I  ( �-" J. ::'* l l �� ( H:, 1_ * *  ( J - 1_ l l I 
I F ! P ( T T I J T , 1 , J.. , J. l . L T . l . n t:- l ':l ) f-l ( T T I ! I . J. . ). , 1_ ) = n .  
P ( 1_ T t r T ,  l_ , l · ? )  = P  ( T T :  I T ,  l , J ,  1 )  

( V � � J C L �  T V ·J �  � 
c 

c 

P. r r: r r� z . l_ f-' . 0 . )  r;' l r r-1 1 1  
P r. ?  = r ll. T ,� ( '� 7 �' �� F\ T J J / 1  nn 
r r ! ,) r; 2 . r; c . 1. . J  pr:, ;> = )_ � n  
P ( 1 , T T I .IT . l - 1 J = (  ( � ;? :::;q J �: ( p r;;>;�::' ( ! - 1  l )  l 
T F ( P ( l , T T , l T . l_ , ]_ ) . I_ T . J. . !l F - ] 'J )  � ( l . T T I · f , l . l  ) = n .  
P ( 1 ,  T T r r T ,  )_ . 2 l = P  ( 1_ , J T i l T , 1 ,  l l 

C V � � I ( l �  T Y P E  3 
c 

1 1  l_ F ( r. 3 . U :: . 'I .  l r;d FJ l_n 
P r ; 1 = 1 A T C * ( r;3':' * f-'. T C J 1 1 1 n n 

l F ( P r; 3 , G E . 1 . )  P G � = l . fl 
P (  1 , 1 ,  I TilT , 1 )  = I  ( j.> 3 :::*f ) ::<( or;3:: :': ( T - l ) ) )  
! F ( P ( l o 1 o i T I) T , l. l . L T . l . ll F: - 1 ? l  P ( l_ , ] . ! l i ' l- . l ) = il , 
P i  l , J. ,  T T C J T  • � )  ;;; p ( 1_ , 1 ,  I T r1 T  • )- ) 

1 n  C I JHT ! NI I E  
1 () 0 1  f;i )I"I T T ·•II ) J-;:  

c 
C (IJ;·,, PI I T I'. T T i lt'' S F C T FJ N  T T S T ii.TF!",r:;;,IT 8 3  T"-< � \ J  p -::, 
c 

c 

l'�l\i 2 = t / V L �  
r-·rl,r 3 =  1 .  I VI_ 3 
/,.,,,; 1 =l·i,J-,1 1 + 1 
JVI�.I ? : �'I�l � + )_ 
iVI •\1 3 = f"ll\! 3+ 1 

C UHJP T H R.I.I <.; T il T t l,,f'",\1 T 1 1 3  
c 

c 

i)lJ ]. O il /.  f T � I T = l_ , ·Jd-.1] 
T = T T l i T - 1  

C LUIJP T H R I J  S T A T F. :·,r t; r H  l l ?  
c 

c 

l)lJ l lll)3 J T ! J T = l_ , ,·,.. r ?  
J = J T I_ I T - 1  

r; LUO P T H � I J  S T IH F. i·1FI'IT 1. U 
c 

c 

Dll 1 0 0 4  K T f l T = l , ,otl\1 3 
K = K T O T - 1  
I R = I  
J R. = J  
K R = K  

C DE C I S I ON S TA T E � E N T S  
c ' 

T F I  ( ! . E O . O . A N D . J . E O . O ) . O R . ( J . E C . O , A � D . K . E O . O )  . O R . I T . F: O . O . b N O .  

1 K . E O . O )  l Gl) T O  1 0 0 5  
I F I J . E D . O . OR . J . E O . O . O R . K . E O . O )  GO T O  1 2  

GM = ( L - f i R* V L l + J R * V L 2+ K R * V L 3 l l / (  f i R + J R + K R l - 1 . 5 1  

�0 T O  1 3  

IJ i\ r. :;:  ' 1  I I ( ) '  



-, _. , 

' '- " 
li / 

-, l i  
1 > [{)<', 
'1 ] c 

:· ,}  {)(, 

() ]. ,.,., 

j i]_ (l ,> 
1 [)�> 

n t 1 n 
Cl] ] -1 

() l l_ !  

() l l  � 

(.1 )_  1 4  

Ill. l '-) 
i_J1. ] A  
'.l l l 7 
u l l " 

') l l  q 
\l l ? f"l 

() ] ?  ]_ 

0 1 7%  

O l 2 ':l 

0 1 2 4 

(J l ? ':l 
O l ? r.  

0 1 7 7  

P l?:-l 
N w 

T '· '  1�1 ' · "-' U - ' ,\ S C: 1_ . 1  

U '  C ' r-: r r ,.JJJt'-

lVII} T 1\1 ,-��' r r- 7 ":\ IHlk 

r;,.,= ( 1_- ( T R :' VI. l + . I R �'I/I_ ?+K I�'�VI_:? ) ) I ( ( I  iH ,h + K R ) - l  . 0 )  

l '� (1 1 1\1 T T -'! I I  f-' 

T F- ( {;o·, .  L ie'  . rJ .  I (;[J T i l  1 IHl':i 

P \o i"l= l tl·"i ':' ( ,,, .. ,,�;'H I") ) ) /  t n n  
T r' ( P P·, . P: : . J . J  p r;r.; :o _l , n  

c . 
C Cl'II _ C I J L l'l, T I < JI\1 ! J r'  P R l l f-< l\ c\ I L I T Y  l l r'  1 1 ( ( 1 1 '- lf-: •\1( 1--: 

c 

1 7 / 0()(r)fj 

P (  I T I J T , ,J T I J I
-

, K  f i l T , l ) = ( f' AC ( I , J , K l * ( ( ( P l * PI�I'i ) ''':' { ) <:: ( ( J.> z;:pr;M ) :::; .) ) ::: 
l ( ( P+�P f;r•l ) ::'*K ) l * (  J Q.+JIHKR. ) ) I ( ( I  R * P G i'' ) + ( ,J R * P I;rv; ) + ( Kf.P�PGI•I ) ) 

c 

I F (  P (  I HI T , .I T f l T , K T U T , l l . I_ T . l . D i: - 1 ? ) P (  I T i l T , J T I_ IT , K TI I T , l J = ll . 

P ( I  T i l T  • •  ) T i l l ,  K T i l T , ?.  ) = !-'  ( I  H I T  , J T i l T ,  K T I JT . ]. J 

1 0 0 :>  C l lN I T Nl l f:  
. 

1 0 04 CUI\I T T I\.I l l i-:: 

1 0 0 3  C I JI\J T T I\HJE 

1 0 0 ?.  (()J\I TI I\111 1--: 

C F J I\I Il, l_ l l l\ T I\ { 1\I P I I T  S T A T H"ifi\IT 1 1 4 T H R I J  1 2 0  

c 

1 0 2  

2 0 3  

31ll  
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

P � A [) { 5 , J. 0 2 l  N Y R S , S P  
f i 1Ri•1 A T (  T 3 , r' 4 . l )  

IJU 3 0 1  I = l , •\I Y R S  

R E A 11 ( 5 , ? 0 3 )  A nT ! I J . Y � A P S N ( I l  

f-' I J R .I'"- A T  ( F 7  . n ,  t-' 4 . (1 l 
!.lr; f:: T l l T = A G � T i l T + Y F A R S I\1 I I J 

Clli\I T l r\! I J F. 

CUMPl! T A T I I ll\1 S E C T I UI\f I I I  S T A T EM F.' I\IT 1 ?. 1  T H R l l  2 0 2  

llhF.=O. 

L U O P  THRU S T A T EMfNT 1 9 6  

D O  1 0 1 2  O = J. , r\I YR.S 

LOOP THRLJ  S T A T EM � N T  1 9 1  

D O  1 0 0 6 I = l. , l"lf\11 

U l D P  T H R U  S T A T E M EI\!T l q O  

J)[J 1 0 0 7  J = ], , JVJN2 

U J Q P  THRU S T A T EM E N T  1 R 9  

I)U l.OOR K = l . N N 3  

I F ( P ( J , J , � . l l . L E . O . O l  G(l T O  4005 

LDUP THRU S T A T E M E N T  ·1 R 7  

l)(j 1 0 0 9  M = l , Ml\1 1 

LflUP THRU S T A T E M E N T  1 8 6  

I)(J 1 0 1 0  N= l , MN 2  

L U O P  T H R U  S T A T E M E N T  1 8 5  __ 

P1\Gt' ()0(14 
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� 

fi_IR T R AN I V  G l  R F L E A S E  1 . 1  IVI A I I\1 Dt1 Tf. 7 30nf �  1 2 /0 0 / 0 R  

c 
I Jll l O l l  0 = 1 . 1"1 1\13 
J F ( P ( M , N , I J , l l . L E . O . O )  GO TO 4006 
I R. = I  
J R = J  
KR = K  
MR=M 
NR=N 

0 1 2 Y 
(1 130 
(J l � l  
O l � �  
O l � � 
fl l 3 4 
0 1 3 �  
0 1 3 h  
0 1 � 7  

DR=U 
I F ( ! . E C , ! , AN O . J . EO . l . A NO . K . E C . l . A N D . M . E D . l . A N D . N . E O . l . A N O . O . EO . l .  

1 I f-,0 TU R 'j ?  
- ·-- . . . . . . . .. 

c 
c 
c 

T T M E  O E P E'\li'J E N C Y  CAI_CIJ I_ A T I UNS S��_!_EM EI\IT _ _l 3 R  THRU 1 4 6  

O l 3 A  I F  ( ( I .  E O  . 1 .  AND . J  . E O . l . A N I) . K . EQ . l ) .DR . ( M . E O . l . AN D  . N  . E O  . l . AN D , O . E Q . l  
1 I ) GO TO R 50 

ll l � Y  G O  T O  R 5 1  
( 1 1 «- 0 R 5 0  C O N T I N U E  
0 1 4 1  P O = l . O  
0 1 4 2  GU TO R 5 3  
(1 1 4 3  R 5 1  C O N T I N U E  
Ci l 44 PO= ( A 0T ( 0 ) * 5 0 . ) / 1 2 5 5 640 . *S P )  
fl 1 4'J I F I P D . GE . l .  l P D = l . O 

. 

Q l 4 A  R 5 3  CONT I NU E  
c ' . , . , -- - --- - -· '' , . ... , .. 
C COMP U T A T I O N  OF TOTAL P R O B A B I L I T Y OF OCClJRENCE 
c 

0 1 1+ 7 P S = P D* I P ( l , J , K , l l * P ( M , N ! O , z U_ 
c 
C CUMPLJ T A T l fJf\1 OF. NlJMF)ER OF E V E I\ITS 
c 

0 1 4 8  z�36 5 . * AOT ( C ) * P S * Y E A R S N ( Q )  
c 

__ .J;; .. COt\PUT_AT I_ON OF: _LOAD AND __ S l.B..E..S.S .. ___ 5_I�_T.E11E!'il_L42_T_HR!L L6.1 
c 

W= ( ( I R+MR-Z l * VW l ) + (  ( J R+NR-2 l * VW2 ) + (  ( K R+DR-2 l * VW3 J 
J .. O.i\D::W/ � W_I D TH* l,_ ) _ _ 
I F I NF A C . E Q . - l l  GO TO 6 0 0 1  
F = l . O O- ( ( { A GE+ ( Y E A � SN ( Q J / Z . J J /AGETOT I * C O R J  

-- ----- · - - ----�Q _ __ _T__O J�·Q_QZ -
1'>00 1 CONT I N U E  

CORFAC=CO� / I AGETOT** Z l  
F =  1 .  00- ! CDR F AC* ( ( A G E + { _,.._ 6_6_f?_]j'Y__f_�r:u__CJ__U __ L* __ -!_2__)J . 

6 0 0 2  CONT I NU E  
F O S T R = D S T R. / F  

P A G F  0005 

0 1 4q 
Cl l "i () 
0 1 ') 1  
0 1 ') ;:  
0 1 S 3  
0 1 ")4 
O l S �  
O l ?A 
0 1 ") 7  
0 1 '::> 8 
0 1 5 9  
O l f.il 
O l A l  

F D L S TH_=Dl, S T R / F  _. --·--·--·--��������-
L L S T R = C L O A D * F D S T R J /D L O A D  ---�----�-------

O l A 2  
O l A 3  
O l A4 
9 1 6 5  
0 1 1'>6 
O l_f:,_7 

c_  
c 
c 

T S T R = L L S T R + F O L S T R  

I NC R E M E N T I NG O F  T O T A T  S T R E S S E S  I N T O  S T R E S S  I N T ER VA L S 
AND SUMMAT I ON O F  EVENTS ST AT E M E N T  1 6 2  T HRU . 1 6 8  

_ _ _  j: __ . ........ - -- - --- -----�---
J F I T S T R . L T . l400 0 . l  GO T O  1 2 5  
C A L L  I NC R E M I T S T R , Z , Z T , I S l  
GO _TO 126_  

1 2 5  CONT I NUE 
Z T C l l = Z T i l l + Z 

-��-----1_S.':'. 1 '<'" 



"' 
"' 

fiiR'UiAIT IV 
___ 

Gl --RE'LE A S E' 1 . 1  

____ ".21.£< 8 __ 1 2 6  CON T I NUE - c- - - -

M A I-N f i A T t: " o= 7 3 00H "f_ z ; n n l o A  

c 
·-�_f __ 

COMPUT A T I IJN O F  f:RL FACTOR AND L I FE USED STATEMENT 1 69 THRIJ  H l 2  

--··oT69 -----
0 1 7 0  
Gl 7 1  

I F  ( AGL ( I S )  . G T  . 1000000. ) GU Tll 
___ 30ifl 

J F ( AGL ( J S ) . L T . HIDL ! M )  GO TO 3 0 0 1  

·--oTiz·- R O P ! =  ( A L D G l O f  EI\IONUI"I ) ) "" ( { AGI_ ( I S ) -LJL TST ) I f lJ L"TST-ENDL I M ) ) 
- -F-

ACTa·R�ENDNUM* ( lO ."*�'R d P 1  )
. - - - -----· ... ---.. - .. . 

. C  
_____ C�_ -· -- CQ_r::\_flU T_A T_I O I\I OF' TOTAl NIJM __ R __ EJ3, __ Q_f ___ f_Q_jJ LY1 !.,_I;.!':!I .. J,; Y_f; � ES __ _ 

c 
0 1 7 3  BCOAD=LODFAC ( ! S )  
0 1 74 ___ ., _ _ _ ____ t,_DDFAC ( J S )_=_Z T ! I S l * FA_CTOR 
0 1 75 GO TO 3002 
0 1 76 3 0 0 1  C O N T I NUE 
0 177 BLOAD= O .  
0 1 1 s  -Li55FA.UTST;o- . -
0 1 79 3002 C O N T I N U E  

__Ql_@_ ___________ ---· ___ ------'=0 0 T 01:.::= L 0 IJ Tp T+ l 0 D F AC ( I S l -B L.� i\_Q __________________ _ 
fl l fl l  P FR L T F = ( l0DTDT* 1 0 0 .  1 / E NONUM 
0 1 8 2  I F ! P E R L i f . GE . 100 . 0 )  

.
. 
01133 8 5 2  CONT I NU E  
O l R 4  4006 C'(jt,JTTNUE-
O l R 5  l O l l  CONT I NUE 
O l R 6  1 0 1 0  C O N T I N U E  '"OTRT___ ----- - --- T069 CDNT_INUE 
0 1 R8 4 0 0 5  C O N T I N U E  
0 189 1008 CONT I NU E  
0 1 9 0  ---·1007c-C)N'fi"NUE 
0 1 9 1  1 0 0 6  C ON T I NU E  

G O  T O  4000 

-�------
·
·--t--

---
DATA P,R I NT OUT 

c 
S T A T E M ENT 1"92'-�THRU 194 

0 192 _______ _ _  M�J:P8:=AGE+YE A R S N ! O J - ·---- - · - __  
0 1 9 3  WR I T E ! 6 , 4 0 0 3 )  P E RL I F , TS T R , AG E P R  
0 194 4003 FORMAT ! 5 X , F 5 . l , S X , F 6 . 0 , 6X , F3 . 0 )  

_Ql22__ ______ _ ___ ____ A_GE.::::.AG.E+Y F: AR S t-! f O )  
0 1 9 6  1 0 12 CONT I NUE 

0 1 9 7  
Q_l 9  R 

--o iC/9 
__ 

,
_ 

c 
_c_ _ __ ,_ .. PAH. PR_I NT OtJT .._ SH TEr>j_ENJ_ __ !__2_l._JHRJJ�2 2 7  �--� .. - __ ---------· 
c 

4000 

Af,E PR=AGE 
(;0 TO 600C 
CONT I NU E  
A G E PR=AGE+Y E A R S N C O )  0 2 0 0  

0 2 0 1  02 0 2 ·----"· 
___ §_OQ_Q _CONT I NU E  

0203 
0204 0205 -------- - --

'0206 
0207 -----n2i58-- · · ·-------- ---
0209 
0 2 1 0  

D
ill--�----

0 2 1 2  
0 2 1 �  

WR I T E ( 6 , 50 1 0 l  
5 0 1 0  FORMA T { /  I )  

