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1.0 INTRODUCTION

This report was compiled by Historic Documentation Camgpénc. (HDC) for Hoyle Tanner and
Associates, Inc. (HTA) to meet cultural resource peimgitrequirements set forth by the NHDOT
Cultural Resource Committee (Committee).

The purpose of this report is to compile data and infaomaiegarding New Hampshire's Historic
Jack Arch bridges to enable the state's cultural resauategers to make informed decisions
regarding the management of these significant and enddngereerties.

The jack arch bridge in its various forms has playedrmportant role in the development of the
primary and secondary road systems in the United Stataghe late 18 century up until roughly
World War Il. In New Hampshire, the jack arch bridge wasbraced by the New Hampshire
Highway Department about 1920 when standardized plans wera toafacilitate the uniform,
economical and rapid construction of the bridge type égthte and local municipalities. As a result,
over 100 bridges of the type are estimated to have beemblew Hampshire. Thirty-seven have
been identified as remaining, of which ten are "re@disdue to structural deficiencies and will soon
require major repairs, replacement, or bypassing. Matheatmaining 27 bridges have functional or
structural deficiencies to some degree and will be| ik@lihood, slated for replacement within the
next decade or two. It is therefore imperative tHatl anderstanding of the history and application
of this bridge type in New Hampshire be obtained.

To that end, this report begins an organized processltdrgay and analyzing data and historical
information pertaining to the development and use ofatlearch bridge type in New Hampshire.
General information on the development of the bridge tyas been gathered through historical
literature research; information specific to New Hanmass jack arch has been derived primarily by
examining plans and records in the NHDOT Bridge Desigrid@gcstudying prior reports and
inspecting bridges in the field.

The results of the data gathering are presented in tlesta able 1 is a listing of the known existing
jack arch bridges and is believed to be complete althoogé jeck arch bridges that have been mis-
categorized in the bridge records may turn up. Table #s8rgy of bridges no longer extant, plus
those currently approved for replacement; it is notnagiete list and for the most part includes only
the jack arch bridges still existing at the time of 1882 Statewide Historic Bridge Inventory. A
cursory examination of the older bridge plans on fild ald bridge cards for bridges replaced
indicates there were many more jack arch bridges baitt the 81 listed in the two tables. The intent
of the lists was to gather sufficient information abthe jack arch bridges that were built in New
Hampshire to understand the variations in design and figéh& important character defining
features. The study found 37 existing jack arch bridges anddgkbrmpreviously replaced or now
approved for replacement.
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2.0 HISTORICAL DEVELOPMENT OF THE JACK ARCH BRIDGE TYP E

2.1 ORIGIN OF THE "JACK ARCH" FLOOR SYSTEM

The so-calletljack-arch concrete floor system that was commoreyliie encase short-span steel
beam or stringer bridges in New Hampshire during the Hiadit of the twentieth century has its
origins in mid-to-late nineteenth-century fireproofiiaid factory construction. The idea of encasing
iron I-beams inbeton for strong, economical and fireproof building construtteas studied by
American engineer W.E. Ward in the early 18708Vard conducted tests on what he called
"composite beams" and determined "that a system ob&ams reinforced with beton can be made to
sustain weights many times greater that the iron bedong" and that "it affords a perfect defense
against the interior destruction of buildings by fite."

During the 1870s and perhaps earlier, various types of arcdmuhny floor systems incorporating I-
beams and concrete were employed for fireproof buildidgaatory construction. The arches were
formed with flat or corrugated sheet metal, brick, oodidormwork that rested on or were hung
from the bottom flanges of the beams and then filléd soncrete. When the beams were widely
spaced and the arches shallow or "flat,"” the conerasaypically reinforced with expanded metal or
woven wire and reinforcing bars. The Roebling ArcbeFISystem is one example that was widely
used (Figure 2.13.

Sysrert-No-G

Figure 2.1: Roebling Arch-floor System for firepfdactory construction (Tucker 1908, p. 75).

In factory construction the arched concrete floor a@dspted because of its low cost and fireproof
characteristics and was cast around the I-beams tergrnem from melting and collapsing during a
fire. The I-beams were designed to carry the emtieeaind dead floor load, and often the load of
formwork used in forming the floor as well. They wénerefore not designed as composite-beam
construction, although they functioned as such. Thesdrcbncrete floor slabs, cast between and
around the beams, constituted a series of short andpardéel arches with a width-to-span ratio
commonly of 10:1 or greater. The arches at the edgdee dlab functioned as tied arches, their
thrust restrained by lateral steel rods interconngdhie beams at or near the bottom flange.
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2.2  APPLICATION OF THE JACK ARCH TO BRIDGES

The first use of the beam and arched concrete flatesyfor bridges has not been determined but
may date to the 1870s or earlier. The Berlin Iron Bridgm@any claimed in their 1889 catalog that
bridges of the type had been in service for more tifteeri years. In his 1876 treatise on "lron
Highway Bridges" Alfred P. Boller states that a "vexgalent floor is one made with brick arches
turned between the beams, and laid in cement mortarsieilar to the ordinary fireproof floof."

Boller provides a drawing of the floor system but does state if a bridge of the type was
constructed (Figure 2.2).
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FIG. 23. BEAM-BRIDGE—TELFORD PAVEMENT ON BRICK ARCHES,

Figure 2.2: design for jack arch bridge floor, 1§B6ller 1879, p. 76).

In 1896 the Boston & Albany Railroad used transverse iirljaek arch floors on overhead through
plate girder highway bridges in the Newton, Massachugedtie crossing elimination projeciThe

roadway was carried on brick arches with concretehidt afforded both resistance to fire and
corrosion from locomotive exhaust. Steel sheet fotefisin place, were used to form the arches

carrying the sidewalks (Figure 2.3). The steel forms wikeaper than the brickwork and were not
subjected to the locomotive exhaust.

T

e

Figure 2.3: Jack arch highway bridge, over railrtsadks, 1896 (Chamberlain 1898, p. 63).

In 1898, F.W. Patterson, Allegheny County [Pennsylvdfigjineer, built an I-beam jack-arch floor
highway bridge near Pittsburgh (Figure 2.4). The Pittsburghdédhad a span of 28' and incorporated
"expanded metal arches sprung between and imbedding I-bemsdirThe design used rolled steel
beams, 18" fascia beams and 20" intermediate beams, arr@t@encasement placed over arched
wood forms that were removed after the concrete had' ke concrete was technically reinforced
concrete due to the embedded expanded sheet metal, a feddora seen in the simple short span

jack arch highway bridges built in great numbers by stadidocal road building crews in the ensuring
decades.
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1
FIG. 1.—CROSS-SECTION OF HIGHWAY BRIDGE OF CONCRETE AND
STEEL 1-BEAMS, EVERGREEN ROAD, PITTSBURG, PA.

Figure 2.4: Jack arch highway bridge, Pittsbur@®8LEngineering News, 1899, p. 50).

In Road Making and Maintenance (1900), Thomas Aitken describes and depicts a highway bridge
"formed of cast iron beams and jack arching” using "masanches springing from the lower flanges
of the beams™ Over the arches, presumably of brick, concrete veaegdlto fully encase the beams.
The beams were joined transversely with iron tie-rbdg2" to 3" in diameter spaced 5 to 8 feet
apart (Figure 2.5). The extent to which cast iron beaere used for jack arch bridges was not
determined.

Fio. —Cross-section of bridge formed of cast
iron beams and jack-arching.

Figure 2.5: Design for jack arch highway bridgengsi
cast iron I-beams (Aiken, 1900, p. 86).

The extent to which simple jack arch bridges were buiting the first decade or two of the"20
century is not apparent from a search of the engirgeétr@rature. Applications of the beam and
concrete arch floor system that are mentioned aieally those in which the technology was used in
a notable manner for its economy, rigidity or firgiseance.

The Weybosset Bridge in Providence Rhode Island, 132.&wigetnd known as the "widest bridge
in the world," was an example of an exceptionally lesga&le use of the jack arch floor system. The
downtown bridge was "subject to very heavy and condeattaavel, including both highway and
trolley cars" and a project objective was to achievsubstantial floor at a reasonable co$t.The
complicated floor system covered over % of an acrecandisted of concrete filled brick arches
turned between 10" stringers carried on 24" floor beangdasn 42" main girders (Figure 2.6).
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Figure 2.6: Jack arch girder and floor beam sysi€@0, Providence, RI. (Bullock, 1901, p. 75).

