
T 

ACCESSION FOR 

NT1S GRAA1 

DT IC TAB 

UNANNOUNCED 

JUSTIFICATION 

BY 
DISTRIBUTION / 
AVAILABILITY CODES 

PHOTOGRAPH THIS SHEET 

fcéfoRT 2«3l/ 

frfcST rtrreziM Repofcr or/ 
_pZVGLoPM&V-t oF TWiSiotJ Afto 

LEVEL^itfAy Pz.OÄT)A/ä, ßRlD« FQUlPb Gjk 

1*0 StfC'-'Jï - *** 

INVENTORY 

DIST AVAIL AND/OR SPECIAL 

A-l 
DISTRIBUTION STAMP 

UNANNOUNCED 

-2^, rr\*£iv± 

DOCUMENT IDENTIFICATION 

DISTRIBUTION STATEMENT A 

Approved for public nleoMt 
Distribution Unlimited -w 

DISTRIBUTION STATEMENT 

DATE ACCESSIONED 

DATE RETURNED 

DATE RECEIVED IN DTIC REGISTERED OR CERTIFIED NO. 

RMMIH 





WAB DEPARTMENT 

Report 821
FIRST IHTERIM REPORT OR 

DEVELOPIIERT OF DIVISION AND ARMY 
FLOATHB KtlDGE EQUIPAGE 

20 Soptember 1943 to- 1 Hay 1944

TtCHHiCAL IHFOWIATlOe OHLlT

DuW not ifWiiw* nuiwi 
fens »r cwtoWM of #* 
Or.ce, ChW of En««»«

ig>- -T Qn

i 7
TB5CHNICAL STAFF 

THE ENGINEER BOARD 
of Enginean, U. S. Ar 

Fort Belvoir, Virginia

UNCLAGSiElE
APPB3VED PCR PUBUC RELEAS
distributicn unlimited.

MS.



UNCLASSIFIED 

Report 821 

FIRST INTERIM REPORT ON 

DEVELOPMETT OF DIVISION AND ARMÏ FLOATING BRIDGE EQUIPAGE 

20 SEPTEMBER 1943 TO 1 MAY 1944 

Projeota BR 473 and BR 474 

26 May 1944 

Submitted to 

THE ENGINEER BOARD 

Fort Belvoir, Virginia 

and/'or 

The Chief of Engineers 

U. S. Army 

Washington, D. C. 

FOR OFFICIAL ACTION 

by 

Robert 0. Swain 
Captain, Corpa of Engineers 

Fort Belvoir, Virginia 

Thia doounent contains information affooting the 
national defense of the United States within the meaning 
of the Espionage Act, 50 U« S. C«, 31 and 32, as amended. 
Its transmission or the révélation of its contents in any 
manner to an unauthorised person is prohibited by law* 

fea,/ I'W Sfe iiriED 
'll—1 .. lili 

- 

ll 

a 
îmMtiiiitir1 M'iii y íiiwilir T líwf i lillHflMP 



TABLE OF CONTENTS 

Seotion 

I 

II 

III 

IV 

V 

Title 

SYLLABUS V 

SCOPE 1 

1. Soopo 1 

authority 1 

2. Basic Authority ] 
3. Amendments to Basio Authority 
4. Copies of Authority and Directiros 1 

INVESTIGATION 

6. 
6. 
7. 

8. 
9. 

10, 
11. 
12. 
13. 

14. 
16. 

16. 

Purpose . 
Capacity 
Employment of Consultants “ 

Engineering Tests 
Dorcription of Proposed Superstructure Design« Z 

Description of Ponton Design 

Het.yy Floating Equipage 

Sho.c Connections 

Rafts 
Balk and haft Connectors 

Researoh 
Status of Procurement 

10 
10 
16 

16 
16 

16 

DISCUSSION 
16 

17. Procurement 

18. Design 
19. Engineering Tests 

16 

16 

19 

CONCLUSIONS 
19 

20. Conclusions 
19 

VI REC (M1ENDAT IONS 
19 

21, Reo amendât Iona 

Appendix 

A AUTHORITY 
B ENGINEERING TEST PROCEDURE 

C PLANS OF kAJOR DESIGNS 

D PONTON STUDIES 
E BALK AND RAFT CONNECTORS 

F SHORE CONNECTIONS 
0 DETAILS OF PROCURÄENT 

H RESEARCH 
-iii- 

19 

21 
47 

69 

79 

181 
213 

231 

239 



UNCLASSIFIED 

¢ 

SYLLABUS 

The general trend ie toward wider and heavier military 
equipnent. As thj present bridging equipage is not adequate to 
handle suoh load increasesf the Engineer Board was directed to 
design, develop and test Division and Amy Floating Bridges, con¬ 
siste' t with limitations placed on weight, transportation, and 
erection time* This report covers the development completed during 
the period 20 September 1943 to 1 May 1944. 

Three superstructure designs and *’ne ponton design, de¬ 
veloped by engineering firms working in conjunction with the Tech¬ 
nical Staff of the Engineer Board, have been aooepted for test and 
are being procured. 

It is reoomnendod that the designs now under construction 
be tentatively approved and that engineering ^ests be conducted in 
accordance with the proposed plans of this report. 

\ 
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FIRST IMTERIM REPORT 
¡ÎTT OF Diviéioti ÀND ARi^ iiÕÃTIMO BRIDGE EQUIPAGE 

îu September 194Z to 1 IJay 

I. SCOPE 

1. Scope. The «cope of this report covers the development of 
the Division and Amy Floating Bridge Equipage for the period 20 
September 1943 to 1 May 1944. Design and procurement data for these 
bridges are presented in detail. Particular emphasis is placed on 
the research completed in preparation for the varieus bridge designs. 

II. AUTHORITY 

2. Basic Authority. The basic authority for projects BR 473 
and BR 474* Division and Army Floating Bridge Equipage, is contained 
in the second indorsement from the Chief of Engineers to the Presi¬ 
dent, Engineer Board, dated 20 September 1943, file number CE SPEK, 
subject i Work Order DBR 3102, Development and Requirements of Divi¬ 

sion and Amy Floating Bridges. 

3. Amendments to Basic Authority. Increases in widths and 
capacity were authorised in a letter £ ram the Chief of Engineers to 
the President, Engineer Board, dated 22 February 1944, file number 
CB SPENB, subject» Revised loads and Clearances for Division, Army, 

and Exceptionally Heavy Bridges (Work Order DBR 3214). 

4. Copies of Authority and Directives. Copies of the complete 

authorisation and directives appear in Appendix A* 

III. INVESTIGATION 

5. Purpose. The purpose of the projects on Division and Army 

Floating Bridge Equipage is the development of taotioal floating 
bridge equipage which will be lighter in weight, capable of more 
rapid construction, loss vulnerable to attack, and able to sustain 
heavier loads in higher stream velocities thaï the present equipment, 
which is proving Inadequate for the heavier vehicles now attached to 
the Division and the Army. The criteria for these projects are given 

in the military characteristics in Appendix A. 

6. Capacity. The original requirements for capacities of the 
Division and Army bridges to be developed under these projects speci¬ 
fied gross weight and length of track in contact with the ground for 
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the heaviest tracked '|'ehioles oontemplated.^'Jmd the clear width of 
roadway required. They were subsequently haised and at present the 
designed capacities arei Division bridge# 25-ton gross weight 
(assumed to rest on tracks having 105 inches of ground contact) with 
a clear roadway width of 128 inches| Amy bridge, 50-ton gross weight 
(assumed to rest on tracks having 168 inches of ground contact) with a 
clear roadway width of 160 inches. The tanks representing these loads, 
together with their wheeled equivalents, are shown in Figure 1« Since 
the capacity of the bridge depends also on the stream velocity and the 
degree of control under which the vehicle crosses the bridge, the ve¬ 
locity was fixed at 5 mph after careful study of probable areas of 
operation, e^id the vehicle was assumed to cross under controlled con¬ 
ditions, one of four traffic categories now under consideration. 
These proposed categories aret a. Unrestricted} b. Controlled} 
o. With Caution} d. With Risk. Figure 2 more specifically lefinci 
these terms, in this case applied to the reinforced 25-ton ponton bridge, 

Ti Employment of Consultants. Upon receipt of authority to pro¬ 
ceed with the designs of these bridges, an attempt was made to supple¬ 
ment tho Technical Staff of the Engineer Board with designers experienced 
in metals used in airplane construction. The priority of airplane design 
prohibited obtaining any airplane designers. However, three consulting 
engineer organisations - two marine and one structural - were invited to 
submit bids for this work, Tho facilities of the Engineer Board, both 
at Fort Belvoir and Yuma, were made available to these oonsvxtants prior 
to the submission of bids. As a result of these negotiations, two or¬ 
ganisations - Sparkman and Stephens, New York City} and Howard, Needles, 
lammen, and Borgondoff, Kansas City, Missouri - were retained to submit 
preliminary plans. At a later date, the Allison Steel Company, Phoenix, 
Arisona, submitted a balk design. Only one firm, Sparkman and Stephens, 
has undertaken the design for the ponton, 

8# Engineering Tests. Preliminary engineering tests of the new 
equipment have been initiated at the Yuma Test Branch} these consist 
primarily of experimentation with pontons, rafts, and deck-balk wearing 
surfaces, utilising designs submitted by Sparkman and Stephens. It is 
anticipated that engineering tests of all equipment will be underway 
during the month of August 1 >44, and that plans and specifications of 
the accepted design based on engineering tests can be made available 
to the Chief of Engineers hy the and of 1944. The directive for the 
engineering tests at Yuma appears in Appendix B. 

9* Description of Proposed Superstructure Designs. All three 
superstructure designs are based on a span of 1Ö feet and the utiliza¬ 
tion of the same type ponton. Designs are consistent with the weight, 
erection time, and transportation limitations covered in the military 
characteristics* 

s# T-l Superstructure. This design submitted by Howard, 
[foodies, Taimen, and Bergondoff is composed of aluminum balk and 
chess, A truss balk, 18 inches in depth, with extruded sections 
for chords and diagonals, has been accepted for use as stringers 
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and in trestle transoms« Four types of balk connectors are pro¬ 
posed» Type R with male and female ends, especially adaptable 
for breaks in grade where moment transference is not requiredi 
Type A for continuity for transference of moment with provision 
for adjustment in change in grade* Type S for rapid assembly of 
sections; and the fourth type for use in landing bays with double 
story balk« Two types of chess have been designed, both of alumi¬ 
num bases« One type utilizes an aluminum wearing surface; the 
other, a steel plate wearing surface« The chess are 13 feet 8 
inches long, 2 5/8 inches deep, and 11 3/4 inches wide* Under 
consideration are shorter sections of chess which may be dowled 
into standard chess to provide for variance of roadway widths 
from 120 inches to 180 inches. The weight of the balk is approxi¬ 
mately 300 pounds; of the all-aluminum chess, 145 pounds. Other 

design features include» 

(1) Removal of bays in multiples of 15 feet« 

(2) Removal of damaged pontons, and replacement, with¬ 

out disconnecting the superstructure« 

(3) Steel curbs that can be spaced for roadway widths 
of 120 inches, 128 inches, 150 inches, and 180 inches. 

(4) Variable roadway widths. 

(5) Diaphragms of various lengths to match balk spacing, 
permitting rapid bridge assembly« 

(6) Erection gauges and hooks to facilitate rapid assem¬ 

bly of floating equipage« 

Four balk are required for the Oroup 25 loading; eight, for the 
Group 50, Arrangement of this superstructure is shown in Figure 

3; design details are given in Appendix C« 

b. T-2 Superstructure« The T-2 superstructure designed 
by Spëîrkman and Stephens utilizes two extruded aluminum shapes 
welded together to form t section 16 feet long, 8 inches deep, 
and 9 inches wide« This design, which is commonly referred to 
as "deck-balk,” provides the floor and stringer systems in single 
units« The method of construction is similar to placement of the 
10-ton and 25-ton ponton balk, except that the deck balk furnishes 
a complete floor system. Roadway widths are variable, being 
governed only by the number of the dock-balk used. Several typos 
of wearing surface are proposed, including steel plate, timber, 
and aluminum. The deck-balk without a wearing surface weighs 180 
pounds. The curb is provided by extra deck-balk resting on the 
floor deck-talk. Arrangement of this superstructure on pontons 
is shown in Figure 4, Seventeen balk are required for the Group 
26 loading, and 20 for the Group 50 loading. Design characteris¬ 

tics are given in Appendix C« 
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c, T-3 Superstructure. This desifpa, submitted by the 
Allis“» Steel Company, is comprised primarily of 12-inch alumi¬ 
num I-beams with balk connectors. The chess and curb will be of 
a type similar to that proposed for the T-l superstructure. 
Eight balk are required for the Group 25 loading, and 12 for the 
Group 60 loading. Three special balk connectors are now being 
gi^en consideration for this type of balk. These are rJhawn in 
Appendix E. Sane consideration is being given the use of this 
balk in units of two. Single balk will weigh approximately 170 
pounds, or about 360 pounds made up in double sections oonneotod 
with struts. Figure 5 shows the proposed desipx for this type 
of balk. Appendix C presents the design details. 

10. Description of Ponton Design. 

a. The ponton was designed with three major oharaotoristios 
in mind. These ares 

(1) A shape to permit efficient flow of water at 
speeds of 5 mph (7.3 feet per second). 

(2) A weight not to exceed approximately 1,200 pounds. 

(3) A shape which would permit nesting on the standard 
two-wheel pole type trailer, 

b. The shape of the bow of the ponton was governed by a 
serie's of tests in the Vicksburg Model Basin and additional 
tests urder the direction of Sparkman and Stephens at Stevens 
Institute of Technology. The dimensions of the ponton arei 
longti., 27 feet 11 inches» beam at top, 6 feet 7 inches» beam 
at bottom, 4 feet 6 inches» depth, 37 5/8 inches. The elliptical- 
shaped end on approximately a 30-degroe angle was found to bo the 
most desirable, having a reasonably high displacement rate plus 
satisfactory flow characteristics. In order to meet the weight 
requirements and still have sufficient displacement for the Group 
50 Bridge, a half-ponton type was selected. Each half-ponton 
has a displacement of approximately 20,000 pounds with a 6-inch 
minimum freeboard. To meet the weight requirements of the cam- 
plated half-ponton and to have a half-ponton of sufficient rugged¬ 
ness to withstand the abuses of general use, aluminum alloys were 
selected for the ocn-tr-otion, Altnough no aluminum pontons have 
been actually oanpletod, weight calculations indicate that the 
half-ponton will not exceed a total weight of 1,200 ppunds. 
Preliminary tests indicate a possible lack in stability of the 
half-ponton and slightly less displacement than might be desira¬ 
ble for rafting. Both of those features can bo increased by 
widening the bottom of the half-ponton without changing the shape 
of the top. The nesting would be decreased from 25 inches to 11 
inches. This change in cross section is explained more fully in 
Appendix D. The chango in cross section would mean an increase 
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of approximately 3,000 pounds in displacement and vrould raise 
the stability to the equivalent of tho present 10-ton ponton. 

£. Present dosiga permits transportation of -three half¬ 
pontons on a two-wheel polo trailer. Proposed desigi charges 
would limit transportation to two half-pontons per trailer. 
Figures 6, 7, and 8 show tho half-ponton, the whole ponton, and 
tho transportation, respectively. 

11» Heavy Floating Equipage. While consideration is being given 
designs of heavy rafts, the development of heavy floating bridge equi¬ 
page, under project BR 464, is dependent upon receipt of Group 50 
equipage. Engineering tests are to be conducted utilizing Group 50 
flotation with the H-10 and the Panel Bridge (Bailey Type) super¬ 
structures. The latter, however, has a clear roadway limitation which 
does not mako it entirely desirable for the heavier and wider vehicles 
proposed for Group 80 loading. With the addition of a whole ponton 
per span in the Group 50 bridge, it is hoped that this reinforcement 
will permit passage of all Group 80 vehicles, 

12. Shore Connections, 

£• The shore connections of a floating bridge usually 
include one of the throe following types of construction! 

(1) Direct span from the last ponton to shore, as 
is frequently utilized with a steel treadway bridge, 

t 

(2) Combination of 'n abutment scan, a trestle span, 
end a hinge span, as is usually associated with thu 25-ton 
ponton bridge. 

(3) Long landing bays up to 80 feet,, as are used in the 
ejection of the Floating Panel Bridge (Bailey Type). 

1j. The first consideration for shore connections for the 
Group 25 and Group 50 bridges was centered around trestle spans 
and long landing bays. Trestle spans submitted with tho T-l and 
T-2 superstructures wore of a conventional design with tho added 
features of being able to erect double stories and to utilize 
ponton balk for trestle columns and transoms. Long landing bay 
designs have been submitted by tho two consulting engineers mà 
one design by the Technical Staff of the Engineer Board. Current 
trends include the reduction of the length of long landing bays 
for shore connections, inasmuch as damage tc any one part of such 
a long span usually consvmos considerable time and material for 
replacement. Under consideration now is a type of jet-pile 
utilizing trestle oolunns. It is doubtful whether any decision 
will be made on shore connections until the engineering tests 
have been conducted on all designs submitted. Design progress 
with shore connections is presented in Appendix F, 
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13, Rafts» Sovoral raft tests aro underway with the T-2 super¬ 

structure and plywood pontons. Preliminary results of these tests 

indicate that a 5-ponton raft will be required for the Group 26 load¬ 

ing. The original desiga contemplated a 3-half-ponton raft plus two 

reinforcing half-pontons for tho Group 26 loading. For the Group 50 

loading, a 6-whole-ponton or 7-whole-ponton raft is proposed, k sorios 
of tests was conducted at Stevens Institute to determino the horsepower 

required to drive various rafts at various speeds. Results of those 

tests, together with speed estimates with various marine power sources, 

are given in Appendix D. Those data have not boon confirmed by actual 

tost, but are representative and can be presumed to be correct within 

approximately 10 percent. Consideration is being given a heavy raft 

design, divorced eatirely from Group 60 equipage. 

14. Balk and Raft Connectors. 

a. In military floating bridges, one of the paramount de¬ 

sign problems involved pertains to the development of a balk or 

raft connector which will allow the rapid assembly of a bridge 

manually or by means of such mechanical aids as are possible by 

the 6-ton, 6x6, Bridge Truck. Requirements can be expanded 

into the following characteristics« 

(1) The joint shall permit tho balk to bo separated 
in any direction. 

(2) The joint shall develop full strength of balk. 

(3) Tho joint can bo assembled to be used as a hinged 
part. 

(4) finds of balk shall be interchangeable. 

(6) No loose connections are permitted. 

b. Experimental model connectors which have been designed 

to meet tho foregoing requirements are graphically presented in 
Appendix E. 

fiQSQarch. The research connected with tho design of those 
bridges consists of two parts» 

a. Tho determination of tho most effective relationship 

between the stiffness of the superstructure and tho capacity of 

the floating supports and the investigation of the various typos 

of superstructure to find the best method off obtaining this re¬ 

quired stiffness. An introduction to the factors involved in 

those problems is presented in Figure 9. 

b. Engineering tests on various types of bridges to doter- 

mine the effect of high stream velocities on thoir capacity, and 
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the development of a standard group of tests to be applied to 
future bridges to measure their suitability for military uso. 

The work aoocmplished in this research i» presented in part in Appendix H. 

16» Status of Procurement. As qf 1 May 1944, contracts had ^oon 
made for tHo procurement an¿ fabrication of materials for 300 feet of 
each of the three basic superstrupture desipis, and for plywood and 
aluminum pontons to provido sufficient flotation for a 240-foot float¬ 
ing bridge. Proouromont details, together with the cost data,are given 
in Appendix 0, All metals undor procurement are of aluminum alloy (24 
and 618T) and steel. Experimentation is contemplated with two other 
metals i aluminum alloy with sino# which has an exceptional strength* 
and magnesium. 

IV. DISCUSSION 

Pleuren ont. While procurement progress has been handicapped 
because of the tight scheduling of aluminum, aiffioiont materials are 

now in the contractors' hands to proceed with the fabrication of the 
major parts of each of the three proposed superstruoturos and with the 
aluminum pontons, 

Doslc*. The trends in design are as follows for the veu*ious 
components of the bridge» 

a. Pontons. While the single floating support was satis¬ 
factory for loads up to about 34 tons (tank loading), the trend 
for the past two years has bean towards the half-ponton, a boat 
that oan bo used individually to carry loads up to approximately 
26 tank tons and can be joined stem to stern with another half- 
penton to carry heavier loads* 

Superstructure. The three typos of suporstructuro now 
under consideration provide for erection of bridges for Group 25, 
Group 50, and Group 80 vehicles, all of those bridges oan bo 
widened in the field in the routine manner of erection. 

o. Heavy Floating Bridge Equipage. Greater stress is con¬ 
templated on traffic control to utilise the Group 60 Bridge to 
pass vehicles in the Group 80 classification. 

d. Rafts. Raft studios conducted to dato indicate the now 
equipment is superior to existing rafts. Consideration is being 
given to special rafts for ferrying Group 80 vehicles. 

je» Shore Connections. The tendency for shore connections 
is for spans that oan bo rapidly replaced in the event of damage. 

£• Balk and Raft Connectors. Stress is being given to con¬ 
nections between balk and connections between rafts to facilitate 
erection and the use of bridge bays as ferries. 
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RELATIMMir BETWEEN STIFFNESS 
OF SUPERSTRUCTURE 

AND CAPACITY OF PONTONS 

If • ponton bridgo could bt conatruetod with • porftctly rigid 
•Up«r*tr*cturp, all tha pontons supporting It would bo suboorgad an 
ogual soount and would tharafora davalop aqual raaetions. 

In a bridge in which tha joints ara rigidly eonnactad, this condition 
is approached, tha deck acting as a continuous beao ovar a serias of 
supports. This typs of construction is undesirable because the and 
reactions, although they are somewhat reduced, produce eicessive banding 
moments because of their long moment are. 

If articulation, that is a hinge type joint, is introduced into 
• the superstructure between each supporting ponton, the load is carried 

almost entiraly by the ponton directly under the load, the only resist¬ 
ance developed by adjacent pontons being due to their righting or 
atabalizing moment. 

This method of construction is also undesirable, since the indivi¬ 
dual pontons must have escasaively large displacevents. Somewhere, 
between the two estremes, there lies a combination of superstructure and 
pontons which will have masimum load capacity combined with minimum total 
weight. This combination can be approached by constructing the articula¬ 
tion so that the joints will lock after a certain amount of rotation, 
l.a. •controlled articulation". 

FIG. 9 



7. CONCLUSIONS 

cavalry divisions, and by an army. The work completed^represents the 
Initiation of a comprehensive floating bridge program In tha. the de¬ 
signs under consideration provide for minimum weight, erection 
and transportation in addition to variable roadway widths and capacities. 
It is also concluded that engineering testa will be completed in time to 
submit plans and specifications based on these tests to the Chief of 
Engineers during the latter part of 1944. 

71. RECOMMENTUTIONS 

under 
tests be conducted in accordance with the prjposed plans of this 

Submitted byt 

Robert 0. Swain, 
Captain, Corps of Engineers, 

Chief, Bridge Branch. 

Forwarded byi 
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Headquarters 
ARMY GROUND FORCES 
Army War College 
Washington« D.C. 

623/60 (1 Sep. 1943^ GNENG 
1 September 1943 

SUBJECT* Developnont and Requirements of Division and Army Floating 
Bridges. 

TO* Commanding General, Army Service Forces, The Pentagon, 
Washington, D. C. (Attn* Requirements Division and Chief 
of Engineers). 

1. Reference is made to the recent revision of Par. 5, AR 
850-15, which is expected to be published in proof form 21 August 
1943. This revision materially increases the permlssable weights 
and widths of military vehicles over those for which our standard 
bridging has been designed. A complete revision, particularly of 
the floating bridging, is necessary. 

2. At present, the reinforced five boat infantry support raft 
will ferry oanbat team loads up to a gross of ten tons in a stream of 
velocity 3.5 miles per hour* The M-3 bridge, fully reinforced will 
pass eighteen ton tonic loads with restrioted movement in currents of 
velocities up to 4.8 ft. per second, but will not pass the four ton 
truck with trailer and bulldozer in velocities over about one mile 
per hour. The twenty-five ton heavy ponton bridge, when fully rein¬ 
forced with metal pontons, will carry a safe load of only thirty tons 
with restrioted movement in a stream of velocity 5 miles per hour. 

3. Study of general stream velocities in <he United States and 
possible theatres indicates that 5 miles per hour is the proper volo- 
oity for military bridge design and that normal flows seldom exceed 
7 miles per hour. Flood flows seldom exceed 11 miles por hour saving 
in exceptional oases like the Rhine, where by reservoir manipulation 
the flow may reach 18 miles per hour, or in mountain torrents like 
the Rhone where 30 miles per hour is reached. The division and a--my 
bridge should meet the velocity of 5 miles per hour whon constructed 
normally, and carrying its desiga load, and meet higher velocities 
with lighter loads. Tests at Yuma have shown that fully reinforced 
bridges obstruct the flow and form a water and debris . m, endangering 
the stability of the structure. 

4. Inolosuros 1 and 2 outline proposed military characteristics 
for division and army floating bridges and rafts. If these character¬ 
istics are mot successfully, eventually these bridges will replace the 
infantry support raft, the M-3 Bridge and the Heavy Ponton Bridge. The 
developnemt is suoh that the existing M-3 and Heavy Ponton Bridge will 
be first improved by the balk for the new bridge, and eventually, the 
boats will ee replaoed by the more flexible and easily transported 
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îf'“““0 Th. Ulf boat will b. 
lew vulnerable than the pneumatic boat and two «T then will have 
more displacement and stability than a heavy pon}^ boat. Time^ost 

flrt<r Wil1 b0 the Bri^sh^and * the Germans have already gone t$ half boat desire.. Even after com- 

firÍLr^oí 'h?08! 0f the °ld •^P^t.wiUbe useable for rein- 
Í r eïpodi®t8» i* locations where fast, heavy capacity 

0 f..®, e required. Since the troop basis calls for only about 

mití wnsïdoïed ^ POntr mit# and of the iight ponton units considered necessary for operations la Europe, it 1« desirable 

to\c °^.o^u[Tuî^t^lc'p‘<•p,,,orod ““ usu^ ^ ^ 

inr«n»4tv ]h9 milltAry oharaoterii««loe outlined call for the maximum 

¿11®^ ?ewiîeâ In It CKnífnDUted that li^t titica! metals 
probably roouirid in +h îhf, 1x1 with first priority 
m«dîu.-lîîïird 1 b 9 fcaAk* The ’^tion for this is the tre- 
rSned iñ îyî^Pr °f ereotion» flexibility and economy of effort 
t^k doÎïrÎv6 ^ t Al 0r0£ißin6 of h°«y loads. In the division, the 
w^.ä rr:hwil be abie h0 oio8oiy 8upp°rt the a88a^t 
foí^id artill«y can gain a matter of hours in 

”der,t00i thut 019 Usht 

proseé uta íí,Í”ar0,r,t9á.t!“t the Chlof of bo directed to 
tíí a ? “d «»t the material, noc... 

priority *** d0Tel<’t,n8"t bo mad0 «vailablo to him on a triple A 

FOR THE COMMANDING GENERALi 

/•/ 
C. H. DAY, 

Colonel, A. G. D., 
2 inols. A88t* Ground AdJ* Q«!» 

No. 1 - Military Charaotoristios for Army 
Floating Bridge and Raft 

No. 2 - Military Characteristics for Division 
Floating Bridge and Division Assault Raft. 
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INTERESTED UNITS» All Army Units, Especially Those Heavier Than 18 
Tons Gross, Including Armored Units. 

MILITARY CHARACTERISTICS FOR ARMY FLOATING BRIDGE AMD RAFT 

1. The bridge shall have sufficient capacity to carry ;he ve¬ 
hicles accompanying an army in the field which meet the weigl * and 
width limitations prescribed in AR 860-15 dated August 1943. For a 
tracked load this weight limit is 38.9 tons gross on an IS foot track 
and desi<7i of this structure will not attempt to accommodate any com¬ 
bination of vehicles more severe than this. The width limit is 124” 
for the lower 1 foot of vehicle and ISO" above the lower foot. 

2. The bridge and raft, constructed normally of two division 
half boats placed end to end per span of about 15 feet, and desirably 
with additional divisional balk, shall be capable of carrying safely 
the maximum load with unrestricted movement in a stream of velocity of 
6 miles per hour. In velocities up to 5 miles per hour, the full boat 
raft shall be propelled by the standard power boat or outboard motors. 
It shall be capable of operating in greater velocities as a ferry. 