. J P R_= I - 1  
J P R = J - 1  
K P R = K - 1  

__ N P R = (\1 - 1  
MPR =I"I - 1  
O P R = 0 - 1  

__ _ WR I TE ( 6 , R 0 0 1 l _ _ _ _____ - ... -- - --- -- -·--- - - -- _. 
8 0 0 1  FORMAT { lO X ,  I CARS I , 3 X ,  I TRUCKS I .  3 X .  • COMB I NA T I ON I )  

\oiR I T E ( 6 , R 002 ) 
fWQZ FORMAT ( 2R X ,  ' TRUCK S ' , / )  

P M ; I-'  0006 
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"' 

�OfCt'R'AN __
_ II/-G·i--RELEAS.E- 'i . 1 Mi:U N"-

0 2 1 4  W R I T E ( 6 , 80 0 3 )  I P R , J P R , K P R  

D A T E  7 3 0 0 8  
---�-[2 / 0 0 / 0 8 PAGE 0007 

a·Z"i 5 - -- · Ro03 --FORMAT ( '2"x', • L-ANE 1·;- -�·Zx :·f3·, s""x�•'I",-,<a�x',�'''"' --�����--���--��,--���,--�cc�,--� 
0 2 1 6  WR I T E 1 6 , 80 0 4 )  M P R , N P R , O P R  
0 2 1 7  8004 FORMAT ( 2 X , 1 L A N E  2 1 , 2X , I 3 , 5 X , I 3 , 8 X , I3 � / 1  �-0218�---- ----------

--- WR I T E  ( 6 ,4ci09 f ... i:iERLTF--;-ETR , AGEPR 
0 2 1 9  4009 FORMA T ( 2 X , ' L I F E  IJSED= 1 , F 5 . 1 , 1 % 1 , 4X , 1 TOTAL S T R E S S = 1 , F 6 . 0 , 5 X , 1 AGE= 

1 '  , F 3·. o ,  I I I I )  
W R fT E  : 6 .  1 3 2  i 

--- --·- --·- ·--·----:---�--7 
0 2 2 1  1 3 2  FQR M A T ( 4X , 1 EVENTS ' , 9 X , ' S T R ES S ' d 0 X , 1 E B L 1 , / / / l  - · 

. . 
0 2 2 2  DO 1 3 0  1 = 1 , 2 5  . - ,  -if2-.2'3 · - ·  .. - - ·-·-· ·---- - - --WR i.' T E  - -( 6 , i 3 1  )- - Z T ( i �-�-AGL f I ) , LOD F AC ( I  l 
0 2 2 4  1 3 1  FORM AT ( 2 X , E9 . 3 , R X , F6 . 0 , 8 X , E 9 . 3 l  
0 2 2 ?  1 3 0  CONTI NUE --· -0-2i6 

---- .. ...... W R..J T E  ( 6 ,  1 3  3 l --- -- -
-- - ��-----��--. -. _----

0 2 2 7  1 33 FOR M A T ( ' 0 ' , 1 5X , 1 ****** I N D I C ATES N U M B E R  O F  L O A D I NGS L E S S  T H A �  1 4 0 0  

0 2 2 8  
0 2 2 9  

1 0  P S I 1 . 1 / I l  - -�c-ALL--·Ex n ... ---

E N D  



N _, 

� U R T R A N  I V  G 1  R E L E A S E  1 . 1  l''lL\ I N  D A T E  7 3 0 0 8  1 2 /rib/bs ���PAG-EOool 

c 
c 
c 
c 
c 
c 
c 

0 0 0 1  
0 0 0 2  
0 0 0 3  
1)004 
ooos 

OOOA 
0 0 0 7  
O O O R  
0009 
0 0 1 0  
00 ]_ 1 
0 0 1 2  
0 0  l 3  
0 0 1 4  
0 0 1 5  
O O l A  
0 0 1 7  
O O l R  
0 0 1 9  
0 0 2 0  
0 0 2 1  
oon 
0 0 2 3  
0 0 2 4  
0 0 2 5  
0 0 2 6  
00_27 
O O Z R  
G 0 2 9  
0 0 3 0  
0 0 3 1 
0 0 3 2  
0 0 3 3  
oo:�4 

FUI\IC T I ON A L  S U B P R O G R A M  USED I N  CALCU L A T I ON OF THE P R O B A B L I T Y  
O F  rJCCUREI'-.ICE - S T A TEI'IEI\IT ici7 'cfF-

_
_ _ M A i N -

-
P RiiGifAM - - - - -- - - ·- -- -·· 

FUNCT ION F AC ! N l , N 2 , N 3 ) 
I F N I :: !  
I F ( N 1 . E O . O )  GO TO 1 1  · oo 1 0  J =: 1 , N l  
J = N l - I + l  
I F N l = ! F N l *,l 

10 CONT I NU E  
1 1  C O N T I  1\J U E  

J F N 2 = 1  
I F ( N 2 . E O . O l  GCJ T O  2 1  
D O  2 0  I = l . NZ 
J = �Jz...:. r + l  
I F N 2 =  I FI\J2'�J 

20 C ON T I NU E  
2 1  CD!\IT t-NlJE 

J H J 3 = l  
I f ( N3 . E O . O )  GO Tll 3 1  
I)[J 3 0  I = l o !\1 3  
J = N 3 - I + l  
I F N 3 =  I F N 3�'J 

30 CDI\I T I NI JE  
3 1  C U N T I NU E  

I f �IClJIIi = l  
1'\J4=1\1 l +!\I2+N3 
1)0 40 I = l . N4 
J :ooN4- I + l  
I F N C UI"I" I F N C O M * J  

40 C O N T i i\J l J F.  
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THE CANTILEVER HIGHWAY BRIDGE AT CIN­
CINNATI. 

By GusTAVE KAUFMAN, M. Am. Soc. C. E. ,  and 
F. C. OsBORN, M. Am. Soc. C. E. 

GENERAL DESCRIPTION OF THE WORK. 

By GusTAVE KAuFMAN, M. Am. Soc. C. E. 

During the years 1890 and 1891 the Cantilever Highway Bridge 
described in this article was built across the Ohio River, between the 
cities of Cincinnati, 0. , and Newport, Ky. The terminus in Cincinnati 
is at the corner of 2d Street and Broadway, and in Newport it is at 
the corner of York and 3d Streets. The road way of the bridge is 24 feet 
wide in the clear, with two sidewalks each 7 feet wide. The total length 
of the structure is 2 966 feet. The main engineering feature is the 
cantilever span, 520 feet from center to center of piers. 

The bridge is located between the Louisville and Nashville Railroad 
Bridge and the Old Cincinnati Suspension Bridge, and but a short 
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distanoo above the month of the Licking River. Prior to the con­

struction of this oridge, the highway traffic between the two cities was 

prinmplilly oooommodated by 11. ferry company with two large ferry 

·boots. The Louisville and Nashville Bridge, which is supplied with 

very narrow roadways and sidewalks, accommodated the street-car 

traffic and a portion of the other highway traffic, but was not popular 

-on oocount of its location and the interruption of highway traffic 
during the passage of trains. 

The site of the new bridge is very favorable for economical con­

struction, from the fact that a peculiar limestone formation · extendf 

across the river at this point. The top of this formation is an irregular 

triangle in shape, the base of which is on the Kentucky side and the 

apex on the Cincinnati side. On the Kentucky side at extreme low 

water this formation is exposed; the base of the triangle is about 1 400 

feet long, and extends from the mouth of the Licking River to a point 

midway between the bridge under discussion and the Louisville and 

Nashville Bridge. The top of the formation maintains the level of 

extreme low water about two-thirds the distance across the river, 
where it drops suddenly, and for the balance of the distance across 

the river the top of the rock is from 5 to 7 feet below low water. The 

sites of other bridges built across the Ohio River at Cincinnati were 

by no means so favorable, and it was necessary to go to considerable 

depths to obtain suitable foundations for their piers; notably the Chesa­

peake and Ohio Railway Bridge, where rock was found about 52 feet 

below low water. 

For many years t.he fear of insufficient revenue prevented the con­

struction of a highway bridge at this place; but the development of 

t.he electric street railway and the necessity for rapid transit between 

the cities of Cincinnati and Newport furnished the requisite impetus 

and led to the formation of the Central Railway and Bridge Company 

for the purpose of constructing this bridge. The preliminary surveys 

and the general lay-out were prepared by G. Bouscaren, M. Am. Soc. 

C. E., in the early part of 1887. The general plans and the location of 

the channel span were approved by the Government in April, 1888, and 

authority at the same time was given for the construction of the 

bridge. 

The general elevation and plan of the bridge; the gradients, lengths 

of spans and height above water are shown on Plate XXVII. A gen-
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ertll view is shown in Plate XXVIII. The approaches were located 

entirely on private property occupied by a large nmnl>er of buildings 

of all kinds and descriptions, which were owned and leased by almost 

an equal number of individuals. All the street and alley crossings are 

overhead. The maximum grade, which occurs on the Cincinnati end, 

is 5� per cent. This grade is necessary to enable the structure to give 

the clear height over the channel, required by the Act of Congress 

;soverning the construction of bridges across the Ohio Uiver. Between 

the mouth of the Big Sandy River and the Suspension Bridge at Cin­

cinnati, all bridges must have a channel span 500 feet wide in the clear 

at low water. The lowest part of the channel span must be 100 feet 

above low water-mark, and 40 feet above local highest water. The 

highest water known at Cincinnati prior to 1883, the time of the passage 

of the act, was in 1832, when the river reached the height of 64 feet 

on the Government gauge. In 1884 the river rose to the unprecedented 

height of 71 feet and three-quarters of an inch. Since that time the 

law has been eons trued by the Government authorities to refer to the 

flood of 1832 and in fixing the height of channel spans it is only neces­

sary t o  have 40 feet clear above that flood. Therefore, in the case of 

the Central Bridge, it was required to have a elear height of 102 feet 

above low water-mark, which is 2 feet on the gauge. 

No active work of construction was done on the bridge until March, 

1890, when, through the perseverance of Mr. V. Morris, the South­

western Agent of the King Bridge Company, arrangements for its con­

struction were perfected with the Company which he represented. 

This company was to construct the bridge complete in all details by 

January 1st, 1891, under the specifications to be prepared by Ferris, 

Kaufman & Co. , who were at this time appointed Chief Engineers of 

the Central Railway and Bridge Company. On account of the limited 

time, hut twenty-four hours were taken in preparing the specifica­

tions, copies of which will he found in th e appendices.* The general 

plans adopted by the Government were of course adhered to, and many 

items in the original specifications of the company were adopted. On 

the :31st day of March, 1890, the formal contract was executed. By 

its terms tho King J3ridge Company was bound, under heavy for­

feiture, to complete the structure satisfactorily to the engineers by 

the time mentioned. 

* See page� HI! to 220 inclusive. 
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The preliminary estimate of quantities was as follows; 

S=srnuCTURE : 

First-class masonry, Piers 4, 5, 6, 7 and 8 . . . . .  10 420 cubic yards. 
" " " " 1, 2, 3 and 9 . .  . . . . 1 353 " 

" " " Pedestals . . . • . . . . . . . . . . 140 " 

Hecond ' '  " Abutments and Ramps . .  3 200 " 

Concrete . .  o . .. o • • • • • .. • • • • • • • • • • • .. • • .. • • • • • • • • 2 100 ' '  

Piles in foundations . . . . . . . . . . . . . . . . . . . . . . . .  20 400 linear feet . 

Timber " 
. .  . .  • . . . .  . . .  . . .  . .  . .  . . . 152 000 ft. B. M. 

Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 000 pounds. 

Excavation in coffer-dams . . . . . . . . . . . . . . . . .  . 
' '  foundations on shore. . . . . . . . . .  . 

1 750 cubic yards. 

2 750 " 

Filling between ramp walls. . . . . • . . . . . . . . . . 3 000 " 

G " t  
. 

ram e pavmg . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

SUPERSTRUCTURE : 

2 500 sq. yds. 

Structural iron and gteel . . . . . . . . . • . . . . . . . . 2 500 tons. 

Lumber for floor . . . . . . . . . . . . . . . . . . . . . . . . . .  550 000 ft. B. M. 

Hand rail . . . . . .  . . .  . .  . . .  . . . . . .  . . . . .  . . . .  . . . . 6 000 linear feet. 

Toll houses, gas pipe, etc. 
. 

The right of way on the Newport side was practically all secured, 

but nothing had been done in the way of clearing it at the time of the 

closing of the contract, and no property had been obtained on the 

Cincinnati side. The undertaking of, the King Bridge Company to 

complete this work in nine months was large; but, at the same time, 

it seemed that. the contract could be successfully carried out if proper 

energy were used by all, and if no extraordinarily unfavorable cir­

cumstances should arise. The company, in April, sub-let the con­

tract for the substructure and paving of approaches to Mr. J. Le Duke, 

of Berea, Ohio. In accordance with this contract the various parts 

were to be completed, as follows : 

Piers Nos. 1, 2, 3, 4, 6, 7, 8, 9, pedestals and approach masonry 

not later than October 1st, 1890; Pier No. 5 not later than October 31st, 

1890, and all the earth filling, granite paving, flagging and the entire 

contract not later than December 1st, 1890. The work was to be com-
• 

menced not later than May 1st, 1890, and the contractor was placed 

under heavy bonds for the completion of the work as stated. 'l'he 

ordinary clause giving the contractor more time for the completion of 

his work, on account of delays through causes beyond his control. was 
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omitted in this contract, and the contractor was given t o  understand 

clearly that he was to take all the chances anu finish the work in time 

to enable the erection of the bridge to be completed by January 1st, 

1891. 

The contract for the iron and steel was given to l\fessrs. Carnegie, 

Phipps & Co. ; the material was to be delivered to the King Bridge 

Company at Cleveland within sixty days from the time the order was 

placed, and this would enable the latter Company to deliver the 

finished material at the bridge site as agreed upon. 

The contract for the erection of the superstructure and the laying 

of the floor, etc., was awarded to l\fessrs. Baird Bros.,  of Pittsburgh, 

Pa., who were to be given possession of the piers and material at the 

time shown in Le Duke's contract, and were to complete the work by 

January 1st, 1891. 

For a short time the work in all uopartmonts progressed very satis­

factorily and according to programme; but soon delays from various 

causes arose, until finally, as it became evident that the bridge could 

not be completed as contracted for, the masonry contractors became 

demoralized ; and it required great patience and energy to maintain 

the prosecution of the work. 

The Ohio River has for some miles above and below the bridge site 

a narrow and tortuous channel; and as the mouth of the Licking River 

is almost directly opposite the site, it is subject to very rapid and 

wide fluctuations. The variation between extreme high water and 

extreme low water is about li9 feet. These conditions conspired to 

render the founuation work hazardous and expensive. The year 1890 

is now noted for the number of floods which occurred in the Ohio 

River. A hydrograph showing the stage of the water, the condition 

of the weather and the temperature for each day during the con­

struction of the work, will be found on Plate XXIX. This will indicate 

one of the great difficulties under which this work was carried on. 

Usually during the summer and fall months the water stage at Cin­

cinnati is below 15 feet, with an occasional rise above that point, 

but during 1890 the reverse was the case. 'l'horo were about fivo wooks 

of low water. During this period Piers 6 anu 7 were fairly starteu, 

hut Pier G was caught by the high water. The delay in complet­

ing this pier prevented the opening of the bridge until August, 1891, 

some eight months behind time. 
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The year 1890, as is well known, excelled all other years in the 
product of steel and iron, and great difficulty was encountered in 
getting the structural material to the bridge shops. The mills failed 
in a great measure to complete their contract in this case, and the time 
for the delivery had elapsed by several months before the King Bridge 
Company obtained all the material they had ordered. 'rhe delay from 
this cause was not particularly noticeable on account of the fact that 
the masonry was not finished. 

8urvRyn. -Hurveys and locations for the construction work, and, in 
fact, all the sutmtructure work, were made under the direction of 
::\[r. A. A. Htuart, * 1\-1. Am. Soc. C. E.,  who was Resident Engineer, and 
:lllr. L. V. Rice, Assistant Engineer, to both of whom much credit is 
due for the accuracy and excellency of the work. The general situa­
tion was favorable for accurate triangulation work, and to this is 
largely attributable the excellent results obtained. 

A test of the accuracy of the field operations was made by comput­
ing the distance between the base line on the Cincinnati side and . a 
point on the bridge axis common to the two base lines on the New­
port side, using the three triangles formed on the three base lines, and 
the results were respectively as follows: 1 696.076 feet; 1 696.074 feet; 
1 600. 053 feet. With the assurance of accuracy of field work which 
these results gave, the remaining elements of the triangles were com­
puted ready for use in locating the river piers. 

