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ZHS DEVELOPMEN? OF HEAVY FIOATING MILITARY BRIDOES

INTRODUCT 10N

Military bridges are portadle, temporary structures dwsigned
to meet the load regquirements of troops vith their arsament, squip-
ment and supvlies, and erected to facilitate thelr movements in
field operations. In this study, ve shall de concerned only with
that type used in the crossing of vater odesacles, of which the
river is the prinacipal example, and that depends for its supvort

| elther in whole orr in part on the duoyanoy of floats or pontons.

In this oategory, only the heavier type viﬁh miim load support-
ing ability will be considered. However, 1% should be kept in mind
that a flexidle structure, sapable of b‘oiag adapted to the maximum
W of loadings, is one of.tho principal requirements. The
»dtr;uctml difference detwesn the company foot bridge and the army
vch!cuhr Brldgo should e nrolykin the numder and arrangement of
the components. .

Though the distinotion between a tactical and a nontactical
bridge is not a sharp one, io much so that the semitactical type
is also recognised, 1t is further intended to limit these remarks
0 th§ uo‘tical type of structure where speed af novement, assemdly
of pnrtn. and erection with unim ountul equipment under battle

mditial arYe prime requirements.

. The fleating Bailey dridge 1s regardsd as & semitactical type

since 1% requires consideradle more $ime to construct than either

the heavy ponton or the treadway float equipment, the latter
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Saking less than half the time needed to d>uild the Bailey structure,
I8 is theoretically essential that the censtruction of a bridge
follov the seizure of $he second objective in the Bridgehead opera-

Sion which will eliminate ground obssrved artillery fire from the
selectad site, in addition %o offecitive small aras fire which 1¢

presumed $0 e removed wpon capture of the initial objective. The

sarly urgent requirements for the forward displacement of armor and
sapporting nrtiilor: in a coordinated attack deyond the ‘fu- shore,

on fha other hand, frequently lead in practice to the initiatien

of pon-tmtion vell in advance of the capture of the first two
Yridgehead objectives. Since time io of such tremendmous advantage
in consolidating the bridgehesd before enemy reserves can de assembled
for a counterattack, the $sctical conditions under which the bridge
may be required to de constructed merit particular atteation in the
design of flonting sSruotures,

The dovcloynent of floating bridgn since the advent of motorised
'vnhulu has become like reconnaissance a contimucus requirement,
Prior to the advent of the heavier loads of modern wheel and track
vehieles, floating dridgs equipment changed slowly. It vas mot

- watil after m experiences of the Firss ¥orld var nm the hom

. Sridge trats, mm 1569, developed turing and afVer the Otvil Var,
was superseded w the Penton Bridge, 23-ton, now. 192, the wodel
1869 bridge had » morml capasity of B} tons of gress lesd vhieh

_ vn.-. suffioient to ascemodate the loaded escort wagon. Rapid progrees

 of necessity followed as 1acnuh‘|¢ly_km'vhr loads vere introduced




12 an agselersted period of dewlopanent as shown ia the ehart of
lead eapacity of heavy floating dridges oa page 15 ia $he appeadix,

BRIDGE XBQUIRIMENTS

In order %o svaluate progressive steps in the develepment of
floating equipage and %0 use She experieanse of the past to assist
in %he solution of preseat piouna. 1% 10 desiradle %o reviev the
characteristios of a serviseadle MYridge. OCommencing with general
foatures and a -tudy' of how requirements have been met, 1§ 19 |
propesed %o develop She definite requisites of the presemt amd the
indieations of future demands. Simce a healthy disconteat vith
present limitations is ons of the Dest wvays to essape the pitfall
of complacency, our preseat jmmn. 1ike that of the ﬁot. should
9o sonsidered a stepping stone 8o future improvemente. For thig
yeason, $he euphasis should De on contimucus effort $o evercome wur
preseat shortoomings and antisipate future Sveads.