3. The bridge and raft shall have a minimum clear roadway width 
of 144 inches. It is desirable that the divisional bridge chess be 
used. 

4. The raft shall be constructed of component parts of the 
bridge and shall be useable as an integral part of the bridge. It is 
desirable that the component parts of this bridge and raft bo identi¬ 
cal with those of the divisional bridge. 

5. The bridge shall be so constructed that it can be erected 
from transportation on a prepared site in two hours plus 2 foet per 
minute and reloaded from the water in two hours plus 2 feet per 
minute. It is desirable that the division bridge bo oonvertable into 
this bridge in the water with the least anount of time and effort. The 
raft shall be so designed that it can be unloaded and ready for use, 
or reloaded from the water, within one hour in blackout. 

6. The component parts of the bridge shall bo of such weights, 
dosi&i and dimensions that they can be handled easily and quickly by 
hand, and preferably transported on standard 2½ ton cargo or dump 
trucks and 2-wheel utility pole type trailers. If possible, the load¬ 
ing should be so designed that a unit of divisicnal bridge augmented 
by an additional unit, as nearly identical as pcssible would result 
in a unit of army bridge. If necessary, standard ponton semi-trailers 
shall be used for transportation, but this is undesirable. 

7. The characteristics of the pontons shall be the same as for 
the divisional bridge. They shall be so desired that when rigidly 
connected back end to back end, they form a full boat ponton for the 
army bridge. 



8* The balk shall be of the articulated light truss or joist 
typet Preferably they shall be idontioal with divisional balk. 

,9* The maximum weight of the bridge shall not exceed 500#= per 
foot* A lesser weight is desirable. 

10* The characteristios of maintenance, delineation and snoke 

equipment and the characteristics of minimum parts and ruggodness are 
the same as for the division bridge. 
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INTERESTED UNITS. Infantry Division 
Tank Destroyer Battalion 

ths vfiMftiIo°«brÍdP raft Sha11 have »Vicient capacity to oarry 
in the finid whiM¡Í0ftlíy+!í8SÍgIled t0 611 iafantry or oavalry division 
in « «fin ÎÎ !hÎ°ï ®oet the and width limitations prescribed 
is tLhf * t6d AU6USt 1943# For a traoked load* this weight limit 
inohÍ«ht«*n Tl er0BB °n 811 18 f00t track 811(1 the width limit is 96 inches, except for special vehicles, which may be 108 inohes. 

2. The bridge and raft constructed normally of one half boat 
per span of about 16 feet shall be capable of carrying ^feîythT 

Ld movement in a .Jrïï voWt^of 6 
be eronoii 4.^ T0looiti°6 up to 5 miles per hour the raft shall 
he rt ° ^ 8tan(iard power boat or outboard motors* It shall 
be capable of operating in greater velocities as a ferr£ 

of 12fl" T+8ibr^d^f *1!? ra^t shall have a minimum clear roadway width 
of 128 . It is desirable that the clear width be 144" if other charac- 

¿¿Toi :^ria,ny - «***>* in.,.„.d reason of gaining this advantage, * 

bridve'and^hJifh sh&11*e constructed of component parts of the 
le “íi*11811 be usoabl0 as ^ integral part of the bridge. It 
in th8irabl°h hf th° oomP°n0nt8 of this bridge and raft bo^soablo in the army bridge and raft, usoaoio 

fron, II» Tho bridge shall be so constructed that it can be erected 
íer min^8P?rthíl0í °? & prepared fiito in «lo-half hour plus 3 ?eot 
per minute in biackout and reloaded from water in one hour plus 2 

íoadedPOLd :Utr ,Th° raft Sha11 b0 80 de8i6n0d it clnbe un- 
water Whoní íhÍÜ US? in ab0Ut fifteen minut0S 011(1 reloaded from water in about thirty minutes under blackout. 

6. The component parts of the bridge shall be of such weivht« 
h^H01 ^d dif0n8ion8 tnat they can be handled easily and quickly bv’ 
portód^n Z Zî ^ floatinE bay r^roZ í° ÍZí- 
polo type TrliltT. 2 °r imt truok ^ 2-»h°o1 «Ulty 

have streamlined nesting half boat ponton shall 
Of v°0 0 ton tons with 6" freeboard in a current 
about 1200 põLds tt “Jin a" hour,and sha11 »»re than 
by rn.npov.or by 2o'to 24 mm. °f b0l°6 °nd ^164 

type, 
8. The balk shall be of the articulated light truss or joist 
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9« The maximum weight of the bridge shall not exceed 330 

pounds per foot. A lesser weight is desirable. 

10* The bridge unit shall be equipped urith first echelon mainte¬ 

nance equipment designed to prevent the pontons from sinking when 

strefed by calibres up to 37 mm. 

11. Defensive smoke equipment to be issued to the bridge organi¬ 
sation to which the bridge is assigned, or to be made an integral part 
of the bridge itself shall be capable of effectively screening 6 raft 

and 1 bridge location or 2 bridge locations. 

12. Bridge and raft delineation shall be provided by a kit in 
each bridge unit composed of such items as waterproof radio activo 
buttons and luminous markers necessary to delineate one bridge and two 
approaches with a minimum of equipment and maintenance. 

13. Consistent with the foregoing characteristics, the bridge 
shall consist of a minimum of parts and shall be sufficiently rugged 

to withstand rough tre»taient. 
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SUBJECT» Development and Requirements of Division and Array Floating 
Bridges 

SFRMD 823 (l Sept 43) 1st Indorsement WNJibfl 
6047 

Headquarters, Army Service Forces, Washington, D» C» 9 September 1943 

To* Chief of Engineers - Attm Troops Division, Equipment Branch. 

1. Attention is invited to the basic ccmmunioation. 

2. The Chief of Engineera will initiate action immediately to 
develop division and army floating bridges and rafts in accordance 
with the inclosed military oharaoteristics. 

3. It is further desired that this matter be processed through 
the Corps of Engineers Teohnioal Committee. 

4. If high priority is necessary to secure materials for this 
development, such requests will bo submitted, through tho Corps of 
Engineers Priority Officer, to tho Director, Production Division, 
Army Service Forces. 

For the Commanding General» 

LEE A. DENSON, JR., 
Colonel, General Staff Corps, 

Acting Director, Requirements Div, 

2 Inc Is. n/o 

/«/ 
R. M. OSBORNE 

Colonel, Field Artillery 
Deputy Chief, Development Br. 

29- 



CE SPE«C Subject i Work Order No. BR 3012, 

Development and Require¬ 

ments of Division and Army 

Floating Bridges. 

2nd Ind. 

Office, Chief of Engineers, 20 September 1943, 

TO* The President, The Engineer Board, FORT BELVOIR, VIRGINIA. 

1. The Engineer Board is directed to open a project with the 

necessary subprojects immediately and tç develop as rapidly as possi¬ 

ble the subject equipment as described in the basic communication and 

first indorsement thereto, end in accordance with the inclosed military 

characteristics. 

2. The military characteristics will be processed through the 

next Technical Committee meeting. 

By order of the Chief of Engineers* 

/•/ 
JAMES H. STRATTON 

Colonel, Corps of Engineers, 

Chief, Engineering Division. 

2 Incls* n/o 

,1 - Military Characteristics for Army 

Floating Bridge and Raft. 

2 - Military Cnp-vaoteristios for Division 

Floating Bridge and Division Assault Raft. 
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WAR DEPARTMENT 
THE ENGINEER BOARD 

CORPS OF ENGINEERS, U. S* ARMY 
FORT BELVOIR, VIRGINIA 

334,9 27 Oot 1943 

Subject i Division Floating Bridge Equipage* 

To» Chief of Engineers, U* S, Army 
(Attention« Equipment Development Branch, 

Engineering Division.) 

1* It is requested that project BR 473 be approved for the 
investigation and development of Division Floating Bridge Equipage* 

2, Inolosures ”A" and MB" contain the necessary information 
for the project, 

3, This request is in accordance with 2nd indorsement from 
the Office, Chief of Engineers to tlimEngineer Board, dated 20 Sep¬ 
tember 1943, Subject* Work Order No, BR 3012, Development and Re¬ 
quirements of Division and Ariqy Floating Bridges* 

4, It is requested that expenditure of funds in the amount 
of $150,000 bo authorised to cover the development and procurement 
of 500 feet of this proposed equipage. 

For the Board« 

Peter P, Goers, 
Colonel, Corps of Engineers, 

Executive Officer, 

2 Incls. 
Incls. "A’' and "B" 
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INCLCSIIRE "A" 

Project No. BR 473 Division floating Bridge Equipage 

Authority for Inltlatlott'of Projectt 
• » # • 

Second indorsement from Office, Chief of Engineers to the Presi¬ 
dent, Engineer Board, dated 20 September 1943, File Number CE 
SPENC, Subject« Work Order Number BR 3012, Development and Re¬ 
quirements of Division and Army Floating Bridges, 

Purpose of Project, * ^ 

It is proposed to develop floating bridging equipage which will 
permit the oontfhuôus and uninterrupted passage of Division loads 
which meet the weight and width limitations prescribed in AR 850-15, 

dated August 1943, 

military Characteristics «• .• 7: > 

*•*. . '*■'* * ‘ * 

a. The bridge and raft shall have sufficient capacity to carry 
the vehicles organically assigned to an infantry or cavalry 
division in the field whiih meet the weight and width limita¬ 
tions prescribed in AR 850-15 dated August.^943» For a 
tracked load*1 this weight limit is eighteen tons gross on an 

,. 18 foot track and the width limit is 96 inches, except^or 
spedial vehicles, which may bo 108 inches, ^ . . u ;iup 

b. The bridge and raft constructed normally of ^no-half boat 
: ” per span of about 15 feet shall, bo capable p^. oarijjçing safely 

* the maximum load with unrestricted movement in a stream velo¬ 
city of 5 miles per hour. In velocities' up to 5 miles per 
hour the raft shall be propelled by the standard power boat 
or outboard motors. It shall be' capable of operating in 

greater velocities as a ferry, 

c• The bridge and raft shall have a minimum clear roadway width 
, of 128 inches. It is desirable that the clear width bo 144 
. inches if other oharaotoristios are not materially altered 

or weight increased too much by reason of gaining tbi# 0><i" 

vantage# t j.f., f* !* .iui?i. 

d. The raft shall be constructed of component parts of the 
bridge and shall be usable as an integral part of the bridge. 
It is desirable that the oomponents of this bridge and raft 

be usable in the army bridge and raft. 

e. The bridge shall be so constructed that it can be oreotod 
from transportation on a prepared site in one-half hour 
plus 3 feet per minuto in blackout and reloaded from water 
in one hour plus 2 feet per minute. The raft shall bo so 
designed that it can be unloaded and ready for uso in about 

-32 



V 

fifteen minutes and reloaded from water in about thirty 

minutes under blackout* 

The component parts of the bridge shall be of such weight, 
design and dimensions that they can be handled easily and 
quiokly by hand, and such that a oanplete 3 boat floating 
bay raft can be transported on one standard 2¾ ton cargo or 

dump truck and 2-whoel utility pole type trailer* 

Each individual streamlined nesting half boat ponton shall 
have a displacement of about ton tons with 6 inch freeboard 
in a current of velocity of about 5 miles per hour and shall 
weigh not more than about 1200 pounds. It shall be capable 
of being carried and handled by manpower by 20 to 24 men. 

The balk shall be constructed of steel, aluminum or magnesium 
alloy and shall be of a section which produces the most 
economical and efficient design with respect to weight and 

moment resistance. 

The maximum weight of the bridge shall not exceed 330 pounds 
per foot* A lesser weight is desirable* 

The bridge unit shall be equipped with first echelon mainte* 
nance equipment desi&ied to prevent the pontons from sinking 
when strafed by calibres up to 37 ran. 

Defensive smoko equipment to be issued to the bridge organi¬ 
zation to which the bridge is assigned, or to be made an 

integral part of the bridge itself shall be capable of 
effeotivoly screening 6 raft and 1 bridge locations or 2 
bridge locations. 

Bridge and raft delineation shall be provided by a kit in 
oaoh bridge unit composed of such items as waterproof radio 
active buttons and luninous markers necessary to delineate 
one bridge and two approaches with a minimum of equipment 

and maintenance* 

Consistent with the foregoing characteristics, the bridge 
shall consist of a minimum of parts and shall be sufficiently 

rugged to withstand rough treats «nt. 
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INCLOSORE "B" 

ProJoot No« BR 47S Dlvltlon Flo^tiat Bridge B«|ulp^f 

PLAN FOR DEVELOPS DÎT 

1. It is proposed to deslfp, proour« sad tost 600 feat of 
Host lug oquipego suitsble to oerry Tohioles orgenioslly sssignod 
to an infantry or oaralry division whioh moat the weight and width 
limitations set forth in AR 860-16 dated August 1943« 

2. This development will cover the desipi of all o cm pon ant 
parts of the floating equipage and the redosign or use of existing 
or new equipage where auoh use will bo eoonomioally and toohnioally 
feasible. 

3. It is proposed the Engineering and Service Teats of this 
equipage will bo oonduotod on the Colorado River in the vicinity of 
Yiaaa, Arisona, under tho supervision of the Engineer Board. 

4. It is proposed to utlliso the facilities of the various 
0. S. Engineer districts, the N.D.R.C. and uoh consultants as may 
be necessary to expedite the oospletlon of this development. 

6. It is proposed that tho test bridge will be equipped with 
suitable delineation for blackout construction and driving. 

6. It is prepoeed to study the transportation requirements 
and to incorporate in the deal pi. whore practical, features whioh 
will utilise present standard transportation facilities to the 
greatest extent* 

7. It Is proposed that new oquipsMnt specifications as re¬ 
quired and a final report based on results of tests oonduotod will 
be prepared and submitted to the Chief of &iglno»rs at the conclusion 
of the test program. 

6. The Engineering and Servioo Tests will require the assistance 
of troops and special equipment whioh should be made available both at 
Ytma, Arltona and at Fort Beleoir, Virginia. 

26 Ootobor 1943 Approval by Board 
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Cl (17 tot 43) SPKTQ Subj 0011 DlTiolOB Flooting Brldfu 
Squlpoca. 

lot lod. 

IST, Offio«, ChUf of Baclnoor«, W4SBINOTOll.26, D. 0., It NoT««bjr 1943. 

Toi Tho Caanoivdlnc Oonorol, Amy Sorrloo Forooo. 
(AttoBtiooi DooolopoMOt Broooh, Boqulrmonto DivioIon, Roo» 4162b, 

Tho Pontofon, VA3HIS9T0N, D. C.) 

1. Roforonoe Is nodo to lot Xndorommt, ilotod 9 Soptoabor 
1943, fron your office, recording "Developnent end hoqulrmonta of 
Division and Amy Flooting Bridges'', nuthorlsing tho dovolopaont 
of oufcjeet oquipaont in nooordonoo with submitted military ohoroo- 
toristioo. 

2* It is rooanaended that tho ohangs in military oharaotoriotioe 
ir.dlooted in Inclooure "A", paragraph klllltary Charaotoristlos, h, re¬ 
garding balk, bo approved. Amy Oround Forces (Col. Elliott) hoõ in¬ 
formally approved this change. 

3. It li farther roeoamended that tho request of tho Engineer 
Board for tho expenditure of funds in the aaouit of $160,000 bo oovor 
tho dovelopaait end procurement of 600 foot of this proposed equipage, 
be approved. 

For tho Chief of ffeglaoeroi 

B. k. HAR LOB, 
Colonel, Corps of âiginoers. 

Chief, Equipasnt Branch, 
Troops Division. 

2 mais. n/o 
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Subjtoti DlTlalon Floating Bridge 3quipnunt. 

SPRMD 823 (2t Oot 48) 2nd Indoraonunt WJNibfl 
804? 

Hoadqmrtors, Army Sarrio« Foroaa, Washington, D. C. 18 Nor 1943 

To i C<T>on<Hng 0«noral, A ray Oroicd Forooa. 

1, Rofaronoo Is aodo to your lottor dated 1 Soptoabor 1943, 
filo 823/60 (1 Sept 48) ONU», subject "Dorolopawnt and Roquiraaento 
of Dirlslon and Ar^y Floating Brldgos” where In it is requested that 
the Chief of feglnoers be directed to develop dirlslon and aray 
floating bridges and rafts In aooordanoo with the Inolosed military 
eharaoterlatios. 

f. Caasants or oonourrenee are requested relatlre to the 
reoosBondations eontained In Paragraph 2 and 3, 1st Indorsement. 

For the Cosnanding Oeaerali 

LEE A.DENSON, JR., 
Colonel, General Staff Corps, 

2 inols. n/o Director, Requirement« Dirlslon. 

623(27 Oot 43)0NBND 3rd lad. 22 Nor 1943 

HEADQUARTcKS ARMY GROUND FORCES, Aray War College, Washington, D. C. 

Tot Cowandlng General, Aray Sorrloe Forces (Attn* Director, Require¬ 
ments Dirlslon, Derelopawnt Branuh), The Pentagon, Washington,D.C. 

1. Recosaend that change In paragraph Military oharaoterlstlos 
read as folloao* 

■h. The Balk shall bo constructed of metal, preferably of 
light Type suoh as alualnua, and shall be of a section whloh pro¬ 
duces the most efficient design with reopoot to weight and monont 
resistance.” 

2. The speed of oreotion of this bridge Is directly proportional 
to the wel0it of the com pononta, Including the balk. The oharaoterlstlos, 
for building, of Steel balk and alualnua balk are entirely difforent. 
Colonel Elliott agreed to the weight and noaont oharaoteristlos.but does 
not reoall discussion of type of material or eoonaay. Steel should be 
used only If alualnua prores unworkable or not «reliable« 

For the CGMUANDINO GENERAL* 
R. A. MSI EDITH 
Major, A.O.D., 

2 Inols n/o Asst. Orowd AdJ. General 
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Subject « Division Floating Bridge Equipage 

SPRMD 623 (27 Oot 43) 4th Indor8«nant WJN .ofl 
6047 

Headquarters, Army Service Foroos, Washington, D. C., 26 Novomber 1943, 

Toi Chief of Engineers - Attni Troops Division, Equipment Branch, 

The request for Project BE 473 "Division Floating Equipage" 
as indicated in the basic letter, including the military oharactori»- 
tios pertaining thereto as amended by Paragraph 1, 3rd Indorsement, 
is approved. 

For the Ccnunaadiag General t 

/•/ 
LEE A DENSON, JR., 

Colonel, Oeneral Staff Corps, 
Director, Requiranants Division, 

2 Inc Is. n/o 

CE SPEIC Subjecti Division Floating Bridge Equipage. 

6th 2nd. 

Office, Chief of Bigineers, 7 December 1943. 

To i The President, The Engineer Board, FCRT BELVOIR, VIRGINIA. 

Project BR 473 is approved as modified by the preceding 
4th indorsement. 

By order of the Chief of Engineers i 

/•/ 
B. U. MJUiOE, 

Colonel, Corps of Engineers, 
Cl ief, Engineering and 

Development Division, 
2 Inc Is. n/o 

#1 - tool. "A" 
#2 - tool. "B" 
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WAR DEPARTMENT 
THE ENGINEER BOARD 

CORPS OF ENGINEERS, U. S. ARMY 
FORT BELVOIR, VIRGINIA 

27 Oct 1943 

Subject* Army Floating Bridge Equipment. 

To* Chief of Engineers, U. S. Amy. 
(Attentions Equipment Development Branch, 

Engineering Division.) 

1. It is requested that project BR 474 be approved for the 
investigation and development of Army Floating Bridge Equipage, 

2. Inolosures ”A" and "B" contain the necessary information 
for the project. 

3. This request is in accordance with 2nd indorsement from 
the Office, Chief of Engineers to the Engineer Board, dated 20 
September 1943, Subject* Work Order No. BR 3012, Development and 
Requirements of Division and Aray Floating Bridges. 

4. It is requested that expenditure of funds in the amount 
of ¢150,000 be authorized to cover the development and procurement 
of 500 feet of this proposed equipage. 

For the Board* 

Peter P. Goerz, 
Colonel, Corps of Engineers, 

Executive Officer. 

2 Inols. 

Inols. "A" and "B" 



INCLOSURE "A" 

Project No »HR 474 Army Floating Bridge Equipage 

Authority for Initiation of Project. 

Second indorsement from Office, Chief of Engineers to President, 
Engineer Board, dated 20 September 1943, File Number CE SPENC, 
Subject* Work Order Number BR 3012, Development and Requirements 
of Division and Army Floating Bridges. 

Purpose of Project. 

It is proposed to develop floating equipage which will permit the 
continuous and uninterrupted passage of Army loads which meet the 
weight and width limitations proscribed in AR 850-15 dated August 
1943. 

Military Characteristics* 

a. The bridge shall have sufficient capacity to carry the ve¬ 
hicles accompanying an army in the field which meet the 
weight and width limitations prescribed in AR 860-15 dated 
August 1943. For a tracked load this weight limit is 38.9 
tors gross on an 18 foot track and design of this structure 
will not attempt to accommodate any combination of vehicles 
more severe than this. The width limit is 124 inches for 
the lower 1 foot of vehicle and 130 inches above the lower 
foot. 

b. The bridge and raft, constructed normally of two division 
half boats placed end to end per span of about 15 feet, 
and desirably with additional divisional balk, shall be 
capable of carrying safely the maximum load with unre¬ 
stricted movement in a stream of velocity of 5 miles per 
hour. In velocities up to 5 miles per hour, the full boat 
raft shall be propelled by the standard power boat or out¬ 
board motors. It shall be capable of operating in greater 
velocities as a ferry. 

£. The bridge and raft shall have a minimum clear roadway 
width of 144 inches. It is desirable that the divisional 
bridge chess be used. 

cl. The raft shall be constructed of component parts of the 
bridge and shall be usable as an integral part of the 
bridge. It is desirable that the component parts of this 
bridge and raft be identical with those of the divisional 
bridge. 

e,. The bridge shall be so constructed that it can be erected 
from transportation on a prepared site in two hours plus 
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2 feet per minute and reloaded from the water in two hours 
plus 2 feet per minute. It is desirable that the division 
bridge be convertible into this bridge in the water with 
the least amount of time and effort. The raft shall be so 
designed that it oan be unloaded and ready for use, or re¬ 
loaded from the water, within one hour in blackout. 

£. The component parts of the bridge shall be of such weights, 
design and dimensions that they oan .be handled easily and 
quickly by hand, and preferably transported on standard 
2¾ ton cargo or dump trucks and 2-wheel utility polo typo 
trailers. If possible, the loading should be so designed 
that a unit of divisional bridge, aujgmented by an additional 
unit, as nearly identical as possible would result in a unit 
of army bridge. If necessary, standard ponton semi-trailers 
shall be used for transportation, but this is undesirable. 

£. The characteristios of the pontons shall bo the same as for 
the divisional bridge. They shall bo so ’ signed that when 
rigidly conneoted back end to back end, uuey form a full 
boat ponton for the army bridge. 

h. The balk shall be constructed of steel, aluminum or magiesium 
alloy and shall be of a section which produces the most econo¬ 
mical and efficient design with respect to weight and moment 

resistance. 

JL, The maximum weight of the bridge shall not exceed 500 pounds 
per foot. A lesser weight is desirable. 

The characteristics of maintenance, delineation and smoke 
equipment and the characteristics of minimum parts and rugged- 
noss Eure the same as for the division bridge. 
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INCLOSURE "B" 

Projoot No» BR 474 Army Floating Bridge Equipado 

PLAN FOR DEVELOPMENT 

1. It is proposed to desigp, procure and test 500 feet of 
floating equipage suitable to carry vehioies assigned to the Array 
in the field as set forth in AR 850^15 dated August 1943» 

2« This development will oover the desi^i of all ocmponent 
I arts of the floating equipage and the redesign or use of existing 
or new equipage whero suoh use will be economically and technically 
I6&8iul6• 

3. It is proposed the Engineering and Service Tests of this 
equipage will be ocnduoted on the Colorado River in the vicinity of 
Yuma, Arisona under the supervision of the Engineer Board. 

proposed to utilise tho facilities of the various 
U. S. Engineer districts, the N.D.R.C. and such consultants as may 
be necessary to expedite the completion of this development. 

.^.^8 proposed that the tost bridge will be equipped with 
suitable delineation for blackout construotion and driving, 

6. It is proposed to study the transportation requirements 

OH* to incorporate the desigi, where practical, features which 
win utilise present standard transportation facilities to the 
greatest extent. 

7, It is proposed that new equipment specifications as re¬ 
quired and a final report based on results of tests conducted will 
be prepared and submitted to the Chief of Engineers at the conclusio 
of the test program. 

8. The Engineering and Service Tests will require the assis- 
tanoe of troops and special equipment which should be made available 
both at Yuma, Arisona and at Fort Bolvoir, Virginia, 

26 October 1943 Approved by Board 
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CE (27 Oct 43) SPETQ Subjecti Army Floating Bridge Equipment. 

let Ind. 

ASF, Office, Chief of Engineers, WASHINGTON 26, D. C., 12 November 1943. 

To» The Commanding General, Army Service Forces. „o/soc 
(Attention* Development Branch, Requirements Division, Room 4Eb¿i>, 

The Pentagon, YJASHINGTON, b. C.) 

1. Reference is made to 1st Indorsement, dated 9 September 1943, 
from your office, regarding ’’Development and Requirements of Division 
and Army Floating Bridges’1, authorising the development of subject 
equipment in accordance with submitted military characteristics. 

2. It is recommended that the change in military characteristics 
indicated in Inolosure "A”, paragraph Military Characteristics, ¿.re¬ 
garding balk, be approved. Army Ground Forces (Col. Elliott) has in¬ 

formally approved this change. 

3. It is further recommended that the request of the Engineer 
Board for the expenditure of funds in the amount of $150,000 to cover 
the development and procurement of 600 feet of this proposed equipage, 

be approved. 

For the Chief of Engineers* 

B. M» Harloe, 
Colonel, Corps of Engineers, 

Chief, Equipment Branch, 
Troops Division. 

2 In els. n/6 
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Subject i Army Floating Bridge Equipment. 

SFRMD 823 (27 Oot 43) 2nd Indorsement WJNibfl 

6047 

Headquarter«, Army Service Forces, Washington, D. C. 18 Nov 1943 

To i *«mnanding General, Army Ground Fomes. 

1. Reference is made to your letter dated 1 September 1943, 
file 823/60 (1 Sept 43) GNENG, subject, "Development and Requirements 
of Division and Army Floating Bridges" isherein it is requested that 
the Chief of Engineers be directed to develop division and army 
floating bridges and rafts in aooordenoe with the inclosed military 
characteristics. 1 

2. Conments or concurrences are requested relative to the 
rocommendations contained in Paragraph '2 and 3, 1st Indorsement. 

For the Conmanding Generali 

LEE A. DENSON, JR,, 
Colonel, General Staff Corps, 

„ _ . , Director, Requirements Division. 
2 Incls. n/o 

823(27 Oct 43)GNRQT-10/61839 3rd Ind. 

HEADQUARTERS ARMY GROGND FORCES, Army War College, Washington, D, C, 

TO* Commanding General, Army Service Forces, ATTi Director, 
Requirements Division, Development Branch. 

1. Recommend that change in paragraph h, military charac¬ 
teristics, read as followsi “ 

"h. The balk shall be constructed of metal, preferably 
of light type such as aluminum, and shall be of a section 
which produces the most efficient design with respect to 
weight and moment resistance." 

2. Paragraph 3, 1st Indorsement, is concurred in, 
i 

For the COILANDING GENERAL: 

2 Incls, n/o 

R. J. DELACROIX 
Major, A. G. D., 

Asst. Ground Adj. General, 
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Subject: Amy Floating Bridge Equipment. 

SFRMD 823 (27 Oot 43) 4th Indorsement WJNfbfl 
6047 

Headquarters, Army Service Forces, Washington, D. C. 15 Deo 1943 

To: Chief of Engineers - Engineering and Development Division. 

The request for Project BR 474 "Army Floating Bridge 
Equipage” as indicated in the basic letter, including the military 
characteristics pertaining thereto as amended by Paragraph 1, 3rd 

indorsement, is approved. 

For the Commanding General: 

hehp.y p. westphaltjf-er , 
Coles~19 General Stiff Corps, 

Acting Director, Requiiea¿n13 Division. 

2 Inols. n/o 

CE SPENC Indorsement 

Office, Chief of Engineers. 17 December 1943 

To: The President, The Engineer Board, FORT BELVOIR, VIRGINIA* 

Project BR 474 is approved as modified by the preceding 

4th indorsement. 