Masonry.-The length of the structure between the termini is 2 966 

feet. Beginning in Cincinnati, this distance is made up as follows : 
Granite paving and masonry ramp . . . . . . . .  , ,  285 feet. 
Steel viaduct . . . . � � . . . . .. . . . . . . . . . . . . . . .. . . . . .  151 ' '  

One truss span across Ludlow street . . . . . . • •  

Viaduct . . . . . . . . . . . . . . . . . . . . . . . . ..  ., . . .. . .. .. .. .. ..  .. 

One truss span . . . . . .  ., . . .. . . .. .. . .. .. .. .. .. .. .. .. . .. .. .. .  .. 

Cincinnati cantilever arm . . . . . . . . . • • • . . . . • . •  

Two river arms and suspended span . . . • • • • .  

Newport cantilever arm . . . . . . . . . . . . . . . . . . . .  , 

Two truss spans, each 254 feet . . . . . . . . . . . . . • .  

Steel viaduct . . . . . . . . . . . . . . . . . . , • . • • . . .  , . . . . 

Granite paving and masonry ramp . . . . . . . . . • .  

108 

81 

162 

252 

520 

252 

508 

319 

328 

" 

" 

" 

" 

" 

" 

�' 

" 

" 

To'tstl • • • • • o • • • • e • • •  • o o " ., a ., ., e ., • ., .. ., 0 o o • 2 966 ' ' 

* The reports of Mr. Stuart were frequently drawn UllOn in preparing this paper. 
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The superstructure is supported by two abutments, twenty-eight 

pedestals and nine piers. The abutments and ramp walls are built of 

second-class masonry and entirely of Ohio River freestone, except the 

coping, which is of Berea sandstone. All the pedestal piers are built 

of first-class masonry. All the cement used on the work, with the ex­

ception of a few barrels of Portland for main coping stone and point­

ing, was Louisville cement, and was tested at the mills by Messrs. 

Mead & Shaw, Cement Inspectors, of Louisville, and all accepted bar­

rels which were shipped were branded by them. The ramp walls, abut. 

ments and pedestals being far removed from the water, are founded 

on the natural earth upon a course of concrete 2 feet thick, the material 

affording ample resistance to bear the superimposed loads without tho 

aid of piling. 

Piers Nos. 1, 2, 3 and !l arc similar in :tll l'cspod.s, mwopt as to 

size and height, antl aro all fon111lotl on pi l<•s <ll'ivon to <L til'llt msist­

ance from short blows of a hannnor , woighin�Jr 'l 000 p<mtuls. 'l'hc 
foundation beds wore from 7 to 10 foot <loop, nntl after sawing the piles 

off 18 inches above the bottom of the pits, concrete was put in, varying 

in thickness from 3 to 4 t  feet, thoroughly imbedding the piles in a 

plastic mass upon which the foundations and footing courses were 

started. These piers were built entirely of Ohio River freestone, ex­

cept the coping which was Bedford oolitic limestone. They are rec­

tangular in plan throughout their height, battering one-half inch to 

the foot, and as they stand abovo tho average high water, no difficulties 

were encountered in eonstrndiug their foundations. 

Piers Nos. 4 aml S are similar in construction, hut different in kind 

of foundations and dimensions. Pier No. 4, rests upon one hundred 

and fifty piles, driven to solid rock, having heavy cast-iron shoes, the 

points of whioh were seated in the rock by repeated light blows from 

the hammer. They were cut off 18 inches above the bottom of the 

foundation bed, and their heads were imbedded in concrete 3 feet 6 
inches thick. Upon this the foundation footing courses, four in num­

ber, were laid. 

Pier No. 8 is loc�tto<l 11t about mdromo low wntor-lino on tho Knn· 

tucky shore, aucl rests upon solid rock. This foundation was llOguu 

July 14th, 18HO, nud tho laying of masonry was begun July 27th, the 

stage of the river being about 7 feet. A clay dam was built around 

the site of the pier, and with this protection from the water the exca-
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vstion was made. A pit 18 inches deep was exoovated in the rock, 
and in this the footing courses were started. 

These two piers have semicircular nosings up to the belt course, 
where they are contracted in length and become rectangular in plan. 
From the foundation to the belting course the face work is built o f  
Berea sandstone, with concrete backing. The face stones were laid in 
Flemish bond, headers and stretchers alternating with each other in 
every course. The concrete backing was put in as fast as the face 
stones of each course were laid, and was allowed twelve hours to set 
before any masonry was laid upon it. Above the belting course 
these piers are built entirely of Ohio River freestone, except the 
coping, which is of Bedford limestone. The table on next page 
gives the complete record of the building of Pier No. 4, and it is 
believed by the writer that this is the first instance that such a record 
has been kept. 

Each face stone and each backing stone was measured and its con­
tents calculated. The sum of the two was deducted from the contents 
of the full course and the balance was taken as the amount of mortar 
in that course. In this way the column giving the cubic yards of 
mortar in all joints was obtained. The number of barrels of cement 
used for the face work and backing was obtained by actual count. 
The column giving the number of barrels of cement per cubic yard of 
backing, gives also the amount of cement in a yard of concrete, as the 
backing is concrete. The cost of laying up to the starling course 
refers only to the face stones. 

Piers Nos. 5, 6 and 7 are similar in construction and are located in 
the river. Piers 6 and 7 are founded on the solid rock, and their foun­
dations were put in without difficulty by the use of single wall coffer­
dams. The solid rock bed in the river at this point has no deposit 
upon it, and in landing the coffer-dams it was necessary first to sink a 
crib composed of timbers and stone above the pier site in order to 
hold the coffer-dam in place. The coffer-dams for Piers 5, 6 and 7 were 
all alike in construction, being rectangular in plan and 30 x 70 feet in 
size out to out. The walls were built of horizontal courses of 12 x 12-
inch timber bolted together for a height of 6 feet, and above this the 
walls were composed of 6 x 4-inch stuff. At •intervals of 8 feet along 
the longitudinal walls 12 x. 12-inch vertical timbers were bolted, and 
into each pair of verticals 12 x 12-inch horizontal.struts were dovetailed. 
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CENTRAL BRIDGE, CrNCINNATI-NEWPOR'l'.-BUILT 18!)0-91.--DATA FROM 

Pmn No. 4. 

- -

.,; "' � " 0 " 
.... 
0 
.. " .0 a " z 

-.-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
M3 
34 
35 
36 
37 
38 
39 

Mean size of 

course 

out to out. 

Feet. 
23.18 X 59.18 
21.35 X 57.35 
!9,44 x 55.1M 
16.44 X 52,18, 
13 . 69 X 49.44 
13.50 X 49.25 
13.31 x 49 .06 
1 a . 1 2  x 48.87 
12.93 " 48.68 
1 2 . 74 X 48. 49 
12.55 x 48 30 
12 . a6 x 48.11 
12.18 X 47.93 
12.00 X 47,75 
1 1 . 81 x 47 . 56 
1 1 . 62 X 47 . 37 
1 1 . 43 X 47.18 
11.24 X 46.98 
11.05 X 46.80 
10.86 X 46.61 
10.66 x 46.42 
1 1 . 76 X 47.50 
10,70 X 46.44 
10 . 58 X 35.66 
10.46 X �5.52 
10 . 34 X 35.37 
10.22 X 35.23 
10.10 X 35.08 
1 0 . 00 X 34.96 

9 . 87 x a4.84 
9 . 75 x 34 . 72 
9 . 62 x 34 61 
9.48 X 04.49 

, 9 . 35 X 3:1.37 
9.25 X 34.25 
9 . 15 X 34.15 
9 . 03 X 34.03 

10.00 X 35.00 
1 1 .(}0 X 36.00 

.,; 
� 0 -"' 

.... 0 
"' "' " " 

.... " 
;a E-< 

1' - 7" 
1' - 7" 
2' - 8" 
2' - 4" 
2' - 2" 

.. " " 

.. 

..  

.. 
2' -- 1" 
2' - 0" 

.. 

.. 
2 ' - 1" 

" 
" 
.. 
" 

2' - 0" 
l' - 10" 
1' - 5" 

" 
1' - 6" 
1' - 6" 
1' - 5" 
l ' - 4" 
1' - 4" 
1' - 5" 
1' - 3 '  
1 ' - 4" 
1' - 5" 
1' - 6" 
1' - 3" 
1 ' - 3" 
!' - 3" 
1' - 6" 
1' - 6" 

.. '"' a � ;J;i <D � " .:;1 2 
.... .:. o "  .... " 0 
ro o  "' "" "' "' :. ;; 
,.. "' " 0 

� •M .0 " 0 0 
-- --

80.90 46.05 
29 .35 r 9 . 67 
53.34 47.37 
32.35 38.95 
�8.40 22.70 
26. 70 23.89 
28.86 20.79 
28.31 20 48 
28.74 19.25 
27 . 85 19.34 
26.48 19.90 
26.42 17.66 
23.99 17.43 
25.11 15.69 
24.78 15.29 
25.74 15.17 
24.84 15.251 
25 50 14.051 
24.71 H . 02 
24.61 13.47 
24.07 1 1 . 01 1 
23.11 12 . 7 1  
15.09 !0.49 
15.17 8.46' 

10.02 12.13j 
12.25 7.60, 
1 1 . 81 7 . 54 1 
1 1 . 39 6 . 60 
11 . 68 6.081 
12.53 5.93 
10.16 5 . 9:.!1  
10.23 6 . 62 1 
11.07 6 . 62 
11 . 36 7 . 00 

9 . 21 5 . 92 
9.18 5 . 75 
8 . 88 5 84 

13.80 6 . 16 
2 1 . 82 . . . . . . 

-- -�-----::--��:::::=-.::.:.==_ ------� 
.. 00 "" 1Z .,;; " "' � � " " " � k " .. , ..... rci 0 � "' �  S oo  " � � .. " .. ... "' ' - "' "'  " "' " "  .. . , .. " " � "  � -:! S ""  0 :g �>� o  = �< , = .q "' " dl REMARKS.. "' �  .. ..  � '@  . ;. S o  ll "'  "' ' '�:: " "' " 8 ::  �. s " o "  " "" k <l>  "' " ., .... ., o "' " •M " - " - ,eg " ., " ;5 "' .. .. " .. .. " " • � � ·<"4 0 "' P'l 0 

--- - --

Percent 
1.45 40 0.26 1.70 $1 . 90 } Footings, Poly-
1 . 05 43 0.37 1 .64 1 . 90 gonal enCs-
1 .30 53 0.3. 1 . 52 1 .  91J concrete backm 
0.93 45 0.3i 1 .79 1 .90 ing. 
0 . 88 58 0 . 35 1.68 1 . 65 
0·7H 53 0 . 30 1 . 65 " 
0.87 58 0 . 2 1  l .HO . .  
0 . 87 58 0.25 2.00 " Concrete back-
0 . 87 60 11.24 1 . 7 1  . .  ing, 
O . b6 59 0,25 1.94 . . . 
0 83 57 0 . 30 1 .  71 . .  
0 . 84 60 0.26 1 . 81 . .  
0.80 58 0.>7 1 .  71 . .  
0 82 62 0 . 24 1 . 60 " Semicircular 
0.81 62 0.24 1.77 .. ends. 
0 . 83 63 0 . 3 1  1 . 71 " 

0.82 62 0 . 36 1 . 67 .. 
0 . 75 64 0 . 33 1 . 74 " 
0.80 64 0 . 42 1 .64 " 
0 . 80 65 0.45 !. 74 " 

0 . 80 69 0.29 1.63 1 .65 
6 . 20 65 0 . 42 1 . 96 Sta>•ling. 
4 . 99 59 0.47 " l Hood courses. 4 . 56 64 0 . 53 . .  
8.40 45 0 . 53 .;j . .  
3 . 50 62 0 . 53 0 " Rectangular in 
3 . 64 61 0.55 "' " plan. 
3 . 23 63 0 . 56 � ·  

.. 
2 M3 66 0.68 .. 
2.03 67 0.64 .:l • •  Courses 22 to 38 
2.52 63 0.55 "' .. inelusive bave � 
3.77 61 0 . 56 -� .. stone backing • " 
2 . 98 63 0 . 56 " "" 
4.30 62 0 . 54 "' " 

2. 77 6 1  0,72 "" " 
3 .00 62 0.60 � .. 
2 . 95 60 0.47 " 1 . 96 ..... 
2.99 69 0 . 50 2 . 06 Sub- coping. 
o. 72 100 0 . 50 2.06 Coping, 

Amount of cement per yard of face work, courses 1 to 21 inclusive = 0,80 barrels. 
" " " " " " concrete ·� " "' '' " = 1 .  71 " 
.. " . .  ., . .  

Percentage of face work in 
I O U H fl 

16 masonry ..  
. .  
. .  

22 • •  39 

1 u 21 

22 I I  39 

" 
. .  
. .  

= 0.56 .. 

= 

55 per cent. 

62 II 

NoTE,-From the foundation to the starling course, the ma��Jonry is built of Berea. !:land� 

stone with concrete bacldng, but above this it is built entire]y of Ohio River freestone. All 
face stones were required to have a width of 1± times their thickness, and below the stat ling 

they were laid with Flemish bond. All mortar was mixed 1 cement to 2 of sand, and the 
concrete was mixed 11 2 and 4, the latter bt-iug broken stone. Louisville cement was used 
throughout. 

· 
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The bottom edges of the walls were padded with cotton waste 6 inches 

thick, held in place by cotton ducking. The coffer-dams were towed 

into plooe wiilwut bottoms and sunk by loading them with stone in­

tended for use in the piers. On July loth, the crib for Pier No. 7 was 

looated when the water was about 14 feet high and the current very 

swift. On the 11th of July the coffer-dam was towed into place and 
11nnk, the stage of water being about lO feet. After sinking it was dis­

covered to be uneven, the southeast corner being �tbout 1 foot higher 

than the others, a 12 x 12-inch stick of timber h�tving lodged in this 

oomer. This wllB :removed by a diver. Considerable difficulty was ex­

perienced in pumping out this coffer-dam, the cotton ducking having 

been tom out in 11. number of places in launching, causing leaks which 

were finally .stopped by throwing in bags of sand. This work con­

sumed consider��oble time, but by July 22d a bed 2. 7 feet deep was exca­

vated in the rook and the ilnlt course of masonry begun. 

On July 20th the coffer-dam of Pier No. 6 was located after consid­

erable trouble on account of a very swift current. The stage of the 

water was at this time 8 feet, and a week was consumed in stopping 

the leaks around the bottom of this coffer-dim!. After excavating a 

bed �,8 feet deep in the rock, mMonry was started August lat. 

On August lOth the coffer-dam for Pier No. 5 was located and sunk 

in position, but as the rock bottom at thie. point was overlaid with 
' 

about 2 feet of river silt, much time was taken in an effort to m��oke 

the bottom edge of the coffer-d�m� tight. Before this was accomplished 

the river began to rise and all operations were suspended on August 

26th. From this time the water stage fluctuated between 11 and .20 

feet, until on September 18th it reached a 35-foot stage, which was 

never known to occur before in the month of September. The condi­

tion of the work at this time, atr,11iing from the Cincinnati end, was as 

follows : 'fhe right of way from Broadway to Giffin Street had not 

been entirely obtained, many suits of condemnation having made the 

work of securing it extremely tedious, but it had bE1,en so far obtained 

as to allow the foundation of Pier No. 1 to be put in ; ruso Piers Nos. ·2 

and 3. On Pier No. 4 nothing had yet been accomplished, owing to 

litigation as to the right of the company to condemn property at thia 

point. Pier No, 5, as' stated above, had not yet been started, but a 

coffer-dam had been sunk. Pier No. 6 had 33 feet of .masonry yet to be 

laid to complete it. Pier No. 7 had yet 30 feet of masonry to be laid 
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on it. To complete Pier No. 8, 36 feet of ma,aonry were required. Pier 

No. 9 was eomplete<l. The pedestals on the Newport aide, with the 

exception of a few cap stones; the abutment on the Nowpo1·t side, and 

most of the ramp walls were completed. No filling between the same, 

however, had yet been done. Out of a total of 13 000 cubic yards of 

masonry, 7 000 yards had been laid. 

During the whole season to this date, there had been but five weeks 

in which the stage of the water was below 10 feet, and only for one day 

was the water below a 6-foot stage, and during this time there were a 

number of very rainy days. The masonry contractors were becoming very 

much demoralized, and they realized that it was impossible for them 

to complete their work by the specified time. Considerable iron had 

been delivered on the ground and the contractors for the erection were 

on hand ready to proceed with their work. 

As winter was rapidly approaching it became obvious that if the 

work was to be finished approximately on time, it was absolutely nec­

essary that the river work be completed first. The condition of Pier 

No. 5 and the condition of the river made it clear that some radical 

move had to be made. It was therefore determined on September 

15th to use the pneumatic process in . founding Pier No. 5, notwith­

standing the fact that bed-rock was only about 7 feet below low water. 

Plans and specifications for a caisson were made as rapidly as possible . • 
The plan of the caisson is shown on Plate XXX and the specifications 

in Appendix 3. It was 12 feet pigh from the shoe to top of the deck, 

with a coffer-dam about 24 feet high, so that the work could be 

prosecuted in a 24 to 26-foot stage of water after the caisson was 

landed on the rock bottom of the river. An examination of the records 

gave sufficient reasons to expect that the work could be thus carried 

on without interruption during the early winter months and that the 

pier could be finished before very cold weather set in. 