Another example of the uncommon use of the jack ancin ystem is given by Milo S. Ketchum in
his 1908 bookhe Design of Highway Bridges of Steel, Timber and Concrete. In his discussion on
the use of solid floors for rigidity, Ketchum provides awling for a jack arch deck on a riveted
through truss highway bridge (Figure 2:7)it is not stated if a bridge was built based on thgdes
but the level of detail suggests it was taken from agtiaak.
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Figure 2.7: Design for jack arch deck on thru-troighway bridge. (Ketchum 1908, p. 278).

The use of the solid jack arch concrete floors fdraad overpass bridges grew with the increase in
grade crossing elimination projects in cities during thdye2d" century. In addition to being
fireproof and corrosion resistant, the great strenfiineosolid floors assured the owners and users of
safety and a long service life as highway loading caetinto increase. In 1909, the Delaware and
Lackawanna Railroad, a leader in the use of structungrete, installed a jack arch deck on a very
large 109' span thru plate girder highway overpass in Jeigea<part of their massive grade
elimination project in that city (Figure 2.8).
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Figure 2.8: Plate girder railroad overpass, Je@igy 1909. Engineering Record, May 21, 1910, p. 662).

2.3 ENGINEERING CHARACTERISTICS

During the first decade of the 28entury the engineering properties of reinforced coadretame
understood. Short-span reinforced concrete arch, bedsiembridges were built in great numbers.
for use on America's rapidly developing secondary and roaal system. The all-concrete bridge
could be significantly less costly than one incorparpsteel beams and offered what was believed to
be a fully maintenance-free and perhaps permanent seuctdowever, concrete bridges were
fabricated entirely in the field and every step ofgr@cess required careful attention because once it
was completed errors and omissions were forever hiddenview. The making of strong concrete
demanded pure materials of high quality, accurately propediomixed, and placed. The steel
reinforcement had to be precisely placed and secureden twr support the intended loads. In rural
areas, there were few knowledgeable and experiencedetemomtractors suitable for the task.

Although seldom discussed in the engineering literaturk,gech bridges were also being built in
increasing numbers during the early’2@ntury. They competed directly with shot-span reirfdrc
concrete bridges for many good reasons. The jack addeltid not require falsework placed at risk
in the watercourse for its construction. Instead daas could be set in place across the abutments
with a gin-pole or simple derrick and then used to suppoddherete forms of wood or corrugated
metal. In the view of town road agents or highway sapemdents who lacked engineering training,
steel girders encased in concrete were intuitivelyranger and more foolproof method of
construction than reinforced concrete bridges. Jacklardbes were far less subject to defects in
construction due to improper placement of the reinforioairg or errors in the mixing and placing of
the concrete. They could be properly built with one keolgéable supervisor and a small crew of
unskilled laborers. Cast around the steel beams, thedfloor protected the steel from damage and
corrosion, just as it protected the beam from firéactory floor construction. The encasement
provided a smoother underside to the bridge (than balesiegers) that would not catch and trap
ice or floating debris during flooding. The jack arch bridffered a larger waterway opening than a
concrete arch bridge and required less costly abutmenias lalso perfectly suited as a replacement
for old wood stringer bridges carried on stone abutmarsisnple concrete bridge seat could be cast
on the existing abutments to provide a solid and le\aitg for the new steel stringers. Used steel
stringers could be employed and readily had at a discouatea$no such savings was possible for
reinforcing bar. One or more of these factors mighthe scale in favor of a jack arch bridge the
logical and most economical choice over other bridgegy
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The following discussion of jack arch floors for bridggegiven by Melville B. Wells irSteel Bridge
Designing (1913):

Concrete arches may be used between the strirgetsrches of corrugated steel or of other
material may be used to support the concrete \tlideetting. The construction is apt to give a
heavy floor, and, when the material is at hand,us® of cinder concrete is advisable. The
lateral thrust of the arches must be providedricsame way, so that the stringers may not
spread and the arches fail. This type of constmiés not used to any extent at preséht.

But based on the dates of construction of many jackiaidtes in New Hampshire and other states,
use of the bridge type was becoming more common durirtptt@s. In 1915 Charles M. Spofford,
MIT Professor of Civil Engineering and principal of F&pofford and Thorndike Consulting
Engineers, wrote a comprehensive paper entitled "HigBridge Floors" in which he discussed the
various characteristics of each type. He states fetemand reinforced concrete floors and brick arch
floors, while durable and rigid, are very heavy, andoinsequence impose an unnecessarily heavy
load upon the permanent structuté.Not exactly an endorsement, but he notes thaticdbke of
concrete jack arch bridges, where the beams and dedboaded as together as a unit, "the
continuity is marked" and for bridges called upon to caeavli impact loads such as street cars,
continuity provides better load distribution. Within a @eée the weight and speed of autos and trucks
would dramatically increase and heavy solid bridge decksdyoake more sense.

In designing jack arch bridges for the City of Philadelptimef engineer Mr. Webster considered
"somewhat arbitrarily” the effect of both compositetion and continuity of the "solid floor to
distribute a concentrated load over several adjacenid&a For example, for a jack arch bridge
with beams 4 feet on center, the beam immediately umd@mcentrated load would carry and
estimated 40% of the load. This is the only mentiondanrhe literature of an engineer assigning a
"value" to the continuity and composite action in jagthas and it is unknown to what degree other
engineers may have similarly considered it in theiigihesalculations. It appears that in the vast
majority of cases, the bridges were designed as simptesspeal stringer bridges with a concrete
deck, albeit a heavier deck which was then compensatadtfoe sizing of the stringers.

Bridges with jack-arch-floor bridges continued to grow ipyarity with state highway department
engineers through the 1920s and 1930s. Although“state-of-the-aft from an engineering
standpoint, they were a cost-effective solution tagtteat need for short-span high-capacity bridges.
An estimated 1300 jack arch bridges were built in New Y oateStlone. In New Hampshire, state
engineer Harold E. Langley, embraced the jack arch baddewas responsible for the design of
many of the earliest bridge of the type. He is betieeehave prepared the Highway Department's
standard designs for jack arch bridges in the early 1920sfathéhat these bridges have proven
capable of carrying much greater loads than intende@iindésign and have been in service for 90
years or longer, thus far outperforming their reinforcedcrete counterparts, is testimony to the
utility of their design.
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3.0 JACK ARCH BRIDGES IN NEW HAMPSHIRE
3.1 EARLY DESIGN AND APPLICATION

The question of who first introduced the jack arch bridgé¢ state's roadway system and when and
where it was built has yet to be answered. Bridge coepdmat were doing business in the state,
such as the Berlin Iron Bridge Company of Berlin, Caticat and the United Construction
Company of Albany, New York, are known to have beeidingj the bridge type in the late 19
century. As previously mentioned, the Berlin Iron Bridigempany claimed to be building the type as
early as 1874.

If the jack arch was not introduced by a bridge compaey, dohn W. Storrs, New Hampshire's first
State Highway Engineer (1903 to 1905) is a good candidate. $ts@n engineer with the Boston
and Maine Railroad during the 1890s and he undoubtedly wasafaarilperhaps even designed
bridges with concrete arch floors. As mentioned abdive,Boston & Albany Railroad built a
highway overpass bridge with a jack arch floor systerhi886 as part of their grade crossing
elimination project in Newton, Massachusetts. A papdhe project was presented at the February
1898 meeting of the Boston Society of Civil Engineers 8tarrs may have attended or read in the
conference proceedings.

One of the earliest jack-arch bridges in New Hampstareyhich the construction date is reliable, is
the Fremont Bridge (NH Bridge No. 096/095) over the ExeteerRiuilt in 1912. John W. Storrs
designed it in his capacity as a consulting engineeiHigeee 3.1). The Fremont Bridge consists of
two 20' spans supported by 15" I-beams on 2'-9" centers.
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Figure 3.1: Jack arch highway bridge, Fremont, BHtlge No. 096/095, designed by John W. Storrs21 9IHDOT
Bridge files).
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In 1915, the United Construction Company of Albany, NewKY published a catalog of bridge
designs that included a jack arch bridge with two typeailrigs (see Figure 3.2).

1

e

ST,
= 34 y.e \

[rm e T A T

THEUNITED GONSTRUGTICN GOMPANY
ALBANY NY.

The United Construction Company
: ALBANY, N. Y.

The designs shown above and below are thuse of concrete floor construction, pipe
rail and lattice rail.  These bridges are constructed in capacitics from six tons upwards.
They were formerly sold by the square foot huz owing to the uncertain market conditions
at present, special prices will have ¢o be made.