By order of the Chief of Engineers: 

B. M. HARLOE, 
Colonel, Corps of Engineers, 
Chief, Engineering and 

Development Division. 

2 Inols: n^ 
Incls ”A” and ”B” 
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WAR DEPARTMENT 
Office of the Chief of Engineers 

Washington 
. 4 • • * * ’ 

CE SPENE ♦ 
400.1 (BR 473, 474) R&D 22 February 1944. 

Subject i Revised Loads and Clearancej for D'vision. Army and 
Exceptionally Heavy Bridges. (WorJc Order No. DBR-3214.) 

« < . , i 

To i The President, 
The Engineer Board, 
-Fort Bel voir, Virginia. 

1. Reference is made to a 2nd Indorsement by this office 
dated 20 September 1943, subject« “Work Order No. DBR-3012, 
Development and Requirements of Division and Army Floating Bridgos", 

a 2nd Indorsement dated 16 September 1943, subject* Work Order No. 
DBR-3003, Development and Requirements of Exceptional Heavy Floating 
Bridgos", and a letter from this office dated 22 September 1943, 
subjects "Work Order No. DBR-3009, Design of Fixed Bridges". In 
this and subsequent correspondence between this office and the Engi¬ 
neer Board, the leads established for Division, Army and Exceptional 
Heavy Bridges were respectively 18 tons, 39 tons and British Class 70 

or 62 tons whichever produces maximum stress. 

2. At a conference in the office of G-4, Army General Staff, 
19 February 1944, called to discuss the effect on bridging of vehicles 
exceeding the limitations of AR 850-15 as regards width and/or weight, 

certain changes were proposed. 

3. It is now desired to design the bridgos mentioned in para¬ 
graph 1 above, for heavier loads, which are to be as follows* 

For Division Bridgos 25 Tons 
Army Bridges 50 Tons 

Exceptional Heavy Bridges 80 Tons 

4. The minimum clear width of roadway, between curbs, will be 

10'-8" (128") for the Division Bridge, and 12'-e" (150") for the Army 

and Exceptional Heavy Bridges. 

5. Informal discussions have been held with AGF and ASF and 
agreement on the increased loads and clearances as above outlined has 
been reached. Appropriate action is to be taken immediately, in anti¬ 
cipation of the formal directive which Army Grouni Forces is preparing. 
This directive contemplates revision of AR 850-lf and will change the 
military characteristics for all Division, Army tnd Extra Heavy Load 

Bridges and rafts. 
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6. It is dirooted that bridges now boing desigpxed, or to be 

designed in the future, agree with the requirements set forth in 

paragraphs 3 and 4 above and that all details of design bo prepared 
in aooordanoe therewith. 

7# It is desired that the Division and Army Bridges be plaood 
on a high priority* 

By order of the Chief of Engineersi 

/•/ 
B. U. Harloe, 

Colonel, Corps of Engineers, 

Chief, Engineering and 

Development Division. 



APPENDIX B 

ENGINEERING TEST PROCEDURE 

Item Paço 

Directive for the &igineering Test of Division« 49 
Army and Heavy Floating Bridge Equipage, Issued 
by the Director, Technical Division IV, Engineer 
Board to the Chief, f\ana. Test Branch, 16 March 
1944 

A a 



Toohnioil DÍTÍ«ion IV 
BaglB*er Board 

16 Uaroh 1944 BR 4T5 
BR 474 

DIRECTIVE 
DIVISIOM, ARMY. 

FÜR THE ERÖIKE® IMO TEST Of 
AMD HEAVY FLOAT IMG BRIDGE »UIPAGI 

Toi Chief. Yiaia Teet Branch 

I. GENERAL. 

A. Purpo». The purpoe. of thi. direotWe i. to 
for a oonp7ÂÍlTe engineering teet to detemine the . . 
design for DiTision, Army, and Heary floating bridge equipage. *hU 
this dlreotiTs oonoerns certain bridge desipis derelopod trough 
Technical Staff of the Engineer Board and its consultants, uJ;* 
proposed to limit engineering tests to those designs «hose sutasissiM 
has been made prior to the date of this dirootire» 

B. Scope. It is directed that engineering tests be made and 
detailed r^SHs submitted on the individual units, component parts 
and completed bridge assemblies of designs ** 
through« Technical Division IVj Howard, Heedles, Tsamen * oorr^u 

doff » and Sparkman A Stephens. 

C. Military Characteristics. 

1. Each completed bridge will be tested for conformance 
with the military oharaoteristios as established by **»y 
Forces for Division, Army, and Heavy floating Ridges, wit ht 
following changes. The weight classifications to ^ 00 
tons respectively and widths to 128, 160, end 160 inches. 

2, In addition to the above-mentioned military oharaoteris¬ 
tios, the following military oharaoteristios originating from 
Technical Division IV of the Engineer Board -ill be considered 

in this test. 

a. The minimum clear span between the first ponton 
and sKore shall be 25 feet. 

b. Minimum length of a test floating bridge shall 
be 1ÒS feet (hinge to hinge only). 

o. The clear water surface for all bridges shall be 
40 percent of floating portion of the bridge (under load). 

d. The floating portion of the bridge shall be so 
desired and constructed as to permit expeditious raaoval 



of floot Ini boyo to «orront potaos« of rioor trofflo ond 
dobrlo* 

«. Tho tuporttmotor« of tho bridge «holl bo to do* 
•ignu? ond oonttruotod oo to poradt tho oooy rtoorol or 
roploo«B«>t of o ponton. 

f. Tho hinge apon oonnootiont «holl bo oo dooignod 
to pomlt o 10*ft# fluotuotlon of tho mtor lorol. 

£. It lo dot ir oble thot tho brldgo bo to dotlpod 
oa to pormit it« oonatmotlon fron both the noor and for 
aid« bonica. 

h. If gunmla odoptora ora integral port of bolle 
foatonora ond anohor, ponton gunvolo odoptora aholl bo 
rtaiotoblo. 

i. Pontana aholl bo odoptoblo for uao with out- 
boor dTno tor a. 

1. Raft oc maotora aholl bo to doalgnod oa to 
permit ooay oonn otlon and rono«ol. 

Jc. Method of Mcohoring or guying brldgo aholl not 
rotoin dobrla* 

D. Doalrablo Featuroa. Any oooblnatlona of bridging equipment 
no« in uao or «ubc.itt -i for tho«« anginooring toata which night bo 
oonpoaod of daairoblo featuroa for no« bridging equipment aholl bo 
reported to Technical Dlvlalon IV for oonaidoratlon and noooaoory 
action. It la tho intent of thla diroctire to onoourago the uao of 
any faoilltloa «hleh would oronto bettor doalgn. 

II. BMHHmiNQ TESTS. 

A. Canponont Porta. 

1. Pontona. (Onlaaa otherwiao noted thoaa toata aro to 
inoludo botti Wtf ponton and double ponton) 

o. Determine 

(1) Moat daairoblo oonterlino of tho bridge oa 
tho ponton. 

(2) Exaot «eight and eenter of grawity. 

(S) Requlromenta and boat method for 

(a) Loading and unloading 
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(b) Hand ling 

• ) Transportlac 

(4) Adaptability of ponton for uao with out¬ 
board totor* 

(6) Suitability of outboard aotor braokot. 

(5) Praotioabllity and adequacy of joininf or 
disJolninf ponton«. 

(a) Store to «torn. 

(b) Aa raft. 

(T) Ponton rraoboard at various load« in various 
ourronts. 

(•) Boastion to hoavy loads by «train gago tost«. 

(•) Cenponont parts of ponton repair kit. 

(10) Bffoot of naothor. salt air. «ator. «and. 
nud. and grit on ponton. 

(11) Soci for tla butaroon gunvalo« to provido 
for boavlor Iwds. 

(It) Most suitable plaoenent of pontons in brldga 
with particular considerution toward construetlon in 
ssrlos of floating bays. 

b. Chook 

(1) Paoillty of oOanglng gumsale adaptors (olosured) 

(*) Adequacy of ponton «hen grounded (altainus onl) 

o. Subject pan tons to failure tests. 

£. Test rowing of pontons in various ourrwit«. 

Balk. 

a. Determine 

(1) Yield point of balk by strain gage moasur nents 

(t) Exact weight and dimensions. 



(*) Rcquirenacts and best nathod for 

(a) Handling 

(b) Transporting 

(4) Minimum number of balk permissible for various 
live loads whan the balk Is placed upon fixed supporte. 

(6) Effoot of salt air, water, aud, sand, grit, 
and weather on the material and movable parts of the balk. 

(6) Effect of rubber-tired and metal-traoked traf¬ 
fic on deck-balk (removable wearing surfaces). 

(T) Articulation of various balk. 

followingi 
Obaenre structural tests to be conducted by the 

(1) Alcoa Research Laboratory 

(2) California Institute of Technology 

o. Subject balk to failure test. 

3« Trestles 

a. Detor ine 

(1) ».axicum loads and spans for trestles designed 
by Sr-rknan 1 Stephens, and Howard, Meedlos. Tannen A 
Bergendo^f• 

(2) Utility, if any, of present 10- and 26-ton 
trestle for the proposed bridge. 

(3) Maximum slope permissible with trestle. 

(4) Exact weights and dimensions. 

(6) Requirements and best methods for 

(a) Erecting 

(fe) Hund 11 ig 

(o) Transportation 

(6) Effect of salt air, water, mud, sand, grit, 
weather on the material and movable parts of trestle, 



T 

b. Subject trestles to failure tests* 

4. Ab ufa ente« Determine 

%, Best-suited abutment and abutment sill with par¬ 
ticular reference to mowing landing bay* 

b« Need for surfacing approach road with road ex¬ 
pedients* 

6. Curb» Determine 

a. Effect of impact of both rubber-tired and tracked 
vehicles on positive slderall* 

b. Resistance of tank and wheel vehicles to mounting 
curb* 

£• Ease of placement* 

d. Exact weight* 

£• Requirements and best method for 

(1) Handling 

(2) Transporting 

6« Balk Connectors 

a. Determine 

(1) If balk connectors will develop full 
strength of balk* 

(2) Whether balk oonneotors permit easy and 
rapid release of sections of the floating bridge* 

(3) Use of balk oonneotors as raft oonneotors« 

(4) Effect of salt air* water, mud, sand, grit, 
and weather on tne material and movable parts of the 
balk connectors* 

(6) Facility of balk oonneotors in blackout 
operation. 

b* Subject balk oonneotors to failure tests« 

7* Balk Anchors (Fasteners).* Determine 
» I •'. " \ 1 »* 

a. Ease of placement* 
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t)« Effect of weather, sand, grit, mud, water, and 
salt air on material and movable parts» 

8» Gunwale Adaptor, Determine 

a. Ease of removal and replacement. 

b. Effect of weather, sand, grit, mud, water, and 
salt air on material and movable parts, 

9. Chess. 

a. Determine 

(1) Effect of rough handling (throwing off truck), 

(2) Life of wearing surface. 

(3) Effect of salt air, water, sand, grit, mud, 
weather on material and movable parts. 

(4) Requirements and best method for 

(a) Handling 

(b) Transporting 

(5) Necessity for replaceable wearing strip* 

b. Subject chess to failure tests, 

10* Long Landing Bay. 

a. Determine 

(1) Ease of placement 

(2) Live load capacities. 

(3) Maximum permissive grade. 

(4) Minimum ponton requirements for floating 
support. 

(5) Effect of weather, sand, grit, mud, water, 
and salt air on material and movable parts, 

(6) Requirements and best method for 

(a) Handling 

(b) Transporting 
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b. Subject landing bay to failure test. 

* Bridge. 

1. Determine 

a. Interchangeability of all parts. 

b. Facility of pre-assembling sections of bridge. 

(1) Mechanical equipment needed to handle. 

(2) Means of transporting to bridge site. 

struofure.**0111^ °f °th0r tyV° floats mder 8uPQr- 

-* Faoility of using any superstructure on pontons, 

bridgl; Iv,Iilliinum requirement of clear water surface under 

and vkLr T °l0ar Water r0^uired between first ponton 
and water edge necessary to secure flotation. P 

£• Torsional resistance in deck. 

Llve load capacities for 25, 50, and 80-ton 
loads in velocities from 0 to 8 ft/seo. 

(1) Sparkman & Stophons design, 

(2) Howard, Needles, Tamnen 4 Bergondoff design. 

(3) Howard-Allison desigi. 

(4) Type 17 balk desigp. 

(5) Any combination of the above. 

(o) Any desigp developed during test. 

fioatTm. Li“ltttti<ms 0,1 «hiele, axooeding ported cla.el- 

j. Practicability of building freo, both onda. 

k. Exact dimensions and weights. 

(1) Roadway 

(2) Width 



(3) Length 

l. Erection time* 

m. Effect of weather, sand, grit, mud, water, and 
salt air on material and movable parts. 

n. Equipment required for assembly and installation. 

£. Convertibility of different type bridges. 

£. Components of repair and maintenance kits. 

£. Difficulty of making connections in surf, current, 
and rough water. 

£. Method of anchoring to facilitate maintenance of 
bridg'ê in flooded stream carrying debris. 

£. Water level adaptation. 

2, Subject all structures to failure tests. 

C. Rafts. Determine 

1. Maximum load capacity in streams of varying stream 
velocities. 

2. Ability to be propelled by outboard motors or utility 
power boats in varying stream velocities# 

3. Facility of use as ferries# 

4# Dimensions. 

5# Requirements and best method for 

a. Loading and unloading. 

b, Handling, 

6, Adaptability as integral part of bridge. 

7, Need for raft connecting lever strip. 

8, Ease of connecting rafts of 4§ and 60 foot lengths, 

D. Transportation. Determine 

1, Vehicles required to transport bridge, 

2, Equipment needed to facilitate loading and unloading. 
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III. REPORTS REQUIRED. 

A. Weekly —Report current testing in regular weekly report, 

B. Final (in form of Engineer Board Formal Report) - To include 

1, Details of 

a. Individual units. 

b. Component parts, 

o. Bridge assemblies. 

d. Any unusual or interesting problans arising 
during test. 

2. Comparison of final results with tests of the 25-ton 
ponton bridge with steel balk and widened (150") Panel Bridge. 

5« Photographs (still and motion) which may be published of 

a. Individual units. 

b. Component parts, 

o. Bridge assemblies. 

/«/ 
Carl V/. Meyer 

Colonel, Corps of Engineers 
Director, Technical Division IV. 
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APPENDK C 

PLANS OF MAJOR DESIGNS 

Item P&6e 

Fig. 10. T-l General Assembly, Group 26 and Group 50 61 

Fig. 11« T-l Chess Details 62 

Fig. 12. T-l Balk and Connector Details 63 

Fig. 13. T-l Rigid Balk Connector, Double Female Ponton 64 
Balk and Trestle Transom 

Fig. 14. T-l Gunwale Adaptors and Balk Anchors 65 

Fig. 15, T-l Gunwale Adaptors and Balk Anchors - Con- 66 
tinuation of Fig, 14. 

Fig. 16, T-l Tapered Br'.k, Adjustable B^lk Connector 67 
and Erection ^.uges 

Fig, 17, T-2 General Aojsmbly 68 

Fig. 18, T-2 Bridge Assembly for 20, 40, 50, and 70-Ton 69 
Loads 

Fig. 19, T-2 Aluminum Deck Balk 70 

Fig, 20, T-2 Revised Gunwale Section, Aluminum Half-Ponton 71 

Fig. 21. T-2 Bridge Assembly by Rafting 73 

Fig. 22, T-2 Diagram, 50-Ton Load, Raft Assembly 74 

Fig. 23. T-2 Diagram, 70-Ton Load, Raft Assembly 76 

Fig. 24. T-2 Raft End Conneotpr 76 

Fig, 26, T-3 12-Inch Aluminum Extruded INF Beam 77 



MOTS 

Original prints of the drawings contained in this 
appendix are contractors' drawings and have been reproduced 
and included in the report for what information may be ¿ ained 
in spite of the fact that some of the drawings could not oe 

reproduced satisfactorily. 
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APPENDIX D 

PONTON STUDIES 

« 

Item 

Ponton Design Plans 

Pig. 26, Unes of Plywood and Aluminum Half-Pontons 
Pig, 27, Shell Development, Aluminum Half-Ponton 
Fig, 28, Aluminum Half-Ponton, Construction Plan 
Pig, 29, Aluminum Ponton Connootor 
Pig, 30, Aluminum Ponton Duok Boards 
Pig, 31, Assembly of Capstan 
Fig, 32, Trailer Loading 

- Ponton Development 

General Comments on Pontons 

Pig. 33. 

Fig, 34, 
Fig, 36, 
Fit'. 36. 
Fig. 37. 
Fig. 38, 
Fig. 39. 
Fig. 40. 
Fig. 41, 
Fig, 42, 
Fig. 43, 
Fig. 44, 
Fig, 45, 
Fig. 46. 
Fig. 47. 
Fig. 48. 
Fig. 49. 
Fig. 60* 
Fig. 61, 
Fig. 62. 

Fig. 53. 

Fig. 54. 

Fig. 55. 
Fig. 66. 

Relation of Height of Bow Plane to Angle of 
Bow Plane 

Arrangement of Beams over Pontons 
Framing of Plywood Ponton 
Bow Framing 
Location of Butt Straps 
Framing at Center of Ponton 
General View of Bow 
General View of Stern 
Interior View of Plywood Ponton Showing Flooring 
Aluminum Folding Handle in Folded Position 
Aluminum Folding Handle in Carrying Position 
Detail of Hinge 
Ponton Charaoteristios 
Statical Curves of Stalility 
Statical Curvos - All Pontons Flooded 
Stability Diagram - Stable Conditions 
Stalility Diagram - Unstable Conditions 
Stability Diagram - Use of Bulkheads 
Stability Diagram - Use of Bulkheads 
Diagram of Proposed Method of Propulsion - 

Types I and II 
Diagram of Proposed Method of Propulsion - 

Types III and III a 
Diagram of Proposed Method of Prc^ulsion «• 

Type IV with Power Adapter 
Stern View of Power Adapter 
Side View of Power Adapter Attached to Model 
Half-Ponton 

83 
84 
86 
86 
87 
88 
89 

91 

101 

102 
103 
103 
105 
106 
107 
107 
109 
111 
111 
113 
115 
116 
117 
118 
119 
120 

121 

122 

123 

124 

125 
127 

m 



Item 

Fig. 57. Power Adaptor At-^ohed to Half-Ponton 
Fig. 50. Power Curves for Hafts - Half-Ponton 
Fig. 69. Power Curves for Rafts - Whole Ponton 
Fig. 60. Diagrams of Rafts 

Comeotor lests. Plywood Pontons 

Fig. 61. 

Fig. 62. 

Fig. 65. 
Fig. 64. 
Fig. 65. 
Fig. 66. 
Fig. 67. 
Fig. 60. 
Fig. 69. 
Fig. 70. 
Fig. 71. 
Fig. 72. 
Fig. 73. 
Fig. 74. 

Location of Weights Applied to Pontons during 

Connector Tests 
Ponton Comootor Test Showing Placement of the 
Weight on Each Half-Ponton 

Towing Test 
Towing Test 
Towing Test 
Cable Conneotor After Test 
Method of Lifting Ponton 
Loading Tost 
Bow View During Conneotor Test 
General View of Conneotor Tost 
Pin for Plywood Half-Ponton 
Tow Test of Plywood Ponton 
General Test Arrangement of Plywood Half-Pontons 
Displacement Sheet of Plywood Half-Ponton 

Model Studies of Pontons and Pneumatic Floats Conducted by 
U. S. Waterways Experiment Station* Vicksburg. Mississippi 

Fig. 75. Comparison of Average Minimum Freeboard Velocity 
Relationship 

Fig. 76. Average Minimum Freeboard on Side 
Fig. 77» Comparison of Average Minimum Freeboard Velocity 

Relationship 
Fig. 70. Average Minimum Freeboard on Side 
Fig. 79. Average Minimum Freeboard on Side 
Fig. 80. Average Minimum Freeboard on Side 
Fig. 01. Details of New Ponton - Type D Design 
Fig. 02. Flow Conditions for Now Ponton - Type D Design 
Fig. 03. Details of New Ponton - Type H Design 
Fig, 04, Flow Conditions for New Ponton - Type H Design 
Fig. 06. Details of New Ponton - Type L Design 
Fig. 06. Flow Conditions for New Ponton - Type L Design 
Fig. 07. Flow Conditions for American 25-Ton Ponton 
Fig. 00. Details of New Ponton - Type 2 
Fig, 09. Flow Conditions for New Ponton - Type 2 
Fig. 90. Details of British Ponton. Mark V 
Fig, 91. Flow Conditions for British Ponton. Mark V 
Fig. 92. Details of German Ponton 
Fig. 93. Flow Conditions for German Ponton 

Page 

129 
131 
132 
133 

135 

141 

141 

143 
143 
145 
145 
147 
147 
149 
149 
151 
152 
153 
154 

155 

167 

150 
159 

160 
161 
162 
163 
164 
165 
166 
167 
166 
169 

170 
171 
172 
173 
174 
176 
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Item FAge 

Fig» 94» Details of Revised Design Ponton 176 
Fig. 96. Flow Conditions for Revised Design Ponton 177 
Fig. 96. Details of American M-l Pneumatic Float 178 
Fig. 97. Flow Conditions for American M-l Type Pneumatic 179 

Float 



Original prints of the drawings in Figures 26 through 
32 are contractors' drawings and have been reproduced and 
included in the report for what information may be gained in 
spite of the fact that some of the drawings could not be 
reproduced satisfactorily. 
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GENERAL COMMENTS ON PONTONS 

Prepared by Carl Clement, Major, C, E. 

Part I 

General Deaoriptlon. A ponton is a boat used for the sup¬ 
port of a deok structure on which various loads may be floated across 
water. A ponton is not generally used by itself, but is only one of 
a series of piers or supports under a deck designed to distribute a 
load to each of the piers. In military use, the primary function of 
a ponton is as a bridge pier to provide a support to the superstructure 
or deck by the displacement of water. Since the ponton is required to 
float, and since it may be required to have varying displacements, its 
shape is necessarily concerned both with the rate of displacement, 
whioh allows it to give a varying degree of support to the superstruc¬ 
ture, and with the flow of water around it. In addition to the basio 
function of acting as a bridge pier, the ponton may be used in varying 
operations where it forms a part of the floating support of the raft. 
It may also be used as an individual boat for the transportation of 
personnel and light loads. The construction of a ponton is necessarily 
affected by the type of deck whioh is to be used in conjunction with 
it, and by the loads implied from the deck into the penton. 

In general, three types of construction are used in pontons. 
These types are as follows! 

a. An open or channel shaped boat of rigid construction. 

b. Deok box construction of rigid typo, 

o. Pneumatic construction, or non-rigid type. 

Each type of ponton has certain definite advantages over the other, 
and nay be used only in oonjvnotioa with the type of bridge structure 
for which it was designed. In the past in ponton design, it has 
generally been accepted that the ponton would form a part of the 
bridge structure and would transmit loads fron one bew to another 
through the boat. However, the more modern semeeptian is that the 
boat should be a floating support only, and tlmt the loads implied 
by the superstructure will be absorbed totally in the ewperetnaotsre 
er In adapters betoeen the bent end the euporstruature. This lent 
gamaral plam of deelfi makes It pecclble te utilise ame deeip ef 
penten wder any type of superstructure, laeh ef the bwe nejar 
feetere In the shape ef the pentes and the etruetural design ef the 
peatmn ere dice wed In the eeetloM be lee. 

tmt**, àt «•«•rUe.'C krlmtlj — 
fee less pbermln« lh« ehnpe ef n penten. Here enplleltly, 

feetere any be listed ae ft 
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a. The amount of draft increase required for a given 
pier "effect as a moving load passes over the bridge. 

b. Speed of the water flowing past the bridge. 

o. The width of theportmis limited by the length of the 
unit ïïridge beam. 

d. The width of thepcmtoniaay be limited by transportation 
requirements. 

ei. Weight of the ponton affects the desired final dis¬ 
placement. 

f. Dead weight of the bridge deck affects the amount of 
final-displacement• 

£. Length of the ponton is most frequently governed by 
the transportation requirements. 

h. Attachment of the bridge deck to the ponton requires 
that the top of the sides be horisontal and parallel to the 
center line of the ponton, at least the width of the bridge deck. 

ï. In the case of pneumatic floats, the shape of the float 
is limited to combinations of cylinders because of construction 
difficulties. 

Of the factors listed above, no one in particular can be designated as 
more Important than any of the others. All must be blended with each 
other to provide for the maximw efficiency of the finished ponton. Each 
of the factors is discussed in detail below. 

3. Draft. In the design of any ponton, one of the first items 
to consider is the draft. Because the boat Itself has weight and the 
bridge deck over the boat has an initial dead weight, the initial dis¬ 
placement of the boat can be estimated. Thus, the equipment draft of 
a proposed design can also be estimated. Above the initial draft, the 
beat must have a useable draft which will be governed primarily by the 
flasibility of the bridge deck. Ae a load, such as a vehicle, moves 
aeróse a floating bridge, the desk bends, forming a low point approxi^ 
nately under the vehicle and causing each boat In turn to settle into 
the water «til it provides Its maxim«» pier effect or support to the 
bridge desk. It Is sbvlses that the amotat of flexibility of the 
bridge desk Is fioimil by the elaetts limit of the material used for 
ÉÜÉyh 4dhiD Ik ákdHbJMMÍl|UUMK%><l it Êfthdh ft MAfl*mm ft.« «ft S»«f # dhdf ^eew IkdMhil w w «ps « « g »"# jy piiisiwp g «ew# VhMi w Amm WUT PMI a Wm a 

«11.1 be set by the saw»« ef deflect Ism la «he beam, fireft above 
«hic peut «111 mot be eeeebi* «t«hU the safe lUlte of the bridge 
deeb. fberefere. fer «he eeewrete deeip ef e pomtee. the deelpier 

l"«"uifti ef Mfftrt ft* regelrsd by «he deal «Par it is deflnehci ftU 
■meIm» ret*, this Mgare r«'So*.»«»t# «he ee*«*«ile ll*i«la.f #apmt. »«f the 

m,i u*. e»*«:« «# Imereeée U frerl U «hie* t*.jd <.i«»lësnutpi eut 



bo obtained. Ihorofore. the area of the «ater plena which le 

governed by the length end the width will be fairly weU defined. 
It le aleo apparent that the actual depth of the boat will bo ti 
initial draft plue the uoeable draft, plue a aafe amount of free- 

board for the current and wave height anticipated. 

4. Sneed of Flow. Tho speed of flow of current past a pon¬ 
ton is of vital importance in the desipi and the shape of the or- 
ward portion of the ponton. The speed of flow may be attained under 

two condition, i (1) by the flow or ourrent of the river paeolng a 
eiven bridge site, and (2) by the use of a ponton in a raft or ferry, 
where the raft la propelled by a power boat ^ «imilar source 
the water. It is normally anticipated that this rate of flow will 
at least 7 feet per second for a boat in a bridge and that when used 
ia- a raft tho rate of flow may be increased to 10 feet per second. 
The shape of the bow or front of the ponton should be such as to 
permit the minimum bow wave consistent with the maximum displacement 
for a given length in order that the boat will be no longer and no 
heavier than necessary. The shape of the bow wave must be such 
that the increase in height of the water line as the water fl°w» 
past the ponton is at a minimum. In other words, when the boat is 
traveling through the water, the freeboard at the bow and at other 
critical points back of the bow shall remain as nearly as possible 
equal to the static freeboard when the boat is in still water. 
This requirement of shape is analogous to that of any ship where 
is desired to utilise a mini-num of power to drive the ship at some 
given speed. Therefore, the same laws that govern the design of a 

ship may also be applied to tho desigi of a ponton bow. It is 
apparent that the «asilar the wave, the less power is being used 
in the development of the wave, and consequently tho pull on an 
anchor line might be materially reduced, as would be the power re¬ 

quired to drive a raft constructed from pontons. 