A Wridge must have $he yequired eapacity which will expediemtly
‘ﬂ.llollh loadings of the weight, .t_n and type empleyed ia the
wait fo7 vhich the strusture 1s desigaed 1n averege stresm velosities,
IS should be 11ght in veight as & whole te keep Sranspertation
_ Loads a8 & miniwun, aad in 1%s ecupensat parts to permit evestien
W mampover as an alteraate method. Kigh strength and 1ght veight
alloys shenld de utilised S0 the fullest exent. The sise of
' MMM members should pevait them %0 de readily transperted ia
-W vehicles and trailers as nodile waite, Rapid and -1-,10"
omuog h required if the squipage is to serve its purpese of
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permitting tanks and mebile heavy veapons %o olosely support the
assauls uio;. I$ should be flexible, insuring an economy of
uhﬂnl and efford Shrough use of component parts for rafts and
lighter load structures capable of conversion to the heaviest type
bridge. Damaged parts should bde easily replaceadle. The dn"ip
should perai$ removal of floating days for passage of river traffic
and dedris, and lhau eonnections should providn adequately for
water level ﬂmmuom. |

HainSenance should be facilitated dy a duradle structure,

The dridge must de resistant to enemy action or stream ir-
regularities inoluding high velooities and debris. Briefly sum-
marising, the desiradle \?ﬂm should have the following charaater-
istios:

1, 8trong 5. Rexible

2, Light 6. Duradle
3. Mebdile 7. Invalneradle
b Smple 8. stadle

- BARLY BISTORY
| Nodern mm mam are a hnumt of the anctent Mdal
of bnh. l'h m‘ Amportant of the urlhn structures ot m. Sype
were the two dridges of Xerzes Wuilt over the Hellespent im g0 1.0

W% his Bgyptisa and Phoenfolan engineers. According to the historian,

' Herodotus, thno -tmtm- were adout three quarters of a mile in
length, hoﬁncy was provided by triremes and penteconters placed
alternately side by side, lsshed together and anchored, exeepd
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vhere the penteconter wvas caitted $0 permit waterborne Sraffis Se
yass. Bix cadles, two of flax and four of papyrus were siretched
frem shore to shore acrass the rov of boats. These eadles, with
their ends vell anchered, supported a heavy plank fleor vhish, ia
fura, was covered with brush and tepped vith a thiak layer of - earth
%o form & hard, smeeth peadwvay. This bridging eperation, though
wReyposed and non-tastisal, vas & eomplete sustess. In ths eourse
of a week, the tvo bridges were reperted to have sarried vithout
_ aesident & military fores of mere than three and a half milliea
wen and many thousands of eamp fellowers, harses, elephanis, ¢amels
| and males.

The firet historical use of pomton trainms was made Wy
Alezander of Nacedonia in $he sroseing of the Hydespes River agaiash
Porus about 327 3.0. in his India campaign. Vhile no fleating
Wridge wvas constructed in this orossing, it is eignificant that the
youtens vore cut iz half for transportation by earts, moved to the
rlnf v.l)-lim fr. the guarded danks vhere the halves were Jjoined
aad used for tcmu‘. - '

Military engiusering was farther develeped b7 the Remans,
yertienlarly by Jultus Gasear vho placed grest suphasts oa the

' Wr Sraiaing of s uw wvhich contained the first distinet
. \7ase of an engineer serps. 1By the time of Julian's campaigns |
"vw»:anut the Germans frem 357 to 361 A.D.,, the Neman avwy vas
 sguipped with 11ght peaten Mridging including boats comsisbing of
& vooden frame covered with a leather skin., By the seventeenth
esntury, the French and Datsh wvere using similar type peatons ia



> C

Sheir mm trains, but wdilised tin and sopper, respestively,
for the covering. In our Iight Ponten Bridge, Th Vem, Nedel 1926,
an alunimmm skin wvas first used over a dwralumin frame. In the
niddle of the elghtecnth century, the Russians dew loped &
oellapsidle ponton of tarpsulin stretched ever a vooden frame vhieh
was digmantled for transpordatioa, In 1_!53. the French MM a
flal botiom vooden boad as their standard pentoa. In 1861, at the
start of the Givil ¥ar, the eagineer floating oquipage sensisted of
abous 160 boats of the Freach wodel with the necessary alk
(sdringers), ohess (fleering), anchors and cerdage; and a mumber of
frestles and Russian sauvas boats, acoording o Gemsral J. 0.
Barmard's repert en englaser eperations in the Peainsular Campaign.
Frior to the intreduetion of the Premch and Buesisn types it
is iateresting %o note that ia 18%6, poaten equipage mxmu
iaflated yubderised omu ‘fleads was .mm and MM u
mmo Soott and Saylery for mnunu against Nexise, The flsatse,
omunn of three rudder ssanscted e7lindewrs vere n’lm 20 feod
leng sad five fest wide, m ¢71inder was divided m« m.-
sompartments, each doing me with o mmm asmsle,
mmqummmmm-uhawm MMM
12 the m. 1% vas standard squipment uwntil 1858, By this tm.
e mmm in valeanising $he rubber had formed sulpharie -
014 vhieh dostrered the canves. Damags Wy vesr sad grevelly
huln. mnmuuy to rifle fire, and osocillation m te
vondsr m \rlm mto for the passage of animals vere the
prinsipal dpfnlq attriduted to this type of fleas,