In makiny inquiry please give the length of span between the face ot abutments, the
clear width of roadway, and the capacity required.  Also be surc and give name of nearest
railroad station.  Our quotation will be made on the steel-worlk delivered f. 0. b. cars
vour nearest vaiiroad statior.

GET OUR PRICES BEFORE PLACING YOUR ORDERS

ALBANY N Y

Figure 3.2: Jack arch highway bridge, from Unitesh§ruction Company Catalog, 1915.
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In 1916 the first of the two beam and jack-arch-flooddpes built in Enfield Village was erected to
carry Main Street over the Mascoma River (Enfield 081/1Réplaced in 2003, it was notable as one
of only a few multi-span jack arch bridges built in Neaniipshire. Also designed by John W. Storrs,
it was also unusual for its relatively long individual spah34 feet making it one of the longest jack
arch bridges in overall length built in New Hampshire.

In 1918 the engineering firm of Storrs and Storrs of Cohddew Hampshire, formed by John W.
Storrs and his son Edward, published a bridge design handbablntluded a drawing and

specifications for a jack-arch bridge under the nameet$8eams with Concrete Arch Floors" (see
Figure 3.3)%°

441 L 1

[PRY

oste X

Figure 3.3: Jack arch highway bridge (Storrs amdr§t1918, p. 20).

The Storrs handbook provided a table that specified2besd weight of the I-beam to use for jack
arch span lengths from 12 to 30 feet in 2-foot inter¥a)-foot span for example, required using an
18" I-beam with a weight of 48 pounds per foot. A paragraphstifuctions was also given:

These bridges are designed with a capacity foyicartwelve-ton trucks. The wearing surface may
be two inches of tar, concrete, or asphalt, oirgilRes of gravel. The two outside I-beams on each
side of the bridge are held in position by two 4&haeter yoke rods passing through the webs of the
beams. The bottom rod should be encased in conaorakéng a small crossbeam. These should be
spaced not over 10 feet apart. The yokes shoudbalplaced at the abutments and the crossbeams
should run the full width of the bridge at thesapm Two 42" diameter rods are required in the top
of each curb; also two rods of the same size fudben on the outside of the bridge. The latter
should be held in place by the yoke rods mentiatex/e !’
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By the early 1920s the New Hampstar8tate Highway Department was designing jack arch kridge
"in house" using its own engineers; unfortunately théestuplans examined for this study do not
include the designer's name. One example is the plahdoiMiddleton Bridge 1921 State Aid"
(Figure 3.4). No name appears on the drawings and the lsidgdanger extant. Further research
would be needed to determine its location, when it \eptaced and who might have been the
designing engineer. The Middleton Bridge design followed #hnleee designs of Storrs and United
Construction that used metal forms resting on or ateted of the bottom flanges without fully
encasing their underside. The fascia beams were naseshand wood railings were supported by
channel posts bolted to the outside of the fascia b&amses 3.4 and 3.5).

MipoLETON BRIDGE
1921
OTATE AID

STATE oF New Hampsnire Hisnway DEPARTMERT

MOTE

Soae of foafings fo be carcied dawn
#o firm fowndution, hel fess than £4°

|
LONGITUDINAL SECTION H SIDE ELEVATION

Figure 3.4: Middleton Bridge 1921 State Aid (NHHIaRP C-16).

TNeS "’channe//’, A
5 3%0ng o

Corrvgated Meral forms to be vsea
ona JeFr in place,

L

HALF SECTION OF SLAB/ C’I (0
ScaLeg1o’
Figure 3.5: Middleton Bridge 1921 State Aid (NHHIaR C-16).
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Steel girder bridges with transverse floor beams edaask a jack-arch floor system were also built
early on by the highway department. One example iah@ 165/109 over Stony Creek, built in
1921. In that case, the 15" floor beams are set 2" albevbottom flange of the 28" girders,
allowing the arch forms to be supported by the girdetse tdp of the concrete roadway curbing
came up flush with the top flange of the girder (see Figute

”

Posrts 35 x3F x Z & 2 pipe rai/ ) Q.
- N
TF l AR
-3 oY
_\# oion . U
N 7-9- ) g
< Bt s/ Fily £oe & M
; f B 4’—~4"< 5 , R ¥ ',,)
-y e e I N #7200 ety ‘._;;—.—5&
N i Z Crown aflack orch * N % /5}_42* . ‘§'¥ "b"-; f’x? Q
B R e e e I T R W
28" 7 /é5#;/ ~ /S Zi427 @ 3-37 c-c. Loww steel Nl gt
- P . Girder.
..J:3é -
70-8"_ :
LONG. SECTION

) SHOWING SACKk ARCH
/
z CROSS SECT/ION

Scale ;’—E r-o”.

Lebarior /65//07

Figure 3.4: Lebanon 165/109 [192i], a girder andrfheam bridge with jack arch floor system, éldhedéa jack
arch bridge with transverse arch (NHHD).

Standard designs for "Steel I-Beam Concrete Arch Britigesed July 9, 1921, and July 3, 1923,
were incorporated into the Departnisr@andard Structures design book published in 1925 (see
Figures 3.5, 3.6, and 3.7). The 1921 drawings depict the use eflaxclod forms or corrugated
metal forms to fully encase the bottom flange otibams. Mesh reinforcement, referred tthaam

wrapper, was crimped around the bottom flange to reinforce andaarthe 2-inch thick concrete
cover.
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A random examination of early bridge plans at NHDOTaat#s that a large number of jack arch
bridges were probably designed by Harold E. Langley. Hieregopears on several bridge drawings
from 1923 including Alton 096/287, Goffstown 053/119, and Hampton®2dl&.42, among others.

New Durham 199/054, built 1926, carries Old Route 11 over MerrymyeRiver and is an example
of one of many jack arches bridges designed by Haroldaggley during the 1920s for the New
Hampshire Highway Department (NHHD). It was construeté®26 by the NHHD work force at a
cost of $4,349.72 under the State Aid Bridge account. A clip frendrawings (Figure 3.8) lists
those involved in preparing the drawings.

DES/GNED BY. _HEL. _DATE.  6-30-76.

TRACLED BY REA ___DATE 7-7-26
CHECHKED BY _DATE

Figure 3.8: New Durham 199/054 [1926]. DesignecsklNHHD Plan E-39.

The plans were traced by Ralph R. Kenny, and approvedhmZ\¥arren Childs. Bridges that were
designed by other engineers or designers within the Highvepartment were often checked by
Langley. Childs was State Bridge Engineer from 1925 to 1943jléyamwas second to occupy the
position, from 1942 to 1961.

Located on Route 11, now bypassed and called Old Route NewhBurham bridge was wider and
heavier than typical jack arch bridges built by townsesondary roads. Designed for H-15 loading,
it used 9 lines of 18" deep I-beams (see Figure 3.9).
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Figure 3.9: New Durham 199/054 [1926]. SectionitjdtdtdHD Plan E-39.
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The fascia beams and bottom flanges were fully ensgisiedoncrete to insure a long service life. It
was finished with solid concrete parapet railings wittodative panels and a sidewalk. Further details
of the solid railings are given in Section 3.3.5 belaekJrches built on a low budget by town road
crews or others, often omitted the encasement oflalver flange that required more costly
suspended formwork. The same was true for the encasefrthiet fascia beams, which was done
primarily to protect the steel from corrosion. Nole tL-inch bituminous wearing course applied
directly to the concrete deck.

.
/-2 i s

P A2 1010} | [ H !
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ELEV. Scal= 7k QO'v f

Figure 3.9: New Durham 199/054 [1926]. Field skdtom Bridge Card, 1941.

Another example of an NHHD-designed bridge from the mid-1820amworth 095/162, carrying
NH Route 113 over the Chocura River, built 1925. The planthi®bridge were not examined, but
the bridge is very similar to New Durham 199/054 and may alseebeen designed by Langley (see
Figures 3.10, 3.11, 3.12). Note the 15" I-beams and the 9" goadhed.
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Fig.ure 3.10: Tamworth 095/162 [1925]. Solid corengarapet railing with paneling. Bridge
built by NHHD work force at a cost of $4,349.7 2lHisketch from Bridge Card,
1941.

Figure 3.11: Tamworth 095/162 [1925]. Photo frarddge card, 1941
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Figure 3.12: Tamworth 095/162 [1925]. Photo frondde card, 1941
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3.2 NH JACK ARCH BRIDGE INVENTORY

A goal of this report is to begin the gathering and aisbf available data and historical information
pertaining to the development and use of the jack ardgédtype in New Hampshire. Information in
this section has been gathered by examining the retotids NHDOT Bridge Design Section.