In some instances, the desigh of the front of a ponton 
has boon square or blunt like a box in order to provide the maxi¬ 
ma displacement in the least possible length. This would be a 
satisfactory form if the water were always still. However, ourrent 
must be taken into consideration. It can be shown that the angle 
that a eqmra front makes with the water's surface materially affeote 

the shape of tho bow wave end power required to . 
through the water. Ae described in a report by the “°^1 
Basin, It 1* apparent that if a plane makes m engle of SO 
with the water's eurffaae, the bow wave will be eoosidarably milUr 
than If the plane were at 90 degrees to the water's eurfame. The 

relation of the mgU of the plane to the height of *** *" 
when the currant velocity U f.l* feet per steend is l* 
SI. The wee of a flat plane on the froat of a ponton wwuU 
somewhat the difficulties af eondtrustl«n of a -ont as eeapared to 
a pouted ar rotated shape, the flat plane being the oaeleot fern of 



Further model studios at Vioksburg and at Stavens Institute 
of Technology hjtve shown that if the shape of the boat in plan view 
of the waterline section is rounded, as well as the front being sloped, 
a still further improvement in the shape of the bow wave oan be made» 
From these studies it appears that the maximum or extreme deviation 
from the square box which is praotioal is a bow whoso angle to the 
water is 30 degrees and which in plan view is elliptical, the major 
axis being twice the width of the boat and the minor axis being equal 
to the width of the boat» The elliptical shape must be retained from 
the deck to the bottom in order to obtain the desired result. 

The shape of the ponton bow can be further defined by des¬ 
cribing the distribution of displacement throughout the length of the 
boat. If, for instance, the length is divided into an equal number of 
parts and a line ereoted perpendicular to the base line at eaoh divi¬ 
sion point, and this vertical line be defined in length by the area of 
the oross section below the water line at that point, a curve may be 
drawn through eaoh of the points thus obtained, whioh will be known as 
the "curve of areas." If this curve is rectangular in shape as it 
would be for a square box, it would indicate that the water meets an 
abrupt change in flow and consequently a great deal of turbulence 
would be expeoted. If, on the other hand, this curve started tangent 
to the base line, increased to a maximum, and then declined again, it 
would indicate that the change of the flow of the water is gradual and 
done in an orderly mathematical way. Consequently, little turbulence 
would be expeoted. Years of experimentation by naval architects have 
proved this to be true. This experience has further indicated that 
if the shape of the curve of areas approximates a versine curve or a 
trochoid, the optimum efficiency in the formation of the bow wave and 
the power required to drive that shape through the water will be had» 
Based on this information and further model studies to determine the 
maximvss displacement whioh could be crowded into a given shape and 
still permit reasonable flow, the elliptical bow on a 30-degree angle 
appears to be a reasonable answer. 

The shape of the boat after the bow eeotlon is necessarily 
reetrioted to cylindrical shape in which the elements of the cylinder 
are parallel to the long axis of the boat» so as to provide a constant 
width at the deck line for attaotaent of the superstructure, and also 
to provide max law of displacement for a given beam length and draft» 

The shape of the oroee eeotlon to provide the maximum draft would be 
reetangular. However, if a nesting boat Is seleeted, the sides must 
of a neceesity have an outward slope to permit the nesting feeture, 
with a eenaaquent lose of dleplaeamat and stability. 

** ¿2S* *** tmm ®r "I*** the boat !• eentroiled by two 
fee tore* TTTth. length of the unit bridge be«, end (t) the ans iam 
width defined by traneporbntlea requiremante» The width be lag peewnsU 
by the length ef e mix brldgs been, 1% hne «rurally been eeeeftnd 
that the boat ««Id bo • «nil peMitnge hnrvowor thna bnlf the length 
or ene third of «he lagt* of o gl«m bridge been In evder thnt e torn» 



oould be permitted to pass over two boats or tixee boats. This is 
illustrated diagrammatioally in Figure 34. 

6. Length, It is first necessary to satisfy the conditions 
of displacement in a ponton. It has been shown above that the oross 
section of a ponton is controlled by the bridge deok in that the 
useable draft is controlled by the deflection of the deok( while the 
width of the boat is controlled by the length of the bridge spans, 
Coosequently, to obtain a given displacement, the length is the only 
factor which may be varied. It may be found that the length so de¬ 
termined will be greater then transportation facilities will readily 
permit. It is therefore necessary sometimes to divide the ponton 
into two or more sections» This condition is illustrated in the 
American 25-ton half-boat type ponton, the British Mark V ponton, 
which is in three sections, and the German ponton, which is in two 
seotions. The two-sectioned ponton has also been adopted for the 
design of the ponton for the Division-Army Bridge, and is the type 
undergoing tests at the present time. Dividing the ponton into 
length sections makes it possible to utilisa one given design boat 
for a bridge of varying oapaoity and to utilise one single form of 
transportation for bridges of varying capacities. 

7. Weight of the Ponton. The weight of the ponton is im¬ 
portant for two reasons i 

a. The weight of the ponton affeots the initial draft 
of the boat, and must be determined with reasonable degree of 

-touraoy before a final desipi oan be oonplated. 

b. It is desirable to have a lightweight ponton so that 
it may be handled by manpower to and from its transportation at 
the bridge site. In every ease, the weight of the boat must be 
such as to permit rugged desi&i with sufficient strength to 
carry the loads imposed upon it with a reasonable degree of 
safety* 

8. Bridge Deck Adapters. As pointed out above, it is neces¬ 
sary to mainlain a straight section of ponton immediately below the 
bridge deck in order to permit desipi of suitable attachments for 
cooneoting the boat to the bridge deok. The most modern and utlllta- 
riam conception of attachment of the boat to the deck Is to utilise 
an adapter for each type of deok which might be seed on a given pon¬ 
toa, thus permitting that ponton to be used with cay bridge deck with 
the minimum change to the boat. 

*• ? eanatlo Pleat thanes, »eoause a paewatie float la com- 
otreated or e aon-rigld fabric, the chape of the tube or eeetiom 
*loh lo tafle ted will %mA to be a alrealar 1m erooc eeetioa. Thu 
tendeaey aaet ha reesgsUed im the prepare!tea ef the éeolg». fho 
eyilader with reunoed or dnoo-ohopod «do 1« o goomotrlool form 
•ht eh nay bo ootlofootorlly mood« A tor».* or domo Is uether go«»#- 
trtoml form ehloh may bo offootlooly mood, fho Above paragraph* have 



shown that a ponton must of nooessity have length In order to pro¬ 
vide the displacement required by the bridge deck. Consequently, 
a pneumatic float must bo of th« same general design involving 
length. The cylinder then becomes the ideal geometrical form for 
a unit cell shape. The draft of a float has also been discussed 
and it has been shown that a useable draft of a given amount must 
be considered. Therefore, the diameter of a cylindrical tube be¬ 
comes fairly well defined. In order to obtain the necessary dis¬ 
placement then, a series of tubes side by side and having a dia¬ 
meter consistent with the draft requirements of the bridge deck 
mark the first step in the desigp of a pneumatic float. The 
length will be defined by the amount of lateral stability of the 
finished bridge and the required total displacement of the indivi¬ 
dual float. The ends of the float will of necessity be of circular 
shape in planned view. As most floats consist of two or more tubes, 
it is desirable to use half a torus to oormeot the two outside cylin¬ 
drical tubes. Experience has shown in most instances that three cylin¬ 
drical tubes are sufficient and make a satisfactory designed float with 
sufficient stability within itself to be used as an individual boat. 
The relation of draft and beam work out most satisfactorily with three 
cylinders across the width of the boat. Little opportunity is afforded 
for radical desipi shapes of the bow of the pneumatic float. However, 
the torus or rounded section at the end of the float proves quite 
effective. Experimentation has shown that by setting the torus at an 
angle at the water plane, varying degrees of effect can be exerted 
upon the water flow. In general, an angle of 16 to 20 degrees has been 
found satisfactory, 

10, Stability of an Individual Ponton. A ponton is sometimes 
used as an individual boat. In this condition it must be sufficiently 
stable longitudinally and transversely to be safe for operation by 
semi-experlenoed personnel. If a group of men in the boat should 
suddenly move from one side to the other, the boat should be stable 
enough to present its taking water over the gunwale or totally oap- 
slslng. Stability of an individual boat will bo governed largely by 
the width of the boat at the top or gunwale. It will be controlled 
further by the shape of the cross section. Stability of an individual 
boat is g amorally measured by the length of the righting arm in feet. 
It may also be spoken of in terns of foot potada of righting moment, 
which mould be obtained by multiplying the displaeemait U petada by 
the length of the righting arm in feet. Figures it and it show lhe 
relationship of the eemtar of gravity te Mm asntar of buoyaaoy and 
method of determining the length of tho right in« arm, 

•tea the beat has a quality af water in It, It beeenee 
lata atable «alees that mater le definitely earn trolled. Centrelied 
meter may lacrease the stability «f a girta beat, 

fbe pita deaifsad far sea mtth the &tvielen Amp trldge 
hue e sesee»»setlsmel fern m le ef imv etmhliity than the t^tmm 
•r tb*ti pan. Figure ü glvee * ietailed eampmrtean af tha 
stability ef samt ef the three bite shah they ere eaptp hr try. 



Figure 47 gives a comparison of the boats when 6 inches of water are 
present in the bottom of each boat* The Division Army Bridge Ponton 
is of low stability in each case. Its stability with 6 inches of 
water present is almost negligible* However, if the water in the 
bottom io controlled by a single longitudinal bulk head, as shown 
in Figure 50, the stability is greatly improved and is greater than 
either the 10-ton or 25-ton ponton. This addition to the Sparkman 
and Stephaisdesigns is a marked improvement. A report of an actual 
test conducted at the yard of the builder (Henry B. Nevins, Inc.), 
which is contained in the succeeding section of this appendix, shows 
the improvement in stability resulting from installation of a center 
line or longitudinal bulkhead. 

The two boats constructed at the Engineer Board shops have 
center line bulkheads forming a tight inner floor, as shown diagram- 
matioally in Figure 51. This is a step further toward free water 
control and improved stability. When water is present, the action 
of the floor is to restrain movement of the free water and to make 
the water work as useful ballast. 

Part II 

11. Plywood Ponton for Division-Army Bridge. Sparkman and 
Stephens, Incorporated, naval architects and designers, were com¬ 
missioned to develop a desiga of a ponton for the Division-Army 
Bridge as a part of a contract to submit a complete design for the 
bridge. 

In general, planning the development of this ponton was 
to be in two formst 

*• A plywood ponton which could be constructed quickly 
in sufficient quantity to permit test, and 

b. An aluminw ponton to be considered as a final desipi 
advantage of ainlmun weight consistent with maximum strength and 
desired ruggedness, and it would be oensidered as the produotion 
model boat. 

The approximate dimensions of the ponton were developed by 
and Stephens la eonjtaetion with the develonsat of the 

bridge desk .yete, ef their deeign. Coneeq-tl,. thVret. of di.- 
placement, the max law beam of the heat, ami the draft of the heat 
were sealrolled by a eingle bridge desk deaigp. The «roea aeetioa 
of the boat was materially defined by n nesiimg feature which re- 
faired that the beete be aeobed to within at least II Lanhes end loot 
If poaoible. The chape ef the bow of the pm%m resulted fren Ini* 
lUitosto et V laksbar g fc perista «al étatisa, pie. a mare dtaüed 
—êl st^y eeniacted et Ctee«# Inetltwto ef Teehneiegy, The 

î!Tîî/ïïr Îî *!.?*** U U 40. It will 
b# hntai üm là« nltiyitovi bee cas «lilted m* toe« to* 



angle of the bow is approximately 30 degrees, as described in para¬ 
graph 4 of Part !• 

Since the design of the ponton for use with the wide vari¬ 
ation of loads required by the bridge made it necessary to utilise 
a boat capable of being extended in length to at least twice the 
basic length, the half-boat plan was adopted. For the connector 
system between the boats, the contractor was asked to investigate 
various methods of oormeotion in addition to the pin type connector 
previously investigated by the Engineer Board on the 25-ton steel 
half-ponton and the lt-2 Assault Boat. In the development of the 
oomeotor, the most promising desipi appeared to be a cable arrange¬ 
ment attached to one half-ponton with the slack taken up in the other 
by a laver system and screw. The cable connector had the advantage 
over the pin oomeotor in that the half-pontons did not have to be 
directly against each other before the aotion oould be completed. 
The cable oomeotor provided a mechanical means of drawing the two 
half-pontons into final position. The decision was made after in¬ 
vestigating several types of connectors to install a oable oomeotor 
on the first test half-pontons built. 

Twenty-six plywood pontons were contracted for with 
Henry B. Nevins, Inc., to be used in the initial tests of the bridge. 
Upon completion of the first four half-pontons, a test was conducted 
to determine the effectiveness of the oomeotor system, the general 
strength of the pontons, the general form of the bow wave, and such 
other pertinent details as might be disoovored in the conduct of the 
basic tests. These tests were conducted at City Island, New ïork, 
on the 28th February 1944. A report of the tests is inclosed. Tie 
general oonolusions of the report were that the connector system 
not quite strong er augh and that certain modifications would have to 
be made before the pontons oould be considered satisfactory for con¬ 
tinued test in the bridge. This modification was made, end the pon¬ 
tons were delivered to the Yuma Test Branch for further test. 

X*. jluminf Ponton. During construction of the plywood pon¬ 
tons, the construct Ion plan for the final aliainun pontons ^a ex¬ 
piated in suffleimt detail to permit essiping of the a®treat to 
Lord Mid Burnham, Incorporated, of Irvington, lew York, for the 
oenetruotian of four alnminuB pontons. These were eeeentiolly the 
same shape as the plywood pontons with the exception that the radius 
at the chine wae sis inches where on the plywood r«otooe the radix 
woe appreslnotely It inch*», the dealp f*r the ilunlnx pamtoa* 
hat hex nod if led frx tine te tina aa a roault of tha toeta eoo- 
dxted X tha plywood pontons and M a rasait aí dlffUalties of 
forming the material Inte the deelrcd chapee. 

u. * 
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atruoturo alone* The plywood ponton constructed by the Engineer Board 
is designed to permit a minimum of weight in plywood oonstruotion and 
to represent a ocmpleted design which can be utilized in the event of 
shortages of lightweight materials suoh as aluminum for the oonstruo¬ 
tion, Several attached photographs show the general oonstruotion 
plan of the ponton designed by the Engineer Board and constructed in 
the Engineer Board ohops* It will be noted that elimination of weight 
has been accomplished through lightening holes and the reduction of 
seotiona to the minimum size consistent with ruggedness* 

14* Tests. Upon arrival of the first pontons at the Yisua Test 
Branch, several tests were oondueted to oheok design figures. The 
first test conducted was to oheok the displacement curve for the new 
ponton against the oaloulated curve for displacement. In this test 
it was found that the half-ponton chocked very olosely with the de¬ 
al pied displacement up to a draft of 29 inches. However, whoa two 
half-pontons were oonneotod together it was fovnd that the displace¬ 
ment at a given draft measured at the center of the ponton was greater 
than the oaloulated amount. This discrepancy can be accounted for in 
two ways i 

a. The draft of the ponton was apparently measured at the 
cante” or ooaneotor. 

b. No freeboard or draft was measured at the ends of the 
ponton. As the load is applied, a certain amount of slaok or 
articulation is taken up in the cable, pemitting the ponton 
to bend in the middle. Consequently, the draft at this point 
is greater than it should be for the actual displacement of the 
ponton. It will be neoesaary to make corrections for ths trim 
of each half-ponton in order to utilise the oaloulated dlsplaeo- 
aent curve at a liven draft. This particular feature of artlou- 
lation in the oouneotion is peculiar to the oable type Joint, as 
there is sm initial anoint of slaak idiloh can be tak« up, and the 
tautneee of the oable is depends«! sntiroly upon the JudpMnt el 
the personnel eoaneetlng the half-pontons. However, in the pin 
connecting system the ertleuletlon la limited by the eleersmee 
of the pin in the holes snd would remain eon étant for any given 
pair of half-pontoas over my lead range. 

In general. It ha« be« feemd that the eeble oowieetor 1« 
euff ieiestly strong snd Mmeierntly veil et «shod to the penten to 
prende en adeqeete eoaneetlng ayetee far any lead «hleè nay be Im* 
poeed by e bridge «•ok. Howev.r, It U kmom «hot the eeble sewee- 
tar is net sufftolmitly etrea« to vithetemd the beadin« mmmt mt a 
eaneeatrat#« lead dlrontly ever the treneen of a p«taa and the pea- 
tsn is stmt by seen eennsaunted leed he the gmle. 

âeeeand tune hftnno < — -.- wMwpeee^MSr 

Ih #|||« be MliLdt 1 IüÉÍ ÊÊÊk w w m«*’ w w«' « « W 111 i wWP# 



A third typ« oomeotinf ayatar oparatlaf with ft Waftiftft holt 
ftt ftpproximttly the ohlno loomtion will b« üMtftllod m four liftlf* 
pontana conatruotad by Eonry B. Harina» Ino. Conplvtlon of toada wltà 
the throe typo a of oonaMtora will prorlda additional Uforwatloo to 
that now aruHabla and ahould naka It poaalbla to aalao«. a rary aaUa- 
faetory type ooonootor ayataai« 

Part HI 

16. Outboard teotor araoketa. In teatlnf raft« for tàa ftlrialoa 
Araqr Brldf«» it la oonaldor«>i dailrabla to Inalada a nadbar a# awt- 
board aotor teata to datamina the propulaloa aharaoterlatloa of tàooa 
aotoro and to dataralne the aoat aatlafaetory aaaaa of aowitlnf out¬ 
board notoro «a the ponton. An adjuatable braeket ma daalgnod far 
the Johnoon Modal POLK *2-hp ful 1-r«veraln< notar» wtiiah la tàa pra- 
•ent atendard aotor laauad with the .O-ton. 16-tan, and Infantry •ap¬ 
port Baft equlpaont. Thia braoket waa deal pod pnrtlaularly for «no 
on the ourvod or alllptlaal and of tha ponton. Bananaa of tho iO^lnak 
adjuatnent nooaaaary for propor f vom ti on inf of the notar» tha Imahot 
la noooaaarlly hanvy and bulky. 9o aotnal teata hnva toan a Md not ad 
with tha ou'tboard notor braoket far tha dahnaoa PdA notar. 

A aaaond typa bmokat waa daalpad for woa with tha Jahna an 
typa POX notor to nouât tha notor an «Ither tho «toara tranaan of tha 
boat or tha aida of tha boat batoa-an tha fannala adaptor and tho tow 
ecnblnf . Bo teata tova be« end# with thia traokot. A third traaiwt 
of i tallar appaaranea to tha braokat for tho P(S notor woo daoipnd 
and aonatmatod for nowtlnf af tha nod triad atoan boot notor an tho 
aida of tho panton.. Thia braeket woo fabrtoatod 'In bop rtfht and 
loft hood foma to that two notera nay ba attoohnd to am foatoa* A 
fourth type bracket uaa deaiped in both rtfht and loft hand fame for 
nowtlni tho »vtamd# iliht-4 ontboord 'not« ohloh I« if Inti ma loaf« 
thm atandard aha#«. Pour Plnmdd Ucht-4 anthoard n«tora •«<« p«"* 
ahaoad far toot with mftinf ofmlpnmt for tho Mndoa-fr« Brldfo« 
Plfnr'oo II» M» «ad N ahow In dlijr—■ tjeol rom ootwrol pr«no»d 
nathodo af prwpnlalon aalif mPaard notara for rafto at 'tho Mvtalo»- 
Aray trldfa. 
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FIO. 35. FRAMING OF PLTMOOD PONTON. General view of the frae- 
Ing of a plywood ponton before installation of fan type 
framing in the bow. 

j 
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FIO. 37. LOCATION OF c'lTT STRAPS. Fan type framing In the bow 
with butt strap? in place for attachment of plywood akin. 

FIO. 38. FRAMING AT CENTER OF PONTON. Closo-up view of framing 
and center portion of ponton showing the heavy floor beiim 
and rigid attachment of the T-shaped side frame to the 
floor. Note that plywood angles are used for attachment 
of the frame to the t>kln to save weight. Fastenings or 
rivets and all Joint:» are glued for additional strength. 
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FIO. 39. OENBRAL VIE# OF BOl. The bow section of a plywood 

ponton being constructed in the Engineer Board shops. 

Note that all Joints are of riTeted construction. 

FIO. 40. GENERAL VIE# Of STERN. The stern of a plywood ponton 

constructed in the Engineer Board shops. This view 

shows how the chine skid is utilised as a strength nevber 

in formation of the Joint between side and bottom. 
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FIO. 42. ALUMINUM FOLDING HANDLE IN FOLDED POSITION. Nine 
handles are located on each side of the ponton. Ra- 
spacing after preliminary test may permit 10 handles, 
which will be sufficient to carry either the aluminum 
ponton or the plywood ponton fabricated in the Engineer 
Board shops. 

aO. 43. ALUMINUM FOLDING HANDLE IN CARRTINO POSITION. This 
handle supersedes the original rope handle which was 
found unsatisfactory in the preliminary test. 

1 

-111- 





1 



dt* 11 iiii 

FI
Q 





C G * Ce nier oí Gror/ty 
CB* Center of õouyoncu 
M * Meta Center 

CM* Meta Centric Me y ht 
O » Riyhtinj firm 

NOW A Itcsse/ is said to 
be Stable as long as M 
is above C G and the 
Righting Arm is Positive. 

Fig. 48 
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NOTE: /) i/e /s scud to be 
Unstable i/i/ben CG /5 

/tboi/e M and /be Right to <3 
Rrm Becomes tiego five or 
on Upsetting Ñrm. 

Fiq. 49 

A4878-4 
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Two Longitudinal Bulkheads will add Atore to Stability 
When free Water is Present by Further Control of 
Water It is Possible for such a condition to be More 

Stable Than a Light Boat Because the Center of Gravity 
of the Boat with Water m Would be Lowered. 

Addit/on of a Wo ter fig ft F/oor on Tcp of one 
or More Long/fads no/ ßu/tr heads is Optimum Control 
of Free Wafer to Gain Stability. 

fig 51 
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TYPE I 

2 Outboard Motors 

Dotted symbol shows former locaron of 
motors. 
Solid symbols show the proposed 
new locations. 

FIG. 52 
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TYPE ma 

HEAVY DUTY OUTBOARD 

MARINE PROPULSION UNIT 

Fig. S3 

-123- 



TYPE ET PREPULSION 

INBOARD OUTBOARD UNIT 

•-Power Adopter 

To Moke Power Boot 
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MEMORANDUM Tot Colonel Meyer 

CHC/rp 

1 March 1944 

Subject i Connector Te&ts, Plywood Pontons. 

1. It was the purpose of the test described below to determine 

the strength and efficiency of the cable type ponton connector as 

applied to the plywood half-ponton constructed by Henry B. Nevins, In¬ 

corporated. It was the second purpose of the test to determine whether 

the boats could be easily and quickly oonneotéd to each other by means 

of this type connector and whether any special instructions, tools, or 

other devices wouxd be required for the connection of the boats while 

waterborne. It was also the purpose of the test to determine the 

generàl wave formation around the bow of the boat when being towed at 

various speeds. 

2. Thf> tests described below were carried out at the yard of 

Henry B. Nevins, Incorporated, City Island, New York, on 28 February. 

Present at the tests were the following! 

Mr. Olin J. Stephens, Sparkman and Stephens, Ino. 

Mr. Gilbert G. Wyland, Sparkman and Stephens, Ino, 

Mr. Wilson, Lord and Burnham, Ino. 

Mr. Henry B. Nevins, Henry B. Nevins, Ino, 

Major Carl H. Clement, Engineer Board. 

3. Four half-pontons were used for the test. These boats wars 
connected together in two pairs to form two full pontons which were 

placed parallel to each other and on approximately 14’ centers. Four 

beams were placed across the gunwales of the boats in similar fashion 

to balk. Two beams were on each side of the center joint between the 

boats. At the end of each pair of beams a platform was constructed 

where lead ballast could be loaded ss required. The attached drawing 

shows the general arrangement of the test lay-out and position of the 

loads applied, 

4. The tests were carried out on the elevator platform which 

could be lowered into the water to any desired depth. This made it 

possible to partially support the pontons or to make them fully water¬ 

borne as it might be desired during time of loading. 

The following general weights were noted at the beginning 

of the test! 

Weight of individual half-ponton — 1,691 lbs. 

Weight of deck and four load 

platforms ----------- 2,900 lbs. 



Total weight - four boats and 
load platforms ---------- 6*664 lbs» 

5, Loads were applied to the four platforms as described above, 
and the freeboard of the boats measured at bow, center, and stern, to 
determine the amount of deflection of the boats as the load was in¬ 
creased. The attached table shows the readings as taken during tests. 
It will be noted that the deflections became smaller as the tension in 
the oabie oonneotors increased and all fora of slack was taken up. The 
amount of deflection obtained doeenot seem great for the type connector 

and tae type of load applied. 

6. The two boats were placed in the water and several methods of 
connecting them investigated. It was found that two men oould easily 
accomplish the operation. When bringing boats stern to stern with one 
man in each boat it was easy to lift up the upper pins by shifting the 
weight of the individual in the boa*;. Attachment of the cable to the 
hook was not difficult. It was found that the cable oould not be 
stretohed tight enough by using the lever alone. However, the screw 
adjustment for the lever fulcrum provided a means of tightening the 
cable and adjusting its final tension. The best method for connection 
of two boats appeared to be lowering of the fulcrum point to the mini¬ 
mum for easy attachment of the cable to the lever. After forcing the 
lever into the last notch, the screw take-up was tightened to bring 

the boats into final adjustment. 

7. Between Trial No. 5 and Trial No. 6, a considerable leak de¬ 
veloped in the chine of No. 1 boat at the point of attachment of the 
cable anchor. The leak did not prevent the ocmpletion of Trial No. 6. 
After Trial No. 6 the boats were removed from the water and thorough 
inspeotion made of all connections. The No. 1 boat showed failure in 
the ohine because of the bending taking place in the cable anchor 
plate and attachment tang. The bending of this plate is caused by the 
eooentrio loading of the cable anchor hook. Inspeotion of the two 
hatches of the No, 2 boat indicated that while no wood failure occurred, 
the tang plates had been bending a small degree and failure probably 
would have resulted by additional loading. 

8, No other failures or leaks were observed in the boats. A 
tow test was made with two boats coupled and to end to form a single 
large ponton. This boat was ballasted to a total displacement of 
14,200 pounds. At rest, the following freeboard readings were noted* 

Bow Center Stern 

28" 19" 29" 

The boat was towed with a small power boat using a 50' tow line. No 
facilities were available for accurate timing, but it was estimated 
that the speed of the tow boat and ponton could be brought up to 
better than 6 miles por hour or approximately 9* per second. Free¬ 
board readings were mide while traveling at this speed. It v/as found 
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that the bow wave reached the underside of the sheer plank, which by 
subtraction gives a remaining freeboard of approximately 15" forward, 

°í 8000adary WQVe occurred at a point approximately 16' 
aft of the bow. At this crest measuring from the top of the steel 
gunwale, the freeboard was 16". It was noted that the boat towed 
easily and that the shape of the front was such that turbulent water 
or waves would not be troublesome even though the freeboard were 
lower than at the time of the test. Several general observations of 
the boats were made during the tests. These are as followsi 

a. The handrail is not of sufficient length to permit 
enough men to gather around the boat to carry it. The length 
of the handrail cannot be materially increased and still be of 

a practical nature. If, however, the aluminum boats do not 
oxoeed approximately 1,100 pounds in weight, it is believed that 
this length hendrail will be adequate. 

J-* cle&ts» The four cleats located near the bottom of 
the boat appeared to be of sufficient size for anchor ropes. 
It was noted that their attachment to the boat might be too light. 
One boat was picked up by a crane with a four part bridle attached 
to these cleats. Some bending took place in the cleat base, and 
as a result it was decided to inorease the thickness and conse¬ 
quently the strength of this base. If correctly attached, those 
tour cleats provide an excellent point for lifting the boat wilh 

c. Bow chocks. The bow chocks designed for the plywood 
boat extend above the combing outline and consequently are 
vuinerable and might be broken off during loading or unloading 
or handling the boats on dry land. It is believed that this 
design is improved in t;he aluminum ponton. The design of the 
c ock and its ability to hold a rope in place appears satis- 
Iactory, 

Connector Lever, The connector lever operated satis- 
actorily as originally designed. However, several small im¬ 

provements could be made so that the lover can bo more easily 
locateu in the deçired position. A booster lever was tried and 
ound towork very satisfactorily. However, it is an additional 

piece, and it is believed that certain small modifications can be 
made to the basic lever so that the booster lever would not bo 
neoa ©cl 9 

two hi!*» i f,1"8 U80d in tho t0P ooraection between the 
rot « t a V üu\fUlly 8ati8faotory# since it is impossible to 

* í0!? haodhold th® top of the pin for its removal, A 
modification can easily be made to take care of this detail. 

r.sult’of Ih0 f0llCWl'‘S dr&vm ., . 

a. The connector system as tested is not satisfactory, 
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b. Modifications can be made to the connector system which 

it is~bolieved will render more satisfactory. 

o. Shape of the bow and water flow around it at various 

speed's appears to be satisfactory. 

d. Connection of one boat to another is simple and direct 

in principle. It can be accomplished by two men. 

e. The four cleats are located satisfactorily but the 

cleat""base should bo strengthened. 