. ef alight motal to reduce veight yas clearly demonstrated in this

NODERN DEVEIOPNEX?T

‘ The first important schange in heavy fleating equipage from
She Civil War type was the 23-ton ponton dridge, Model 1924, A
stee)l trestle wvas used to accommodate changes in water level, vhich
aonsisted of a steel latiiced girder Sransom, columms of steel
hbing,_ steel shoes and ohain holsts for adjusting the trsneom on
the columaz. The river end of the hinge span was supported by a
hinge 111 suspended Sraneversely betveen the firet aid second
boats instead of direatly em the firet boat ae in the old model,
This model provided a utroiger trestle and distriduted the load

on the hinge span raft. The sise of dalk, chess, sille, .u
| j;ontcn- were increecsed $to teke the hoﬁhr loads. Through the uee h
of rigid metal dalk fasteners vhich replaced the rope lashings on
© Abe former motsl, & considersble nuut of continuous beam astion

: was introduced so that ae lny as fiiié'.pontohl iuhh@ in providing
Waoyanoy, , L

I 1938, the 25-ton ponton vas adopted. In this model, the

wooden ponton weighing approximately 00O pounds was replaced by the
’;flluim tno. rououa later by a -un one, owing %o $he use of
the llchtor lohl in the urplm indutry. The aluminum ponton
 velghs 2600 peunde and the stesl type N200 pounds. The adility

~ islll.' The non tno was %00 heavy to be 1ifted and carried adous
 yeadily by basd umga Shis means eould be used. A three-boas

hinp (1858 uﬂ vas used $o yeceive the load soming on to the

| nuuu noiiou of the dridge from the trestle. This dridge
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continued as the standard ponton type un$il replacement by the M ¥
dridge after VWorld VWar II,

A distinot changs in type of squipment oocurred in 1942 with
the iatroduction of the steel treadvay dridge designed %o furnish
a rapid means of stream crossing for vehicles of the armored force.
It conelsts of pneumatic floats supporting a pair of steel treadways
rigidly Joined end to end %o form & contimucus set of tracks., VWhen
- shallev banks or shoals preveant the use of floats, the steesl tread-
ways can be supported on 5-ton trestles. !ho M 1 model was super-
seded 1in 1943 by the M 2 medsl with a wider track, greater elear
width betveen outer curds and rudder floats with increased duoyanay.
| In addition to transpording the dridge equipment, bridge
construction trucks are equipped with a mmné orane whiech oan
1414 Svo tresdwaye from $he Sruck and place them in position on &
flea$ in a simgle operetion. Three lengths of siamgle track or twe
hn(tiu of doudle. trask may be raised into poouloi 'dﬁr firet
wnlealing and $hen m;ng the treadvay sections.



® | @
LESSONS FROM THE RHINE RIVER CROSSING
Based on the number of personnel engaged and the quantity of
equipment utiliged, the asgsanlt crossing of the Rhine River vas
the largest military operation of this type in history. BStudy of an
undertaking of this magnitude and {mportance should reveal mmch
information of value im $he future development of hesvy floating
equipage.
Perhaps the most oiaiﬂ@t lesson of the operation is the
influenss of the current veloeity on the capacity of the dridge,
A study of the characteristics of the Fhine flow showed that during
fleods the river has velocities ae high as 12 feet per second in the
upper reach and eight to nine feet per second in the lower reach
belov Nannheim except in the gorge sections, $Since currents over

geven feet per second seriously reduce the capacity of floating

equipage, this condition created am important prodlesm. I particular,

1t was planned $o reinforce th§ &-ton ponton bridg‘ to carry class
% loads but the damming effeat of pontons, 1n addition o their
-ﬁbrhco; led to Mafomont with rubder fleats for class 36
capacity, Tests tho\nd Shat )'o,‘ifmpters were helpful in strean-
mihg the dlunt ends of jdntou ud they were manufactured and
used on the upstream baws. The need for special anchorage and
booms was also demonsirated,

The value of aruor and heavy veapons in the close support of
She asranlt waves led time and again to the construction of dridges
v_hlle the enemy still hnd §buruuon and emall arms and artillery
fire on the dridge and assemdly sites. From expariences on the
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Mine, as vell as other river crossing operstions, sush a condition

‘mst e considered the rule rather them the exception.