Tables 1 and 2 compile data gathered from the NHDOT Bridga&ry database and the Bridge
Cards; the cards resulted from a field survey and invemtithe bridges in the state done by the
highway department from roughly 1940 to 1942. Cards were not fouadl bridges and in those
cases information in the Bridge Inspection File wasgduge select number of plans were also
examined and any additional information added to thegable

The results of the data gathering are presented in tlesta able 1 is a listing of the known existing
jack arch bridges and is believed to be complete althowgk fack arch bridges that have been
incorrectly categorized in the bridge records may turrifaple 2 is a listing of bridges no longer
extant or plus those currently approved for replacemasinot a complete list and for the most part
includes only the jack arch bridges still existing attihee of the 1982 Statewide Historic Bridge
Inventory. A cursory examination of the older bridgenplan file and old bridge cards for bridges
replaced indicates there were many more jack arch brimgieshan the 81 listed in the two tables.
The intent of the lists was to gather sufficient infiation about the jack arch bridges that were built
in New Hampshire to understand the variations in desidridentify the important character defining
features.

In 1990, the NHDOT compiled a list of 33 jack arch bridgesi\ddtom 1912 to 1940 for review by
the Historic Bridge Inventory Committee, which wasdeap of representatives of the NHSHPO,
NHDOT and FHWA. Seven unaltered bridges were consideratitail for National Register
eligibility using a point scoring system; none achieveslniecessary score for eligibility. Since that
time the NHSHPO has for the most part abandoned thm pggtem method as unreliable and
required that jack arch bridges be reevaluated on an indiadsis.

In 2009, L.B. Driermeyer of Preservation Company prepandtHDHR Individual Inventory Form
for Farmington Bridge 060/144, a jack arch bridge built in 1925 fGitme provided information on
the approximate number, ownership and size of jack amdfds remaining at that time:
» 48 extant jack arch bridges dating from 1900 to 1970, 5 predate 1920e2®d88atto 1939, 6
date 1940 or later;
* NH municipalities own two-thirds of the bridges, 13 areD@dT Red listed,;
» Spans range 12 to 33 feet; widths range 17 to 43 feet.

This study finds 37 existing jack arch bridges and 44 bridgesopisdy replaced (demolished) or
approved for replacement. The difference between tlebBelyer number of existing bridges and the
37 found in this study is due to two bridges being miscateggband the remaining being bridges
slated for replacement.

Before perusing the data in Table 1 please read the Bbtke end of the table.
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3.2.1 Table 1 — Existing Jack Arch Bridges

TABLE 1: EXISTING JACK ARCH BRIDGES

Town Bridge | y/oqrt Carrying/ Span | Width As-Built Notes?
No. Over
Acworth 113/064 | 1915 NH123A over 17 27.3' | -9lines 12" IBs 3'-2" o.c.
(SR) Bowers Brook - low 9" rise arch
(2010 Photos) - wood rail on pipe posts
Alton 096/287| 1923| NH 11 over 22 35.9' | -8lines 15"IBs 3'-2" o.c.
(2010 Photos) West Alton Brook - 13" rise arch with diaphragms
- wood rails on encased channel p8sts
- Built by NHHD SAB 1923 Plans C-50
- Harold E. Langley, designer
Andover 041/110| 19209 Bypassed Historic over 40' 23.1 | -7lines 24"IBs 3'-8"o.c.
(IB-C)? Blackwater River - 20" rise semi-circular arch
- wood forms left in place
- cable rail on wood posts
Berlin 232/066| 19317 Hillside Ave over 16' 43' | Bridge Card not found
Dead River
Charlestown 142/101( 19407 Borough Rd over 15' 21.7' | Bridge Card not found
(MR) Clay Brook - 22 lines 8"? I1Bs 12" o.c.
(2010 Photos) - 2-1/2" arch rise
- 1-rail pipe railing in 1981 photo
Chester 147/100( 19209 Fremont Rd over 19 23' Bridge Card not found
(MR) 1972 | Towle Brook - 6 lines 12" IBs 3'-5" o.c.
- steel forms left in place, 1979 photo
- 2-rail pipe railing, 1979 photo
- widened in 1972
Chichester 130/100| 1931 Main Stover 15' 33.8" | -8lines 10"IBs 3'-1"and 2'-8" o.c.
(IB-C) Sanders Brook - low 6" rise arch
- steel forms left in place
Concord 140/113 1875PCommercial St over 28 30.4' | -10lines 8.5"IBs 3'o.c.
2008 | Wattanummon Brook - 12"rise arch
- steel forms left in place
- on stone abutments
- alterations 2008
Deerfield 139/127( 1930 Blakes Hill Rd over 19' 20.9' | -8lines 15"?IBs 3'-2" o.c.
(MR) Lamprey River - 12"rise arch

- steel forms left in place
- wood rails on encased channel posts
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TABLE 1: EXISTING JACK ARCH BRIDGES

Town Bridge | y/oqrt Carrying/ Span | Width As-Built Notes?
No. Over
Dublin 085/103| 19387 Charcoal Rd over 22 22.8' | 1914 on Bridge Card
(MR) 1914 | Charcoal Brook - 6 lines 15" IBs 3'-8" o.c.
(2010 Photos) - 10"rise arch
- steel forms left in place
- wood rails on encased channel posts
Effingham 097/088| 19307 Drake Rd over 22 17.6' | Bridge Card not found
(MR) Wilkinson Brook - 7 lines 10" IBs 34" o.c.
- low 5" rise arch
Franklin 159/117| 1922 US 3, NH 11 over 3@ 50.8' | - 145" overall
(IB-C) Winnipesaukee River | 45.5' - 12 lines 26" IBs 4' o.c.
(2010 Photos) - solid concrete paneled parapet railing
- John Storrs, cons. eng
- NH Cement Const. Co., contractor
Freedom 185/064 1922 Maple Street over 24 29.5' | -8lines 15"IBs 3'-2" o.c.
Cold Brook - 10" rise arch
- steel forms left in place
- on stone abutments
- 4 rail pipe railing on concrete posts
- Built by NHHD SAB 1921
Fremont 086/055| 19307 Sandown Rd over 22 24.3' | -6lines 12"IBs 3'-2" o.c.
(IB-C) Exeter River overflow - 7"rise arch
- wood rails on encased channel posts
Gilford 126/101| 19319 NH 11B over 26' 30.9' | -7 lines 18"?IBs 3'-8" o.c.
1979 | Gunstock River - 16" rise semi-circular arch
- wood rails on encased channel posts
- widened in 1979
Goffstown 053/119| 1923| Parker Station Rd over 20' 25' - 9 lines 15" IBs 3'-2" o.c.
(IB-C) Gorham Pond Brook - 13" rise arch with diaphragms
(2010 Photos) - wood rails on encased channel posts
- Built by NHHD SAB 1923 Plans C-60
- Harold E. Langley, designer
Grafton 159/049| 19307 Slab City Rd over 24 17.7' | Bridge Card not found

Smith Brook

- 6 lines 18" IBs 3'-6" o.c.

- 16" rise arch

- steel forms left in place

- 3" steel angle railings and posts
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TABLE 1: EXISTING JACK ARCH BRIDGES
Town Bridge | y/oqrt Carrying/ Span | Width As-Built Notes?
No. Over
Hampton Falls 094/147 1923 NH 88 over 21 35.4' | -8lines 18"?IBs 3'-3" o.c.
1981 | Taylor River - 15"rise arch
- fully encased IBs, wood form removed
- solid concrete parapet railings
- Built by NHHD SAB 1923 Plans C-61
- Harold E. Langley, designer
- not built per plans
- alterations 1981
Hill 175/109 | 19247?] Old NH 3A over 33 27.1' | Bridge Card and Bridge File not found
Lower Mill Brook
Jefferson 140/097 | 19007 US 2 over 13 47.5' | -7 lines 10"? IBs 31" o.c.
1940 | Priscilla Brook - low 5" rise
1979 - on stone abutments
- wood rails on encased channel posts
- jack arch probably NHHD 1940
- widened in 1979
Jefferson 166/058 | 1939 Carter's Cut Rd over 2 14.7' | - Transverse jack arch span 38' span-
(IB-C) Israel River 1-28' - 73" overall
Closed 1-38' - Flat slab imbedded I-beams, 28' span
- 15 transverse IBs ?" 20" o.c. carried on
two side I1Bs 27", 14'-8" o.c.
- low 5" rise arch
- 1 line 3x8" wood railing on angle posts
Landaff 082/150f 19207 King Hill Rd over 23 20.6' | Bridge Card not found
Mill Brook - wood 2x4 forms removed
- flanges exposed
- solid conc. parapet railing 1979 photos
Madison 163/048] 1900} NH 153 over 27 35.0' | Bridge Card and Bridge File not found
1967 | Purity Pond Brook
Merrimack 116/137( 19407 McGaw Bridge Rd 30' 31.2' | Bridge Card not found
(MR) over Baboosic River - 9 lines 20"? IBs 47" o.c.
- flanges and outside beams exposed
- 16" rise arch
- wood 2x4 forms in place
- 3 rail pipe railing on pipe posts
Milton 064/167| 1930| Hopper St over 24 22.7" | -7lines 18"?1Bs 3'-9" o.c.
Salmon Falls River - 17" rise semi-circular arch
- steel forms left in place
- solid concrete paneled parapet railings
- Built by NHHD "Inter State Bridge"
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TABLE 1: EXISTING JACK ARCH BRIDGES