Carl H. Clement, Jr. 
Major, Corps of Engineers 

Assistant Chief, Bridge Branch 

2 Incls. 
Sketch 
Table 
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FIQ. 61. LOCATION OF WEIGHTS APPLIED TO PONTONS DURING 
C0NN6CT0R TKSTS. Note that four pointe of application, 
each independent of the other, were used for loading. 

FIG. 62. PONTON CONNECTOR TEST SHOWING PLACEMENT OF THE 
WEIGHT ON EACH HALF-PONTON. Note the small block in 

the gunwale to properly distribute the load into the 

gunwale. 
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FIG. 63. TOTING TEST. A full boat being towed at approxi¬ 
mately 6 miles per hour. Ballast - 14,200 pounds. 
Minimum freeboard - 19 inches at center. 

F1Q. 64. TOilNO TÄST. The same ponton as above being towed at 
approximately 6 miles per hour. Freeboard measure¬ 
ment as indicated by the man with the white stick 
showed a minimum freeboard of 16 inches due to the 
secondary wave . 
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PIO. 65. TOtflNQ TÜST. H«ad-on tí*w of ponton at spood of 6 
alios par hour ahowlng formation of bow wora and ampia 
raaainlng fraaboard. 

FIQ. 66. CABU CON RETT OR AíTKR TEST. Mota that badding com¬ 
pound haa been aquaezad out around bolt haada dua to 
banding of tha cabla anchor plata to which the cabla 
la attached. Thla la a weakness In tha connector but 
can be eliminated by addition of back-up plate on the 
inside and through-bolts instead of screws. 
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FIO. 67. MKTHDD Oh LlhTlMQ TONTO*, Lifting a plywood ponton 
«•Ighlng 1,691 pound« using s 4-piirt bridle around ths 
four els ata in tbs boat. This Is a SAtls factory msthod 
of lifting providing ths clsst bassa ars stiffsnsd soms- 
what. 

HO. 68. LOALMO TeJT. Osnsral vlsw showing loading test 
applied to Sparkaan and Stephens ponton at the yard 
of Henry B. Nevlns on 28 February. 
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no. 69. BOU nn DÜRING COmecrOR TES . View of bo« of 
9pftrtaam and Siaphana ponton (Juring oonnaotor 
taata. DlaplaoMwoi approxlaataly 32*,000 pound a. 
Fraoboard to tha top of ooaaing * 23 inehaa. 

FIO. 70. OlOiiKAL Vial OF QONJtaCTOk Tt¿T. Anotbar ganaral rla« 
of tba boa of a ponton during connactor taata. Tha 
ponton haa a dlaplacaaani of 32,000 pound* aa •noun. 
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FIGURE 71 
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o2 Boat 

No I Boat. 

General Test Arrangement 

Plywood Half Pontons. 

Yard of Henry B Nevins Inc. 

C ity Island New York 

FIGURE 73 
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Model Studies of Pontons and Pneumatic Floats Conducted By 

U* S. Waterways Experiment Station, 

Vicksburg, Mississippi 

1. In February, 1944, the U, S. Waterways Experiment Station 
completed a comprehensive report describing the results of a series 
9f model studies performed for the Engineer Board. The purposes of 
the studies were as followsi 

a. To develop an attachment on the bow of the present 
25-ton ponton. 

b. To determine the optimum bow shape of future pontons 
to be“*constructed. 

o. To study the most effective ï .hods of anchorage. 

d. To investigate the up-stream bow shape of the pneumatic 
type 7loat, 

All tests were conducted in a 4-foot wide flume with flow maintained 
at a depth equivalent to 20 feet in the prototype. The pontons were 
built to the linear scale of 1 to 8. 

2. In the development of an attachment for the bow of the 
present 25-ton ponton, a series of different shapes were investigated 
and compared as to their simplicity of construction, hydraulic effi¬ 
ciency, and ease of transportation. It was concluded that the Type 
10 attachment, a vertical plane 12 inches high across the front of 
the ponton, is the most practical type. Other shapes did not prove 
to be particularly more effootive in control of the wator, and all 
were either harder to build or not readily transported, 

3. For the determination of the optimum bow shape of future 
pontons, a series of tests were proposed on several variations of 
three basic bow forms, plus three unrelated forms, as followsi 

a. A flat plane set at an angle to the water. 

b. A cylindrical surface of circular cross section set 
at an”*angle to the water. 

£. A cylindrical surface of elliptical cross section 
set a"t an angle to the water. 

d. Several unrelated forms. 

In the tests actually conducted, the cylindrical surfaces 
were only roughly approached! i.e,, the circular and elliptical 
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shapes were maintained only in plan, the front or raked portion of 

the ponton still consisting of a flat piano. This series of tests 

showed that the simple or soow-shaped bow with raked fore section 

was the most desirable, and that streamlining in the plan view only 

did little to increase the hydraulic efficiency. {Study of the 

proposed compound curve bow shapes at Stevens Institute of Technology 

show them to have marked advantages. The report of this work is on 

file at the Engineer Board.) 

4« While conducting the tests on the standard 25-ton ponton, 

additional tests for oomparative purposes were made with the British 

Mark V ponton and the German ponton. As a result of those tests, 

ponton equipment will be modified so that the bow section will consist 

of a flat plane set at an angle of 30 degrees with the plane of the 

water and will have a gunwale higher than that of the rest of the 

ponton to prevent water entering the ponton when excessive bow waves 

develop, 

5. In the study of pneumatic floats, it was found that turning 

up the end section effected a considerable improvement in hydraulic 

efficiency over thi’t of a float whoso bottom was all in one plane. 

This is illustrated in one of theettaohed photographs. 

6. A canplete report on those tests is on file at the U. S. 

Waterways Experiment Station, Vicksburg, Mississippi, and at the 

Engineer Board, Fort Belvoir, Virginia, Some of the tables and 

illustrations of this report are included here to show the nature 

of the experiments. 
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Fig, 127, E-23 Raft Conneotor 212 



. 

PN 

3 

S 
o 

•o 

E, 

ï i i* 
« r-t 

Ífe 
l-g 

!•? 
o co 
o 

•o 
¿s i # ^ 
N -P 

2 * 
H « 

5 
2 
■o 
o 

00 

4» 
tí 

jtzyt *> ß o « 4-1 Q -p h 
U OÜ ^ (X 
5,p •o o f Sm » a 

-H r-t 

o © «a 
o • 

8.525 

a 
« g o a 
-o © 3 o 

« O © -H 

g 
i-l o 

o 

g 
Ht 

£ 

g IJsÍ4 I 

sis’ 
JB P -«-i 

¡ff 
fc • 
£ -s . 

•S5 
a a.-* 4» 

u xï s 
<rl Ht r-t O. 

-r. 

2 g 

5§1î? il 
O ■ __ 5 

i. 

.'J 

r-t m 

© • 5 o 
Ht h 4» 

g 5 r? *o 

15S 
t» O 

H g 
•H 

Ht 4* 

!§i S ». Ht 
O 4-t r-l 

P 
fl I ^ • © © © • 

« I. P 4 hD-rt 

•S5 2^ g g* ÈP 
HjPO,®3Ht©-rt 
© © ni • X J«: 

b0 O -H ». PO 
• o p ^ © a o 

•UiVi*; 
3.8 3 J S 5 8,- 
O » * -H J3 O TJ 
X! © P « 

Si" 

î 

HlíflÔ5©©^^ 
Ht Ht Ht ». Ht • bO 

2-g ^ g* 3*5-81 
9 o boni 5 bo 

Ht ß © o te ß ». T) Ht P a -n © 
• O^OUHt©© 
P P o -o o ¿JS 
4-1 _ O t, m 
•h xi r-t « a © b 
43 • 3 0*0 ■ p « xa Ht Je », 

», X P N « V, 
• © P H ß 
». « bp • » © P 
©ßßflpxro 

Ht O Ht H © 

^ • bO U • Í 

5 S55lp;8 
5SSg©|«P 

^P^ bpB 2 © 

555^S,Q*5 
P P Ht Ht O 

d ©^ 5 s4** 
••S 

p « 

o,tj © ß 

5 5 5.5. 

-183- 

I 
-•g 

O 

Sta 
:s' 
bo 2 

n; 
^ if 
1^8 

8S8 
Ht Ht Ht 
P O Ht 
O H-J 

S * 
g Si 2 

85^ 
X 

ä © 

5 o 2 

H “8 -o 

g> 
«H 

2 
5 

S 
•o 

p5 
d o, 

I 

FI
G.
 
98
. 

E-
l 

8-
IN
CH
 
fF
 
CO

NN
EC

TO
R,
 
TY

PE
 
I 



FI
O.
 
99

. 
B-

l 
8-

IN
CH
 #

F 
CO

NN
SC

TO
R 





BA
LK
 



ta
lk
 

c
o
a
s
*
o
to

r
 
t
a
t
 

ö
m

b
 
t
a
t
l
f
o

t
d
 
t
a
 
ta

 s*‘ 

2s 5 4J • « 

O 
■P 

sl 

?" *J5 'S 
P E C D. f 

° ß 2 
■o -r» O 

„ ® 01 
O kO C *> 
# ß P •-* +> 

3 • '1 
a ß ? ß g 

*o *e £ jo 
g S - £1 
C • 04 
O X ß o « 
«M O «4 «4 X 

~ » X 

kO 
5 s 
•COL. 
2^5 5 o-ë 
« X ß 

■V J8 
• p 
X p ft 
i s o « -H i 
m « P 
« ko 
s -5 

SP Tl 

■H X 
• tJ 
•2 S 
3 

i- iS 
c -*4 

Ml 
X o 
k, & 
o o 

•V ß 
ß p 

.3 M 
o o 

2 
X 
o 

•5 

•H M) 
X ß 

« i 
X X 
l* o 

•o f-t 
h O 
' X 

? 

tc v 
ß ß 

P r4 

^ ”0 o a «M « 

5 p 
r-g . 

fl •« 
° §2 ■ß p ß 

S 
5^5 
o 
p « • 

p • ß 
O P P 
X ft ft 

X ® 

-1R7- 

Ê 
o 
ft 
o 
p 
X r-4 
JS 
o 
p 

•o 

o 
a 
g 
o 

g 
# « 
•ss 

p 
• o xro 
•5 •o 
X c 

kc 
a 

i 
p 

• 
O 
H 
ft 

J 
1 

i 

J 



■f
r 



« o 
. U 

o M 3 +>•0 3 

.1*1 
& • s < -p _ . J M 

•5-«H • 
M • * 

• 

I u 
3 

« <* o 

Ö » 

W> W) 
t. o 

isí 
* "2 Ö « * 

•í * 2 5 +> 3 *o 
£X * t- t, 
. B4> P 

Ä ° 
« «r* 

li; 
.3 I i 

00 «O 8 r-4 
M <H « •H 

r-* 4» ’O 

á síií s 

i-* 

i 

ri 
d 

P 
d 

cd 
5 
H 
O 

O 
O 

O 

u 
n « 

tf • 
ce 

C « W)X 

-3 
• p 
ho 

S’* 
^ 8 
® 3 

® Q o 

hf. 
* sa 
D . « ü. 

ím. o *c 
© C • © •o X o • d ÎP P -H 
P r4 e-4 

Ci -H © © 
POMP 
«4P© 

•O 04 u t- 
■ d « d 
•«4 * 1-4 X 

S Slíil 
P M X 
•O P -4 tí 
P i. o d 

-lñ9- 

J§ .-g 
® « © 

®J «H r-4 
•H © CU 

"O O X «4 
• P P «H 

n 
- «s ^>5 

© r4 P 

" “■ÍjÍ 
P © © r4 
tí r4 X © 
•H «4 « X 
P «4 

« P X 0 
X « p TJ 
4> © O 44 

O W) r4 
© © • d O 

•OOP» 

i §5-" c 
» O P P 

Ë *<"* 
© • *o 

« © »© I© 
^•3.2 ï 

o 
44 X © «4 
X •o 
1 © -H *0 

•O !» © 
ho 44 P ► 

III 

F
I
O
.
 
1
0
4
.
 

B
-
3
 
1
8
-
I
N
C
H
 
A
L
U
M
I
N
U
M
 
B
A
L
K
 
C
O
N
N
E
C
T
O
R
 



T
h
is
 
b
a
lk
 
c
o
n
n
e
c
to

r 
h
a
s 

b
e
e
n
 
d
e
si

g
n
e
d
 
to

 
b
e

 
u
se

d
 
w

it
h
 

a
n
 
1
8
-i

n
c
h
 

d
e
p

th
 

al
u
m

in
u
m
 
b
a
lk
 
d
e
si

g
n
e
d
 
b
y

 
H

o
w

ar
d
, 

N
e
e
d
le

s,
 

T
am

ra
en
 

a
n

d
 

B
e
rg

e
n
d
o
ff

. 
T

h
e 

b
a
lk
 
is

 
b
u
il

t-
u
p
 
la

tt
ic

e
 

ty
p

e
 
tr

u
s
s
 
u

si
n

g
 
s
p

e
c
ia

l 
e
x
tr

u
s
io

n
s

 
fo

r 
th

e
 

u
p
p
e
r 

a
n

d
 
lo

w
e
r 

c
h
o
rd

s.
 

I 
I 

CO 

§ 

Ö 
H o 
« 

o 
o 

—« ho 
■p a 
O -H 
£ £ 

•H '4 
X) 

m 

2 •o 

55 

£5 
a (X T> 
© © 
« r-t 

ZÍ 
m 

a5 
M J8 

3s 
o 

H ^ 

.* S u 
-H O 

Æ OtVl 
© © © TJ 

* • 
-o 

o 
43 

a —t 
a 
a 

• •»■( 

1 o ^ 
»4 Vi t. 
^ o a 
0 4»© 

■H « jQ 

CSS © o o 
o 

M a 
r-t m O 
© +> -H 

«H Hu r-l 

°. s 
«0 « -H 

>0 0 4» 
fl O V 
u 4 •< 

4» 

5 
o 
•o 

•H M 

•a bo © 
c a 

■H M 
• T) 3 
V «H 4» 
© O 

X 

fl S r4 © 

"US'0 
■* S 5P <-• © o. c 
© V -H 

jg 4» 4» 

4» © TJ •O 

.5 s -5 
d TI i 
•3 . C 4» 
O V ► 

O Vi 

S 
‘ Cl 

i 
© 

£ 
« 

S5 S5 
©•HO, 

n • 
O O (©43 
H CU d 4» 

CU —t 
O 

_ ho 
t-l © 

M 
4» t-i 
X k 

o © 
V X 
X 4» 

© 
r—I 
o 
X 

X u 

"S 
SÏ 

-H bO 
«-I O 
© 4» 
O X 

s41 
« he 

d 

£3 
© O 

o 
« «—I 

"O 
d •o 

© « 

■“5 
S 
5 £ © 

■ 
■ 

■o 
d 
© 

Vi 
O 

s 
o 

4» 
a 

•a 
« 
t»o 
I •H 
X 

© 

o 
4» . 

•O 
5 ? 
« o 
-° g 

J: ^ 

li 
■g. 
o 5 
H CU 

V 
® o 

© 

5 

X 
4» © • 

s «f i-S •o V. © 
. « rH © X 

« ‘H 3 X 
X X P « bû 
^ E-i S c 
© © >rl 
V X d 

• O X i-i 9¾ >H 3 o 
© X o n 

CU >> S X -O 
©O • © © 

© a © X V 
^ S S 2 c d © © ► 

•H Pi -ri I 
X © CUr- 

X © Û 
V. bO-O o >> d »H 

© -l 3 
d S X o 
O *! 
X S’i 
o 
3 
E 
n X 

S. -a 
« d 
n « 

1—1 • 
S5. 

•H 
rH # 

8 Vi 
o o 

|| 

© 4 
X "O'd 
© r-l © I 
P 3 ^ ' C o Oi 
© S © < 
X X I 
r-t "O X ( 
a o © i 

-190- 

. 

•c-3 

£ fe 

®1 
o 

z © 

>, © 

ë £ 
55 
© o 
X © 

a o • 
a o* 

•H rH 
CU » © 

rH X 

bO^ 
d T3 he 

? 35 
B ©X 
© -H B 

m* X © 

15 

X o 

to 
o 
5 

3 

»Tv 
O 

O >~4 
Pn 



H
i
n
g
e
 
p
a
n
e
l
 
c
a
n
 
b
e
 
r
e
m
o
v
e
d
 
f
r
o
m
 
b
a
l
k
 
b
y
 
w
i
t
h
d
r
a
w
i
n
g
 

t
w
o
 
p
i
n
s
.
 

H
o
t
e
 
t
h
a
t
 
a
 
s
p
e
c
i
a
l
 
s
h
a
f
t
 
i
s
 
r
e
q
u
i
r
e
d
 
w
i
t
h
 

t
h
i
s
 
j
o
i
n
t
.
 



fm 

— 

•o 

U 

s 
•H 

"H 
P4 

tt 
•H 

1 
o 
r-t 

•O 

9 
•o 

J5 û 

1| 

O 

3 

21 

*S 
o « 

:§ 

u 
•H CJ 

« 
b 
« 
CU 

J5 
o 
4> 

^ § 
ScS 

« « 
¿£ 

4» ri 

© 4> 
g © 

O fc O SK 

JX X 
ri O 

Í5 
I 

« CO 

9 
«1 

+> 

8* 3 3 
g 
« 

•o 

o 
4» 

U o 
Ci 
•o 
•8 

t: 

•¿ ? 
fl X 

•H © © 
O • • X 

© 
X 

X 

fl fl >> 
a il ri Je a © 
O X 

589!? 

T3 
« 
bO 

Ê 
8. 

¿ 9^ 
ri 

X © 
X X 

a 
sã 

TJ X 

s § 
3 CU 

9 
Ci 

§ 
H 
O 

O 
O 

¿If g 

© .5 <u o 
o © 

• ^ rt 44 o 

•n © © » fl 
• n U fl © 

3 © S O 

a . ¿ 3 « 8 
nu n V <H 
• 3 X X l- X 
X © O © © 

• X fl Cl CU rj 
8© fl O 3 © • a © o 

3-S 8? 

® M Cu M |S JS ^ 
h O 

« •o 

r 

X 
U) 
fl © b 
X 

■1 

T) 
2 
i 
a 

b o 
X o 
© 

o 
o 

"V 

9 
T3 

l 

! 
a 

•H 
a. 
bO 

,© 15 o 

Êf 
CO 

g 
(-1 
H 
e§ 
w 
ë 

H O 

O O 

-192’ 

(X 
g 
'â 
X 
s 
8 

X 
o X 
ri 

I 
00 

P' 
I 

U 
F

IG
 



B
A

L
K

 j
 

Z 

•V 
0) 

g) 

TJ . 

ÏZ 
M C- 

*2 
U ^ 
O 

+> X 
O O 
« fl 
Ö «H 

I® 
TJ 

M »; 
ï-* fl 
fl TJ 

X 
•P 

TJ 
fl 
M 
fl 

TJ 

f 

1 

O 
■P 

M 
rH 

■p 

1 
8. 

W 

H 

á 
(X* 

g 
H 

a; 

g 
o 

•p 
fl 

« 
« 

rH 
O 
X 

c 
«H 
fl. 

o © fl 
•> JrH • O 

X C «H 
TJ fl «H 

5 S S 
X X o 

o 
fl fl «H 

-5 e 
«ex 

•s 
»4 
► 
o 
fl 
fl. 

Z 

« 
fl 
« 

fl i 
o ö 
o 

_ - 8 
« X *r4 

X X fl X 

• M 

i8 

«H 
0 fl 

« U 
« -H 
Ö X 

•H 
•o 

g 
hH 
tH 

â 

£ 

(fl 
U 
H 
o 
w 

o 
o 

X X 
X >* X 
MTS r-t fl 
fl © rH © 

fl E 8 © 
X fl Tî ^ 

X X B< 

Ïî s , 
» “* fl X 

TJ « fl » 

® c © « 
hH fl « 
rH « X 

X fl. 

!•§ 

U M 
c 

• X 
fl o 
o © 

«B 

3 
40 »ri 

85 

o *0 

1 s 
© 

rH fl 
X © 
s •*? 
® 1Í fl o 

o • 
X tL 
fl c 
O X 

tic E 
fl 3 

X 
fl 

fl 

« 

g g 
»4 »4 
X X 

o 
H 

TJ 

I 
S 8. a. w 

r 
OJ rH « .ri 

fl X 
X X « 
fl X fl 
o « 

fl fl. 
•ri ^H -H O 
» fl 
O O TJ A 
A.X rH C 
fl. © -H 
O fl X rH 

X •> 

t© 
fl 

•H 

o o 
X o 

rH TJ 

S s 
^•s 
fl fl 
X • 
•H 

TJ fl 
jg-H 

«M « 
X © 
X rH 
n O 

X 

fl X 
« X 

•H 
> W 

■fi 
Í5 1-1 -o 

©55 
X fl 
H © © 

« M 
rH fl 
O -ri 
X 

fl 
40 •H 

5 c 
rH «H 
«s a. 

TJ 

8.5 
O +> 

rH 

8¾ 

•Sæ 
S 

« É 
•H 

X 8 
fl X 

V « 
X X 
X 3 

O 
0 -s 
•* g 

fl o 

zt 

Z ^ 
-p ♦> 
«5 *H 

a 
© «rH 
X fl. 
O 

Ö5 fl 

fl >! 
rH 

>> fl 
X X 

-193- 

F
IG

. 
1

0
8

. 
E

-8
 

8
-I

N
C

H
 

Ä
F
 

B
A

L
K
 

C
O

N
äB

C
T

O
k

 



U 
o 

- .-8 
•o -ri "H 
© • 
r-t © 

ë 
s 

« J3 fl © O 
faO 

> ‘ g O. 
r-» •!-( t-t 
• -P -» 
+5 « y 
© u 

g °ï 
° § • 
U O 
O © 
+* O • ^> 
9 ■*» fi 
â^-o 
O O U 
8-OJ , 

**ln 
Cl © © 

CO 8 

© 

o'0-" g 
4Í 'O >! 

3 B © 
© fi 

■X3 fr> 

3 
u 
fi 
K 
« 

O 

l 

b3 

© Ç, 
XI Cl 

O 
11 

5 S>c 9 c -H • 

£ 3-8 
© c •fl « O 
-"t 9 5 -S X © 3 o 
cw c 
© fl -p c 
•o © © 

o i M 
I C H 4* 

S © 
_ . . © -»H 

■H P C 

i 3 © © S. 
« r-l fl* 

-955 o 3 •P fl. 
•d “ 3 fi 

c +’ -P 
•o ï rH 
© © *H C 
©030 
g 33 X Ci 

I 
CO 

"O © r-J 
© P g « fl X 

P r4 O fl -H 
fl © © 

OT 
S 
S3 
*1 

g 
H 
O 
w 

O 
O 

P c 

B 

1ë 
PC 

p © c e © o 
X >1 fj © O 
hûr-t aj 5 P ■t' •* ^ 
3 © e o p o © 
O X rH O O O 

X © X o . ° 9 
X p o p ■o c $ 

r«:Hs: 
• o -h X ^ © 

M X flX a « , ß Pn 
•o W) o I P we 
c .h p "fl toe© 
©X fl C © fl X © 

c © -H O -H 
Tl O P © TJ © 

fl)_i t aj » M © ® 
©®flOPP©pP 
X X «w © O ^ ® fl CÖ p fl C 

« -a © p X P « 
C fl © 1*4 TJ fl bü CW 
O © X © fl -ri ©O 
p p e 3 mp -p , 

«CPCC-HflflcO 

S ” ^ ^ 3 'fl. 

" ^2 5 
bc 3 *H p 
g C w flP X 

C r4 © *rj © X 
© ► X P 

•o P o *5 P 

© o 
© rH 

fl Ö 
• © C ri 

M © © X «a ö ê 

S 

03 
O 
H 
O 

O o 

•2 14 P 

ei >. - X P fl a p © w TJ »ï-; 
© hOX © • « ® C P 

xo©»TJflx«y 
opPX«ecH>© 
Ht* © © 3 © C V TJ « fl P rH -r< 

© fl © • 73 
« r* O "O pH ID t? "O 
“ 3 % g g •" 3 ^ © O© 53 4^ flß rH 
ú> A¿ fl) V© *H C) 
tjjQ (D rH rH rH 1) 
O L« a) aû p, < to a) pu O 
p©xeo©Eoo 

X p 

•5 
O P 
p 
« y 
P X 

p 
E œ © 
p © 
g fc» 

8 u 

C P 
© © 

© 
c 
bO 

Í © 
41 X 

*0 fl1 
o 

© c 
© X 

8.*“ 
C « • 
3 P © 
fl © P 

P TJ 

i: c J 
H X 

&> 

g1 
fl -, p p 
fl © 

c 
© 5 X o* 
P o 

-194- 

F
IO

. 
1

0
9
. 

£
-9
 

1
8

-I
N

C
H
 

A
LU

M
IN

U
M
 

B
A

LK
 

C
O

N
N

xC
T

O
K

 







B
A

L
K

: 

3 

£ 

» 

V 

î 

' 

'I 

■ 

a 
0 

o a, 
■»J m 

o 
hü-o 

*H 4) 
■ a C M 

T3 -H 
<0 

a 9> 
® XI 

5 
0 

XI 

U 3 
O ß 

■p ^ 
o g 
® 3 

:i 
X) X o 

•8 
X 
H 0 

0 
B « 

X X 
•P Cu 
Vi w 
XI 
C XI 

5 S 

I 
§ 
§ 
*1 
o 
w 

o 
o 

ß •O 
© O ß • 
ß -P 0 © 
0 a rH 

0 © ß. 
X XI 3 
Ü 0 -H O 

•H no 

03 K tUj 
bo ß 0 ß 
3 3 X) -H 

rH hO *H X> 
« -H 

bûrH ► 
ß 0 P. O 

■ri mH 0 ß 
■P O rH fß 
fl © ß 
3 P< © 0 
O 0 ► 3 
B OX 

0 -P 
Xi r^ »V 
+J © © 0 
•H t£X © 
Si 0 -P rH 

bC 0 
XJ B V ï s.® s i 
SrH i 

-197- 

.ßik 

^
IG

. 
1

1
2

. 
£

-1
1
 

D
üC

K
-T

Y
P

ß 
A

LU
M

IN
U

M
 

B
A

LK
 

O
O

K
N

üC
TÛ

H
 



í 

» 

I • 
o a> 
3 n U XI 
4> 
« n 
C i- 
o ® 
o t» 

« 
Cm i* 
O 

$ 
a o 

n 
V 

o 
X 

o 
+> 

E 
s 

•H 3< 
«9 r-t 
• « 

■C X 

•o 
4» 

tí 
•H 
Cu 

d 

O m 
si m 

Zh 

z & 
X o 
o ® 

s fc 
ß 

t 
tí 

8 
s* 

¿5 ? 