The M 2 treadway bridge a$ Milehplats was completed on D 4 2,
with 11ght artillery fire still falling, after delays caused by
the collision of three LCN's with the dridge and the destructioa
of sevan floats by artillery fire. Aselsting the engineers under
thess conditions, however, wers air cover, antiaireraf$ and grouad
target '.nui.ry. antitazk guns, $ank destroyers, river patrols
with damolition charges, searchlight batteries, amoke geassators,
barrage dalloons and an underwater listening device.

‘The treadvay is porhnf» slightly more vulnerable than the hsavy

«up&n can de ulvmd‘ud She damaged pontons replaced, Oa the
other hand, the stesl $readways are sunk vith the destrustion of
the rubder floats and separatiom of that sestion of bridge. This
deficieney of the treadvay, hovovor,‘h more than made wp by the
oase of float transperSation and the speed of erection whioh made 4
the best tactical bridge used in Burepe. Tadle I, page 16, lists
dats on $he length, u- of erection, and average speed of erestion
in feed per hour of several Mridges of each Vype,

ponton type. Since the balk and chess of the latter float, their
In genersl, the leads required to be moved over the Bhine

Sastical bdridges reached er exuesded the capacity of $he equipment

in svift water. fThe N !Ghnk with a weight class of 4O tons was

_ewecessfully crossed on She reinforced 25-ton ponton dridge at alow

speeds vith a ponton freedoard redused %o four inches aud s fov dalk -
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Deing oracked. Tully reinforsed with metal pomtons, this bridge is
capeble of carrying only a safe load of 30 toms with restricted
movement in a strean velocity of 7 feet per second., Though the
deck oan ascommodate the present heavy tank, it was found desir-
able to lay wear treads for protection against the steel tracks.
' It was necessary te modify the ¥ 2 treadway to pass the N 26
Sank \y spreading the steel treadways 2! inches further apart with
I=bean spacers to provide ma eight imoh clearance on each side for
the tanks Sofal track width of 135 inches. A plywood treadvay laid

Yoetween the steel treadways accommodated narrover vehiecles,

PRESXN? DEVELOPMENTS

In 1945, the H b dridge was adopted vhish replaced the 25-%on
ponton model, but does not endody all of the desiradle characteristics
of the treadway., The deck s formed of hollov aluminum alley deek
Balk which serve as both stringers and noonu; The dalk deing
Woyant pressrves the flotation characteristis of the wooden typo
in addition te '?”?wu increased strength, 7The bdalk can be used
as floats and annu for a food dridge, or for dridging sherd diteh
spans, A nghtlul oan be put aoroes the N 4 dridge ujh : penton
knoaked out, _ , |

The floating spans are supported oa streamlined nnhilo half-
pentens of aluninum alley fastened stern to stern %o form a whele
ponfon and spsced 15 feed cemter to center. Tor 25-ton leads only
the half-boat meed bs used, an additiomal half-boat being added
later when the nesd for 1ncro§nd capacity develops. In a like

masaner, damaged pontons may be readily replaced dy balf-boats. As
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2 result of model studies of streamlining requirements, the pomton
"nests® in a high velecity current ao well that wvhile the wvater may
be higher than the gunwale, none enters the boat. Improved strean-
1ining has also minimized the prodlem of dedris in high velocities.
With currents of 10 fee$ ver second, or greater, a 100 pervent
reinforced dridge will pass dedris beneath the pontens.

Continuoue deck Gonnections are used when possidle between
shore pontons and abnfionts, tut whers high danks or variations
in river stage require them, trestle days are available,

The M 4 bridge m be utilized as a floating or fixed bridge,
a combination of Doth, or as a raft, In a five foot per second
ocurreat with a 20-\:1& desk measuring 15 feet im width, 1t will
sarry a class Go-m load, The cepacity can be inorsased to 100
Om W nlnfon-‘u Vith She same stream velesify, and to
an estimated T5 tou h & currens of aine feet por:eosend,

Under favorable conditiems, the floating bridge u.u has deen
eracted from transportation st the rate of about 125 feet per hour
rhn no' frestles vere used. Mr sindilar sonditions, $he trodvq
Sridge can be constructed at the rate of about 170 feed per heur,

hmuc floats with saddle adapters designed for use with
aluminus degk dalk are utilised in the M U dridge for sites oa
sef$ or swampy ground vhere adequate suppors for trestles does not
exiss, and on m; shelving beaches vhere pontons may de grounded.
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CONCIUSIONS