'Vork was accordingly begun on the caisson September 23d, and on 

October 17th it was launched. A pressure plant belonging to Messrs. 

Sooysmith & Co. was obtained from I,onisville, and this firm was con­

tracted with to do the work. At this time another freshet came in the 

river, and as this pier stands in the main channel where the current is 

swiftest, it was deemed unwise to attempt to locate it until the water 

would fall somewhat. On November 7th, with about 22 feet of water 

in the river, the caisson was towed into position, and on November 9th 
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the work of laying masonry began. Owing to the rapid fluctuations 

in the water level, the cutting edge was not landed on the bottom until 

November 28th, and on November 29th the air compressor was started 

and the work of excavating and removing material in the working 

chamber was begun at once. 

During the month following this date, the river stage permitted 

the work of excavating and sinking of caisson to go on without inter­

ruption. On account of the material being rock, the laying of masonry 

was subject to careful regulation so that the cutting edge would 

not be liable to injury from excessive pressure. On December 27th, 

1890, the caisson had penetrated into the rock about 5 feet and had 38 

inches yet to go. Seven full courses of masonry had been laid, and 

about ten or twelve working days were yet necessary to complete the 

sinking, seal the air chamber, and to bring the masonry up high enough 

to be out of the way of a 32-foot stage of water. On that day, how­

ever. the river rose above the shafts and suspended all operations. 

At this time the condition of the work was such that the contractors 

could work in a 28-foot stage of water by the aid of the coffer-dam, but 

from December 27th until April 18th, 1891, as shown on the hydro­

graph, at no time did the stage of ths river allow the contractors to do 

anything toward the completion of Pier No. 5. On April 28th the 

si11king was completed, and by May 8th the working chamber and shafts 

were filled with concrete. Laying masonry was not resumed until 

April 28th, from which time it was continued without further inter­

ruption from high water. 

The caisson in this foundation was of the Morrison type, except 

that the iron shoe was omitted. The sinking was accomplished without 

accident or injury to any of the men engaged on it, and required·seven 

hundred and twenty hours actual working time to penetrate 8 feet into 

the solid rock, or an average of 3 .  2 inches for each twenty-fonr hours. 

The rock penetrated consisted of ledges of .fairly hard shaly formation 

alternatiug with thin ledges of hard fossiliferous limestone. Where 

first· struck it was not well adapted to make a good foundation, and in 
order to get the deck of the caisson 3 feet below extreme low water, it 

was necessary to penetrate the roek 8 feet. The last piece of coping wall 

set on Pier No. 5 at 9 A. M. , June 18th, 1891, entirely completing the 

substructure within twelve months from the time of beghming the 

work. 
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P.i.em Nos. 5, 6 and 7 have oomicircular nosings up to the belting 

ooume. The under side of oocb is set at water atage 66 feet, and they, 

from the belting course to the under side of the coping, are built en­

tirely of Ohio River freestone. The coping is 2 foot thick on Piers Nos. 
5 �tl).d 6, and 18 inches thick on the other piers, all being of Bedford 
oolitic limestone, from Bedford, Ind. 

The following table gives data of the construction of Pier No. 5. It 

gives the size and thickness of sch course, number. of cubic yards iD. 
the face stones and number of onbio yards of bswking ; !Uoo number 

of cubic yards of mortar in bed joint!!, the amom1t of cement required; 

and it also shows the cost of laying maflon:ry, inol\'lding flllol).d tilnd 

cement. 

{lll!NT!UL BRIDGE, C:momNATI-NEWPOl!IT.-Bun.T 1890-91.-D..LT.l :nox 
Pmn No. 15. 

I I J i I ! � � 
li 'i!i .. � ., 1 •  .. . .. J -�� .. "'� .. " "' � ., o  

! �� � �  " . - .. - "" "  
� .. � " ·� 

0 - ----
Foot. Fee!. 

1 19.50 " 55.50 2 . 25 88.29 52.61 
2 19.00 l< 56.00 2 . 16 82.24 48.09 
8 19.00" 55.00 " 28.5� 5 1 .01 
4 17 .2h : 53.57 .. 30.08 38.79 
6 IT.Oh 63.39 2.08 28.94 86.46 
6 16.90 x 5S 22 . . 29.26 35.30 
7 16.73 " 58.05 .. 27.38 36.89 
8 16.56 "  52.88 .. 29.47 . ss.u 
9 16.39 " 52.71 2.00 28.60 31.23 

10 16.22 :1< 52.5& .. 26.00 32.9! 
11 16.04 " 52.36 2 . 16 29.!0 3'1 . 38 
12 U.86:o: 62.18 .. 29.77 33.01 
1& 15.68 x fi2 .00 2.08 27.30 81.34 
u 15. 1!0 "  51.82 .. 25.23 82.67 
15 15.3l X 51.64 .. Z7. 48. 30.43 
16 15. 16 "  51.47 2.00 26.72 27. 39 
11 U.98 " 51.8!1 .. 28.16 2,; .20 
18 14.81 X 51.13 .. 25.56 27.05 
19 u.M " 5o.us . . 25.27 26.59 
20 H 47 3: 50.79 .. 25.00 26. 1 2  
2 1  U . 68 :i: 50.62 .. 25 .• 2 24.95 
22 a.IS x 1!0.45 .. 25.22 24.40 
23 18.96 >: 1!0.�8 1 .88 21.86 22.88 
'' 18.79 " 1!0.11 " 28.38 20.88 � 13.62 " 49 . 94 .. 21.90 2!.60 

13.411 " 49.71 .. 20.78 21 . 96 2'1 13.28 " 49.1!0 1 . 75 21.90 18.84 
28 13. 14 :1< 49.,6 .. 22.52 17. 19 
29 13.00 " 49.32 1.83 22.35 18.65 
30 12.85 x 49.17 .. 2o.aa 20.0'1 
31 12.69 "' 49.01 1 . 66 20.25 16.00 
32 !2.54 :r: 48.86 1 . 58 1 8 . 47 , 16.53 
33 12.40 " 48.72 1 .83 2�.25 16.38 

... · Si 
' 'l> -� .. � u "' =  ., _  
;E �· 
" �  

0 -
1 . 620 
1 . 550 
1.525 
1 . 825 
1 . 310 
1 . 280 
1 .260 
1 . 250 
1 . 245 
1 . 2�0 
1 . 207 
1 . 194 
1 . 180 
1 . 165 
1 . 150 
1 . 130 
1 . 110 
1. 095 
1 .081 
1 .066 
Uli!O 
1 . 035 
1 . 020 
! .006 
() .990 
0.978 
0 . 960 
0 . 940 
0.933 
0.920 
0 . 907 
0 . 897 
0.882 

'II & . � .. � � .;  fil o  '0 e m  �� 8 1l  
., '!! I< 'Cl  l<! " "  � :  � � 

Pr. ct. 
80.8 l 
40.0 
86.0 
(3.6 
,&.0 
45.0 
43.0 
47.0 
47.7 
44 . 1  
47.1 
48.0 
46.5 
43.6 
47.4 0. 3289 
49.4 
52.7 
48.4 
48 . 7  
48.8 
1!0 . 4  
60.8 
49.7 
52.8 
50.4 
48.0 
li4 . 4  
56.6 
52.0 
50.6 
62.4 
5.!.0 
58.7 

. .., �-
�� l � """.e 41 ,. u E!  
�.:! !l 

..a bi)oe ll " " 
·� .. 

$1.127 

J 

·:ea•!lD. 

} �Polygonal miilii.' 
8 14 . " 

i>i< lilemlc!rcol.v " 

Som!olrcular ends. 

I J ·------��·�-�-- --· --· 
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C.mm�UL BmDGE. CmomNATI-NEWPORT.-BVILT 1890-91.-DATA :I!'!WM 
PmR No. 5-(Continued). 

I J 1 o.\ � � ' "'  

' � 0 • 01 15. · !*� a.'!  � to - '::1 "' .... .s ... ., Jl .. 8 .. ... .. " 0 0  " . " o  Jd .S ...; "!!.t .. 

t.� .. .. - ,:,.,!l ., .,  " . o  S o�  k 'tS ·= '!! u J 1 n � ... 1J SI  " " "  Rm>UliiD!, 
til �!."' o �"  �-a s Ol o  I< ':;  w '\S  � = Q)  

-; ;; " "  " o.S �'E p..•1"'4 Q ·� :i ;E t!O  ·� "  " " ...,. !:tZ'CI 
� � � a  g.s .g .. " "'  &l � '" ot " � "  0 0 ... � .. 8 ·,... OS --- -- -- -

Feet. Feet. Pr. ot 
3& 13.32 >< 49.6� 1 83 23.33 17.54 0.860 57.0 } $1.121 

Starling course, 
86 12.26 x 48.20 1 . 42 17.?7 11.6! 0. 863 61.0 
841 12.14>: 46.20 .. 16.77 10.79 0.798 60.0 Hood courses. 
37 12.02 " 39 .89 .. 15.05 8 . 10 0 .677 66.0 
311 11.00 " 35.311 .. 13. 75 8.72 0 .600 61.0 
39 11.7Sl< 35.78 1.33 14.33 6.48 0.651 69.0 
40 1 1.66 " 35.66 .. 12.27 8.21 0 . 6U 60.0 
41 U.M x 36.54 1 . 42 14.81 6 . 79 0.632 66.5 
42 11.42 X 31i.42 1 .33 1a.so 6.12 0.62:l 69.0 
43 11.30 " 36.30 .. 12.05 7:04 0.616 54.0 
4£ 11.19 " 31i.l9 .. 12.32 7 . 13 0.608 68.0 0.3010 
45 11.07 X 35.07 .. 12.73 6.44 0.698 66.0 $1.470 Rectangular 46 10.96 " 34.96 . .  12.21 6.71 OJII!I.l 65.0 

in 

47 10.84 " 34.8£ . .  13.19 5.46 IL8 71.0 
plan. 

48 10.73 x M.73 .. 13.70 4.71  ll.fl� 74.0 
49 10 .61 " 34 .61 .. 11.96 6.17 ·!IS'!' 66.0 
69 10.50 X 34.50 .. 12.05 5.95 O..J60 67.0 
51 10.33 X 34.311 . .  12.36 5.29 0. 600 70.0 
52 . 10.27 X 34.27 .. 12.33 5.01 0. 540 71.0 ' 
63 10.16 " 34.16 .. 12.85 4.28 0 . 637 75;0 l 
54 10.05 " 34 .00 1 . 16 10.37 4.33 0.630 70.0 I 55 u.oo " 35.00 2.00 20.63 7.89 0 . 525 72.0 0.348 $1.500 Sub-coping. 
56 12.60 " 36.00 .. 32.00 None. 0.694 100.0 0. 349 1.536 J Coping. 

Percentage otface work in courses . . . . . . . . . . . . . . . . . . . . . . . . .  1 to 33 inclusive = 46.42 per cent. 
If IHI II IB 

e e e ,. <HO o o o 6 o o o • • • • • " • • • •M to 54 U = 65.81 Cl 
No'.I'I ... -From top of caisson to the starling course the masonry Is built of Berea oand· 

stone with Ohio River freestone backing ; but above this it is bnilt entirely o! Ohlo River 
freestone. 

All face stones were required to have a width of oDe and one-quarter (ll) times their 
thickness. 

All mortar was mixed 1 cement to 2 of sand, Louisville esmont baing usee! throughout. 
Cost of cement and sand rated at $1.20 par barrel of cement used. 

LABOR PER DAY OF '!'EN HOUBS BATED AT,. 
Foreman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $4 00 
Mason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 25 
Cutler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 50 
Engineer. . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 00 
Common la.bor . . . . . . . . G � e � · · · · ·  .. � D • e e  .. • • · · · " · · · " · · · · · · · · · · · · · · · • • • • · · · · · · · ·  1 50 

It is very interesting to note in connection with this table theo ratio 

of increase of the cost of laying as the pier increases in height. On 

comparing the table for Pier No. 4 with that for Pier No. 5, it will be 
noted that the cost of laying is higher in the former than in the latter. 

The reason for this is that Pier No. 4 was constructed during the 

winter months and the foreman in charge was not so expert 1!.1! the one 
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on Pier No. 5. i'he writer believe� th��;t the info:rm��;tion :in the t�ble 

is valuable, and if the cost of quarrying ��,nd cutting for the varion11 

building stones were known, ex��;ot e�timatee of the oo!lt of bridge 
masonry could readily be made. 

Before closing the description of the substructure it m��;y be well 

to explain why Piers Nos. 4 and 8 were oonliltruoted with Bere11. sand­

stone face, and concrete heartinga, while Piers Nos. 5, 1:1 and 7 were 

constructed with the same face stone and Ohio River freestone backing. 
The original specifications required that the face of the piers should 
be constructed of limestone obtainable in a quarry near Cincinnati 
and the backing should be of freestone. 

Considerable difference of opinion as to the reliability of this lime­
stone was found among engineers in Cincinnati, and as we had no ex­
perience with it, nor time to investigate the matter thoroughly, we 
decided to take the safe course and not permit its use. A quarry �t 
North Yernon, Indiana, which furnished stone of undoubted quality, 
could not deliver the quantity as rapidly as necessary. There were 
then available only the Indiana. oolitic limestone and the Berea smd­
stone quarries, each of undoubted character and of sufficient magni­
tude to furnish rapidly the quantity of stone roquired. It wall found, 
however, that the oolitic quarries eoul<l give no guarantee of prompt 

delivery on account of other contracts, and it was decided to obtain 
the face stone for the important piers from the Berea sandstone 

quarries. In .order to reduce the cost of masonry to that originally 
specified, the King Bridge Company requested permission to usa 

concrete heartings in the piers in question. The writer had no expe­
rience in constructing masonry in this wa�·, but knowing it had been 
done satisfactorily in several instanees of mo<h,mte-sized piers, reiW.ily 

granted permission to the contmctors to const-ruct l1iers Nos. 4 and 8 

as requested. 
In the absence of information regarding the comparative elasticity 

of concrete and Berea sandstone, consent to the use of concrete in the 
interiors of the large Piers Nos. 5, 6 and 7, in which the pressure on 
the lower course is very great, was withheld. The Berea stone ill com­
paratively soft, and if the concrete should compress more than it did, 
the periphery of the pier would be subjected to crushing. We did not 
care to take any chance in the matter. We are not aware of any 

piers of this size thus constructed except some granite piers on the 
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Mississippi River, which no doubt could withstand a pressure of this 

kind. 

The contract price for the substructure was as follows : 

Fir11t.-Fi.lling in abutments on Newport and Cincinnati sides, 

�h or gravel, per cubic yard, $0.22. 

&cund.-Excavation of Piers 1, 2, 3, 9, pedestals and abutment 

fo:nndations,  per cnbic yard, $0.44. 

Tkird.-Conc:rete foundations, per cubic yard, $4.40. 

For:trlh.-Pile foundations, per linear foot, 30.8 cents. 

J!''if(k.-First-class masonry, including the cost of foundation ex-

cll.vation, etc. , for Piers Nos. 4 and 8, $11.43 per cnbic yard. 

Si:etk.-First-class masonry, including the cost of foundation com­

plete for Piers Nos. 5, 6 and 7, $12.50 per cubic yard. 

&mentk.-First-class masonry, Piers Nos. 1,  2, 3, 9, and pedestals, 

per en bic yard, $!). !10. 
Eightk.-Second-class masonry in abutments and. ramps, per cubic 

yard, $7. 98. 

The quantities of masonry in each part of the work is shown in the 

.following table : 

llj a;: �  
:z; 

1 -. . . . . . .  
2 . . . . . . . .  
a . . . . . . . .  
4 . . . . . . . .  

5 . . . . . . . .  

6 . . . . . . . .  
'1 . . . . . . . .  
8 . . . . . . . .  
9 . . . . . . . .  

Cin'ti 
Ramp. 

Newport 
Ramp. 

CENTRAL BRIDGE, CINCINNATI-NEWPORT.-BUILT 1890-91. 

"'� Size under Sub- Size at Base of 
� �  Coping. 
" .. Shaft. 
� 0  

4'.98 X 29' .98 26'.22 6'.42 X 31' .42 
4' . 98 X 29' .98 39' .41 7' .6:l X 82' .6:! 
6'.00 X 30' .00 47',00 9' .07 X 33' .07 
9'.00 X 34'.00 73'.�6 13'. 77 X 49' .02 

10' .00 X 34' .00 112' '79 17'.34 X 53'.66 

10' .00 X 31' .00 101' .09 17' . 80 X 54' .16 
9' .00 X �4' .00 93' .43 16' .00 X 51'. 75 
7'.00 X 32' 00 87'.U 18' .47 X 46' .88 
7' .00 X 32' 00 37' .28 9'.58 X 31' .58 

• • • • • • • •  � • • • • •  0 0 • •  . . . . . . . . · · · · · · · · · · · · · · · · · ·  

• • • • • • • • • • • • • •  0 0 • , . . . . . . . .  , . . - o o 6 & 0 & • � & & � 0  

"' . .. ..  � -!3 �8 �'g 
18" 
18" 
lM" 
18" 

24" 

24" 
18'' 
18" 
18" 

12" 

12" 

Oublo 
Yards of Remarks� 
Masonry. 