S 

•3 ë 

:S 
H 

i 
tí 
X 

X 
X 

OS 

s 
X) 
V m 
3 

í-< 

O 
o 

(A <m 
X 
® ® 

TJ C. 
tí 

hO 
C W 

o o 
X 
® 

* S r-t X 
« 

;í 
« 

® 

h 
o 

8 

V. "O 

H 
o ® 

5 S 

ou® 
•f» «• ■O O rj 
hD C _ U. X 
C -H -d _ 5 
o cu ® *d ® 
rH W3 ® ^ 

p tí "O 5 

® X X ► X 
X o o 

c< ® u u 

- ° 2 a? eux d S 0 • « X X 
OJ .H TJ 

« ® Ç © 

^ 8 § 8 Í3 
o 

« tí >ü 
_ » X O rj 
O X X tí 

L, X X X 
i o tí , 
Cu c X ^ 

tí 3 o 
® tí o 
« O X n 

® O X ’tí 
X o X u tí 
H X W «< M 

e 
tí ® 
o u 

tí 

* 2 •H C 
(0 *H 
o cu 
o< 
a w O tí 

g 

I 
w 
(U 
o 

X X 
X o 

£ ®t5 
XX® 

H X 
e g- 
U 3 
tí • O 

*e o 
« c -c o >* 
c «H ^ 

® tí 3 
X ^ 
X ® 
® u • 
X tí X 

'T\ 

3 

ë 

a> « X 
X ® Ö 

OS 
O 
H 
O 

O O 
X •*“> 

5Ü 
X X 

o 
o 11 

-198- 



•• 

á 

í 

o 
■p 
X) • 
« 

rs 
so 

•s § 
4> 

a c 
« o 
V Cu 

-O 
T3 

« O 

é g 
k. c 

Sá 

O x> 
O V. 

ai 

« 
43 

m 
u 
•H « 

+» 

■o 
o 

• • 

n 3 
H 

g 
H 
O 
M 

I O 
O 

as 
k 

SL 
M 

t) 
J3 

O 
•P 

s 

as 
j: 
4> 

O 
<U 

• ^ 
P> O 
C X) 
•ri 
o k 

T-Î O 
■p 

•o ü 
as as 
£S 
^ o 
J2 ü 

« «M 
O 

k. 
o 

Cl 

•8 
•»■t 
► 
0 
In 
Cu 

£ 
as 
E 
3 
O 
O 
« 

p 
o 
S3 ■ 

n 

aS 

P «> % Im 00 
as ts «H 
a. as m 

BS cl 
ri 3 0 
ri O 
•H (U 
» p « _ 

P ri *rl 
P p k, Ck P 
0 o ri as 

*H • Ö ÍX TS ri 
o a q as 3 •o o 3 as Ck o 

•r4 O OS vH 

51ÎP § 

>» 
9 

c 
ri 
u 
I 
•*i 
a 

p 
ri 
as 
tk) 

J3 
<5 
ki 
as 
p 
a 

ri 
43 
Ci 
O 
M 

T> 
c 
w 

ki 
as 

43 
P TJ 
as ri 
tsCtk 
o 
p 

k. 

í 
p 
£> 
o 
p 

ss 
o 
n 

§ 
I 
g 
H 
O 
W 

O 
o 

tu) 
a 

•H 
O 
O 

P 4* * 
43 ri d 
U) d ri 
3 43 4S 
O 
k. C 

x> ® 
« O 
u 
as xi 

3a 8" 
ri OS M 
ri ri 3 

43 (3.43 
P 

» BS » 
C -1 T) 

p 8 
o •o ai 
<l> O rH 
g 43 Ck • 

o k. a S 
o o 

p 
OOP 
ri as ri 
•£ 9 £ § 
£ O aS 0 
» O ö 
® C0 «H 
^ -a a -p 
o s-a.8 
H O 

•a « 
O c ri 
as ri 
o a Ë 

•O ri 
a ri o 
as ckP 

°£2 

-199 

o 
o 
i»ri 
1 
CQ 

X 

i 

3 
o 
£ 

« 

— 

4 

1 

.I II m . 



-200- 





I 



*! 
fl 

i* 

T3 « 
V 
o 

la • I* 
3 V O. 

.i5 , 
m m O Ã 

-° îï -a ►» « O *0 

M ■«i c a£ 3 
I* # P 

IIs 
Sil 
5§l 8 
• «I «4 

^1 jl 
• & o *; 

1¿¿Í 

s 
i 

5 í i 
-x>u 

•o 
4» (3 
ja e « 
MÍ* 
3 0® 

i:íI 
¡jll 
W 4> JC 
t3 ® 4» • 
O MJ: 
* • Ö 4> $f5 4J 

« 5 i. q* i. 
. s, 

s 0¾ï 
S 
S rl KJ* 

8 . 1J! • c ■ ^-¾ 1 -5 £ 
:-2 2 

í I 
r* 
k P 

a 
& 
I* 

t2 
S g3 •3 

o 

I £ 
:í 
— o 

•o 

I* s t * 
•Ö 

li-ÿ 
ï« la pm 

«? «•a 
5, 

i** 
ill 

I? 
■3 2 

• _ 
al 

F
1G

. 
1
1
8
. 

E
-1

6
 

tí
-I

N
C

H
 

PF
 

BA
LK
 

CO
íiW

iiC
TO

R 



T 

i 

' 

F
IO

. 
11

9.
 

E
-1

7
 

18
-I

N
C

F
 



T 



V 

i 

Z 
o 
4» 

I 

« . 
a S 

«2 

r 

■ t~ 

*> J3 
O O 
« c 
11 
o ao 
o t» 
s « 
í* 

' s 
■$ +; i. 

• © ® ® r-t B > 
£ a) o 

ß d Sî X P* 
O 0 <P r*H *H 

O M #0 rH 
• E » r-t « » ® 
« d ä » B -w H « 

D< d 
í o • ® 4> +> * i, r -H 
.4Í|+,4» 
U c 4> W> ® 
o X ® d £ 
4> 4> bú >H 4> 
O ou 
® *0 4» 3 o 
§ s• 
5 d ® t> 
O^oo. 

• ® o o, ►, 
4> • C 

r4 ■ d • 
• Î s xi ® r .4» c 
M C 4» 0 

• M • JM r4 4* 
m £ o o 
d 4> O • • 

° 2 o * ® 

>» ® <-H 
o d 

o 

0 2 
>» 

g 

d 

5 
4» 

■ 
Sd 

a d 
Z9 

S* . 
4» O K» 

^ t 

ï 

4* O H 
sra o a 

i> 

1 
d • c 
s ?, 

¿íS 

3 i 
|2’11 

=3ni 
a o 
; *» 

mA 

<* 

t 3 
f a. 

HJ 
O i 
•3 
a 
8 

33 
O 

s 
t¿ 

? 
M J 

c3 
H 
h. 



If-'1''... •T 



T
h
i
s
 
b
a
l
k
 
o
o
r
m
a
o
t
o
r
 
h
a
s
 
b
a
a
n
 
d
e
s
i
g
n
a
d
 
to
 
b
e
 

d 
w
i
t
h
 
a
 
1
2
-
i
n
c
h
 
a
l
u
m
i
n
u
m
 
W
 
b
e
a
m
.
 

•¡¡OS» 



-309* 



« 

Da 

tkJ * 
£■8 

ri S 4 a ^ 
ri ar* ’'O O 

H H 

9. ri 
la • ». I 

$3.8t3 8 
o . -fri*! P - O »ï n 

„ O » 
q i • ? 
<r4 O il ■ H 

V # 
T3*»VDi. 
^ n M M <4 

* 10- 

O _ •o « 
Xi O 
« ri O 

u Si * 4> 

« i &1 3 

*i «ï 
n o o •♦» 
4 4 
O 4 •» ri 

M> 
5 * 

1*3 g 
a-»« • q 
«4 b S’'“' J:v 
fl “D 2 . 
• • B b ^»rl t b »4 O P 4 

O ♦> b, b 
OC© o.^ 1 I. 

li H 
Î5û 
~ 3 

1 îi 11 

g.s. I 
T3 41 
8 b t 
Ï2 I 
o. fl S 

4 b 

2 

jèil 
3C b. 

O n 
*o ^ 
i :ï 

^ 4 0 
O O • 3 X fl 

4 b Da 4* 4 

- X ^ fl “O 5 

33i3as! 
•lar-1 

’»ii 
0 83¾ 
T V 
I ■ 

I 

F
1
Q
.
 
12

5.
 

S
-
2
2
 
R
A
F
T
 
O
O
N
N
Ü
C
T
Û
R
,
 
T
Y
P
E
 
I 

R
»
r
t
 
C
o
n
n
e
c
t
o
r
 
in
 
U
n
l
a
t
c
h
e
d
 
P
o
s
i
t
i
o
n
 



F
IO

. 
1

2
6

. 
E

-2
2
 

R
A

F
T
 

C
O

R
R

E
C

T
O

R
, 

T
Y

P
E
 

1
 



▼ 

' 

ï 
fe 

a 

3 

S 

£ w 

X> V> 

4* *» 
-31 • • o X) 9 tg 
■O _ rH 0 

■0'S 

t! II 
« t* k ( * ° «a 

*■8 2" .¾ • 

*£¡ílíl 
8 

ï* 
85 

ê> 

!s 3s 
<«'0 a • i S 

S*t 1 
íJ^íeg 

2 

•a a* 

« 

2 

c- 
Ci 

• O B3 h 

- 



APPENDIX F 

SHORE CONNECTIONS 

I^em Pag® 
•mmmrnLm 

Fig« 128« T-l Treaties 216 

Fig, 129, T-l Trestles 216 
Fig, 130, T-l Trestle Assembly 217 
Fig, 131, T-l Landing Bay 218 

Fig* 1^2* Landing Bay Truss Span 221 
Fig, 133* T-2 Trestle - General Assembly 222 
Fig, 134, T-2 Ramp Balk 223 

Fig, 136, T-2 Deck Balk Approach 224 
Fig, 136, T-2 Trussed Deck Approach 225 
Fig, 137, Long Landing Bay 229 

111- 





, 

\ 

' 



WWWIHHIIIHIMil llilli BIW1WI ffiWIW 





Landing Bay Span 

Proposod by 

Howard* Noodles* Tarmnon and Borgendoff 

This landing bay is a pin-oonneotod pony truss adjustable 

for lengths of 16, 32, 48, 64, and 80 feet. A water level fluotua- 

tion of five feet is provided for under all loads including the 70- 

ton tank retriever. The whole span has 279 parts, there being only 

13 different types, of whioh 6 types are used in the trusses. Floor 

beams, stringers, laterals, and bearings are uniform. Special parts 

include distributing beams required at the floating end, tapered balk, 

and curb of special length. All londs can be manhandled und the 

trusses can be erected on shore. The raft x'or support consists of 

five half-pontons for division loads and five full pontons for army 

loads. 
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MEMORANDUM toi Captain Swain 

ElV108 
18 April 1944 

Subject i Long Landing Bay. 

1. The long landing bay consists of an assembly of parts* 
the maximum weight of any one part not exceeding 275 pounds« The 
parts are so designed that span units of 15 feet are the standard 
divisional Increments, namely, 15, 30 and 45 feet as may bo required. 
Each truss beam will carry a load concentrated at the middle of 10 
tons* This load induces a maximum unit stress of 24,000 pounds. 
With the use of transverse beams to distribute the load equally to 
each beam, it can be seen that the amount of load of anyqpan will be 
governed roughly by the number of beams used in the span, diminishing 
with the span lengths over 15 feet. A SOtfoot span consisting of 20 
beams will carry a concentrated load at the middle of the span of 40 
to 50 tons, providing the load is distributed to all the boams. 

2. The assembly consists of two principal elements and a group 
of auxiliary parts to act as fastening devices for the two principal 

elements. The principal elements consist oft 

a. The truss beam is 15 feet long, 20 inches deep and 4 
inches wide. The members of the beams are made of high strength 
aluminum extruded sections, held together by steel rivets and 
bolts. The beam is fitted at each end with two pin eyes to 
connect it to other beams. The total weight of this member is 

about 275 pounds. 

b. The floor grating consists of a panel made up from 
eithe7 steel or high strength aluminum, the floor grating is 
in rectangular panels, the approximate depth of the grating is 
the same as the 25-ton ponton bridge chess. The steel grating 
weighs about the same as the wood ohess per square foot and the 
aluminum design about one-half the weight of the wood ohess per 

square foot. 

3. The auxiliary parts consist of the following: 

a. Triangular or horn beam end for the truss beam. 

b. A ramp beam for making a support for the docked ramp 

from The bridge deck to the landing bay deck. 

£. Spacing frames for the truss boams. 

d. Steel guard rail also to be used as a transverse beam, 

e# Skids to be used on the bridge dock as a support and 

spaoe7 for the boams of the landing bay. 
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f. clamps for seourin6 theteams to their supporting objects. 

Hangers for scouring parts to the beams. 

4. In addition to the design use or the equipment as a j;“*din6 
bay for the 25-ton ponton bridge, it can be used as a deoking 
both the trestle apans and floating spans of ponton brid608* 
properly assembled, clear spans of 30 feet with *£or 
of a static concentrated load of 40 tons may be had. Th« 
safety would be about 24/40 of the yield point if high strength 
aluminum is used. On standard trestle bents l0Qp 
creased up to the carrying capacity of the trestle. For floa g 
spans the beam elements can be used as in the continuous beam type 
decking or set up in either raft or bay type decking to ^ctical 
requirements. Other features for the landing bay equipment is that 
with the use of standard trestles and bracing, docks “d Plf” f?^ 
landing operations may be built, also it may have a substantial tacti¬ 
cal value in that it will build into a submerged trestiebridge 
thereby reducing its vulnerability by air attack. Attachments for 
these uses are part of the long landing unit. 

5. The unit lengths have been selected that will allow 
items to be transported in standard bodies of f * 
also considerations in the design were given to the 
projections so that voids in shipping space would bo held to a minimum 
and damago by handling practically eliminated. 

A/ Edward L, Mifflin, Jr., 
Principal Engineer, 

Design and Drafting Section# 
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DETAILS OF PROCURAIENT 

1« Based on the designs accepted for trial* the following 

items have been placed under procurements 

a. Pontons 

(1) Aluminum, S. & S. design No. 4. 
(2^ Plywood, S. & S. design No. 26. 
(3) Plywood, Engineer Board design No. 4. 

b. Superstructure 

(1) Deck balk, S. & S. design No. 350. 
(2^ Approach span and trestle, S. & S. dosiga. 
(3) Balk, H.N.T.& B. design No. 168. 
(4) Chess, H.N.T.& B. design No. 330. 
(5) Adjustable connectors, guard rails, etc., 

H.N.T.& B. design. 
(6) Balk, I-beam design No, 64. 

Those will provide sufficient equipment to make partial engineering 
tests on the proposed floating portions of the bridge according to 
three designs of superstructure. The Sparkman and Stephens approach 

span also can be tested. 

2. Procurement planned within a short period and waiting on 

the bill of material from the fabricator consists of i 

a. Fixed connectors, H.N.T*d: B. design. 

Is. Trestles, H.N.T.A B. desigp. 
"c. 60-foot Division approach span, H.N.T.i B. design. 

7. Miscellaneous small items. 

In addition, it is anticipated that additional quantities of equip¬ 
ment will be required at such time as the engineering tests have pro¬ 
gressed to a decisive stage. In order for service tests to be per¬ 
formed, it will be necessary to obtain sufficient equipment to pro¬ 
vide one complete unit of such design as may be accepted. Design 
changes during engineering tests, a number of which have already 
occurred, will also require additional proouroraent. 

3. a. The general status of the items ordered is given in 

the Procurement Status section of this appendix. 

b. The expenditures involved up to 15 April 1944 are 
shown*“in the Cost Sunsnary section of this appendix. This 
provides an indication of the relative cost of the different 
desigis, though quantity production can be expected to change 

the relationship somewhat* 
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4. a. The procurement of experimental orders of aluminum 
extrusions, sheets, and shapes provides one of the largest 
single delays in this bridge development program. In general, 
it is now possible to obtain delivery of alumin'im extrusions, 
where construction of a die is concerned, in about six to seven 
weeks after preparing the requisition. Fabrication then requires 
an additional 30 to 75 days. Therefore, it may be expected that 
it will require a minimum of 10 weeks, and probably 12, to obtain 
a quantity of experimental items after a design has been determined* 

b. Present regulations governing scheduling of aluminum 
extrusions held the producer no closer than 45 to 105 days de¬ 
livery after placing the order. However, close cooperation with 
the manufacturer is creating advance shipments up to a minimum of 
five to six weeks after placing the order. 

£• It has boon proposed to set up a stockpile of aluminum 
for use in future experimental purchasing. However, C.M.P. regu¬ 
lations do not permit the manufacture r to accept orders for ma¬ 
terials unless accompanied by final specifications. Since different 
extrusions and shapes require different sized billets and blooms, it 
is not possible to physically sot up a stockpile of material to be 
rolled or extruded at a later date. Thoreforo, it is not possible 
to expedite procurement of experimental aluminum orders until the 
specifications for each item are known. Actual deliveries on pro¬ 
duction directives are determined to a large extent by the load 
of orders already in the mill at the time of the request, the 
interference with scheduled orders by issuance of the production 
directive, and the urgency of the project involved. Therefore, 
there is no way to indicate in advance of the request for pro¬ 
duction directive just what delivery con be aoccmplished. 

£. There is no official special priority placed on this 
project which automatically requires top preference in scheduling 
deliveries; each order is considered separately. However, it is 
not believed that any delay has occurred to date because of this 
fact, sinoe the mills have made shipments at the earliest possible 
date consistent with their schedules. 



PROOUREkENT STATUS 

DIVISION - ARiiï BRIDIE 

BR 473 AND 474 

Requisition 

No, 

3 3/698 

13/700 

13/680 

13/695 

13/694 

13/712 

13/718 

13/682 

13/667 

13/342 

Item 

Balk, Chess, Gunwale Adap* 

ters, etc., HNT&B design. 

Gunwale Adaptors, uppt • 

and lower* light and 

heavy, HNT&B design. 

Alpinum extrusions for 

Chet's and balk* HNT&B 

desig/i. 

Steel piaros, cheekofed 

and plain, for HNT&B chess 

16 April 1944 

Cofttraot tf 44-009*ong-132 

with Allison Steel Manufac¬ 

turing Co, Delivery expected 
15 Junei 

{ V : 
Contract W 44-009-ohg-130 

with Aluminum Company of 

Amorioa* Items 1 and ¡3 

shipped 15 Aprili Item 3 

shipped 8 Aprili Item 4 

to be shipped 29 April* 

Contract W 44-009-eng-122 

with Aluminum Company of 

America* Delivery expected 
22 April* 

P.0. 31613 - shipped 7 

Maroh. Received, 

Miscellaneous aluminum 

bars, plates, angles, etc. 

Aluminum plates for 

HNT&B design* 

Addition to Reqn, 13/680 - 

extrusions, 

200 aluminum balk, S&S 
design, 

150 additional balk, 

S&S design, 

400 extrusions for 200 

S&S balk. 

Contract W 44-009-eng-134 

with Aluminum Company of 

Amorioa, P.0, 31333 with 

Whitehead Metal Products 

Company. All items shipped 

for receipt approximately 

29 April, except 2(# of 3/4 

O. D. tubing to bo shipped 

1 May express*. 

P. 0. 31336 shipped from Los 

Angeles 20 March. Reoeived, 

Supplement to Contract W 44- 

009-eug-122, same delivery. 

Contract W 44-009-ong-103, 

92 balk reoeived 15 April, 

Supplement to Contract W 44- 

009-eng-103, 

Reoeived 18 February, 
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PROCUREMENT STATUS 

DIVISION - ARMY BRIDGE 

BR 473 AND 474 -oont. 
15 April 1944 

Requisition 

No, 

13/664 

13/689 

13/588 

13/669 

13/59* 

13/665 

13/703 

13/693 

13/681 

13/710 

13/684 

13/666 

Item 

300 extrusions for 160 

additional S&S balk. 

One-lnoh round bar 

aluminum. 

100 square feet of 3/8- 

inoh plate, aluminum. 

Plywood strips for S&S 

balk. 

Aluminum plate, checkered 

and plain, for S&S balk. 

Aluminum plate for S&S 

balk. 

Balk, aluminum, 1-boom 

type. 

Al'tminum plate for 

I-beam balk. 

Status 

Received 18 February. 

Received 14 January. 

Received 30 January. 

Received 25 February. 

Received 29 February. 

Received 29 February. 

Contract W 44-009-eng-133 

with Allison Steel Manufac¬ 

turing Co. Delivery ex¬ 

pected 10 May. 

P.0. 31333 with Whitehead 

Metal Products Company. 

Shipped 15 April. 

Aluminum extrusions for Contract W 44-009-eng-122 

I-beam balk. with Aluminum Company of 

America. Delivery expected 

'¿ April. 

Aluminum extruded angles 

for I-beam balk. 

P.0. 31616 with Aluminum 

Company of America. Received. 

Aluminum pontons, S&S Contract W 44-009-eng-125 

design. with Lord and Burnham. Fabri¬ 

cation delayed pending receipt 

of Government-supplied materials. 

Delivery prior to 30 May. 

Aluminum plates and P.0. 31321 with Aluminum Company 

extrusions for S&S pontons.of America. All items shipped. 

Except receipt at Lord and Burn¬ 

ham 25 April. 

236 



Requisition 

Mo, 

13/580, 626, 

673, 692 

13/601, 670, 

729, 736. 

PROCUREMENT STATUS 

DIVISION - ARMY BRIDGE 

BR 473 AND 474 - oont. CKj/dtz 

15 April 1944 

Item Status 

Plywood pontons, SAS Contract W 44-009-eng-100 

design, with Henry B, Nevins, 15 

pontons shipped and received. 

Balance expected 30 April, 

Plywood angles for All materials rooeived, 

pontons being fabri¬ 

cated at Engineer 

Board, 
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Mr .lor Item 

Super¬ 
structure 

Floating 
Piers 

Design 

COST SUMMARY 
EXPERIMENTAL PROCUREMENT 

DIVISION - ARMY BRIDGE 

26 April 1944 

DqB.lgft 

HNT&B 

No. Ordered Co.t/Pleoj Total Cost 

Balk 
168 (Materials) 
168 (Fabrication) « 418.00 

$70,324.00 

Chess 330 

Curb 
Balk Connectors 
(Adjustable) 32 

Anchor 512 
General Adapter 64 

79.00 26,070.00 

83.00 3,320.00 

120.00 3,840.00 
19.60 9,984,00 
180.39 11.546.00 

TOTAL $125,083.00 

S & S Chess-Balk 350 
Trestle 
Transom Connec¬ 
tor and Struts 

Ramp Balk 

I-Beam Balk 

46 
70 (Materials) 

98.40 $ 34,446.00 
6,595.00 

6,508.00 

46.25 2,081.00 

167.81 10,744.00 

S & S Plywood Pontons 26 
Aluminum Pontons 4 

Clement Plywood Pontons 2 

TOTAL - EXPERIMENTAL 

$2,961.50 77,000.00 
3,421.50 13,686.00 

3,080.00 5,160.00, 

PROCUREMENT $281,303.00 

HNT&B 
S & S 

Superstructure 
Superstructure and Floating Piers 

GRAND TOTAL 

22,361.00 

75 ./100'00 

$377,054.00 
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INTRODUCTION 

The first section of this appendix consists of Major 
Cowley's report on the preliminary study and computations made to 
determine which types of floating bridges would offer the best 
approach to a design waioh would meet all military requirements for 
Group 25, Group 50, and Group 80 bridges. Six different combinations 
of pontons and superstructure wore compared on a basis of simplicity 
of design and fabrication, ruggedness of parts and assemblies, speed 
and ease of construction, weights of individual parts and the total 
shipping weight, ease of transportation, flexibility of construction 
possible and ease of nonvorsion for heavier loads, whether or not 
rafts used before construction could be incorporated into the bridge, 
and the traffic capacity of the bridge. Special studios of the most 
effective depth of sections used as balle and the effectiveness and 
limitations of articulated and adjustable articulated joints are also 
presented. 

A mathematical treatment of the action of ponton bridges 
under load, with and without articulation in the balle joints, is 
discussed in the second section by Professor Bowman. In the first 
section, without articulation, the following assumptions are made» 
(1) the balk act as eontinuous fceamsj (2) the support of a ponton 
may be considered as a point support} (3) the righting moment due 
to rotation of a ponton may be neglected; and (4) the ponton is 
assumed to have a box shape so that displacement is directly pro*- 
portional to the ponton reaction. Equations are then derived for 
various loadings on bridges having any number of supporting pontons. 
Articulated joints are treated with the same assumptions except of 
course that the balk do not act as continuous beams until the limit 
of articulation is reached. 

The third section, Lt. Colonel Howard's report on the use 
of floating bridges in streams having swift ourrents, begins with a 
discussion of the failure of established methods of training to pre¬ 
pare bridging orews for operations in stream velocities over three 
or four feet per second. Proper methods of construction of the 
approaches, approach spans and their footings, anchorages which will 
not collect debris and fail, and notes on the effectiveness of debris 
collecting booms, bow adapters and methods of looking ohess in place 
are discussed. Also included are recommendations for safe and effi¬ 
cient operations of raft equipment. 

Tho methods used in testing the offoot of magnitude of load, 
position of load and stream velocity on tho safety of floating bridges 
are explained in the report of Lieutenant Black, Curves which show the 
relationship between freeboard and velocity and between safe load and 
velocity are included. 
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SELECTION OF TYPE OF FLOATING BRIDGES 

By 
W. E. Cowley 

Major, Corps of Engineers 

1« General. The primary objective in the design of Floating 
Bridges is”that the completed bridge satisfy the military requirements. 
Second objective is that the bridge bo the most efficient and practical 
type of its kind. 

2* Military Requirements. 

a. See Appendix B, Directive for the Engineer Test of 
DivisTon, Army, and Heavy Bridge Equipage. 

5. Typos of Floating Bridges Studied. There are two general 
types s those which act as simple beams between floating supports and 
those which act as continuous beams to spread the load over several 
supports. Six arrangements of those general types were studied* 

a. A deck on stringers acting as simple beams over long 
spans”hetwoen floats made up of several pontons (Figure 1). 

b. A deok on simple beam stringers between single ponton 
float's with heavy continuous beams attached to the sido of the 
bridge to got load distribution ovor several pontons (Figure 2). 

£. A deck on stringers acting as continuous beams (Figure 3). 

d. A deck on stringers which have articulated joints in 
which-articulating tolerances are fixed (Figure 4). 

e. A deck on stringers which have adjustable articulated 
joints^ (Figure 5). 

f. A deck incorporated into the tens of stringers which 
have articulated joints (Figure 6). 

4. Types of Dock, There are three usual typos of deoki 

a. Full decked or chess type (Types a to o above). 

b. Treadway ^ype* 

o. Dock incorporated into top of stringers, eliminating 
the transverse piooes of chess (Type f above). 

5. Features Requiring Considération in the Design Analysis. 
There are a number of features that must be oonsiclered in the bridge 
to be designed. These features listed in order of importance arei 

-243- 



a. Requirement«* These must satisfy military require- 
monts”as outlined in appendix* 

b. Simplicity. The design must be simple with reference 
to thie assembly of parts such that troops, other than especially 
trained bridge troops, can. under competent direction, efficiently 
construct the bridge under adverse conditions. The number of 
different parts must be held to a minimum, and similarity of dif> 
ferent purpose parts be avoided to prevent errors in construction. 
There must be a minimum of close-fitting parts which would make 
construction, difficult* 

£. Ruggedness. The individual parts must be rugged to 
withstand abuse in transport and handling without loss of service¬ 
ability. 

d. Rapidity of f instruction. The bridge must bo capable 
of rapid construction, especially in the Division capacity. Its 
parts must be readily assembled for use in ferries and rafts. 
Military requirements of the specified limiting times for con¬ 
struction are given in the appendix. 

£. Flexibility of Construction. 

(1) The bridge equipmenc must bo such that the capa¬ 
cities outlined in the military requirements can be ob¬ 
tained in the bridges and rafts with a minimum of special 
purpose parts. 

(2) The bridge must be capable of reinforcement for 
higher loads with a minimum of traffic interruption. 

(3) It is desirable that rafts used in the early 
stages of the taking of a bridgehead can be assembled into 
the bridge with a minimum of effort. 

(4) The stringers will be such that a landing bay 
of 30 feet can be obtained without reinforcement and should 
be capable of reinforcement up to 40 or 50 feet. 

(5) Provision will bo made to obtain an adjustment 
for change in water level to a maximum of 15 percent slope 
on the landing bays. 

(6) It is desirable that any portion of the floating 
bridge can be readily removed to obtain a drawbridge for 
river traffic, debris, or security* 

(7) The stringers and decking must be usable on 
trestles, bents or piles to construct fixed bridges, or 
for reinforcement of existing fixed bridges. 
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(8) Short romp stringers will be provided to extend 
the roadway fron the abutment sill to the ground. The 

decking on these ramps will not be special. 

f. Traffic Capacity. The bridge will be capable of pass- ^ 
ing t7affio under tactical conditions without being a "bottle neck. 

g. Gross Weight and Shipping Volume . The weight and volume 
will be the minimum possible to satisfy ti i military requirements. 

h. Method of Construction. The bridge must be capable of 
manual construction as specifiod in the military requirements. 

1, Transportation. The use of standard transportation 

facilities is desirable. 