In the floating dridge X 4, many ohuju in design have
improved the operating charsoteristics found deficient in the
oquipage of World ¥ar II, The progress made to dqto. is indien-
Mve of further successful developments at a rate which should
keep well ahead of fulure regquirements,

Revieving our bridge requirements, ve must have a structure
that will carry the present divisics losds and any forsecable
fadure ones. While the X U4 bridge has W‘h capacity for
present needs, the m for inereased loading is open through the )
use of & three-geotion ponton with a square-end center section ‘e

vhieh the outer half-Doats may be fastened. T
| The acoelersted advanses 1n metallurgy during the war and m o
enormously 1mmm promtw@ capacity of alumizun and its umn
lwu served uml chw.u econtine to provide immun ltmcth of __
bridging material vithout exsessive 1acrease in welght. Vhile m |
X2 irm has a uuht in pounds: por linear foot of only W ”
cempared %o the: u | 3 mmu ‘ridge vith value of 550, the wam
per llaear tnt '_ur un upuuy 19 10,0 for the romr and 9.: tu' |
. the htm’ . ‘ :
. As pmlmlr poutd ous, the tnmw tm construsted vﬂh_
e ﬂlo use of th mu- tyeek comtinues %0 be the mere modile of the

“ f‘munt briun m o space requirements for tumpomun -M
1ighter weight, ma. unit treek transportation such as is nu
for She tmdm type is desiradle over the trailer form of $runs-
portation used for the M 4 pontons. Iighter weight of parts and
less of them make the ireadway dridge easier to construo$ than the
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N ¥, The elimination of chess as used in the 25-ton ponton dridge
is & progressive step in simplification, and further progress may
be expected,

Flexibility has been improved consideradly in the N 4 type
which pernits increased load cspacity by additions to the dridge in
the water of bYost 3sctions., Through fhu’ addision of desck dalk ;l
needed, the required deck space to ascomodate vrhicles of varriu
width may be readily obiained, |

I8 s dolieved that the N 4 type has resulted in imnroved
dupadility, The metal deck has removed the need of floor treads
required with the 25-tom type. |

Dus $o the ease of removal of boat sections and the duoysnoy
of pontons and balk, the X I Sype 1s less vulneradle to enemy astion.
The use of metal in place of wood or rubber has dscreased its Veak- |
sess %o incendiary attack. v |

ﬁrouliilag hag produced a bridge in the N 4 type .vhicﬁ is
«-’” ‘stadle, Wtimlarh in repid currents, than any type which vo'-
have previously employed. '

Much development and $esting are still needed, including use
wader cold and tropical eonditions, and ground and air tmcpori-
l?@llty studies. The goal is an all-purpose type of ntvrnctnn

mdodying the inherent afvantages of the dest type of single mfpcu _
bridge wnder all foresoeable conditions,
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AR 1

RATE OF CONSTRUC?ION - RHINE RIVAR BRIDOES

£3-208 PONION BRIDGE

(Teet)  OONSTRUOTION CONSTRUCTION
(Bours) (Peés/Bour)

Yesel

VWallach

Yesel

&

11%0 19 N7 Delayed by work on far
appreash and placing
Srealds. ,
123 22 3/ 5%  Float reiafersed.

Pierced steel planking
used for treads. Bew

adapters on up stream
Yovs :

969 30 1/2 32
1170 18,2 ou
1080 5h 20
TRZADVAY BRIDGE
1260 N 56 3/h 13 Seven floats kmooked oué -

Wy artillery five, lLight
artillery fire still
falling vhen completed.

1110 % b3 14k feod of dridge
o destroyed by artillery
fire during construstien.

nw 9 128 Internittent artillery
o . fire interfered vith
, | sonstruction,
1284 - 3 9 . :
10% 3312 n ~ Nearly contimuons heavy

sriillery shelling.




8 3 07 XIMARKS
(Feot)  GCONSTADOZION  GONSTRUCTION
_ (Rours) (Poet/Nour)
Nains 4o 1696 28 b ]
1 40 972 1 1/2 )
- Emu ho 1116 0 56
Boppard ko 1044 > 1/2 n Rapid Qurrems,
8. Bear ho g8 36 23 Rapid Curreas,
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