Town Bridge | y/oqrt Carrying/ Span | Width As-Built Notes?
No. Over
Nelson 073/098| 194079 Murdough Hill Rd over| 21' 22.3' | Bridge Card not found
(2010 Photos) 1998 | Brook - 6 lines 15" IBs 3'-2" o.c.
- 12"rise arch
New Durham 199/054( 1926( Old NH 11 over 24 30.7" | - 9lines 18" IBs 3'-8" o.c.
(IB-C) Merrymeeting River - 16" rise arch
(2010 Photos) - solid concrete paneled parapet railing
- wood railings on wings
- Built by NHHD SAB 1926 plans E-39
- Harold E. Langley, designer
Ossipiee 133/237 | 19401 Thurley Rd over 20' 17.8"' | Bridge Card not found
(MR) Dan Hole River -5lines 12" IBs 3'-8" o.c.
- 9"rise arch
- wood forms marks evident
Peterborough 132/134( 19407 Slab Road over 26' 19.5' | Bridge Card not found
(MR) Otter Brook - 7 lines 18"? IBs 3'-2" o.c.
(2010 Photos) - 11"rise arch
- 2 rail pipe rail on pipe posts
Plymouth 076/136( 1919P Yeaton Rd over 24 27 Bridge Card and Bridge File not found
1981 | Spencer Brook
Randolph 140/067 | 1935| Durand Rd over 21 30.6' | -9lines 15"?IBs 3'-8" o.c.
(MR) 1970 | Carlton Brook - 12"rise arch
- 2 rail pipe rail on pipe posts, u.s. side
- wood rails on wood posts (encased
channel?), d.s. side
- widened 1970
Raymond 172/149 1950p Stingy River Rd ovef 16' 16.5' | Bridge Card not found
Pawtuckaway River - 6 lines 10" IBs 3'-2" o.c.
- 2 rail pipe railings in place
- outside beams exposed
- wood forms in place
- original example on stone abutments
Salem 115/097] 1900pBridge St over 29' 35.3' | -6lines 18"IBs 4'-3" o.c.
1959 | Spicket River - 13"rise arch
- flanges exposed
- forms in place
- 2 rail pipe rail on pipe posts
- widened 1959
Stratham 073/114 1929 NH 33 WB over 12' 53' - 12 lines 10" I1Bs 2'-8" o.c.
1955 | Mill Brook - interesting needs study

- rebuilt 1955 'flat slab + old jack arche
- Built by NHHD F.A. 226-C
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TABLE 1: EXISTING JACK ARCH BRIDGES

Town

Bridge
No.

Year?

Carrying/
Over

Span

Width

As-Built Notes?

Tamworth

095/162

1925

NH 113 over
Chocorua River

22'

30.9'

- 11 lines 15" IBs 3'-2" o.c.
- 13"rise arch
- fully encased IBs,
- on old stone abutments
- solid concrete paneled parapet railing
- wood railings on wings
- Built by NHHD SAB 1925 plans D-35
- Cost $3376.32

Warren
(MR)

120/058

19307

Fish Hatchery Rd ovd
Patch Brook

r 33

23.3

Bridge Card not found
- 7 lines 18"? IBs 3'-8" o.c.
- 18" rise semi-circular arch
- full encasement w/ wire mesh
reinforcement.
- wood forms marks evident
- wood rails on wood posts

Westmoreland
(IB-C)

124/061

19327

Hatt Rd over
Partridge Brook

24

20.1

Bridge Card not found
- 7 lines 12" IBs 3'-4" o.c.
- 10" rise arch

- channel top rail, pipe mid-rail on angle

posts present in 1980 inspection

NOTES:

(SR) = State Redlist
(MR) = Municipal Redlist
! First date is from the NHDOT Bridge Summary forieththe source is unknown. A question mark afterchte
means the date does not agree with the Bridge I@arause the Bridge Card is missing, the date dielthe Card
is blank, or the date field reads "no data."
2 Information on I-beams and railings is taken fréve 1940-42 Bridge Cards
% |B-C means the bridge is classified in NHDOT Bridgemmary as an I-Beam stringer bridge with Conalet,
which is technically correct, but not sub-classifis a jack arch.
* This railing has a 2"x6" wood top and side raiheltted to wood encased 3"x5"steel channel postsrddrvimbedded
and is known as Standard Design 12-A
® If Bridge Card not found, then information is fr@ridge File (Inspection file) and/or from projeilél survey.
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3.2.2 Table 2 — Jack Arch Bridges Replaced or To Be Replaced

TABLE 2: JACK ARCH BRIDGES REPLACED OR TO BE REPLAC ED

Bridge Carrying/ . Notes Demo
Town NO. Year Over Span Width Date
Bath 131/145] 1972 Dodge Rd over 23 23.9 | Designed by "C.L.P." checked bg
1923 | Pettyboro Brook Harold E. Langley
Bristol 103/062|] 1923| NH 104 over 53'11" ? ?
Newfound River
Bristol 097/075 ? NH 3a over 64" 39.5' | New NEBT 1999
Newfound River
Charlestown 154/064 ? Old Claremont Rd oyer 20' 25.7' 20027
Clay brook
Chinchester 150/154 ? Kelly's Corner Rd ovpr 28 28' New TS-P; 1991
Sanborn Brook
Derry 053/097 ? Maple St over 37 29.5' | New PVS 1998
Hornes Brook
Derry 088/124] 1935/ Pond Rd over 22' 30.4' | New PVS 2001
Beaver Brook
Derry 056/088| 1935| Florence St over 19 27.9' | Municipal Redlist 20097
Shields Brook DOE 5/13/2009: Eligible
Derry 066/092] 1935 South Ave over 20' 36.7' | Form 2009; Eligible 8/2009 Goin
Shields Brook
Enfield 083/156| 1922 Shaker Hill Road ovef 81" 43.3' | DOE 11/10/1998 2003
Mascoma River
Enfield 081/154| 1916 Main St over 111' 43.3' New NEBT 2003
Macrnma Riwve
Farmington 060/144 1930 Bay Rd over 14 23.3' | DOE 5/09: Not Eligible Going
Cnrharn Rive
Fremont 096/099 1914 Sandown Rd over 48' 31.6' | New PVS; 1998
Fvatar Rive Farh/ NH T1arle Arel
Goffstown 137/107 1930 Henry Bridge Rd ove 25' 23.6' | **IB-C 2008
HarrvRrnnk [Filae cant tn archive
Grafton 151/073] ? Prescott Hill Rd over 42' 32.3' | New PVS 1997
Cmith Riva
Harts Location| 256/069| 1939 US 303 over 22' 28.6' | Deck replaced 2003 with 2003
Stnnv hrnn nractraccand vnidad <lal
Lancaster 173/09( ? Garland Rd over 28 26.5' | New CS 1992
Otter Brook
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TABLE 2: JACK ARCH BRIDGES REPLACED OR TO BE REPLAC ED