6. Desipi Analysis of Different Types. 

a. It is necessary to go through the preliminary design 
of specific types of bridges to properly evaluate the merits of 
each with reference to the military requirements and the features 
outlined in paragraph 5. A bridge, to satisfy the military re¬ 
quirements of the Division, Army and Heavy Bridge, will be de¬ 
signed (preliminary design) in each of the listed specific types. 

b. It would bo advantageous to analyze those different 
types'”of bridges with variable values instead of specific values 
limited to the military requirements; however, the limitations 
on float weights in military requirements would defeat the pur¬ 
pose of the analysis. The bridges designed are limited to a 

certain extent by those requirements. 

o. The following assumptions are made in the following 

examples : 

(1) MaxiTnnm loads will be a 25-ton tank, 50-ton tank, 
and for the Heavy Bridge, the maximum obtainable with the 
equipment used in the Division and Army Bridge. 

(2) A float having a net displacement of approxi¬ 

mately 16 tons (full float) can be constructed having a 
weight of not more than 1200 pounds per half-float. 

(3) For these examples, the heavy ponton îhess will 
be used for decking, '.‘his will give a relative weight value. 

(4) Aluminum will be used where practical. The design 
maxim'im bending stress is to be 28,000 pounds per square inch. 

(5) To tie the design together, it is necessary to 
assume a minimum distance between capacity loads. The mini¬ 

mum distar.ee between the capacity loads is assumed as 
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approximately 80 feet. This value is dependent upon 
traffic regulations, but controlled by engineers on the 

bridge. 

(6) It is desirable that the free water percentage 

never be less than 40^. 

7. Example lt Stringer Bridge on Floating Piers. 

a. Preliminary estimates indicate that the most efficient 
length of span, considering the maximum float size as approxi¬ 
mately 16 - 17 tons, net displacement (full float), is approxi¬ 

mately 60 feet. 

b. Basing the calculations<n a 50-foot span (Figure 1), 
and using aluminum for all members except the decking and curbs, 
the structural members as indicated in Figure 1 are as follows» 

(1) Float Size, 33,600 pounds not displacement. 
Approximate dimensions are fifty feet by six feet by three 
feet. Two floats are required per pier on Division Bridge, 
three per pier on Army Bridge, and five per pier on Heavy 

Bridge. 

(2) Stringer A is a 16-inch by 7-inch aluminum wide 
flange beam. Vieight per foot is 12.1 pounds. Section 
modulus of the section is 56.3 inches oubod. Seven stringers 
are required in the Division Bridge, ten stringers are re¬ 
quired in the A^my Bridge, and sixteen stringers on the 
Heavy Bridge. The individual stringer weight, including 
two connections on each stringer, is 690 pounds. 

(3) Float stringer B is a 12-inch by 5-inch aluminum 

wide flange boam. The weight is 10.3 pounds p«r foot. 
Section modulus is 36 inches cubed. The stringers are about 
17 feet long and spliced for a total length of 34 feet for 
the Army and Heavy Bridges. Two stringers are sufficient 
for the Division Bridge, five for the Army Bridge and eight 

for the Heavy Bridge. The float stringer weight on the 
Division Bridge is 350 pounds per pier, the Army Bridge 
stringer weight is 1760 pounds per pier, and the Heavy 
Bridge stringer weight is 2800 pounds per pier. 

(4) Stringer sill C is a fabricated aluminum member. 

The top and bottom plates are 12 inches by 3/8 inch and 
the side members are 6 inches by 2,76 pound aluminum 
channels. Slots are out in the top and bottom plates to 
posit-on the stringers, which have a dowel pin that engages 

with the slots. 

(5) Transverse balks D are clamped under the stringers 
to increase the stringer efficiency. Eighty percent stringer 
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Beam 

offioienoy was assumed in the calculation when the trans¬ 
verse balk was used. The transverse balk are 12-inoh by 
5-inoh by 10,3-pound aluminum I-beams clamped in position 
approximately at the rigid splice in the stringers. The 
weight for two balks is 275 pounds. 

(6) The curb E is assumed to be positive and to have 
a weight of 30 pounds per running foot of bridge. The curb 
is set at 128 inches on the Division Bridge and 150 inches 
on the Army and Heavy Bridges. 

£. Summary. 

(1) The weight of the above bridges are: Division 
Bridge 385 pounds per foot of floating bridge, Army Bridge 
500 pounds per foot, and Heavy Bridge 700 pounds per foot, 

(2) The capacity of the Division Bridge is approxi- 
matexy 30 tons, the Army Bridge 50 tons, and the Heavy 
Bridge 75 tons. The minimum distance between capacity 
loads is 50 feet. 

(3) The approach spans can be any length up to 50 
feet and would compensate for changes in water level. 

(4) The building of rafts to ferry loads would 
necessitate the construction of rafts with the floats 
directly under the stringers. The rafts then could not 
readily be used in a bridge. 

(5) The free water percentage is approximately 75 
percent on Division Bridge, 65 percent on the Army Bridge, 
and 40 percent on the Heavy Bridge. 

(6) The bridge is not flexible in construction as 
it would be difficult to reinforce without adding extra 
and longer float stringers, and extra deck stringers, 
which would moan reconstructing the bridge. 

(7) The construction would be slow due to the close 
fitting and numerous parts necessary in rigidly connecting 
the stringer parts. 

8. Example 2, Combination of Stringer Bridge with a Continuous 
(Articulated) over Floating Pier's^ 0 

a. Preliminary calculations indicate that distance between 
floats should be approximately 16 feet on Division and Army 
Bridge and on 8-foot centers on Heavy Bridge. Balk length is 
16 feet. 
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b. Baaing th* calculation# on the above values and using 

aluminum for all structural members except curbs and chess,the 

structural members as indioatod in Figure 2 are as followst 

(1) Float Siso, The net displacement per full 
is 32,000 pounds. The approximate sise is 50 feet by 6 feet 
by 3 feet. The float weight is assumed to weigh 2400 pounds. 

(2) Stringer B is an 8-inch by 4-inoh aluminum I-boara, 
weight per foot is 7.3 pounds. Six stringers are required. 

The weight per stringer is 100 pounds. 

(3) The Float transom C is an aluminum box aeotion 
weighing approximately 14.2 pounds per foot. The transom 
weight is approximately 240 pounds. The transom has «op¬ 

ting devices (Figure 2A) that secure aftio^aï®d 
and form the tension side of the beam joint, Slotted holes 
are in the lower flange of the transom to position the 
stringer, which has dowel pins that match the holes. The 

transom functions as a sill on rafts and bridges. 

(4) Tho articulated beams A are aluminum box sections 

weighing approximately 14.25 pounds per foot. The boa® 
weight is approximately 300 pounds. The clearances in the 
joints give an articulation one way of 2f inches. Two beams 
are used on Division Bridge, four on Army Bridge, and six on 

tho Heavy Bridge. 

(5) The guard rail (not shown) is a curved steel section 

which clamps on the dock and is secured by clamps to the 
stringers. These members would weigh approximately 30 pounds 

per running foot of bridge. 

£. Summary. 

(1) The weight of the Division Bridge would be approxi¬ 

mately 325 pounds per foot of floating bridge, of the Army 

Bridge 450 pounds per foot, and of the Heavy Bridge 625 

pounds per foot. 

(21 The load capacity of tho Division Bridge would be 
a 25-ton tank, of the Army Bridge a 50-ton tank, and of tho 
Heavy Bridge approximately 80 tons. The minimum distance 

between capacity loads is 80 feet. 

(3) The approach spans are limited to about 24 feet 

length without additional reinforcement. 

(4) Rafts could be readily incorporated into a bridge. 

Raft and bridge approach ramps are shown in Figure 2A, 
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(5) Tho bridgü can be readily reinforood in the Di¬ 
vision capacity up to a capacity of approximately 80 tons 
with little traffic interruption, 

(6) The free water poroontage is approximately 62 
percent on tho Division and Army Bridge and 25 percent on 
the Heavy Bridge, 

(7) No provision is made in the dosigi for change in 
water level due to the short approach span. This feature 
could be added by the addition of an adjustable beam section 
at the end float. 

9. Example 3, Continuous Beam over Floating Piers, 

a. . Preliminary calculations indicate that the distance 
between floats should be approximately sixteen feet on tho 
Division and Army Bridge and eight feet on the Heavy Bridge, 
Balk length are 16 feet. The load would be distributed over 
five floats when the load is directly over a float and on four 
floats when load is between floats for Division and Army Bridge, 
and distributed over nine floats and eight floats for the Heavy 
Bridge, 

b. Basing the calculations on tho above values and using 
aluminum for all structural members except deck and curbs, and 
structural members as indicated in Figure 3 are as follows» 

(1) Float Sise. The maximum net float displacement 
(full float) is 32,030 pounds, Tho approximate sise of 
float is 50 feet by 6 feet by 3 feet. The float weight 
is assumed as 2400 pounds, 

(2) Balk A is a 16-inoh by 5-inoh light aluminum 
section weighing approximately eight pounds per foot. 
The section modulus is 44 inehej cubed. Four balk are 
required for the Division Bridge, six balk are required 
for the Army Bridge, and eight balk are required for the 
Heavy Bridge. The weight per balk with connection is 
approximately 150 pounds. The balk rests .on the float 
gunwales with hold-down ant' positioning clamps,' Tho 
gunwales will serve as transverse balk in equalizing the 
balk stresses. 

(3) The curbs are estimated 3o weigh approximately 
30 pounds per running foot of bridge. 

(4) Bolts, clamps, etc., are estimated as 100 
pounds per 16-foot span. 

0. Summary. 
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(1) The weight of the Division Bridge would bo 280 
pounds per foot of floating bridge, of the Army Bridge 370 
pounds per foot, and of the Hoavy Bridge 540 pounds per foot, 

(2) The load capacity of the Division Bridge would be 
a 25-ton tank, of the Army Bridge a 50-ton tank, and of the 
Heavy Bridge slightly over 80 tons according to the load 
distribution. The minimum distance between capacity loads 

is 80 feet. 

(3) The approach spans would be 24 feet maximum without 

additional balk reinforcement. To get longer approach spans, 
it would be necessary to reinforce the approach span out over 

the second float with additional balk. 

(4) Thr construction is very flexible and could be 
constructed for almost any capacity up to approximately 
80 tons by the use of the proper number of balk and correct 
float spacing. Rafts can be readily incorporated into a 
bridge by properly positioning the floats. To reinforce 
the bridge it is necessary to practically reconstruct. 

(5) The free water percentage is approximately 62 
percent on tho Division and Amy Bridges, and 25 percent 

on the Heavy Bridge* 

(6) The construction would bo slow in one respectî 
that is, the connecting of the balk due to the necessary 
close clearances to make a rigid beam. Any play in these 
connections would, deorease tho bridge capacity. 

(7) This design does not compensate for changes in 
water level» however, a short adjustable angle balk Ou.:M 
bo inserted between the first float and the abutment sill 

to give this compensation. 

10. Example 4, Fixed Articulated Continuous Beams over Floating 

Florg. 

a. Preliminary calculations indicate that the most offi- 
cieat*’distance between floats should bo approximately 16 feet 

on Division and Army Bridges, and 8 feet on Heavy Bridge. Tho 
balk lengths are 16 feet. Tho load would be distributed over 

5 floats on Division and Army Bridges and 9 floats on Heavy 

Bridge, whan tho load is directly over a float. 

b. Basing the calculations on the above values and using 
aluminum for all structural members except deck and curbs, the 
structural members as indicated in Figure 4 are as follows: 

(1) Float dise. The maximum net float displacement 
(full float) is 32,000 pounds. The approximate siso of the 
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full float is 50 feet by 6 foet by 3 feet. The float 
weight is assumed as 2,400 pounds* 

(2) Balk A is a 21-inch by 5-inoh light aluminum 
section weighing approximatoly 9 pounds per foot. The 
section modulus must be 43*5 inches oubed minimum, and 
moment of inertia must be 455 inches fourth minimum. Four 
balk are required in the Division Bridge, six balk are re¬ 
quired in the Army Bridge and 8 balk ere required in the 
Heavy Bridge. The weight per balk allowing for articulated 
connection weight is approximately 200 pounds. The balks 
rest on the float gunwales which have hold down and posi¬ 
tioning damps. The gunwales will serve as transverse balk 

and assist in equalizing the balk stresses. 

(3) The oenneotion in the Balk A must give an arti¬ 
culation of 2.5 Inches (one way) in the 16-foot balk length. 
An increase in articulation makes necessary a corresponding 

inorease in the moment of inertia of tho balk. 

(4) Tho curbs are estimated to weigh approximately 

30 pounds per running foot of bridge. 

(5) Piers, clamps, etc., are estimated as 50 pounds 

per 16-foot span. 

<5. Sunmary. 

(1) Tho weight of the Division Bridge would be 315 

pounds per foot of floating bridge, of the Army Bridge 
390 pounds per foot, and of the Heavy Bridge 565 pounds 

per foot. 

(2) Tho load capacity of tho Division Bridge would 

be tho 25-ton tank* of the Army Bridge tho 50-ton tank, 
and of the Hoavy Bridge approximatoly 80 tons. The minimum 

distance between capacity loads is 80 foet. 

(3) The approach spans would be 24 feet maximum 
without additional balk roinforooment. To got longer 
approach spans, it would be necessary to reinforce the 
approach spans out ovor the second float with additional 

balk. 

(4) The construction is very flexible and could be 
constructed for almost any capacity desired up to approxi¬ 

matoly 80 tons by use of the proper number of balk and 
correct float spacing. Rafts oau bo readily incorporated 
into a bridge by proper4ly positioning the floats. However, 
to reinforce the Division and Army Bridge it is necessary 

to practically reconstruct. 
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(5) The free water percentage i® approximately 62 
percent on the Division and Army Bridges, and 25 percent 
on the Heavy Bridge, 

(6) The rapidity of construction lepends nrimarily 
on the actual detail design of the balk connections. This 
oormoction must be rugged, simple, large clearances on 
moving parts, in fact, a (sloppy) joint md capable of being 
connected when not exactly in line. The joint should be such 
that any two balks can be connected to hold the rafts to¬ 
gether if the remaining balks are not matching properly. 
The details of the joint will not bo described here but is 
a detail of utmost importance. The connector should be an 
integral part of the balk, 

(7) Compensation for change in water level could 
possibly be obtained in the balk connection deslpi, but if 
complicated, should be obtained by the insertion of an ad¬ 
justable section between the ends of standard balk. The 
uso of hinge spans or trostlos is not desirable, 

11, Example 5, Adjustable Articulated Continuous Beams over 
Floating Piers, -iimTr" i • i r-; i r-i ■ ii i 

a. The design of ^he adjustable articulated continuous 
beam Fridge is so closely connected with the articulated design 
that an example is deemed unnecessary. The articulation and 
moment of inertia of the balk would have to be correlated such 
that the maximum of flotation could bo utilised when articulation 
is a maximum, that is, when articulation is maximum, the maximum 
load capacity could be obtained, but to decrease the distance 
between vehicles of lighter than capacity loads, the articulation 
could be decreased and utilise the strength of the balk to the 
maximum. Also, if the articulation wore ¡deo^eased and more balk 
added, the capacity load could be increased. 

’ • «* f 
b. The v;eight of a bridge of this dosi©i would bo essen¬ 

tially the same as Example 4 with the exception of the balk 
connecters, 

12, Example 6, Articulated Decked Type Balk, 

a. The same general float spacing and displacement was 
used on this desiga as the articulated design in Example 4 
(Figure 6), 

b. Balk A is an aluminum box section, welded on the 
neutral axis similar to the S. S. design except a deep section. 
The balk is 14 inches by 9 inches, 3/l6-inoh wold metal and 
5/l6-inch flange metal. The traction surface is provided by 
punching the top and bottom extensions to give a roughened 
surface. This section has a weight of 12,26 pounds per foot, 
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and section modulus of 48.2 inches cubed. The balk aro spaced 
in the bridge on lo|-inoh centers. This allows If inches for 
cleaning and decreases the total balk accessary to make the full 
dock. Fourteen balk ire used in the Division Bridge» seventeen 
are used in theArmy and Heavy Bridges, H each case, additional 
balk are clamped on the sides for curbs. Balk weight with con¬ 

nections would be approximately 240 pounds. 

o. A suggested balk joint is indicated in Figure 6. This 
joint”gives an articulation of approximately 3t inches one way 

in the 16-foot length, 

d. The weight of the Division Bridge would be 335 pounds 

per foot of floating bridge, of the Army Bridge 455 pounds per 
foot, and of the Heavy Bridge 600 pounds per foot. 

e. The load capacity of the Division Bridge would be a 
25-ton tank, of the Army Bridge a 50-ton tank, and of the Heavy 
Bridge approximately 80 tons dependent upon the load distribution. 

f. It is necessary to securely connect every balk to the 
float”gunwalos or to transverse balk to transmit the dock load 
to the floats other than those adjacent to the balk carrying 
the load. The balk joint suggested in Figure 6 oonbinos the 

transverse balk and the raft connector. 

jr. The approach spans are limited to 24-foot length 

without additional reinforcement. 

h. Rafts used in the initial operation could readily be 

incorporated into a bridge. 

i. The free water poroontago is approximately 62 percent 
for the Division and Hrmy Bridg», and 25 perçoit for the Heavy 

Bridge. 

i. No provision is made for changes in water lovol. This 
could be provided by constructing a long approach span similar 

to S. S. design. 

13. Tabular Comparison of Examples.. The design examples can be 

more readily compared in tabular form. (See Figure 7.) 

14. Balk Depth. 

a. The effect of balk depth on the total balk weight and 

balk Trending stress is tabulated below- The balk weights given 
ara flange weights only of a fabricated section and must not be 
considered as en accurate balk weight. The basis of this com¬ 
parison is the articulated continuous beam bridge on floating 
piers (Army Bridge load classification (50~ton tank). Example 4)# 
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b# tiinimum moment of inertia for the balkt with 2*5 inches 
articulation, to get the desired capacity, using the 16-ton floats 
on 16-foot centers, is 2720 inches fourth. The moment of inertia 
is held constant in the analysis. (See table below.) 

ALUMINUM BALK 
M - 7,150,000 Inch Pounds 

Section Bending 
Modulus Stress 

Balk Momont of 
Depth Inertia 

Balk Flanges 
Weight per Foot 

24 in» 
22 
21,4" 
20 B, 

18 
16 " 
14 " 
12 n 
10 " 

2720 in.4 
N 

(I 

« 

n 

n 
n 
H 

M 

227 in.3 31,500 p.s.i. 
248 in.3 28,800 n 
255 in.3 28,000 " 
272 " 26,200 n 
302 " 23,600 " 
340 " 21,000 " 
S90 M 18,300 " 
443 " 16,100 w 
545 " 13,100 " 

24.4 lb 
27.0 " 
28.5 " 
33.0 " 
40.8 w 
52.0 M 
68.2 " 

94.6 " 
110.0 " 

o. The above table portrays the fact that there is a mini¬ 
mum eTfioient balk depth and the importance of selecting same. 
In this dosigi the correct depth is 21.4 inches. If a 16-inoh 
balk is used, the relative balk weight increases almost 85 percent. 

d. In the above analysis, the 50-ton tank load is distri- 
buted^over five floats when the load is directly over a float, 
which is the critical displacement condition. The center float 
has a net displacement of 32,000 pounds and gross displacement 
of 38,260 pounds. The first float out from the center float has 
a not displacement of 24,560 pounds, and gross displacement of 
30,800 pounds. The second float out from the center float has a 
net displacement of 9,440 pounds and gross displacement of 15,700 
pounds. Total net displacement is 50 tons and total gross dis¬ 
placement Is 131,200 pounds. The maximum float displacement per 
full float is approximately 54,000 pounds. 

e. The float in this example had an average displacement 
of 14?0 pounds per inch for the full float. The center float 
was submerged, not counting dead load, 22 inches; the first 
float out from the center float, 16-3/4 inches; and the 
second float out, 6½ inches. 

15. Articulation. 

a. Articulation as applied to floating bridges is herein 
defined as flexibility built into a continuous beam by clearance 
in uniformly spaced joints in the beam. The effect of the arti- 

. culation when a load is placed on the superstructure is to 
immediately transmit load to the adjacent floats before loading 
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floats not adjacent to the beams directly under the load« thus 
deoreasihg the bending moment on the beams in comparison to the 
moment on beams of the same stiffness under the same conditions 
with no articulation* Paragraph b compares the stiffness neces¬ 
sary when articulation is waried under the same load conditions* 

b. The bridge on which the articulation is varied in 
Figuro 8 is the Army 50-ton bridge in Example 4. The load is 
carried on five floats when directly over a float* The float 
displacement per inch was assumed to average 1460 pounds per 
inch* 

Articulation Minimum I 
(One Way) For Balles 

l/C for Balk Depth of 
s - 28*000 p*s*i* Balk 

0 in, 
1 " 

2 " 

2.5" 
3 " 
4 " 
6 " 

2100 in 4 
2290 " 
2610 * 
2720 " 
3000 " 
3750 " 
6300 " 

250 in. 3 
264 " 
255 " 
255 " 
252 w 
251 " 
248 " 

16,.8 in. 
18.1 " 
19.6 " 
21.4 " 
23.8 " 
30.0 " 
50.6 " 

c. This example stresses the importance of controlled 
articulation. The mount of articulation determines the clear¬ 
ance in the joint connections and the raiidity in which the 
connection can be made under adverse ooncitions. For example, 
if tne joint is a two-pin connection, the pins 12 inches between 
centers, the balk 16 feet long, and the articulation desired 
1 inch, then the total pin clearances would be l/6 inch, or 
actual pin clearance In the holes oi* l/32 inch. This would be 
entirely too close for economical manufacturing and too close 
for rapid assembly. Under the above conditions, an articulation 
of 2^ inches would give an actual pin clearance of 5/64 inch, a 
more reasonable value. However, if the pin center distance were 
increased to 18 inches, then actual pin clearance would bo almost 
l/8 inch, a "sloppy fit", but a field connection and not a pre¬ 
cision connection. 

16. Adjustable Articulation. 

a. The'need for adjustable articulation is questionable. 
The principal arguments for adjustable articulation are that 
under conditions where the maximum load crossing over a bridge 
is under the capacity load of the bridge, then by decreasing the 
articulation, the distance between vehicles can be decreased and 
thus increase the traffic capacity of the bridge. Also, if in 
the future, it is desired to increase the maximum capacity load, 
the articulation could be decreased, and more balk added, and 
thus distribute the load over more floats aud increase the maxi- 
mum load capacity* 

dm 
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b. The inoreaae in traffic capacity doea not appear to 
justiTy the added complication of adjustable articulation. Tho 
decrease in load automatically dooreases the minimum distance 
between the vehicles almost in proportion to tho weight, depend¬ 

ent somewhat on the load base or distribution. 

c. The need for adjustable articulation to increase the 
load "capacity of the bridge for future use is more indefinite. 
If the adjustable articulation does not materially affect the 
simplicity of desigi or construction, it would be desirable; 
however, if in tho original dosiga, sufficient articulation is 
incorporated such that later it could bo decreased by simple 
changes, such as replacement of small parts. This would be 
more desirable than an intricate and complicated original desiga. 

17. Diccussion of Design Examples. 
i ■ - ..- ... — 

a. Weight. The estimated weights per foot of floating 
bridg'ê tabulated in Figure 7 shows that of the desigp examples 
the variations in weights are not sufficient to be the controlling 

factor. 

b. Free Water. The free water percentages shown in Figure 7 
are tïïe same for the examples with the exception of Example 1, 
which has higher froe water values. In general, tho designs were 
tied together such that tho other examples were designed to bo the 
same. This is due to the military requirements limiting float 
weights and specifying manual construction, in effect limiting 
part weight to obtain rapid construction. Example 6 has possi¬ 
bilities of very simply increasing tho freo water poroentago by 
increasing tho balk length Bid docroasing articulation, for in 
this desiga, tho balk are over strength and the controlling 
factor on the balk length was an effort to keep the balk weight 
toapproximately 250 pounds maximum. This would also automatically 

decrease the weight por foot of floating bridge. 

o. Balk and Balk Connections. Tho details of balk oonnoc- 
tions^aro not completo in these designs; however, in the considera¬ 
tion of these examples tho necessary balk connections should bo 
considered. In Examples 1 and 2, a rigid balk splice is indicated. 
A joint of this type is not considered as a rapid field connection 

àa it entails a number of close fitting and accurately machined 
parts. In the desipi the balk weights were limited to four men 
working loads with the exception of the trusses in Example 2. In 

this desiga, tho number of heavier parts were limited. 

d. Deck Systems. To got a comparative weight value, it was 
neoesTary to consider tho decking the same on all examples except 
Example 6, which incorporates the balk and deck in one unit. The 
heavy ponton decking is not considered as a satisfactory docking, 
but is a usable dock and should be considered until a better deck 

has been developed. 



©, Ramp Comootor ts. Balk Connector* The rapidity 
desired in the construction of rafts and bridges under adverse 
conditions eliminates any complicated and mnnorous connections 
neoor-ary to connect floating portions of '-he bridge* It would 
be desirable to have only two connections to make when a raft 
is connected into a bridge* This would indicate that raft 
connections are more desirable than balk connectors* However* 
consideration must be given to balk connectors when they 
approach the simplicity and rapidity of a raft connector, a 
balk comootor that would allow the initial connection of the 
two outside balk and later the connection of the internal bai* 
would be acceptable. Examples 2, 4 and 5 could very readily 
satisfy these requirements* Examples 1* 3, and 6 do not readily 
satisfy those requirements. 

f. Reinforcornent. Tho desirable feature of reinforcement 
of Division Bridge to take Army and Heavy Bridges shoulc' be 
accomplished with a minimum of traffic interruption. Examples 2 
and 6 could be reinforced with hardly a break in traffic. To 
reinforce the other desipis would entail the reconstruction of 
the bridge. 

18. Reoomnendations• It is recommended that« 

a. Examples 1, 3, and 5 not be considered as incorporating 
the desirable charactoristios. 

b. Example 4 be considered as secondary desigi having 
possibilities of providing the desirable characteristics. 

o. Examples 2 and 6 bo given primary consideration in 
the dbsign of the proposed bridges. 
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fi, (2-,-, , ^-) + % H (2 .!*. /*) * ¿R, - /7 

£, + 2HR, +2 R, 'R 
3 R, + 2* R, ' P 

This is os -/hr as ¿he So Je/h/o rr con he carr/ed unh/a 
yaloe is assenée/ h> //, The hb//orv/na yyd/ be ossc/oief. 

I« têfh 
£ • / Soo, 000 Hr. per 5<J in 
I - //i" ¿ * SÍ xf z|/ ‘ 22// in4' * 
C ' /&0 so. fh * 62 4- hh. per c¿/. fh - /0, 000 per fh 
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G2Z £lc/>0°o>000*/2*> 2221 

/2+ 
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/k 
7? x 

X“ 

fh 

TP 
hi 

3 R, +2 (0.290^) R, * P 
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Sxamp/e Z. Jo/ve ¿he shr¿je¿uns ¿he previous 
exam p/e when ¿he /oac/ ¡s pfaced o¿ ¿he mic/Jíe of ¿he 
first Span' fp. 6. 

SpMon: /vmevery jpar? sfrucfvre ¿he /ef¿ 
sde of ¿he efudiíor? is Consianf. /Vow p* ¿ . Therefore 

3Pizpt, p(z^jf zdpL) + pp(i(2./(p,2./-i-ñ 
3.512 Pr P + % pp 

' #(0 21<¿) P 

• /.407 P 
•>Rj * 0.392 P 
P2 -* 0.054- P 
Rm -■ 0.554- P 
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/0 

£x0r77ß/e 3. Sr/ve /he s/rrc/¿/re ûf /he frev/evs 
ex a mp Je ff Wre /00d 'S a pp/fed ever /-be cen/er 
per? bon, ftp. 7. 

So/i///on / //ere £*/, 7/ere/ore, 

¡S92 /$ . p(2-l-l+ + PH{2,/2 (2-if) 

í.pfze,' P* zhf 
, /. 592 P 
, 0.4.4.4 p 

Po* . 0.278 P 
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/-?, ^ a 8HR' + 3R, t 788¡, . 2P 

3 /P,^ SM2, *• 3 ^ +78tz ■ ^ 

jf * 2, 

¢(3-/-2 r ¿if*-') + ^¢-2-2+2^) *■ P,*('(3-2)(2-3^-^-72) 

8 ezH ÍR-Z'-(i-zf) +1^2- P (3-0-Z <■ 

3*. - ÍPz +7XP, - rJPz-P & 

7~herefore./ since P*û.2f& 

7035 e, - 5 Pz ■ 2 P y ) 
3.405 P, ^ 7035 Rz 'P U‘) 
7035P, * 74 500Pz - 2.064 P \2') 

0.045 Pz ■ 0.064-P (t'-P) 
P ■ 0 006 P 

Cm 

7.039£t+3.4-O5(0.MG)p* 2P 
Ç, ' 9. Z32 P 

7~t?e ra/c/es J?o ûr?J _P$/ noa¿/ be ^ound by ¿/se 

of fbe eyu^biors Zirf--0 and Zj/*û. 