146.18 
271.68 
393 . 92 

1 482.85 

2 357 .61 

2 475.59 
1 974.12 
1 393.30 

330.06 

10 77 J_.)! 
663.03 

1 510.23 

rqu��· B��ft. 
, ,  .. 

Circular Shaft. 
Circular Sbal't, inc. 
Caisson in H't. 
Circola.r Shaft. 

" .. .. .. /Square Shaft. 

. . . . . . . . . . . . . . . . .. ..  � 

! . . . . . . . . . .. . . . . . . . . 
' 

Superstructure. -The superstructure of this bridge consisted of the 

following spans as shown on the general lay-out : 
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Viaduct spans : one span, 86 feet; four epan11, 28 feet 6 inches; one 

through span, 108 feet center to center of pier�.; three !lp11.:1111, 2'7 feet 
each; one through span, 162 feet center to center of p:ie:!.'lll one cu.ti• 

lever arm, 252 feet; one cantilever arm, 156 feet; one 111111pended 111pu.1 

208 feet; one cantilever arm, 156 feet; one cantilever arm, 21:12 feet; 

two through spans, 254 feet each'. Viaduct spans: one, 55 feet; three, 

30 feet; three, 61 feet; one, 29 feet; and one, 50 feet. The cluru.ce 

is 16 feet above the top of roadway, and the clear width between 

trusses is 24 feet. 

The specifications governing the construction of this portion of the 

wo�k are very full, and contain a number of features which will be dill­

cussed by F. C. Osborn, M. Am. Soc. C. E., in his paper on the can­

tilever span of the bridge. A copy of the specifications will be found 

in Appendix 2. Full information in regard to loads and unit stresses 

allowed, the character of the material used and the required tests will 

be found therein. 

The inspection of the niaterial at the mills, the -work at the bridge 

shops and the erection was conducted by the firm of G. W. G. Ferris 

& Co. , of Pittsburgh. About six hundred and fifty tests, taken from 

rolled sections, were made. The material proved to be of .:�m�t-olulll 

character, all that was acc-epted falling within the limitations of the 

specifications. The full-sized eye-bars tested all broke in the body of 

the bar with the exception of one which failed in the head on account 

of a flaw. The defective head was cut off and another put on. Upon 

a re-test this bar broke in the body of the bar. 

CENTRAL BRIDGE.-DETMLED Wmou:rs, E:rc. 

Superstructure : 
36-foot span and bent 1 .  . . . . . . . . . .  . 

28-foot 5-inch span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Two 28-foot 5-inch spans and bents 2, 3 and 4 . . . . . . .  . 

28-foot 5-inch span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
108-foot truss span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

27-foot span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

27 -foot span and bents 5 and 6 . . . . . . . . . . . . . . . . . . . .  . . 

27-:Coot 2-inch span . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .  

Carried forward . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

l.'oondo. 
26 640 
11 545 

54 545 

11 215 

124 725 
14 020  
35 38IS 
12 340 
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l'lllilld@, 
Brought forward .. .. ..  _ G e .. 6 9 .. ..  G .. .. . ..  0 $  .. " .. G Q .. .. . ..  e e .  20041& 

162-foot truss span . • . • . . . . . .  . . .  • . .  • . . . .  . . .  . . .  . . . .  . .  202 010 
Shore anna of cantilever . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 876 978 
River arms of cantilever . . .  . .  . .  . .  . .  . .  . . .  . . .  . .  . . .  . . . .  691 860 
Suspended span. � .. ... .. .. ..  � .. . .. .. .. .. � .. .. . . .. .. .. . .. .. . .. .. . . . . .. . . . 885 185 
Two 2M-foot spans. . . . . . . .  . . . . . . . . . . . . . .  • • . . . . . . . • . 809 160 
55-foot girder spans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 550 
30-foot spans and bents 7 and 8 . . . . . . . . . . . . . . . . . . . . .  37 396 
31-foot 5-inch span . . . . . . • . . • •  ,, , . . . . . . . . . . . . . . .  . . . . . 15 025 
;30-foot span and bents 9 and 10. . . . . . . . . . . . . . . . . . . . .  33 566 
31-foot 5-inch span. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 235 
30-foot span and bents 11 and 12 . . .  . .  . .  . .  • . . .  . .  . . .  . . 33 396 
31�foot 5-inch span. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 070 
29-foot span and bents 13 and 14. . . . . . . . . . . . . . . . . . . .  28 432 
50-foot girder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 715 

Rivets, .bolts, etc. . . . . . . • • • • • • . . . . . . . . . • . • . . 31 790 
Hook bolts, nails and spikes . . • . • . . • • • • . . . . • 36 945 
Finials and cresting . . .  • . .  • . .  • . . . .  . .  . . . . . .  • • 17 075 
Name plates and castings . • • • • . .  . . . . • . . . . • • • 5 346 
Hand railing, RaiL- .. e .. .. ..  G . .. .. .. .. .. .. .. . . .. ..  , .. .. .. . .. .. ..  1']:6:695 

Braces . . .. . . . . .. .. .. .. c. � .. .. . .. .. .. .. .. .. . .. .  2 4ll5 
Posts . .. .. .. .. .. .. ..  , .. .. .. .... .. .  " .. . .. . .. . .. .. .  12.9fi6 

Lamps, posts and braces . . . .  . . • • • . . . .  • . . . . . 8 500 

Newel posts. e . .. .. .. .. .. . .. .. .. .. . . .. .. <>'0 ;. .. . . .. . D .. . .. . .. & 5 685 
Stairways .. ..  � .. .. .. . .. e . .. .  o -.. .. • .. .. • • .. .. .. .. • .. .. • • • • • • 44 865 

3 965 483 

837' 30() 

4 302 788 

Lumber (white oak) for :floor . • . • • • . •  , . . . . . .  551 434 feet B .. M •.. 

Paint, 650 gallons (two coats) . . • . • . . • . • . . . .  1 gallon for 8� tons. 

Erection of Central B1·idge.-About the middle of September, 1890, 
aUhough the masonry was in somewhat of a sad plight, and it was 
clearly evident that the contractors could not complete their work 11111 

agreed ' Upon, there was sufficient work done to enable hopes to be 
formed th11.t the work could be completed somewhere in the neighbor­
hood of February ·or M11.rch, 1891. 
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On the Cincinnati enu nothing could be done owing to the right of 

way not yet being clear and the superstructure not yet completed. 

Work was therefore begun on the Newport end. In the early part of 

October the viaduct on the Newport side was started and was com­

pleted by the 25th of the month. On October 30th the girders across 

Front Street were placed in position. On November 12th the raising 

of the iron span between Piers 8 and 9 was begun, the false work hav­

ing been placed between these piers during the latter part of October, 

and by the 15th the spans were connected. On the 24th it was fully 

riveted up and the stringers and floor beams were in place. On 
November 25th the false work for the span between Piers 7 and 8 was 

started and was finished December 3d, and by December 9th this sprm: 

was fully coupled up. 

The question as to whether the Newport shore arm of the canti­

lever between Piers 6 and 7 should be erected at this time now arose ; 

the work on the caisson fov Pier No. 5 was progressing favorably, and 

indications were that it would be prosecuted to a finish without inter­

ruption. The river looked very favorable (water stage 15 feet), and it 

was decided to erect this arm. On December 14th the work on the 

false work was started and was finished by the 20th, and on the 21st the 

raising of iron began. On the 22d reports from the head waters of the 

river indicated that considerable of a rise could be expected, so that 

additional energy was used, and by the 23d this span was coui�led up 

without the floor beams or stringers. 

It was calculated that the trusses could stand their own weight 

alone, if found necessary to remove the false work before the river 

arms of the cantilever were erected. As the indications were that the 

river would reach a stage of over 30 feet, in which false work could 

not be held, it was determined to take it out, and this was done by 

the 28th of the month. The work on the Newport side was then 

stopped until some reasonable assurance of the completion of Pier No. 

5 could be had, and the work on the erection of the river arm was not 

started until the following May. When this work was begun the ma­

terial for the cantilever arm was taken out in barges and hoisted into 

place. This work was very difficult and expensive, but it was not 

safe to take any material out on the shore arm without having false 

work to support it. 

After extending the river arm three IJauels and hanging to it the 
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traveler weighing ab<Iut 60 tons, permission was given the contractor 
for erection, to place the. floor syst�Jm of the shore arm in position and 
to carry out the m�ttilrial ��;long the bridge, The erection towards the 
center of the cantilever was carried on slowly, as there was no occasion 
t o  p11sh this until Pier No. 5 was completed. It, however, was finished 
June 18th, at the same time as Pier No. 5. 

� to �� W � � � � = � ��� � �  
been fully obtained,. cleared, and the substructure finished. On Janu­
ary 15th the Cincinnati viaduct was erected and fully riveted.* By 
March 11th the 162-foot span between Piers 3 and 4 was coupled up. 
On May .21ith the false work on the Cincinnati shore arm was started 
and finished June 12th. July 3d this arm was completely coupled 
up, and by the 14th the inside traveler necess�try to erect the canti­
lever. wa!J compl(lted, and the work of erecting the Cincinnati canti· 
lever arm started. On July 22d the two arms of the cantilever met 
.and were coupled up without any difficulty. The wedges and screws 
used gave great satisfaction and enabled the l!pan to be readily 
adjusted. On August 29th, 1891, the whole work was completed .aud 
opened for the use of the public. 

THE CANTILEVER SPAN. 

By F. C. OsBORN, M; Am. Soc. C. E. 

One of the objective points in the designing of. this structure Wafil 
the elimina.tion, as far as possible, of undulatory and vibratory,molioi!. 
from· passing· loads. To this end the stringers were riveted ·rigidly to 
the floor beams, the floor beams in turn rigidly attached to posts !!Jnd, 

suspenders, and· the latter made in compression form in order to belitet 
l:'eSist �y tendency to vertical vibration. The lower lateral bracinfJ is 
made &t angles, arranged in a double triangular system, the angles 
att��oched to stringers at all intersections and to each other at center of 
panel; the attaehment to chords is by means of wing plates directly to 
main truss pins. 

* !.'1a.te XXXI. 



PlATE XXXI. 

TRANS. AM. SOC. CIV. ENGS. 

VOL. XXVII, No, 545· 
KAUFMAN & OSBORN ON CANTILEVER 

H I G HWAY BRIDGE. 





OSBORN O N  CANTILEVER HIGHWAY BRIDGE. 193 

The portal bracing at the anchorage end of the shore arm is in box 

form, taking hold of both top and bottom flanges of the end post by 

means of large gusset plates and also attaching securely to the top 

and bottom flanges of the top chord. The portal rods are made double 

and attach to long pins passing through the gussets. 

The top chord bars of the river cantilever arms are made in two­

panel lengths, and are supported by the light vertical posts and top 

lateral struts in such a way as to clamp them securelY. in position and 

at the same time effectively transmit the wind pressure at the panel 

point to the top lateral bracing� 

Owing to the sharp grade of the cantilever spans the proper position 

for the tall posts over the piers became an interesting question. If ,they 

were made vertical, the other posts and suspenders being normal to 
the bottom chord and grade, it would make a short panel on one sid& 

of the post and a long one on the other, and give the post the appearil.nce 

of leaning up-grade, as well as an awkward look on account of not being 

parallel with the posts on either side of it. These objections could 

have been met, of course, by making all posts and suspenders vertical 

instead of normal to the grade. If this was done, however, it would 

have to be done on the adjacent spans, two of 254 feet each and one of 

162 feet, and the extra expense would have been greater than was 

thought justifiable. After considerable study and the making of scale. 

drawings of the several combinations, it was decided to make all posts, 

including the large ones over the pier, perpendicular to the grade. 

The camber calculations for the river arm of the cantilever were 

made on the basis of the full dead load and one-half only of the maxi­

mum live load strain. The compression members were lengthened and 

the tension members shortened by an amount corresponding to their 

change in length from the strains caused hy the ahove loading. The 
lengths of members in the shore arm were calculated as though the 

bottom chord was perfectly straight and the posts perpendicular to it, 

no allowance being made for upward or downward deflection. After 

swinging, and before the erection of the river arm, this span would 

deflect downward; under the dead load alone of the completed struct­

ure it would deflect upward; with the live load covering this arm 

alone it would deflect downward at the anchorage end and upward at 

the other, the bottom chord taking the form of a reverse curve. 

The calculated maximum anchorage strain is 136 000 pounds at the 
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·"ad of MOh trulll!, ud is taken up by a 6 x 1 l-inch steel eye-bar passing 

l!!O leet into the masonry and attached to a box girder 7 feet square and 

t teet deep 

Provision for lllternate strains of tension and com pression in the top 

chord of the anchorage arm is made by using eye-bars for the full 

teru!ion strain 1u1.d a built member for the full compression strain. 

The compression chord is prevented from taking up any tensile strain, 

by me&ms of oblong pin holes which permit the compression members 

to separate at the joint. 

SPECIFICATIONS FOR SUBSTRUCTURE OF THE " CENTRAL 

BRIDGE " OVER THE OHIO RIVER, BETWEEN 

CINCINNATI AND NEWPORT, FOR THE 

CENTRAL RAILWAY AND 

BRIDGE COMPANY . 

.Abutments.-The abutment·s or ramps on the Cincinnati and Newport 

sides shall be respectively about 277 and 330 feet long ; they shall be 

formed of two side walls of masonry capped, as shown on plans, with 

coping courses 12 inches thick and 2 feet wide, supporting the side 

railings, and form the remainder of the width of the sidewalks with 

Berea sandstone. flags not less than 9 inches thick, laid in cement with 

parallel joints, and a front wall supporting the end of the iron super­

structure, capped with limestone not· less than 18 inches thick. The 

ends of the flagstone on the roadway side shall be supported on a good 

and suitable foundation, as the engineer may direct, 

These walls shall be built of freestone ashlars not less than 10 

inches thick ; they shall be founded on a bed of concrete or on pile 

foundations, as the nature of the ground may require. The spaces 

between the walls shall be filled with earth, gravel or broken stone, or 

brick deposited in 12-inch layers, upon which the pavement and tracks 

for the wagon-ways and tramways shall be laid, 

Pedestals.-There shall be twelve pedestals of masonry for the via­

duct approach on the Cincinnati side, and sixteen for the viaduct 

approach on the Newport side. The pedestals shall be built of free-
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stone ashlars not less than 18 inches thick, capped with a single block 

of limestone not less than 18 inches thick. They shall be founded on 

a bed of concrete, or on a pile foundation, as the nature of the ground 

may require. 

Pier,s.-Numbering from the Cincinnati side, Piers Nos. 1, 2, 3, 4 
and 9 shall be founded on pile or concrete foundations, the bottom of 

the masonry being from 6 to 10 feet below the surface of the ground. 

Piers Nos. 5, 6, 7 aud 8 shall be founded on the bed rock of the 

river. The rock shall be excavated from 4 to 6 feet in depth, and' 

properly dressed to receive the first course of masonry; the spaces 

between the side walls of the pit and the masonry of the piers shall be 

filled with concrete to an even elevation with the bottom of the river. 

Piers Nos. 1, 2, 3 and 9 shall be rectangular in shape, in a hori­

zontal section, with a batter of one-half inch to the foot on all faces. 

Piers Nos. 4, 5, 6, 7 and 8 shall also be rectangular in shape from 

the top of coping down to the elevation of high water. From high 

water down they shall have a semi-circular nosing at each end, as 

shown on plans. 

The general dimensions for each pier shall be approxima.tely a.s 

follows : 
CoPING. 

Pier 1, 8 x 32 

" 2, 8 X 32 

" 3, 8 x 32 

" 4, 11 x 36 

" 5, 12 X 36 

" 6, 12 x 36 

" 7, ll X 36 

HEIGHTS. 

29 41 

34 79 

34 71 

29 70 

ToTAL. 
23 feet. 

34 " 
42 " 

70 " 
113 " 

105 " 
99 " 

" 8, 9 X 32 21 70 91 " 
" 9, 9 X 32 36 " 

The masonry of Piers Nos. 1, 2, 3 and 9 shall be of freestone ashlars 

not less than 16 inches thick ; the coping shall be no less than 18 

inches thick, and of approved stone. 

The masonry of Piers Nos. 4 and 8 shall be of Berea sandstone ash­

lars for the face, with concrete hearting below high water. 

Piers Nos. 5, 6 and 7 shall be of Berea sandstone facing and Ohio 

River freestone hearting below high water. 

The masonry of Piers Nos. 4, 5, 6, 7 and 8 shall be composed en­

tirely of freestone ashlal's above high water to the under side of cop-
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ing. The depth of the courses shall not be less than 16 inches. The 
coping courses shallbfil of limestone of approved quality not less than 

24 inches thick for Piers Nos. 5 and 6, and 18 inches thick for piers 
Nos. 4, 7 and 8. 