Bridge Carrying/ . Notes Demo
Town NO. Year Over Span | Width Date
Lebanon 165/109 1921 Riverside Drive over| 40 27.8' | Transverse axis 1997
Qtnnv Rrnnl Naw CRE-P
Merrimack 089/038 1930 Thornton Rd. over 24 20' Deck replaced 2001
Pannirhiink Rrar
Middleton 082/109| 1925 Ridge Road over 21 22 - Harold E. Langley, designer | 2000
1nnac Rrnn - Planc (-RA
Milford 122/126 ? Lincoln Street over 45' 32.6 New PVS 1992
(Graat Rrnn
Milton 081/159| 1920| Lebanon Stover 33 32,5 | NewCsS; 1998
Qalmnn Falle Rive
Newbury 120/078[ 193§ Village Rd over 34 23.2' | ** IB-C; Municipal Redlist Going
Andraw Rrnnl NOE Q/2N0NA Nint FElinihl
New Ipswich no brg ? ? ? ? Bridges closed since 19xx
number? DOE - in progress? [see Hengg¢n
form]
Newmarket 112/099 1931 Packers Falls Rd over 31° 37.6' | NewIB-C 1997
Piscassic River
Orford 116/089( 1930 Town Rd #79 over 38 15.8' | New PVS 2006
Jacobs Brook
Peterborough| 055/11p 194D Wilder Rd over 60' 29.2' | New IB-C 2004
Nubanusit Brook
Peterborough| 084/09p 194D Elm St. over 41 29.2' 2003
Niithaniicit Rran
Peterborough| 135/136 194D Gulf Rd over 38 245" | New PVS 2006
Nttar Rranl
Peterborough| 133/136 194D Gulf Rd over 17 20.5' 2003
Nttar Rranl
Randolph 040/044 ? Valley Rd over 50' 32.6' | New IB-C 1986
leraal Riva
Raymond 160/094 1917 Prescott Rd over ? ? Transverse axis 1990
Lamprey River United Construction Company
HAFR NIH-1A 10QK¢(
Rindge 155/073 ? Old NH 119 over 10'* 22' *2-10" spans, 28'-2" overall | ?
Nld NMill Tail Rare
Salem 113/070 1935, Lawrence Rd over 64' 32.3' | Municipal Redlist Going
1955 | Spicket River DOE 3/25/09
Stratford 123/104 1944 Bog Rd over 54' 26.2' | Transverse axis 1998
Stratford Bog Brook New PVS
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TABLE 2: JACK ARCH BRIDGES REPLACED OR TO BE REPLAC ED

Bridge Carrying/ . Notes Demo
Town NO. Year Over Span | Width Date

Stratford 126/111f 193(Q Eagan Rd over 25' 14.5' 2002
Qtratfard Rnn Rrnn

Sunappe 097/10 191 North Rd over 25' 16.3' | New TB 2004
Sugar River

Sunappe 108/099 192 High Street over 27 27.1' | NewTS 2006
Sugar River

Sunappe 111/099 192 Main St over 30' 32 New TS 1992
Sugar River

Sunappe 122/163 192 Cooper St over 28' 20' New TB 2006
Otter Pond Oultlet

Tuftonboro 145/0700 1921 NH 109 over 30 30.7" [ New PVS 1992
Mal/in Rivar

Westmoreland| 158/128 193 Old Mill Brook Rd ovyer 34 18 New CS 2005
Mill Rranle

Winchester 133/163 1940? Old Westport Rd over 27" 16' New IB-C on existing conc. 1982
\Wheaalarlk Rran ahiitmant

Wolfeboro 100/112 1900 NH 109 over 31 66.7' [ New PVS 1995
Smith River

Note: This table represents an initial compilatiédata and is incomplete. A cursory examinatiothefearly bridge
plans on file at DOT indicates there are many neek arch bridges that were built and are no lomy¢eint than listed

above.
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3.3 JACK ARCH BRIDGE CHARACTERISTICS

3.3.1 Date of Construction and Period of Significance

Of the 81 Jack Arch Bridges tabulated (37 Existing, 44 demdlish@pproved for replacement)
fifteen of the bridges have Bridge Cards with construaatiates assigned to them. Those dates are
considered most likely accurate. The dates range from 199Bfbas listed below. Of those fifteen,
eight were built by the NHHD and the dates are corettiaccurate. Plans are noted on the cards as
"On File" for five of the NHHD bridges. One bridge, fkln 159/117 was designed by John Storrs; a
commemorative plaque on the bridge states the date as 1922.

Dates of NH Jack Arch Bridges

1914 1929
1915 1930 (2)
1922 (2) 1931
1923 (3) 1935
1925 1939
1926

For the 22 bridges listed in the Tables with a questiak mdhe date column, there was no reliable
source for the date found in the bridge files. Histoneakarch and/or field examination of these
bridges would be necessary in order to establish thelagates or an estimated date based on
information analysis. Six of those bridges are assdigine date 1940. While it is true that many of the
local bridges that were destroyed in the 1938 hurricane megreonsidered fully completed until
1940, no information directly linking those bridges to therlhane has been found in the files that
were examined. One bridge is dated 1875, and three are datedl'h®866.dates may pertain to
earlier bridges that preceded the existing jack arch bridgesuggested by the stone abutments
carrying the 1875 bridge and one of the 1900 bridges (see Figure 3.13)

The Period of Significance for New Hampshire Jack Amatiges at this point in the research can be
considered to span the complete range of reliable caistn dates listed above from 1912 to 1939
(Storr's Freemont 096/095, demolished, was built 1912). Ifmewnmation establishes earlier or later
dates for the bridge type, the period of significance shbaladjusted accordingly.
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Figure 3.13: Jeer 140/097 under construcfi®d0 Bridge Card photo. The bridge replaced an
earlier bridge on stone abutments that were endasthe new concrete abutments. The
Bridge Summary lists bridge date 1900, presumadibrring to the preceding bridge.

3.3.2 Size Characteristics

Most jack arch bridges are single span and the lengtheo$ppan and the overall width are the
dimensions of interest since they determine the b@aimg and spacing. For the rare multi-span
bridges of the type the number of spans and resulting Ible&igth of the bridge is also of interest

since it reflects the magnitude of the undertaking or psrimalicates a new road system was built.

Unlike most bridge types where the length of the spigmpisally a measure of the cost or engineering
importance relative to other bridges of the same tiypepf less importance for jack arch bridges.
They are very short span bridges meant to replace weaah IsSpans or compete with reinforced
concrete bridges, so their significance lies not i b they are but rather how cheaply they could
be constructed.

Table 1 provides the following data on the range of dirmesf existing jack arch bridges:

Span: 12.0'to 45.5'
Width: 14.7'to 53.0'
Multi-spans: Only one 2-span (Jefferson 166/058) and one 3Spamklin 159/117).
Overall length of multi-spans: Jefferson 166/058 is 73’ dyé&iranklin is 145' overall.
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3.3.3 Arch Characteristics
Arch Axis

Of the 81 Jack Arch Bridges tabulated, 77 are |-beam strimggges with the beams running
longitudinally. Four of the bridges are girder and floorbéaidges with the floorbeams carrying the
jack arch floor system transversely. An example saoen 165/109, built by the NHHD in 1921, (see
Figure 3.4). Technically, these are not jack arch bridgesrding to the common definition of the
type. As previously discussed in Section 2.2, the jack faovoh system can function as a simple
bridge span or be a separate floor system carried lifiemioridge type, such as a truss or girder
span. For this study, they are included in the jack aidgdatype category, but they should also be
included in any study of girder and floorbeams bridges \uighotverlap noted.

Arch Shape

Arch shape is determined by the ratio of the distart@den the spring points of the arch and the
rise of the arch. The spring point is determined byfawtors: the spacing of the I-beam stringers and
whether the arch springs from the corner of the weltlae bottom flange — generally the case when
metal forms are used, or if it springs from a point 2 exches out and down from the edges of the
bottom flange — the case when wood forms or anoth#radavas used to fully encase the bottom
flange. The rise is the vertical distance from th@ngdme to the highest point of the arch curve. If

the distances are equal then the ratio is 1:1 and thasasemicircular.

There is a wide variation of jack arch shapes dependitigeaspacing on the stringers ranging from
very flat segmental-arch shapes to semi-circular shdjestype of forms used can also dictate the
shape. Corrugated galvanized steel sheets and wood forroaothke arched to most any shape,
whereas galvanized culvert pipe split lengthwise creasesmicircular form and arch.

The variations in the beam spacing and the methodrmfrig the arches is not of any engineering or
design significance. The variations are instead notadsause they reflect the vernacular nature of
jack arch bridges built by local road agents using thermalsteeadily at hand or most economically
obtained. Bridges built by the NHHD are more consigtetiite use of wood forms to fully incase the
stringers. Longer span bridges require deeper stringersexnedotte have arches with a greater rise.
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Arch Formwork

Wood forms and steel forms of various types were usewt@s above, depending on who was
designing and building the bridge and the materials they f@en#iar with or could be readily
obtained most economically.