Each pier shall have one or :more footing courses, The anchorage 
for the ends of the Cantilever spans on Piers Nos. 4 and 7, as well as 

the anchor bolts in pedestals of the viaducts, shall be put in by the 
contractor for the substructure ; the iron work for the same shall be 
furnished by the Bridge Company. 

All coffer-dams and scaffoldings used for the construction of �he 
piers, as well as all surplus :material excavated for the foundations of 
the same, shall be removed by the contractor before payment of the 
final estimate. The material excavated from the foundations · of the 
river piers shall be deposited in euol!. a place as not to cause any ob­
struction in any portion of the river. The place of deposit shall be 
satisfactory to the proper authorities. 

Piers and pedestals shall be built of firstcclass masonry. The abut­
ments shall be of second-class masonry; All joints of the masonry 
shall be neatly pointed off with :rich cement :mortar. No masonry 
shall be laid in freezing weather without permission · of the Engineer. · 

All materials shall be inspected, and shall be used only when 
approved and accepted by the engineer. All ·work shall be done 
under the direction and to the acceptance · Of the engineer. All 
defective work shall be promptly taken down by the contractor on 
orders from the engineer, and rebuilt properly at · the contractor's 
expense. 

In the absence of the contractor � a.n:y part of the woFk; tb.& 
· engineer shall give his orders respecti'llg that work to whom,!!()-. 
eyEJr it may be in charge of, or executing the s�id.work, and his -orders 
shall be respected and obeyed. The contractor asaumes all risks 
.·alising from the weather, accidents or causualties of ru:ty kind. 

Masonry details shall be prepared by the engineer. for �ch strueto. 
ure, and a copy of the same shall be furnished the contractor before, 
beginning the work. 

Masonry shall be divided into two classes: first and second•claas 
:masonry. 
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Fh·st-class Jfasonry. -For Piers Nos. 4 and 8 :  The thickness of the 

courses shall vary from 16 inches thick to 00 inches thick, and the 

courses shall decrease uniformly in thickness from the bottom to the 

top of piers. The piers shall consist of alternate courses of headers 

and stretchers. They shall not be less than 3f feet nor more than 6 
feet long, and shall be no less than 16 inches nor more than 30 inches 

thick, nor less in width than one and one-quarter times the depth of 

the course to which they belong. 

The casings shall be of Berea sandstone and the piers shall be 

filled with concrete made of I,ouisville selected and inspected cement. 

The casings shall be laid in alternate courses of headers and stretchers; 

the face stones shall be squaro; the joints shall be three-eighths of an 

inch in thickness. The vertical joints three-eighths of an inch in thick· 

ness shall extend backward from the face of the wall no less than 12 

inches, and as much more as the stone will admit. The concrete fill, 
ing shall be placed in the pier upon the completim,1. of each course of 
the casing. It shall be mixed $.nd deposited in place .as specified under 
the head of ' '  concrete. " 

All face stone must hold their size back in the heart of the wall that 
they show on the face. 

All f!tone must lie on their natural quarry bed,. and must be cleaned 

carefully and dampen�d bofore setting. They must have their bedlli 

and joints well .drestied, a1.nd true to the proper plane; The beds shall 
be made as large as the stones will admit of. All .:�'ace stones shall 
break joints not less than 12 inches. 

No hammering on the stone will be. allowed after it is set, but small 

inequalities may be· pointed off carefullY. 

The masonry shall be rock faced, with no projections of more than 
3 inches from the proper plane. 

The belting and coph}g courses, as well as quoins, shall have drafts 

1�  inches wide. The coping stones shall have parallel joints dressed 

throughout. " They shall .be. of such dimensions as may be reqW.red by 

the engineer; They shall be tied together with : iron clamps made of 

seven-eighths inch square iron; they shall on::tend !l inches with:i tdhe 
edge of each stone and their points shall extend 4 · inches into each 
stone; the clamps shall be set in lead. 

Fi1·st-class Masonry fm• ,eiers Non. 5, 6 and 7.-The piers shall con­

sist of headers and stretchers, and there shall be at least one header to 
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every three stretchers, or more frequently if necessary in the opinion 
of the engineer. 

Heade1:s and stretchers shall not be less than IH feet nor more than 

7 feet long, according to thickness, nor less in width than one and a 

quarter times the depth of the course to which they belong. 

The thickness of the courses shall not be less than 16 inches nor 
more than 30 inches, and they shall decrease uniformly from the bottom 

to the top of walls. 
Face stones must hold the size back in the heart of the wall that 

they show on the face. 

All stones must lie on their natural quarry bed and must be cleaned 
carefully and dampened before setting. They must have their beds 
and joints well dressed and true to their proper plane. 

The beds shall be made as large as the stones will admit ; the verti­

cal joints of the face must be in contact at least 6 inches measured in 
from the face. The face stones shall break joints not less than 12 

inches. The backing shall be of good-sized, well-shaped stones, laid 
so as to break joints, and thoroughly bond the work in all directions. 

The joints shall not .be less than three-eighths of an inch nor more than 
five-eighths of an inch thick. There shall be no spaces large;r than 6 
inches between the backing stones; they shall be filled with small stones 
laid Jiush in cement mortar. The whole of the masonry sb,all be laid 
Jiush in cem-ent mortar, so as to fill thQroughly ali joints, beds and 
spaces between stones. To remove all .doubts as to this point, each 

course shall also be grouted, if required by the engineer. 

No hammering on the stone will be ��>llowed after it is set, but small 

inequalities may be pointed off carefully. 
The masonry shall be rock faced, with no projections of more than 

3 inches from the proper line. 

The belting and coping courses, as well as all quoins, ,shall have 
drafts H inches wide. The coping stone shall have parallel joints 
dressed throughout. They shall be. of sue�:!. dim.ensions as n;�ay b�J 
required by the engineer. They shall be tied together w.it�, ,irP!I­
cla,mps made of seven-eighths of an inch square. They shall e:dend 9 
inches within the edge of each stone, and their points shall extend !j, 
inches. into each stone; the olamplil shall be set in lead. 

li'irsl-cla�s Ma.<�onr,Y for Piers Nos. l, 2, B �nd 9.-Shall be b1,1ilt 
entirely of Ohio River freestone. The piers shall consist of header� 
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and st1·etohers, and there shall be at least one header to every three 

stret,che:rs, and more frequently if necessary the opinion of the 
engineer. 

Headers and stretchers shaH not be Iess than 2t feet nor more than 
6 feet long, according to thickness, and not less than H feet wide, 
nor less in width than the depth of the courses to which they belong. 

In all other respects the specifications goveming the eonstruction of 

Piers Nos. 5, 6 and 7 shall be used in the eonstruotion of Piers Nos. 1, 
2, 3 and 9. 

Second-class Masonry.-Faoe stones shall not be less in thickness 

than specified for on each piece of work. 

Joint.�.-Vertical joints on the face must be in contact at least 4 

inches measured in from the face, and as much more as the stone will 

admit of. 

Backing. -Shall be of large, well-shaped stones, having good natu­
ral or scabbled beds, the thickness corresponding to the face stones 
of the same course. Bond of face and backing stones shall not be less 
than 12 inches. 

In all other respects second-class masonry shall be constructed as 

specified under the heads of " First-class Masonry " for Piers Nos. o, 
6 and 7. 

Vonore/e. -Concrete shall be composed by actual measurement oUour 

measures of broken stone of uniform size, not more than 211 inches :in any 

direction, free from clay and soapstone and well screened, two meas­

ures of sand and one measure of cement. The broken stone :is to be 

well w��.tered, and stone and mortar thoroughly turned ��>nd mixed on a 

tight plank iloor immediately before using until every l'ltone is coated 

with the mortar. 

AU concrete is to be laid in sections or l11.yera, not exceeding 9 inches 

iu thickness, and :ie to be thoroughly rammed. It mulilt be mixed ao 

dry that the water will not flush to the I!Udace : until the ramming is 

nearly completed. 'Ehe r111mming mul'lt :�·,completed within :fifteen 

minutes after the water has been mixed with the cement. Con91:ete 

11hall be allowed 111t least twelve houri! t�? aet 'before malilonry :bHaid 

on :it, ' ; , ,  1 1  
Pile Founda'tioM.-The piles shall be of white o��>k, . Mt l«m11 thiln If 

inches in diameter at the 11mall end an<l 12 inehelil at the )nltt end, 
with the bark peeled off. They �>hall lle an<l cl!.refuUy pointe<l 
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or shod with approved cast or wrought iron shoes, if required by the 

engineer. 

They shall be driven to such a depth as the engineer may direct. 

They shall be driven with suitable rings and with a heavy hammer, 

with short falls, if necessary, to avoid splitting. All piles badly split 

or otherwise injured in driving, or driven out of place by the fault of 

the contractor, shall be replaced with others at the contractor's expense. 

The piles shall be cut off level 2 feet below the bottom of the 

masonry, and 1 foot above the bottom of excavation. The pit shall 

then be filled with concrete to the level of the top of the piles, and the 

piles capped by 12 x 12-inch timbers of one length drift-bolted to the 

piles with iron drifts 1 inch in diameter. The spaces between the caps 

shall be filled with concrete, and the platform made of 12 x 12-inch 

timbers laid closely together. 

After the first course of masonry is laid, the spaces between it and 

the sides of the excavation shall be filled with con.crete to a height of 12 

inches above the top of the platform. After the masonry has been car­

ried above ground, the remainder of the pit shall be filled with the 

material excavated, well rammed in, and the pavement, if any, that 

was removed for the excavation, shall be carefully relaid and left in as 
good condition as it was before. 

The spaces between the walls of ramps shall be paved, guttered and 

curbed with granite in accordance with the specifications in force for 

similar work in the City of Cincinnati. 

MATERIALS. 

Stone.-The freestone shall be equal to the best quality of what is 

kuown as the Ohio River freestone, procurable on the river bstween 

Maysville and Portsmouth. The limestone shaH be equal to the best 

quality of Indiana compact limestone, procurable near North Vernon 
and Greensbuxg, Ind. 

All stone must be sound, of sufficient strength to stand the required 

pressure without danger of crushing, not liable to be affected by the 

weather, and shall be thoroughly seasoned before using. 

Cement.-The cement shall be equal to the best quality of Louisville 

hydraulic cement. It shall stand, without breaking, a tensile strength 

of not less than 100 pounds pm· square inch in briquettes seven days 

old. It shall not swell or crack in the procesa of hardening. 
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8and.-The sand shall be olean, sharp river sand, properly screene(l 

from all dirt, clay, soapstone, or other impurities. 

Mortar.-The cement mortar shall be generally composed of one 

measure of cement to two measures sand well mixed with clear water 

in clear water beds and used immediately after mixing. Different pro­

portions of sand and cement shall be usecl when required by the 
engineer. 

Timbm·.-All the permanent timbers used in the foundations shall 
be of sound white oak cut from living trees, fJ,"ee from worm holes, dry 
rot, decayed and loose knots, wind shakes, and all other defects impair­
ing its strength and .durability. It shall be sawed true and of full size. 
Sap angles measuring over H inches on the face shall not be allowed. 

Iron.-All �rought iron in bolts, spikes, clamps, pile-shoes and other 

pa1·ts used in the substructure, shall be of the best quality of tough, 

ductile metal, that will stand 50 000 pounds tension per square inch 

before breaking, with 15 per cent. elongation in specimens three-quar­
ters of an inch square, 12 inches long, and bend cold 180 degrees on a 
circle ll inches in diameter. 

All cast iron shall be of tough, gray metal that will stand 18 000 
pounds tension per square inch before breaking • 

..A.FPEN DI:X: II-

SPECIFICATIONS FOR THE CENTRAJJ RAILWAY AND BRIDGE 

COMPANY'S HIGHWAY BRIDGE OVER THE OHIO 

RIVER FROM CINCINNATI, OHIO, TO 

NEWPOR'f, KY. 
' . 

Ji\:wm of .T1·uss.�The form 11.nd dimensions of trusses shown on the 

gcneml dre;wmgs will ba.satisfacllol'J". 
Btr:(J,in 8�.-Th�·; stmin. sheets submitted mtut show for e�el1 

:melillrm: of the truas and for cros!l bracing the maJ!:inmm live and d1111.d 

load l!'llresees sustamed, together witlt the. wiJul stresses in the top and 

.li!ottom chord and end braoo, the dime:lll!ions l!.lMl are111 of <lrom�-t!acti()nfl, 
the.Jdnd of metal used, also the dmtfl lo(l.d ttssum!!fl. in tho 111\lonlt\timtfl, 
which must not be less than the 11.otu�tl weight of tho strnotur<�. 
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,Detail Dmwin,qs. ---�'racings of complete detail drawings must 'be 

submitted for approval and be approved by the engineer before work 
is commeneod. A copy of every approved strain sheet and drawing 

shall be furnished the engineer within ten days after its approval, and 

all working drawings required by the engineer will be furnished free 

of cost. 
Matm·iai.-All parts of the structure shall be of wrought iron or 

steel, except washers, separating spools (over 1 inch in thickness) and 
ornamental work, whioh may be of east iron, and the flooring herein­
after spocifi.ed. 

Olearance.-All through spans shall have a clear height of not less 
than 16 feet above the top of roadway floor, a clear width between 
trusses of 24 feet and two sidewalks 7 feet in the clear. The clear 
width between guard rails shall not be less than 22 feet. 

Temperature.-Provision must be made in all parts of the structure 
for the expansion and contraction corresponding to a variation of 150 

degrees Fahr. in temperature. 

Depth. -The depth of floor from top of roadway to lowest point of 
iron work shall not exceed 5 feet. 

Plan.--The floor beam may be riveted to Zee iron or steel pasts by 
means of gusset plate above pin ; or, if the posts are composed of 
channels or built up with plates and angles, the webs of floor beams 
can pass through slots in the posts and be riveted to angles on the 
interior of same. Tension on rivet heads must be avoided. 

Bottom Laterals.-The bottom laterals must be attached directly to 
the botto m  chord pins by wing plates or by other effective means. If 
a stiff system is used the members must be riveted at their intersec­
tions ; if rods are used they must be securely clamped together. 

Roadway.-The roadway shall consist of six lines of iron stringers 
riveted to floor beams. These stringers shall be covered with cross 
timbers of suitable dimensions, spaced at not more than 30 inches 
<'Alnters. These cross timbers to be covered with two layers of plank­
ing, the lower course being 3 inches in thickness and not exceeding 8 

im1bes iu width, laid longitudinally with one-fourth-inch open joints. 
The top course will be 2§ inches thick, laid transversely and with close 
joints, excepting that adjacent to track rail there will be one longitud-
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inal strip 8 inches in width ; the remaining top course of planking 

must not exceed 6 inches in width. Each cross-tie must be notched 

over the stringers at lMst one-half inch, and be securely fastened to 

the outside flanges of outside stringers by five-eighths-inch hook bolts 

and in addition at two intermediate stringers, and so arranged to alter­

,nate in each consecutive tie. These hook bolts must be provided with 

a wrought-iron washer under nut. The cross-ties must extend without 

break over all stringers. The botto,m eourse of planking shall be 

securely fastened to cross-ties by wrought-iron spikes at least 7 x � 
inches, two at each end and at alternate edges over each cross-tie. 

The top course of planking will be securely fastened to the bottom 

course by fifty-penny nails of approved quality. 

Gum·d Rail.--The wheel guards will be 8 x  8 inches, supported by 

blocks 32 inches high, 10 inches wide and 10 inches long, spaced 

center to center a distance of 5 feet, or the distance center to center of 

every other cross-tie. These blocks are to be beveled at one end to a 

width of 8 inches at their top; the guard rail will be beveled on lower 

inner edge not less than 1 inch between faces of blocks; these blocks 

will be supported directly on the lower course of planking. The 

guard rail, block, lower course of planking and cross-tie shall be 
securely fastened by a three-quarter-inch bolt, provided with wrought­
iron washers above and .below. 

Sidewalk.-The sidewalk fl.oor shall consist of one course 6 x 2-inch 

planking laid with one-fourth-inch open joints on cross-ties of suitable 

si�e, spaced not more than 2 feet on centers, and laid transversely on 

iron stringers; separating strips must be used at least 6 inches long, 

one-fourth :inch thick and 2 inches in width over el!leh cross-tie be­

tween each line of planking. These separating strips 11.re to be se­

curely nailed to edge ofpleking. The cross•ties shall be secured to 

top fianges of outside .stringerl!·by tiv&-eighths-:inoh hook bolts pro­

vided with wrought-iron wa��he:m. The fl.ooring of the sidew��:Ik shall 

be fastened with forty-penny nail-two at each illllld of plank!!, a.nd at 

alternate edges of each conoocutive cross-tie.. , Suit11.ble provillion must 

be made for completely ·ooxmg in the lower chord of 
'
ep111n11 . 

. Sid6walk Rmling.-A sub11�nti!IJ :iro». r111Umg, not lese the 4 feet :in 
height and. of approved design, shall be erected on the outer line of 

md.ewalb the entire length of the bdd.ge and 11.pproaehes. The rail· 

:ings on 1111perstruoture l!hlllll h11.ve post11 resting directly on the fioor 
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beam, and be securely braced thereto by outside braees of proper in­

clination, and extending nearly to the top of posts. 'J:he railings 

over the approaches shall be securely fastened by boHs let into the 

masonry and properly lead�d. Intermediate stays shall be provided 

at center of panels. 

Liqhting.-Provision for lighting the entire structure :must be made, 

using lamps and posts of design approved by the engineer. 

Gas Main.-Suitable provision must be made for carrying und.er 

the sidewalk one line of 15-inch gas main. 

LoADs. 
Dead Load�.-The structure shall be proportioned to carry the fol­

lowing load, viz. : 

First.-The weight of iron and steel in the structure, the weight 

of iron being assumed at 3g pounds for 12 cubic inches and the weight 

of steel 2 per cent. heavier. 

Second.-The weight of wooden floor, considering each foot B. M. to 

weigh 4� pounds for white oak. No extra allowance need be made for 

spikes, and railings may be assumed to weigh 30 pounds per lineal 
foot each. Track rails may be assumed to weigh 80 pounds per lineal 

foot of bridge. 

The total dead panel loads will be distributed at top and bottom 

points as follows : 

1st. On loaded chords : 
(a.) One-half load resulting from weight of trusses. 

(b.) The panel loads resulting from weight of lateral system in 

the plane of the chord. 

(c. ) One-half the weight of sway system at panel points where 

occurring. 

(d.) The panel loads resulting from weight of wooden floor, floor 

beams, stringers, sidewalk brackets, sidewalk railings and 

track rails. 

2d. On unloaded chords : 

(a. ) One-half the panel load resulting from weight of trusses. 
(h. )  The panel loads resulting from weight of lateral system in 

the plane of the chord. 

(c.) One-half the weight of sway system at panel points where 
occurring. 
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Live Loads.-For all truss members receiving more than one panel 
load 75 pounds per square foot of clear roadway and sidewalks for.254· 
foot spans; 80 pounds per square foot for suspended span and cantl.· 
lever arms; 85 pounds per square foot for 162-foot span; 100 pounds 
per square foot for 108-foot span. For stringers, floor beams, long 
suspenders and iron tr'estle 100 pounds per square foot of clear road­
way and sidewalks, or an Aveling' & Porter 15-ton steam road roller. 

In, the calculation of stresses the following conditions of live load 
Will be aSSU!lled : 

For main truss members, the roadway and both sidewalks will be 
considered loaded. 

For trestle legs and long suspenders, roadway and one sidewalk 
only will be considered loaded, and for floor beams, the roadway will 
be considered loaded with sidewalks unloaded, also roadway unloaded 
with sidewalks loaded. 

ALLOWED I STRESSES. 
Allowed stresses per square inch in pounds for different members 

will be as follows: 
Tension Members: 

Wrought Iron. 
Eye-bars and l 10 OOO ( 1 + min. stress ) 

counters, I , max. stress 
Shapes a n d } 

angles (net 10 000 
section), 

Lateral rods, 18 000 
Compression Members : , 

Wrought Iron. 
Square ends, 
One s q u a r e } 

and one pin 
end, 

Pin ends, 

Lateral Struts : 

l 
9 000 - 30-

1' 

9 000 ---'- 351. 
I' 

l 
9 000- 40-=-.. 

Steel. 

12 000 ( 1 + min. stress) 
max. stress 

12 000 

Steel. 
l 15 000 - 60-., 
l 15 000 - 70-
,. 

l 15 000 - 80-
1' 

In which l equals distance between supports in inches, r equals 

least radius of gyration :in inches, . : . . l 
11 000 -- 50-

1' 

I<'langes of floor beam, , } Tension-Same formula as for eye-bars 
stringers and plate girders and counters. 
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Compression : 

In which l equ�ls unsupported length in inches, b equals width of 

flange in inches, 
10 000 

(J. 
l + 5  000 b" 

Altftr'nate T�msion and- Oornpression : 

For compression only. Use compression formula. 

For gre�ter stress, 
W•ooght 

lE'OIDlo- Steel. 

10 000 ( 1 .... � . m�x. lesser stress ) 
2 m�x. greater stress 

12 OOO ( 1 _ max. lesser stress ) 2 max. greater stress 

Use the one giving the greater area of section. 

Shearing : On webs of floor beams, stringers and plate 

Wrought Steel. Iron. 

girders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 4 000 
Pins and rivets. . . . . . • . . . . . • . . . . . . . • • . . . . . • • . . . • • . 6 000 8 000 

Bearing : On diameter of pin holes. . . . . . . . . • • . . . • . . • . . 12 000 18 000 
On diameter of rivet holes . . . . . . . . . . . . . . . . . . . . . . . .  12 000 15 000 

Bending : Stress in extreme fiber of pins . . . • . . . . . . • • • .  15 000 21 000 
Field Rivets.-All field rivets must be iron, and provision 

will be made for 50 per cent. in excess of above 

requirements. 

Timbftr' : On extreme fibers in bending ; tension and 
compression . . . . . . . . . . . . . .  , • . . . • • . . .  ·· . .  • • . . . . 1 200 

On bearing surfaces . . . • . . . . . . . • • • . . . • • . . . . . • • . . .  .- 4DO 

Wind.-Wind strains shall be calculated ; 

1. For a pressure of 30 pounds per square foot on the exposed sur� 

f&ces of both trusses and railings, and a moving load surface of 6 square 

feet per lineal foot of bridge. 

2. For a wind pressure of 50 pounds per square foot on the ex� 

surfaces of both trusses and r&ilings, the direction of wind giving · 

larger surface being assumed in the calculations. The greatest lrel!lultil 
shall be taken in the proportioning of parts. 

Lal4;ral Strf!ts.-Lateral struts will ·oo proportioned to resiSt ��e 
resultant due to an initial stress of 10 000 pounds. per square i:J!;ci� upo�:�. 

all rods attached to them, when this is in excess of wind strei:ls; The 
fiber stress due to weight of strut must be considered and be deducited 

from the unit stress specified. 
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CAl\UlllB. 
All spans shall have an estimated camber of d = l2s , in which d is ch 

camber in inches, l equals length of span in feet, s equals mean stress 
per square inch on chords in tons of 2 000 pounds, h .equals depth of 
truss in feet, and o equals 900 + SA span for spans under 250 feet, and 
c equals 3 000 pounds for spans over 250 feet. 

PAINT. 

All iron or steel, before leaving the shop, shaH be cleaned from all 
loose scales and rust, and be given one good coat of pure linseed oil. 

AU surfaces in contact with each other shaH receive one coat oxide 
of iron paint before assembling, and all planed or tm'lled surfaces shall 
be coated "'ith white lead or tallow. After erection all iron and steel 
work shall be thoroughly and evenly painted with two coats of paint 
of such quality and color as the engineer may select. 

PLATE GmDJms. 
Compressed Flanges.-The compressed :lianges shall be stayed trans­

versely when their length is more than twenty-five times their width. 
Web Splices.-All joints in webs shall be spliced by a plate on each 

side of web. 
Flange .Area.-No part of the web will be considered as available in 

flange area. The web is assumed to sustain shear only. 
Seiffeners. -All web plates shall have stiftimers at the inner edges of 

end-bearing plates and at all points of local concentrated loadings. 
Intermediate stiffeners will be used if the shearing 11tress per square 

10 000 
inQh in web exceeds 1 (d)2, in which d equals clear depth 

' 1 + s ooo -e· 
between flange angles or clear distance between stiffening angles, and 
t equals thickness of web. 

•Unsymm,etrical Sections.-Sections composed of two rolled or riveted 
channels and one plate shall have the center of pin, in all cases, in the 
center of gravity of the section, and any abutting members shall be so 
proportioned that the center11 of pins shall be on the l!aiiUl line. All 
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eccentricity of stress shall be �:�voided. Provision. must be made in all 

chord sections for bending from its own weight. 

Bottom Laterals .. -The bottom laterals will be atta©hed directly to 

the bottom chord pins and not to the fl.oor beams. 

Top Late1·al Struts.-The top lateri!J struts will have the full depth 

of the chord, and be securely riveted thereto. 

Pm·tals.-The portals will consist of top and bottom struts con­

nected by cross bracing. The struts will be of neat design, be pro­

vided with ornamental brackets, and l1e ae<mrely attached to the 

trusses. The portal at each end of bridge will be provided with a 

name plate of approved design having such appropriate inscription 'as 

may be directed. 

Top Lateral Rods.-Top lateral rods will be attllAJhed direlltly to the 

chord pins by"wing plates or other effective means. 

Rolle.rs.-All spans shall have at one end nests of turned friction 

rollers of wrought iron or steel bearing upon planed surface�. The 

rollers shall not be less than 2; inches in diameter, and the pressure 

per lineal inch of roller shall not exceed 700 ./(I for wrought iron or 

900 v(i for steel, d representing the diameter of roller in inchel\l. 

Bed Plates.-Bed plates shall be of sufficient thickness to transmit 

the pressure on them uniformly to the rollers or masonry, 11>1! the case 

may be. It will be sufficient in determining this thickness to consider 

the plate having the load upon it uniformly distributed over. its entire 

bearing surface, a continuous beam of uniform section over the wi!Jla. 

of shoe as points of support, sp11.n lengths being taken as dist��>nces 

center to center of walls and from outer edge of plate to center of outer 

wall. 
Bending moments must be taken at the center of each span and at 

a section cut by a plane normal to plate and parallel to walls .()f shooo 

through center of gravity of angles supporting walls to plate. The 

maximum bending moments must be taken. An extreme fiber. strain of 
18 000 pounds is allowed for steel and 15 000 pounds for il·on. In no 

case shall the bed plates be less than 1 ineh thick. The bed plates 
shall be so proportioned that the pressure upon masonry will not exc 

oeed 300 pounds per square inch. 
Rolle1• Pl,te.�. -Roller plates must not be less than !!even-eighths. 

of an inch thick. 

Bolstm·s.-There will be wrought iron or steel bolsters at each end 
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of bridge, securely anchored to the masonry, proper provision being 
made for expansion. 

End Braces.-End braces will have pin bearings at both ends. 
Long Tension Braces.-Long intersecting tension braces shall be 

clamped together at intersections to avoid rattling. 
Long Compression Mmnbers.-In built posts and struts of trusses the 

angles shall be of one length without break, but the web plates may 
be spli,ced at intermediate supports if desired. 

Sub-struts and Diagonal.�.-Suh-struts and overhead diagonal brac­
ing will he provided at each vertical post in through spans, when depth 
of truss center to center of pins is 30 feet or over. 

Vertical Suspenders.-All vertical suspenders will be designed to 
resist compression. If eye-bars they will be stiffened by zigzag bracing 
or otherwise to avoid vibration. 

Trestle 'lbwers.-The base of trestle bents shall he sufficient to avoid 
tension under the highest wind specified and sufficient anchorage shall 
be provided to resist not less than one-half the overturning moment. 
The trestle bents shall be united in pairs to form towers and each 
tower thus formed shall be thoroughly braced in both directions. 
Cross·section and longitudinal struts shall be provided at bottom and 
at intermediate joints; also at top in the absence of floor beam or girders 
acting as such. 

Raising .Appliances. -At the foot of all towers and under bolsters of 
spans provision shall be made either by lengthening the pins, or by 
suitable lugs, for raising the structure to make any necessary repairs. 
These lugs shall be designed to resist the total weight of the structure 
and 1 200 pounds per lineal foot of bridge. 

Effective Section Q( lffembers Built rif .Ang/es.-Whenever a member is 
composed of angles, both flanges of angles must be connected, else only 
one flange will be considered as effective. 

GENERAL CoNDITIONS. 

Puncking.-In punching rivet holes in n·on, the diameter of ·the 
punch shall not exceed the diameter of the rivet by more than ,'.th 
of an inch, and the diameter of the die shall in no case exceed the 
diameter of the punch by more than nth of an inch. 

Punching and Reaming.-All rivet holes in steel work :W the canti-
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lever span shall be reamed. In the other spans all holes that are not 

fair when parts are assembled shall be reamed at the option of the 

inspector. In punching steel the play between die and punch shall 

not be more than 1\th of an inch. In all reamed work the size of 

punch shall be one-eighth of an inch less than diameter of rivet to be 

used, and hole shall be reamed to -loth of an inch larger than diameter 

of rivet. One-sixteenth of an inch must be taken out of all parts of the 

hole in reaming. Sharp edges of reamed holes shall be so trimmed 

as to make a slight fillet under the heads. 

Effective Diameter of Rivets. -The effective diameter of the driven 

rivets in reamed holes will be assumed ,'6th of an inch larger than its 

diameter before driving, and in making deductions for rivet holes in 

tension braces the same allowance will be made. In iron, this allow­

ance must be one-eighth of an inch more than the diameter of the 

rivet. 
P.iwh of Rivets. -The pitch of rivets shall not exceed 8 inches nor be 

less than three diameters of the rivet. At the ends of' compression 

members the pitch shall not exceed four diameters of the rivet for a 

length equal to twice the depth of the member. In stringers, where 

the cross-ties rest directly on the flange, the pitch of rivets must be 

the same throughout as at the ends. 
Distance from Oente'i' of Rivet to Edge of Plate. -The distance from 

center of rivet to edge of plate shall not exceed eight times the thick­

ness of plate nor be less than one and one-haH times the diameter of 

the rivet. 

Distance between Rivets in Compres.�ion Members. -The distance be­

tween centers of rivets or plates strained in compression shall not ex­

ceed twenty times the thickness of plate in line of stress nor forty times 

the thickness of plate at right angles to line of stress. 

Len,gth qf Compression Members.-No compression member shall have 

a length exceeding forty-five times its least width. 

Least Thickness of PlaleF.-No plate or shape shall be less than one­

fourth of an inch thick when both faces are accessible for painting, 

nor less than -l•aths of an inch thick if only one tace is accessible. 

Bem·ing Plates. -All pin holes shall be reinforced, when necessary, 

so as not to exceed the allowed pressure on the pins, and the reinforcing 

plates must be provided with a sufficient number of rivets to transfer 

the pressure which comes upon them. 
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Tie Plates and Splice Plates. -The open sides of  all compression 

members composed of two channels only, and trough-shaped sections 

composed of two channels and one plate, shall be stayed by tie plates 

at ends and diagonal lacing bars at intermediate points. The tie plates 

shall be square. Intermediate joints in the top chord shall be provided 

with tie plates at bottom, and side plates of sufficient length to hold 

the parts truly in position. 

Lacing.-The sizes of diagonal lacing bars shall be as follows : 

On the cantilever span 4 x i inches. 

For other spans : 

H x i-inch for members having a depth of 6 i;nches and under. 

H x i " " " 7 to 8 inches. 
2 x -["6 " " " 9 to 12 " 

2! X t " " " 13 to 16 " 

2! X -Pif " " " 17 to 20 " 

2! X f " " " 21 inches and upward. 

The distances between connections of the lacing bars shall not 

exceed eight times the least width of the segments connected, and in 

no case shall exceed an angle of 60 degrees. 

Area of Rods. --No lateral or diagonal rod shall have a less area than 

three-quarters of a square inch. 

Upset Rod.�. -The area at root of thread in the upset ends of rods 

shall be greater than the area of the rod by at least 17 per cent. 

Weight of Member. -For all horizontal or inelined compression 

members the weight of members shall be considered, and in fixing 

sections the fiber stress due to weight of member shall be deducted 

from unit stress allowed by formula. Tensile stress shall be avoided 

in a transverse direction to the fiber, and shearing stress in a parallel 

direction to the fiber of the iron. 

Effect of Wind.-If the strain from the wind in the chords or a pos­

sible temperatur.e strain should neutralize or reverse the strain in the 

chord from the dead load, provision must be made for same; and if the 

combined strains from the dead, live and win<l loads in the chords 

exceed 25 000 pounds per square inch, additional section must be 

added until the above allowed unit strain is not exceeded. Again, 

provision must be made in all built members for bending for wind. 
If the strain per square inch in such members, due to bending from 

wind, combined with the direct strain per square inch from dead, live 
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and wind loads, exceeds 25 000 pounds per square inch, ad.d.itional sec­
tion must be added until this allowed unit strain is not exceeded. 

Washers and Nuts.-. Washers and nuts shall have a uniform bearing. 
All nuts shall be easily accessible with a wrench for the purpose of 
adjustment, and shall be effectively checked after the final adjustment. 

Lateml .AdJustment Rods.-All lateral and adjustment rods shall be 
provided with open turn-buckles so that the length of thread may be 
verified. 

Wing Plates.-The amount of metal immediately in front of pin 
hole in wing plate is to be determined in the following manner : The 
shearing area is to be considered as a section of twice the thickness 
of wing plate multiplied by the distance parallel to line of stress, from 
edge of plate to a point which is the intersection of a chmd, equal to 
one-half the diameter of pin hole and taken normal to the line of stress, 
with the circumference of pin hole . 