Corrugated galvanized steel sheets were used in widths ahd486" cut to the necessary length to
arch between the beams while allowing roughly 12" otoete over the top of the forms and 3" or
more cover over the top beam flange (Figure 3.14). Timesferere often left in place and are now
either rusted and falling away or completely missing (fégu8.15, 3.16).
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Figure 3.14: Middleton 1923 State Aid Bridge. Dietdimetal forms left in place and hook-type be&¥rods.

Figure 3.15: Acworth 113/664. Corrugated galvathigeeel sheet forms left in place, severely
corroded and falling away. Survey Photo July 2010.
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ba .
Figure 3.16: Peterborough 132/134. The brown portibthe arch at right is a piece of
completely rusted corrugated metal form; the grapa&f the arches is exposed
concrete where the other form sections have falleay. Note different shape arch
at the outside beams. Survey Photo July 2010.

Flat (non-corrugated) galvanized metal sheet cut in appet&ly 4-foot lengths was used on at least
one bridge, Charlestown 142/101 (Figure 3.16). The floor habcosly spaced stringers with only
2-1/2 inches of rise to the arches.

Figure 3.17: Charlestown 142/101. Non-corrugatédagézed forms. Survey Photo July 2010.
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Wood forms were custom built for a particular bridge amsh tkft in place in some cases (Figure
3.18). In other instances the forms were removed tséé for another bridge. Forms were typically
oiled to release them from the concrete, leaving wgr@eh form marks behind (Figure 3.19). In at
least one case, tarpaper was applied over the formseéesaae liner (Figure 3.20).

Figure 3.18: Raymond 172/149. Wod forms left acpl Note the hangar bolts supporting the wood
cross beam members that support the forms andiitiiaitragms were not formed to
encase beam tie rods as shown in Figure 3.19. $hivato July 2010.

Figure 3.19: Nelson 073/098. Note wood forms magkppsed bottom flanges and hook-type beam
tie-rods. Survey Photo July 2010.
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Figure 3.20: Alton 096/287. Tarpaper used betvileeiforms and the concrete shown still adhering
to the arches. Note hangar bolts for the formsamdrete diaphragms between the
arches encasing the beam tie-rods. Survey Phot@0uD.

Diaphragms were used to encase the beam tie-rods andeplaeral bracing and increased rigidity
to longer span jack arch bridges (Figure 3.21). Several britkgggned by Harold Langley with this
feature survive; Goffstown 053/119 for example, surviveenmarkable condition suggesting that the
diaphragms greatly reduce racking of the floor and preventctacking and breakdown of the
concrete seen on other jack arch floors that lackstiffeess afforded by the diaphragm bracing
(Figures 3.22, 3.23).
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Figure 3.21: Hampton Falls 094/142 [1923]. Notgptiragms specified on plans prepared by Haroldlegng
(NHHD Plan C-61).
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Figure 3.23: Goffstown 053/119 [1923]. DesignedHayold Langley. Survey Photo July 2010.
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3.3.4 Abutment Types

Abutments used for jack arch bridges are of three typmsdard-design concrete abutments designed
with the design of the bridge; existing stone abutments the previous bridge at the site; and
existing stone abutments modified with reinforced camedresome way such as the addition of new
bridge seats, partial concrete encasement, or fulfretsnencasement. Examples of each are shown
on Figures 3.24, 3.25, 3.26.
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Figure 3.24: Goffstown 053/119 [1923], designedHty. Langley. Standard bevel wing type concretsrabnts
as used on a variety of bridge types (NHHD Plar0g-6

Survey Photo July 2010.
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Figure 3.26: Hampton Falls 094/142, 19@&signed by H.E. Langley. Existisgjone abutment with reinforced
concrete encasement (NHHD Plan C-61).

3.3.5 Railing Types
Steel Lattice Railing

Lattice railing and pipe railing are apparently the oldaing types used on jack arch bridges. More
expensive than simple pipe railing, lattice railing wasersuited to urban settings or bridges with
sidewalks as it was both decorative and offered proteftiiosmall children. John Storrs used lattice
raiing on Freemont Bridge 096/095, built in 1912 and demolishd®%8 (Figure 3.1). United
Construction Company shows lattice railing in their 194fpany advertisement (Figure 3.2). At
this point of the study, there are no known exampldatixte railing in place on the remaining jack
arch bridges.

Steel Pipe Railings

Steel pipe railings consisting of one, two or threesliaf pipe rails joined to pipe posts with cast iron
fittings, was a widely used railing type on early jackhdnadges of the 1910s and 1920s. United
Construction Company depicts pipe railing in their 1915 compdwmgrtisement (Figure 3.2). The
Storrs and Storrs 1918 bridge design handbook (Figure 3.3.) 8Hmes of pipe rail interconnected
to pipe posts of the same size (generally 2" or 2-1/2" mitb)3-way (tee) or 4-way (cross) cast
fittings. The posts are shown set into the concnatles; suggesting the railings were preassembled,
braced into position and cast in place.
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A one-rail example is still in service on Charlestoi2/101 (Figure 3.27). The bridge is dated 1940
in the Bridge Summary, but the Bridge Card is missing ealtte is uncertain. Chester 147/100,
19207 can be seen with two-rail pipe railings in the 1979 and @i8@4s contained in the bridge
inspection files. Those railings are believed to béllin place. Merrimack 116/137 was equipped
with three-rail pipe railings, one of which may dti#l in place behind modern W-beam guardrail.

Fio..
-

F V-

Flgure 3.28: Peterborough 132/134 [1940'7] Surgl‘mo ra|I plpe railing. Survey Photo July 2010.
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Pipe Railings on Non-pipe Posts

Railings consisting of pipe rails carried on other typigsosts were also used on jack arch bridges.
The use of steel angle posts and wood posts bolted tuthiele of the bridge were stronger than
pipe posts and allowed long continuous lengths of pipe twbedbto the inside face creating a
smooth snag-free rub rail.

The 1915 United Construction Company advertisement (Figuresi3o2ys two lines of continuous
pipe railing bolted to angle posts in turn bolted to thesidatstringers or the concrete fascia.
According to the 1980 bridge inspection report, Westmoreland@&24yas then equipped with steel
angle posts with a pipe rail at the mid-point and stegedor the top rail.

One known example of a jack arch bridge with pipe ragdsioto concrete posts is Freedom 185/067.
The bridge is located in a village setting subject tguemnt foot traffic and was built with four closely
spaced rails (Figure 3.29).

Figure 3.29: Freedom Bridge 185/067 [1922]. St pailing on concrete posts. PHbto from Bridge
Card, 1940. NHHD bridge inspectors shown at work.
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Steel cable on wood posts

This type of railing, or guardrail, consisted of two $ireé steel cable on wood posts. The upper half
of the posts are shown painted white in the availabtgographs. Several bridges were identified
with this type of railing including Andover 041/110, 19207 and @&sitdr 130/100, 1931 (see Figure
4.5).

The size and type of post, round or square and meansdifnt is not stated or evident from the
bridge card sketches and photos. It is also not appaoentifie available information if these railings
were originally built with cable guardrails or if theyere added later. No examples are known to
remain in service on jack arch bridges

Wood Rails on wood-encased steel channel posts,

This railing was part of the NHHD 1923 Standard Design feel3-Beam Concrete Arch Bridge
(jack arch) as shown on Figure 3.30. The railing postastedf 3"x5"x6.7 p.l.f. steel channel set 1
foot deep into the curb wall on 8-foot centers. Thegastre then encased with 3"x8" wood boards
to a finished height of 33". The means of constructioeh @tachment, nails and/or bolts, is not
specified, but in photos (as shown below) through-bgl®ear to be seen. Two 2"x6" wood board
rails were attached to the posts: the top rail was tedusicross the top of the posts at an angle to
shed water; the mid-rail or "rub-rail" was mounted amitiside at about the midpoint. At some point
this railing became known as "NH Standard 12A" whicHlithat is noted on many of the bridge
cards.

Figure 3.30: Bath 131/145 [1923]. Demolished. Wbddge railing, NH Standard 12A, shown in photo
from Bridge Card, 1941, prepared by Wendell H. Rip&er prepared most of the 1940-1942
bridge cards examined; H.B. Pratt also prepareeséithof the NHHD personnel involved in
the fieldwork and card preparation have not beégraéned. Many of the photos on the cards
show NHHD bridge inspectors at work, as above,tbeir identities also have not been
determined.
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Solid Concrete Parapet Railings

The data gathered to date indicates that solid concnetpgiaailings were used on several jack arch
bridges designed and built by the NHHD from 1923 to 1930. Thegsivere more expensive than
other railing types, requiring more skilled formwork aslaslheavier outside stringers to carry the
additional dead load. Franklin Bridge 159/117, designed by Johrs Stiod built in 1922, is one
example of use of concrete parapet railings on a ja¢kkardge built by a town or city.

When used in a prominent location, concrete parapet nddlopgs were often given some decorative
treatment, typically by applying moldings to the insidetlad forms to create the appearance of
"paneling” (see Figure 3.9, 3.31, 3.32). On less important bridgencrete might be left flat and
capped with a simple coping as in the case of Hamptds(®/142, shown in Figure 3.33.

e h T il T SR o
Figure 3.31: Milton 064/167 [1930]. Solid concretrapet railing with embossed paneling. Photo
from Bridge Card, 1940. NHHD bridge inspectors shawork.
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Figure 3.32: New Durham 199/054 [1926]. Detailpafeled concrete parapet railing. NHHD Plan E-39.

Figure 3.33: Hampton Falls 094/142 [1923]. Plaiidsmncrete parapet with coping. Photo from
Bridge Card, 1942.
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4.0 HISTORIC SIGNIFICANCE

4.1  SIGNIFICANCE DISCUSSION

The jack arch bridge in its various forms has playedrportant role in the development of the
primary and secondary road systems in the United Statesthe late 18 century up until World
War Il. In New Hampshire, the bridge type was embracedhb New Hampshire Highway
Department about 1920 and standardized plans were preparetletbeaniform, economical and
rapid construction of the bridges by the state and togalcipalities. As a result, over 100 jack arch
bridges are estimated to have been built in New Hangpshinirty-seven have been identified as
remaining, ten of which are "red-listed" due to structdediciencies and will soon require major
repairs, replacement, or bypassing. Most of the rengaltir bridges have functional or structural
issues or deficiencies to some degree and will be dlatedplacement in all likelihood within the
next decade or two.

The jack arch bridge in New Hampshire will thereforetowe to disappear and those remaining will
become increasingly rare examples of a once comnidyeype, a consideration when determining
historical significance.

The degree of historical importance of the jack aradglerfor its role in the development of New
Hampshire's state and local highway system is a queébibremains subject to analysis based on the
individual bridge. Jack arch bridges designed and built in tB@slBy the NHHD for state highways
certainly played an important role in the economindlefficient expansion of that system. Jack arch
bridges designed and built by municipalities may or mayae¢ played a significant role in the local
transportation network; specific historical researdhoantinue to be required to fully answer that
guestion.

The architectural and engineering significance of ttlegach bridge has always met with a variety of
opinions. The historical research conducted for tipenteshows the bridge type to be essentially
vernacular in origin. It was not an invention to wha specific engineer or engineers have staked
claim. Architectural considerations, as they are gljyiapplied to bridges, have had no role in
defining the bridge type other than in the occasiongblsi decorative detail that may appear in the
railing design, and those were made by engineers, ruteats. The bridge is simple by design and
subject to the most basic structural analysis as lsnigeadeck is considered as an independent slab
and the composite action and continuity that exisdssiegarded.

A measure of historical engineering significance caadsigned to the refinement and definition of
the bridge type by state highway engineers during the @&flycentury. In particular, the
development of standardized plans by Harold E. Langley asgigtypother engineers in the NHHD
marked a transition of the jack arch from its vernadolam into a defined and accepted bridge type.
Other state highway departments also developed standardr@tdesigns about the same time,
placing the NHHD's designs within the broader contex oétional property type.
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4.2 INTEGRITY CONSIDERATIONS

Jack arch bridges in general retain a high degree of iytedrtheir primary character-defining
feature, which is the concrete arched deck. The typefiised by the arch floor system and it is the
integrity of the floor system that is of greatest impoce. The other features of the bridge, the
railings and abutments take on varying degrees of imp@ @eweending on the individual bridge and
their integrity or lack of it may add or detract frone thwverall design integrity of the bridge.

4.2.1 Alterations

Railings

Except in a few cases original railings have been cegdlavith modern W-beam guardrail. Bridges
with sidewalks have been fitted with incompatible mgii such as chain link wire fencing on Concord
140/113. Original railings on other bridges have been replaitbateel balustrade railings such as
New Durham 199/054for which no historical precedent exis,nonetheless are aesthetically
pleasing and convey a sense of the importance to ithgebthat the original railings may have

conveyed (see Figures 4.1, 4.2).

Figure 4.1: New Durham 199/054 [1926]. Originaldge railing. Photo from bridge card, 1941,
south elevation.
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Figure 4.2: New Durham 199/054 [1926]. New stedlteade-type bridge riIing. Survey photo,
2010, south elevation.

Widening

Jack arch bridges are easily widened and as noted milrewidening was a common improvement.
In some cases an additional stringer was added to carayraw reinforced concrete slab for a
sidewalk or roadway extension. In other cases greatlEmmg has been accomplished with the
addition of reinforced concrete slab spans to one tir $ides of the jack arch, Alton 096/287 and
Chichester 130/100, being examples (Figures 4.3, 4.4).

Figure 4.3: Alton 096/287. Widened with a reinfedlconcrete slab deck extensions. Survey Photo
July 2010.

Historic Documentation Company, Inc,. Portsmouth, RI. July 2010 Page4.3



Historic Jack Arch Bridges of New Hampshire
Inventory & Significance Study

of .

Figure 4.4: Cchster 130/100, widened both silasvey Photo July 2010

4.2.2 Setting

The bridge setting generally plays little role in deteation of the loss of integrity; changes around
bridges are accepted and unless the bridge is a contrilfedginge of a historic district, setting is
generally not a primary consideration. On the othedh&hen the setting retains great integrity from
the time of the original construction, Raymond 172/149 beejmgme example (see Figure 3.25), then
setting will raise the overall significance and intggof the property.

Examples of how setting affects the overall impressidhe bridge are given in the following "before
and after" photos of Chichester 130/100 and New Durham 199/054€& & — 4.8).

4.2.3 Structural Deterioration

In some cases deterioration of the concrete archseneent of the beams is so severe that the
concrete is faling away in large pieces from the sedabeams (Figure 4.5). This is usually
accompanied by longitudinal and/or transverse crackinghtsaked to rusting of the I-beams. Rust
expands with immense force, further fracturing and dislafdtwe concrete covering. When the
deterioration has reached a point that the structuegnity of the beams and floor is lost and beyond
all reasonable repair, then the integrity of origgedign can be considered greatly diminished or lost.
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Figure 4.5: Chichester 130/100 [1931]. Photo framddge Card, 1941. Compare setting to today
in photo below. Note steel cable guardrail.

Figure 4.6: Chichester 130/100 [1931]. Survey phauty 2010.
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Figure 4.7: New Durham 199/054 [1926]. Photo fraiddpe card, 1941.

Figure 4.8: New Durham 199/05 [1926]. Survey phdtty 2010.
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Figure 4.5: Newbury 120/078 [19367]. Severe cragkind spalling of concrete encasement and
rusting of I-beams. RMC Photo April 2009.

4.3 ELIGIBILITY CONSIDERATIONS

The primary character-defining feature of jack arch bsdgethe arched concrete deck and the
features associated with the deck such as forms [gfiae. All other features including the concrete
abutments and railings are features that are chasd®fiother bridge types and not associated in
any specific way to jack arch bridges. The absenaaediity in these secondary features therefore
should not determine the integrity of a jack arch brithgé 6therwise retains structural integrity of
the I-beam and concrete arch floor. However, thegmiasof other original secondary features does
enhance the overall significance of the property andldhoe considered when integrity of the jack
arch is present. In some cases the prominent locatitie bridge may have dictated specialized
railings such as the paneled concrete parapet type, amdsublk features are present and retain
individual integrity, they should be considered a primagratter-defining feature.

In the case where a professional structural enginsatdtarmined that the structural integrity of the
jack arch floor system has been compromised, a stuthedgasibility of making repairs in-kind
should be required.
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6.0 NOTES
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Dictionary of Architecture and Building defines jack as an adjective meaning inferioremogsdary and states that
“terms compounded with jack are often coined onsionao explain the idea of smaller size or secongasition, and
this extemporaneously by men unfamiliar with thgnemments of the language. Few of the many telmmrsduced are
of permanent interest.
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