.Details.-Details shall be of such nature that their strength can be 
accurately calculated, which strength shall be at least equal to that of 
the member or members which they are designed to connect. 

WoRKMANSHIP. 

Pins and Piluts.-Plns shall be turned true to size and straight. 
They shall be turned down to a smaller diameter at the ends and be 
driven in place with a pilot nut when necessary to save the thread. 
There shall be a washer one-half an inch thick under each nut. 

Inspection.-'rhe inspection of work shall be made as it p:rog:resses, 
and at as early a per.iod as the nature Qf the work permits, 

All workmanship must be first-class. All abutting surfaces of com� 
pression members, except flanges of plate girders where the joints are· 
fully spliced, must be planed or turned to even bearings so that they 
shall be in such contact throughout as may be obtained by such means. 
All finished surfaces must be protected by white lead .and tallow. 'l'he 
rivet holes for splice plates of abutting members shall be so accurately 
spaced, that when the members are brought into position the hole 
shall be truly opposite before the •·ivets are driven. The chord piecel!l 
must be fitted together in the shops in lengths of at least four p:iec� 
and rivet holes in splice plates rea!il1ed while in position. Wherever;ilr 

I 
is impossible to ream together the parts which will come together in 
the field, the holes in both shall be reamed to an iron template. 
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When members are connected by bolts which transmit shearing 
strains, the holes must be reamed parallel, and the bolts turned to a 
driving fit. 

Rollers must be finished perfectly round, and 1·oller beds planed. 
Rivels.-Rivets must completely fill the holes, have full heads con­

centric with the rivet, of a height not less than .6 diameter of the 
rivet, and in full contact with the surface, or be counter sunk when so 
required, and machine driven when practicable. Rivets must not be 
used in direct tension. 

Built members must, when finished, be true and free from twists, 
kinks, buckles or open joints between the component pieces. 

Eye-Bars and Pin Holes.-AH pin holes must be accurately bored n,t 
right angles to the axis of the members, and in pieces not adjustable 
for length. No variation of more %an -fid of an inch will be allowed 
in the length between centers of pin holes ; the diameter of the pin 
holes shall not exceed that of the pins by more than -a'.d of an inch, 
nor by more than -;;'0th of an inch for pins under 3l inches diameter. 
Eye-bars must be straight before boring; the holes must be in the 
center of the heads and on center line of the bars. All links belonging 
to the same panel, when placed in a pile, must allow the pins at each 
end to pass through at the same time without forcing. No welds will 
be allowed in the body of the eye-bars, laterals or counters, except to 
form loops of laterals, counters and sway rods; eyes of laterals, sway 
rods and counters must be bored, 

The heads of eye-bars shall be so proportioned and made that the 
bars will preferably break in the body of the bar rather than in any 
part of the head or neck. The form of the head and the mode qf 
manufacture shall be subject to the approval of the engineer. A varia­
tion from the specified dimensions of the heads of eye-bars will be 
allowed in thickness of a'.d of an inch and in diameter of a quarter of an 
inch in either direction. 

Thimbles or washers IDJUst be used wherever required to fill vacant 
spaces on pins or bolts. 

Punching and Reaming.-Rivet holes must be accurately spaced; 
the use of drift pins will be allowed only for bringing together the 
several parts forming a member, and they must not be driven with 
such force as to distort the metal about the holes; if the hole must be 
enlarged to admit the rivet, it must be reamed. 
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Steel Plates.-All steel plates mm;t be sbaightened in the straighten­
ing machine and not by ham.meriug. 

Annealin1J.-In aU cases ·where a steel pieee iu which the full 
strength is required has been partially heated, the whole piece must 
be subsequently annealed. All bends in st;eel must be made cold, or if 
t'he degree of curvature is so great as to require heating, the whole 
piece must be subsequently annealed. 

lnterrp1·etation of Drawings and .S'pecijiaat-ions.�-·The decision of the 
en�:,-iniier shall control as to the interpret;�.tion of the drawings and 
specifica.tions during the execution of the wm::lr thereunder. 

Ali sprJ,ns of the superstructure with the exception of the 108-foot 
span, the viaduct trestle legs and fioor system in all spans shall be of 

steel. (Class A). All rivets in steel work shall be of steel (Class B). 

Wrought li·on.-All wrought iron must be tough, duetile, fibrous 
and of uniform quality for each claas, straight, smooth; free from cinder 
pockets or injurious flaws, buckles, blisters or cracks. 

The tensile strength, limit of elasticity and ductility shlill be det�r" 
mined from a standard test piece not less than one-fourth of aninoh thick, 
cut from the full-sized bar, and planed or turned parallel. · The ·area �f 
cro!ls-section shall not be less than one-half square inch, _ The elong�.i 

tion shall be measured. after breaking on an original length of 8 inches, 
All . iron shall have a limit of el11.sticity of not less than 26 000 

pounds per squ� inch. 
All iron ·� ili tension shall h11.ve· an ultimate strength of. not less 

than 50 000 pounds per square inch, and elongate not lellj:J than 18 � 
cent. 

' - - . -- .. : ··->·-_,; 
Angles and other shapes, and plates 24 inches :wide and ruulv,-

Bhall have an ultimate strength of not less than 50 000 pom:�.ds pet 
!lquare inch and elongate not les!l tha"),!> per cent .. ' 

Plates over 24 inches wide shall li��l<l an ultimate str�h ofh� 
less than 46 000 pounds per square inch oand elongate not l�s t.��:�� 
per cent. 

When fti.ll·size ten<�ion mem be:rs are tested to prove the stra:i'lgi;Ji 
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of their. connections, a reduction in their ultimate strength of (500 x 
width of bar) pounds per square inch will be allowed. 

All iron shall bend cold 180 degrees around a curve whose diameter 
is twice the thickness of pieces for bar-iron and three times the thick­
ness of pieces for plates and shapes without fracture. 

Iron which is to be worked hot in the manufacture must be capa­
ble of bending sharply to a right angle at a working heat without sign 
of fracture. 

All rivet iron must be tough and soft, and capable of bending cold 
until the sides are in close contact without sign of fracture on the 
convex side of the curve. 

Steel.-Steel may be made either by the Bessemer or by the open­
hearth·process. All blooms, billets or slabs will be examined for sur­
face defects, flaws and blow holes before rolling into finished sections, 
and such chippings and alterations must be made as will secure per· 
fect solidity in the rolled sections. 

The slabs for plates must, in all cases, be as nearly rectangular as 
possible and straig\ht their whole length. 

The steel must be uniform in quality for each class, and after heat­
ing to light cherry red (as seen in the dark) and quenching in cold 
water, shall comply with the bending requirements provided in this 
specification for such class of steel. 

In order to grade the steel used in this work at the soeel mills, the 
following form of selecting the test pieces shall be rigidly enforced. 
From every cast of metal there shall be made one test. If this test is 
satisfactory the whole cast may be accepted, subject to tests made on 
rolled sections. This test must be made from a three-quarter-inch 
round rolled from a 4-inch square billet, which has been reduced from 
original ingot; this billet to be taken during the blooming down of in­
got, and reduced in such way that the reduction of section into three­
quarters of an inch round wiH be as nearly as possible equivalent to re­
duction of section on finished material when rolled from original ingot. 
The manner and time of selecting this billet will be left to the eon­
venience of the manufacturer. 

In addition to this tension test a bending test will be required. The 
pieces used in this test may be either three-quarters of an inch round or 
three-quarters of an inch square, preferably the latter. This piece must 
bend cold 180 degrees about its own diameter far steel of Class A, and 
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180 degrees and close down :llat upon itself for steel of Class R The 

tests on three-quarter-inch round specimens, above mentioned, must 

satisfy the following requirements: I 
Cl(lss .A.-Ultimate strength, 62 000 to 70 OOO pounds per square ineh. l 

Elastic limit not leas than 36 000 pounds per square inch. Elongatiou I 
not less than 22 per cent. in 8 inches. Reduction at point of f1·acture 
not less than 40 per cent. 

(]lass B.-Ultimate strength, 56 000 to 60 000. Elastic limit not less 

than 30 000. Elongation, 25 per cent. in 8 inches. Reduetiou at point 
of fracture, 50 per cent. Phosphorus in all steel Class A and Class B 

to be not over . 085 of 1 per cent. 

Tests at Rolling Mills. -The finished bars must be free from :injurioue 

flaws or cracks, and must have a smooth, olean fini!lh. 

At least one test will be required from every heat or furrwA:Je full of 
billets, slabs or blooms to prov13 eondition of metal !lifter rolliug it into 

finished sections. This test piece must be cut from some 1·olled section 

of said heat and shall be generally one-half of a square inch in 1uea and 

must conform to requirements as specified for three-quarter :round at 
steel mills in every respect, except that ultimate · strenght may vary 2 I 
per cent. below minimum, and 5 per cent. above maximum. 

The original number of heat or cast at steel mills :nmst be st11,mped 
on all billets, blooms or slabs, and when rolled into finished sections 
this same number must be stamped on every piece rolled. I NumbM· of Tests on Full-sized Eye-bar.•.--The method of making full- 1 

sized tests on eye-bars will be a& follows : One full-sized test will be i . ' 
required in each size of bar, and if the number of bars of any size ex· 
ceeds twenty, then one additional test will be required for. each multiple 
of twenty or part thereof exeeediug ten. The extra bars required for 1 
test must be ordered at the steel mille with .the original order. When 
the Bridge Company .have finished an item of bars as represented on 
the shop bill, the inspector shall then select from this lot of bars �the 
bars for test, and if these tests are satisfactory the ")Vhole ite:llfl. may �u 
be accepted. Should this first test fail. to stand the requirelllentli of .tbia 
specification, and if in this test no blame attaches to the Bridge Oo• 
pany on account of poor work, the latter can demand to bve two othe:r 
tests made on this same item of bars,. and should thoee two · testfi ·'oo 
satisfactory, the whole item may be accepted, and so on with other 

items until the whole order of bar11 i11 completed. 
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Heads qf Eye-bars. -The manufacturers must provide sufficient 
excess of material in the heads of eye-bars to insure their breaking in 
the body rather than in the head, but any bar which breaks in the 
head at 11 stress higher than called for will be accepted; provided, only, 
that the elastic limit is up to specified requirements. The minimum 
ultimate strength of full-sized bars when tested to destruction will be 
60 000 pounds per square inch. The minimum elastic limit shall be 
34 000 pounds per square inch. 

Castings.-All castings shall be of tough gra�· iron, free from inju­
rious cold shuts or blow holes, true to pattern and of workmanlike 
finish. Sample pieces 1 inch square, cast from the same heat of metal 
in sand moulds, shall be capable of sustaining on a clear span of 4-feet 
6 inches a central load of 500 pounds when tested in the rough bar. 

GENERAL REQUIREMENTS. 

lrny full-sized tension member of iron or steel tested to destruction 
shall be paid for at cost, less its scrap value to the contractor, if it 
proves satisfactory. If it does not stand the specified test, it will be 
considered rejected material and be solely at the cost of the contractor. 
The contractor shall furnish testing machine of the proper capacity, 
and shall prepare and test, without charge, such specimens of iron as 

may be required by the engineer or inspector to prove that it comes 
up to the requirements mentioned; he shall also furnish, p'repare and 
test, without charge, such specimens of the several grades of steel, at 
steel mills and rolling mills, as may be required by the inspectors. 
Every facility for inspection of material and workmanship shaH be fur­
nishe.d by the oontracto:r;, and the engineer or inspector shall be e.llowed 
full access to all parts of the establishment in which any portion of the 
materials are made or workmanship executed. Timely notioo will be 
given to the engineer by the contractors when they are ready for the 
inspectors, and the inspectors will test and inspect the ma.terial e.t the 
:mllis llol!l :mpidly as it is made. All :material muet be inspected, weighed 
and stamped by the inspector before shipment. The acoopb.nce of 
.my :materiii.J. or manufactured member by the inepector shall not pre· 
� its subsequent rejection if found defective after delivery, sud such 
:materials or members shall be rer•l��oced by the oontr��octor without e:tba 
charge. 

Engineer. -Wherever the term engineer is usell throughout the11e 



�;�pecifioati.ona, it is distinctly underatood that such term shall mean the 

chief engineers or their authorillied I!,SIIiBt!lntB. 

7limbllr.·�A1l timber must be of the bel?it quality of white oak, 

sawed tr1u1 to sillie and out of wind.. It must be free from sap, except 

in sticks having a depth of 16 inches or upward, when 1 inch of sap 

will be allowed on two cornel"!l. It must be free from wind shakes, 

loose or rotten knots or other defects that w:ill impair its strength or 

durability. 

Ered;irm.�·· An !ll>1!ail.able portion of the rive<" eh�J;ll at ·ll;ll time!! be left 

open to navigation, au1l proper light!l shall be displayed at :night in 

aooordance with the regulations 11.nd requir.ements of the United States 

Government. The contractor will furuwh all staging, piling, cribbing, 

and material of every de!loription required in the erection of the euper­

at:mcturo, m:�d remocve the same after erection is completed, leaving 

t,he river u froo from obstruction!! as when. he commenced. The oon­

traotor sh!!.ll !!,llsume all risks from :ll.oods and storms, damage to per­

son!� and properties and ouuwtieil of every description until the final 
�J;Coeptanoe of the completed 11tructure. 

The erection is to be carried on subject to the approval and inspec­

tion of the eugineer, and is to be completed, ready for use, to hi!l satis­

faction. 

APPENDIX: III� 

CEN'fRAI, RAILWAY AND BI«DGE COMPANY'S SPECIFICA­

TIONS J!'OR A CAISSON FOR PIER No. 5. 
The c11-iason to be used iu building the found11.ti.on for Pier No. 5 

!>hall be 22 x 58 feet at top, 12 foot high over llll, and have 11. batter of 

one-half inch per foot .fromc& point"l ,:foot below li!Ae,top. to tbe cut!Ji:ng 
edge, thus msking the bottom 22 foot.u. by.M foot. U  incll$. 

All timber Uli!ed in its oonliltruetion mu!lt hi:! ol:· & good q�ity of 

sound white or poplar, free from rott11n knoll!!, shskelil or otheNiefeot��, 

and lilhaU be of such dimensio:m� I!;J!I 11hown on the plal!l��c&tilaohed hereto 

and forming a pari o:f these !lpeci:ftoat:ionm. CiiHlft!M<NH• 1, �. 10, 11 and 

12 must be of oak, aud 11.11 much more of the entire' ti.mbar 11.11 ollln· be 

��ectued of oak, the intention being to UIM3 no other timber eieept ss 111:n 

enforced expedient to aecure the speedy execution of the work. All 
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framing must be accurately done so as to secure close joints through­
out the work. 

Ail the iron used in spikes, bolts, drift bolts and straps must be of 
a ductile, fibrous wrought iron, having a tensile strength of 50 000 
pounds per square inch of section. Drift bolts must be driven into 
holes bored their full length, and of diameter ·1\th of an inch less 
than the iron. 

All seams between the timbers in the walls and ceiling of the air 
chamber, and in the outside walls, must be thoroughly caulked with 
oakum, and driven in with a heavy hammer. After the 3-ineh sheath­
ing is laid and thorougly spiked, the seams between the boards must 
also be thoroughly caulked with oakum, and wherever spike or bolt 
heads are to be exposed to the air pressure of the working chamber, 
they must be wrapped with oakum before being drawn up tight or 
driven home. 

In order to decrease the leakage, and to secure more uniform bear­
ing for the timbers, all the vertical seams in courses Nos. 9, 10, 11 and 
12 must be poured full of a thin cement grout, mixed neat. After this 
is done, all the seams in course No. 12 must, in addition, be caulked 
with oakum. 

Air lock and excavating shafts will be located as shown on the 
plans, and all seams in them must be thormighly caulked. Provision 
must be made for carrying these shafts up through the masonry as fast 
as laid, either by cylinders of boiler iron or by matched oak boards 
capable of being made water-tight. Some approved form of iron air 
lock must be provided, and also excav>1ting apparatus equal in efficiency 
to the " O'Conner bucket " for removing solid materials which may be 
encountered during the sinking. 

On the sides and ends of the caisson heavy iron rings must be 
secured for use in suspending it during the preliminary stages of sink­
ing, and for attaching lines to hold it in position against a swift cur­
rent. 

After reaching a depth satisfactory to the engineers, the air chamber 
and shafts must be filled with concrete made of one part by volume of 
cement, two parts of sand, four parts of limestone, rock broken so as 
to pass through a ring 2! inches in diameter, and sufficient water to 
bring the mortar to proper consistency, the whole to be thoroughly 
rammed before the setting of the cement" 



The trilmgW!I.r\ spaoo between the air chamber and out11ide walls 

must illso be filled with oonerete, mixod in the proportion!! above 

st�tted, ad !Mil the i!upmapollod course of timber i11 being laid, care 

must be taken that each stick i1 well bodded in a freshly mixed mo:rt��r 

spread on top of the concrete. 