£*arr?p/e S. find She reach/orrs and draw She shear 
and moonenh carves for She five-Span Shruchure pf 
page /4 due fr> She brvo /oads shown. 

So/af /on : Phe comp/ehe So fu hon is shown on 
She sheeh wi/h hhe fi/pare. No/e hha/ in She Sech'on 
/aMed ’fbrmabion of fiyc/ahons * 7¼ere are fioorareas 
which are beanded by heavy So/id fines. The compta 
fafion yvi/hin fhese areas n?Safes fa every rejuiar 
five -Span sfrac fes re c?r?cf need never be made oçain. 
Fbdher more / /n fb/s some secf/on /here are hour 
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¡3 

are#s aod /n /-/re Scc3/or? So/uf, \ >n af fyuaho/75 
onofh&r area all bounded by bea^y dashed //nes. This 
rtic/ch ôf /he shee/ ne/a/es -fa /his parh/co/ar s/ruch/ne 
and is independen/ af /he /oad. Thai is, h> inveshaa/e 
a s/ruc/are /bn ¿in ac/d/h/ena/pesi/fô/7 ad /he /oads wadd 
necess/ha/e bhe* repaid/on of perhaps me- ih/nd af 
/he /v&rk represented by ih/s sheer. 

Jerhnica/ ///era/are records many p¿>ss/¿/c me/h ods 
/hr hie so/¿///an od eyc/ai/ons. ddbr/oas/y c>ny oiher- 
meHod rzh/cb /5 a. doi/or/Ze od /he /hdtv/dual compohs, 
f77/ah/ hai e been subsi/it/ied in /he seciion "do/t/dar? 

of dyc/ütions. 

Sc/rnmart/. 77?c cpaa/ion adp¿Lye 6 serves /br 
fhe c¿?se IVhe ne a// soppor/ is Tz/rn/shed by pon/ors. 
r*vo other cas, s Motare od dm y¿/en f oc carence are 
Ch tha/ //here one end 0/ i/t s^nucic/ne /s on on on- 
yie/diny sc/pporf and fe) Mat where bath ends are an 
Sc/cb Sup por is. 77?e ey c/a i/on s ad a// Three cases are 
given on page /5. 

Assumpf/ons. //aie iba/ /he derivations ad ibis 
paper are based an the do/iav/no JSS¿/rr?pi/ons : 

/• The bait ad as Con finura 5 beams. 
2 The Supper/ ¿ji O. ponton n?ay be Considered as a. 

Do in/ Suppor/ 
3. The riyht/ng moment dc/e tr> the notation da 

pon ion may be neg/ecied. 
d de nia0 disp/ocement and ponton reaction are 

d/rectiy proport/ona/ to each o/her. 
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^Acr/oA/s of A/^r/C¿J¿ArfP 
FnA/rON 3Z/Û6ES. 

far cer/-ain com¿p/n¿7irions OOr? for?proper ¿'FS 0r>d ' ^ I 
Stiffnesses iff ns teen fnunJ necessary f> perm}/-cnnmcu of \ 

af arfcv/at/ar? ,n tte joints tet^/een the mfts wficP ***** 

^ tt?e structure. T/z*t is, tt?e joints ore so arronjea'frai 

some oteares at motion must tote p/ure befere tecj can 

transmit moment, frerjuent/j tte armnyement is Such 

thst tt>ejoints transmit no moment or when cinsert pos/tn/e 

moment tut are c/no i/e ureter-any Conrti fon fe tnansmA nej 

ative moment: ., , . c. 
As on e/amp/e, cons iter the three-raft structure at 

f/a /3 (ai) shows Me structure w/thout ^art. lfasmo//faa/tt^i 

/Sptacect over Me center raft that raft wit/ ¿e dsp/acertciown - 

worrt (fa. * i ) ¿UÍ Me odjbinino rafts W//isimpiy mtafe W/thoot 

Supportina any (con sidero hie) feud this fotahor w/. can 

¿nue unt/i the jo/nts between rafts /ock. 



/7 

¿//7 h/ -fobs /¿ck/ng ¿vies p/a ce /he act/er ncac//onc have 
eqvaMzero. Any Ayr/her /W ^/// be shareJ sr? same m//o 

among /he /hree reoc/Zons. 
fèr Coo ven/coce) /he she/ch of /y. /3(c) tv/// be aaos/denect 

eycy/va/gn/ fo Ag. /$(ih Creep/ /ho/ /n //(ç)'/ fS assezmeef /no/ 
/he /oad has been /ocreased ¿zn/// /he ja/o/5 /00/(//2 s///eg. 
¿ya/s zero'j. Th/s tv/// g/ve /he mar/mc/m reachòr?, £/rn, ivh/ch 
One oaf/o/ar?e can sczpparf As shown, /he e/as he corve of 
/he s/rcyc/izre ia//// have, a/ /he/o/n/s, on a Trap/ Ong/e, O. . 
The magn/h/de of Zh/s ang/e(/e t /he a moan/of or/Zecz/a/òn^j 

tv/// depena/ on /he Cons/rc/cf/on. 

As before^ /&/ L eoao/ /he rah/ feng/h /0 freb a ad C 
/he cf/sp/ocemen/ of a poo/an /or rof/) /n poandsper Aof In 
fig /3(c) // w///be seen /ha/ /be cen/er poo ha r? has been Sob- 
merged an a moan/ /or wh/ch The s¿/mbo/ (( ^/// be 
used, /fence 

b/rr?m£, tm 
CaL 
z K 

Seven Aaf/s Ac/(op. //7a y/mum. 
A number of aad/Z/onof sfnvc/ures tv)// now be /nvesf/pofed\ 

for a. s/ng/e cen/erfoad. The gnsu/es/ add number of raffs 
ach’og tv/// be Zafen os 7 (ze.f a 9 rof/ S/roc/are zv//h /he 
au/er reoef/ons eytza/ /0 zero'). Thorn /be ceoMr /bereoef/onshr \ 
Zh/'s case tv/// be aes/gno/ed , ei^. 7hg. ¡A), ßg /be 
georve/ng of fbe fgane // mog ¿>e shown /bo f due ban aog/r t 
arf/cc//of/ònt a., /n each/oh?/ /he omounfs success/ve po/hfs of 
reachon ore above //>6 po/nf ofreac/Ton a/ /he ceo fer ore (as 
WHen on S/he ££) §f ^-L ^ and 

Added fa/he offse/s due fa anbeo Tabón Mene w/// be 
defTec faons due fa food. Tor ecamp/e, Me /wo /oads ^.7/rr 

a/one tv/// cause a Summe/r/caT momcnf curve (ne. bo/f 
shown on T/nebèí) as may be shown by any me/hod far 
compuhny beam def/eefabns, w(// produce, obove 'C, up word 
def/ec/fans a/ /hepo/n/s ofdpp/fcof/on of hz f3 f* and 1 fa) 
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are âc-ftnj simu/ianeouslcj^ 
C/ear/tf' /-/ye d/ffe renca /r? Me reqchons R/ 7 m <*nd ^Z-7m 

tv/V/ i>e Ç ¿•/'rres Me differeoce />? ¿he amounh */h/ch Me Av» 

panions dre sobme/yedr Maf /5, (p/acfng, as be&re g-?* //) 

/e. 7/77 ~ ^2-7/77 

-K / 2 M-7 m + ÇhfP3 -7/77 / •//77 

Fn f/ke naaor?eri 

'3-7-, 'C(¥+ 

+ 28 &4-7rr) 

^/-7 rr> ~ O 

Rt-im - F?î 

: 4- K + 5iï/?2.-7rrr t" 

e,.7 , .&.7~,-cf9^ d%l?Li+ ïffil-’Li Slfr.-,„L 
L tor/ 6EZ 6 El ■ 

* 9K + 8MRz -Jm * 28d/C$.7r? +■ f4 ¿¿£4 7rn 

- C{FÿL > FFFisiedi ilFs+JnL 
£ei <ôet get / 

-A //+ 40 ¿¿7tr> +81 M&4- -7n 

Mansposed/ ¿hese Æ>ar eyuah/ons become 
> 

,2/.7^ ~ (¿*2. ¿Fj^2.7/77 - - 8H84.7rn B K 

8/-7m ~ bF^£.7m - ¿ h6> F) rrr - ?8 HFf.y rn = K 

^f*7m ~ 88^2.-//77 - 28b/h?3.y m ~ (f*84-8^84.7pj * 9K 

^/-7m " 8882,7/71 - do 883 y^ - £/ FF^./rn * b^K 

S/hce 8 an>d 8 dre consbonbs tvhase ^o/oe s ore fixed 8>r 
doc/ ÿ/Veo bndge wh/cb /5 be/og /ni/esb/gcjh°<d // wi// be 
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Seen /-ho/ /-here have been obha/ned hour s/mu/haneaos 
£*7¿/af/¿>r?s rv/hh hbc/r c/nhnown^ C/e, ^be t/u/ues of ¿he reach- 
hens ). /4 So/oh'or? by f-be roe ¿hoc/ of c/e/erm/non/s y/e/c/- 
ed /be ro/Zorv/ny va/c/es 

0 k{'* + 2SZ H + 2ÇÇ, //2 ^ 4/¿¿3 ') 
^f'7f77 r f.tori+4ZHZ -fJP 

¿V™ - *('S*’6ZH + 73fff) 
/-¿or/ + *2H* -3//* 

f* 3 7rr> kf /¿¿¿‘///-SO**) 
/-¿OH +42//2-3//^ 

fan ”7 
k( 7- 42 H +0,//2) 
Too// +42/7^3^ 

The /neue/,~”c>rr> /nod Pr~, H/h/ch Seven raf/s may carry 
/y/hbocib becom/ny /be ?■ raf/ case may be ob/a/nec/ f~orr> 
/be eyc/a/'OO 

p? '7 ' k/-7 rr, + 2H2-7m ^^^3 7-n * ? k4-7*7 

5obs///o//ny /be va/'/es rvb/ch bave been nb/y/nec/ /hr /be 
reach sons 

. k(*4 + f^SH + 3f4 H* + ¿,rh*) 
f-OO H + 42//2-3//-5 
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Seyen faf/r Act/o#. Max. ( rhat/s, ¿ei/enratts 
are 5¿sp/sor/&¿td /S no~f <gr£ú¿cr>oc#f/7 
fo c/ose Me next jó/» ts) tibe first i bree. Pfoot,ans &r 
i hi5 cose wi/t be the same #s the first three tvr the 
Seren, raft - max. case. The fac/rfhefù/at/an ,s 

/f,., +2^^.7+2^3.7+ ZR4..1 ' ? 

that is, the foor equahons n/h/ch rv¡/ffcrm/t the react¬ 

ions to he foond ore 

yÇ_7 - 0+2H)Rz-7 " ShRs-l ’ 8HZ4.-7 ' k 

/2,.7 -5HRZ.7 Ri.? ’ 28HR4.y '¿K 

/2,.7 -ZH*2.7 - 2tHK3.7-(r + S*/j)fy-7 'IK 

/2,.? + 2tz.7 + 2*3-7 + ZR+i 8 P 

So/rcd, these cj/âtd the ra foes 

n P f fe 72H +131 H2 K /i V 26>tf+2 
T-i 1 -7/ tUH + /t3p*T2¿T* 

r p Q * FJH *46 M2') + K f2/ e/6H - ¿ R*) 
Kz'7 7 r /96H +- /43 Hz 126 h * 

„ z f>(/,237/-l¿hz>) + K (65” + /A H22 
^ 7 ^ 7 , ¡96 H + t93 +• Zio ft3 

n , P( f-/SH ,3HT - < /35 +h2H + ////I] 
K '7 7 f/PGH + I93H2 +26H* 
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five fòrf+s Ac-Zyry Max/mum. use may be 
made of fly. /4 tv'/Yb Ybe modification YhctY f4,s >0 

anc// hence, Y/oe (d)/s mean/nyfess. 
fhoceedioy as before 

f,. Çm - /P3 2-5 rr) 
2fz-s /7?/"! 

éfl.. ' 
5 fò S rnlj ^ 
—ter— J 

fy-Sm ~ 

fy‘frr7~0 

Thrnspos/oy, 

/’4aL ffz.srr>L^ /6fs-smiJ\ 
J-Sr '-C[ 2 * ¿£7 * C£I J 

* 4YC + fff2-Srr> + f&YYf?3 5m 

./-fat . 2£z-S ml* ^ 2£fh-S rnlf) 
c( ~2 ~&£l ~~GËI-J 

- <?K + XH*t-Srr> + 28YYe3.Frr, 

/P,.Sm - (/t 2d^ &2.f m- fYY^J-S nr? ' ^ 

£?/- s rr? - f hf2-O rry - (^/+ S&YYj ^^-fnr 'AK 

f/-£rr> - $ HRz-Sm - 2$YZ^S-Sm * 

So/\S. /ns> 

5m s 

fi-Srrr * 

Kf9+42d + 1/YY*) 
J-/£f *3** 

fCfg+Ktd) 
/td+dHz 

/-/gr + 3Yiz 

ÕC/Y Pfrr, * P-Sm + 2 ^2-Sm +2^3-Sm 

, Kf3S+6Z* + dYYz) 
/-/# d+3 dz 
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7~hjs fast ra/t/e may fe rraats/y checked. ¿fe>neidBr ¿h& 
Se \se/> - r^h'h crass pv//h /a#d nedt/câd un hi/ //4. 7 r 0, fib/ 
/st an/// /he f/Ve. raf / - max. cose resc///s. Tha/ is, 
sekh/na £+-7 ôn paye 2/&faa//v zero, /heaiot/e txa 'c/e 
/S obfoined. 

f/\/e fbf/s Aching A/ch Max. 7/be Ars/ 7 wo eac/a/ions ore 
ihe some os for Ahe f/ ve- mfi-max. case. 77?e /hindeaua/ior? 

/5 as y ixen fe/ow . 7ho/ is, 

//,,s - {/+2//) - S AP3.5 * A; 

f2,.s - SHZfS - C'+'LfQti.s • 4K 

V-5 £/e z-s 2*3.: 

tt/hen Soiled, /hese y ¡efe/ 

Ars 
P(/ + /8H /• 7//z) + K (/ô^2H^) 

S + 34-H + 7V2 

^ , P(/ /- // ü') + K CS + Ad) 
25 s + 3¿d + 7H* 

#3-S 
P (/- òH/ - K f /O r SH') 

Ï+ 34-P r 7 P2 
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rbree Rafts Act/04. /VIa*/mum. Tn the. mannerpnev/oas 
y ¿/seat the fb/fawng timo equat/bas are written 

. ■ cC*. <%¥+*) ■K.w,, 
>3 

rn 

*/■3 m - o m 

TnanSpoS mg ' 

-inn 

£/-3 m 

- (' + 2») #2-3 m ' * 

Solving, 
£/-3m 

£2 -i'71 

kit +JR) 
t'3ti 

3 K 
TTh 

But 

That is 

^3m w £/-5m 

Tim 

m 

K fro +3tt) 
/- 3tt 

This ra/c/e nnacf he readily checked he/ setting £5.5'& 

Three £a ft? Acting Mot Max- fi?r this case the first 
eguation is the same as the first arctation in the 
three - Span - max. case. The second egc/ation is as 
given he tow 

¢, . {n-Ztt) £2 3 « K 

£/-. + 2£¿.3 *P 
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So/ved, Míese gire 

#i-3 ' 

#2-3 * 

PÇ 1+2 H) + 2K 
3+2 H 

r- K 
3 +-2P 

Jh/s /¿¡sí w/c/e +vhen sb^ eg¿4<7/ zero checks ¿he vo/ue 
jiv+en on page /7 hor 

£igh/ #ofh dekinp. Max. & 5hours fh/scase Che 
rar/ou s ira/¿jes having /há carne s/g ni f/gonce &s in fig. W- 
The fv//owing eguai/onsmay he nri/Mn 

p. P rfl -1 r:^a3,i3iàJjxi3tC.ÇLÉm‘:\7'^7î^i.>) 
rr,-g ro-c2Srn 4 ¿ex a ¿£j 4. o ei 4 &fI y 

' * P NfI ttr, * ¥-*** !m '■TtH**-!'” 

P „ „ cf%°¿ . i to*ujnk\ gfyçf'%%P) 
Xl-Srr? - P' em 2 2 4 &ET ^ ¿>EI 4 6£T Æ / 

. 6k. ■+- Jf/IP/.tni * 'Or t/kz.gm + Jkk3 .gr,? *■ Tfjf- ¿/#4-81?/ 

n n s~ /24*L ^ * k-tml* { 77 2g-g 'ÇÇ Ctljel3* HL^4- $m 
#/~Fm - #4-gm ’^[~Y 2 4- 6EI * GET 4 6EI 4 CEL i 

. /2K +$-*k,.g„ *• Ç M2.g „ - ^H^.grn +&- Hfi4.gm 

S-/40 aL , !2 fi.E nL ^. 104 fix-8 rnl^^. 26¡ fi3-8ml?. 4íõfigntí) 
#/-¿m 'O ’¿{TT *~iêr TeÊT gee *4- gel J 

. 2ôk *-£ HKf.grr, * JF //^TfirP ^^3fin* ^"îgm 

* The a/isp/ace men fs Mue /b arh/ca/of/on ana' c/ef/ec/ion 
a ne a hove /he oo/n/ of agp/ica/ion of /he /nad. 
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/1^/ Mû*. 7~6e /yrst Mree ef£/a¿/¿>ns a^e. ¿fe 
same as -ffaose ¿>í ¿/je preceeà/ng case. These feaeMer 
fv/M hhe necessary ToarTn ey/ar/oo are 

('-Irfr.,tfg+C -ï^)^4.2 • 2< 

-t»)e2.s *)fi}.g*( -'2*)rt.s - b< 

O-1#)*,-th -f-'ïfyt %.g -I2K 

2*. 22, 2-8 ¿ 'i-g +2¿\.8 P 

So/vh 

'-8 

Tz.g 

P* 8 

PO* '¡%*3)+ K 
g + 38&H +660 2 i- /4-2 tí* 

P(/* H*-/8P*) t P (24+96^-zoü2) 
2 * 38 8 H * GGOe t + /4-2 H3 

Ppt '£#- mH2 + £ H*) - K (8-MH ’76H2) 
2 * 328P / 660 H*- / i42 P* 

p 0- '¥# + fV-i/y3, p e2¿>8P r¿OH3) 



S/x faf/s Acting, Max/murv. tiere 

fl aL , .? e,.t.ml} ?i ßi.&rvA 4? 
STT ^ STT-** -TfkT-) 

= 2K+^e„Cm 

R.-i. m - ^3-6^7 ' C / 2 2*4 <¿Z£ * ¿>£1 ^ ¿H ' 

» &K + M^Z-C*m ^ 7T 

/14 aL f 21 ftcbm.L 1 (ÎÊ. fj-lt'vJ?') 
:0(^2^ *4 GET + 4 GEI * 4 <sez / 

'/2K *ítiti,.írr, +Tms. 

Ñ, .0 

-¿,m 

That fs 

0-ÏH)/-im *z-i.~ +( * 2K 

O-îH)*,./."* ( +(~tiÿH) R}.im . &K 

('-%/) R,.¿m *■ f ~+rt)Rl.(,m -( -fH) *,.<.„ '/2* 

So/v// '”9, 

„ kT/E + ISTH + MH1') 
e,i m ■ /- %Hl-iH' 

ÕlA 

22. ~ & no ‘ 

^3-6 07 

T¿,m 

.*. /&/?? 

X{/¿) +27// - ÍH*) 
/. 5-£hz-±H1 

K(&~'8H +Ï H2') 
/- '¿¿H* 

- 22, -L m * 2 2¿.¿m + 2/2,^ 

tiffin- 202H i-iOH2) 
-T^WTffcTSjTÃ- 

no 
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I/- tv/// ¿>e /7¿>//ce¿/ f/hóf /A/'s same va/t/e /5 óí-Aa/vec/ 
ñ/frea ^4- s /s se/ e¿p¿fa/ /o zero. 

\ 

S/x fiaf/s Ae-f/ng A/o/-/¡/¡a*. Two of ¿he eac/aZ/oas Tor th/s 
case ore //e same as /tvo for /he s/x - ra/r- max case. 
These, foye/her w//h /he fh/ns/ e^ua/zor? ore : 

i #)+(-/-%h) r2.L+( r 2K 

O'í*)*,^ +( ¥*) fi.t +(-t-'i:8rt) e3.L -¿K 

2 + 2^2-(. + 2 £s<* •P 

ZVhen So/ved, /hese e^c/aZ/oas g)ve Me i/a/ves 

/>0* 'í'h ' ¥"*) * r 0(.4») 
6 /-ZgHrlgH2- 

P(f *■ fJH-ït/*-) + /c (a +2oh) 
C> 

P /t- 1¿ZZ * i/z¿)~ K í20 i- /¿4 h) 

& + 8ZH + 38 H* 

£/-¿ 3 

^2-6 4 

^S-C,’ 

P.     P_ M /4- <3_L T - +mL ^. 23 Pi- 4 nn 

^ + * *—¿sr 

■ ¿K *■ l % f/tz.4," 
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! 
7~hesc g>*e ¿he w/ues : 

*2-+ 

P(/ e i3 v) + +/< 
+ +/OH 

P f/- j ï) -4/C 
+■*■ /ort 

Tivo ^affs /Ic/ing, tyax/mc/m. Pôr This case /v4r eqooT/bn is: 

P ,-1/- /- P'-2 mL3 ) 

* 2 K -Ir 

This gives The ^a/ue 

2 rri 

from which is obtvined 

n 2.M 

ZK 
'-&H 

4K 
/-J// 

Tivo T’afhsdcTir’j, A4?/ P?ax . C/ear/y /o ¿bis erase t 

* 

CTse of £$¿/<7Pions. tYber? hbe make up of Me sin/ch/rt 
is otee idee/ upoo, values car? he com pu he at for Kane/ H. Thee? 

There rv/C/ Se eorrjpa/ed The va/¿/es of f/rr? Tzm, T^rrt e.fc. 
Serpeóse The irrvesT/yaT/on ¡s be/ay /7?a¿/e for ar? odd number of 

raíTs ond The /oaai be/oy coas/o/erea/ //es UTweeo fsm ûr?r/ 

7f??s */'// rvear? TTaT The case /V "Sever? /Fa fis Ac Tingf 
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rtof-/flax, flhz -far /h/'s care w/Z/gwe f/?e t,'a/¿/eS of 

+b& reactions anc/ bhe shear and mamen/ curres ticf/aw 

ctirccb/cf. 

L ¿pads D>fferenb from g Sinç/e /foncen/raf ed Load. 

Each of ¿be forecjo/nq derivations has been made ¿hra 

Stoy/e concenbrahed /oadp/aced ah /he midd/e of /be y/rucb- 

c/re. flror/ded an aciuai bank ¿ruck t or other /oad /s no/ 

Spread ct/er too great a lenytt, /a¡r accuracy r/H/ be oh/ained 

by a ssumirp /bat /be reaction s wit/ be the same as for a sin- 

p/e ¿:oncenfrated toad of/be sa me magn/ti/de. nor/erec 

the ac/ua/ dts/nbation of toads wit/ be used /n dnarv/np 

shear and moment curves. 1/ is fe/t t/iaf the error due 

ho this assumption wit/ be no greater than those errors 

rrh/ch arise from ti ) rar/at/ons /n articu/at/on due to shop 

tnaccurocies and (zl disregarding /be tact that /be pon¬ 

tons do not have /be shape of a hex ffe.t submergence and 

reaction are nof d/rect/g pro porf/ona/J. 
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S/mi/arly, /vr_£'m- 

+ £2(4-3-Z + + 

s £2H(z*¿'4) +¿f?2 +P3tí(2*/(2^4.3-9-4) 

- P(4 -2-2 + - ) + PHr2*4*4) 

Or / 

^ 44M£t,¿£z +3ZH1?2 = 2Pt-32HP 

ThereiÇrt. f ¿¿tv/d/nq a// terms by 2) 

*, ' 

f+/?ht 

/+/€H 
/ *n* 

J +H,H 

4-t/LH l+J/H 

2*22* 3*/6>H 

p(j* AIH+nû H2- )-27H - /7¿H2) 

/2 + "BU +2S&42-2-44H-242H2 

P (21 2Z h) P (/+//*2_ 
* /Op¿SHp/4H* = S+3A// + 7H* 

*1 

4+/&H f+f/H 
2 + 22/1 /+/6* 

/0+68H+/4H2 

a P(4 + 80//+25&H* 2-44P-242H2) 

' /0 + 68H + !4Hk 

P(2+364 +'4^2- P(/+/8H+7P2) 
/0+ 62H + /4 Hz ç+ 34 H + 7HZ 

The va/oe P0( Ps ) may he ahTvtneH frarr? the 

ecfc&r7ion )7-/ = 0, 



37 

That 7s 

ZZo +2#, *^2 

/C. .¿(p-zt.-zò 

_ / A, ?PÍn->iH)*-P(/f/SH/-z/iz)') 
- 2 ( 5+34-H ^7//1 y 

^ / j-, 345 + 7^2-2-2277-/-/877-7772 
Z ~ 34-/7 +7 

P/2-ÍH ) . _- 
•?( 5+34H+ "TPJ sTJÃhTt^ 

r/?e fo//owing Com/oar/son is fo¿jr?c/ be/ne&n /-h& not¬ 

er/ion of pages /5 and 34 

fhge 34 

¢,-s 
^2-S 
*35 

fbge iü 

*2 
£, 

rt&nee. /'//> apparent that the ra/ars com pu tea1abort 
are the same as those given ¿opage 34 tbr the case inhere. 
K.O C/ear/if the resutts at page 34 rti/tgive increased 

Speed aver those of page /S &r cases ofSummetroea/ 
toading ,n cant/nuous hr/dgesprovided that the actúa/ 
/cad dees not have toa great a d/str/hut/on. 
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HOTES ON STREAM CROSSING IN SWIFT WATER 

t>y 

George W. Howard 
Lt. Colonel, Corps of Engineers 

SYLUBUS 

Included in this appendix are notes on proper c°n8^c- 
tion of approaches, construction of bridges, anchorages, handling 
of debris, and rafting procedure in high velocity -Described 
Wain are experiences of the Engineer Board personnel operating TZ Colorad^River at laperia! Da., California. °“ 

ia concerned primarily »ith technique «id P“1"“ 
that there ie no substitute for experience in bridging operations 

in swift water# 

GENERAL 

1. The effect of velocity upon the characteristics of all 

floating bridges, both American and foreign, is marked. Some 
bridges^which^in still water will carry a tank weighing as much 
Ï. S5 Us will carry a tank weighing only 20 to 25 tons under 
similar conditions oï freeboard in a velocity of 7 feet per second. 
The actual reduction in capacity of the bridge with an ^orsasein 
velocity is determined by the shape of the floating supports for 
the particular structure in question; for instance, one bri g 
whic^will carry an IB-ton tLc when fully reinforced ^o velocity 
will fail completely without a load upon it in a velocity of 7 feet 
psî ssîl. Substitution cf a different type of support In th . 
oridge will enable it to maintain its 18-ton capacity in no velocity 
and still carrv the 18-ton load at 7 feet per second. Generally 
speaking then^ the suitability of floating bridges in velocity can 
be determined by the hydraulic characteristics of these fating 
supports. In addition to these floating supports, however, there 
are many other items which enter into the technique of bridging in 
high've1ocities and all of these go together to make up a suitable 

bridge to carry the rated loads. 

2. Bridge« constructed In streams having high velocities 
present difficulties of erection vrhich are not present iebbecon- 

structlon of bridges in still ».ter or lo« velociti«. If pr°P*r 
consideration is given to velocity, hemever. it is frequently 
possible to turn effects which would be considered ordinarily s 

difficulties into construction aids. 

3. Maintenance of bridges in high currents presents more 

problems than that of bridges which are constructed in still water. 
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With a high current against the bridge and great traffic intansi y 
there are such factors as chess moving sidewise on the bridge, 

trestle footings giving away, anchors shifting or guy lo°8®" 
ning, which must be provided for in construction and watched at all 

times by this maintenance crew, 

APPROACHES 

4. The approach and departure from a bridge are of extreme 

importance, for these govern the manner in which the traffic will 
come on the bridge and dictate much concerning the maintenance ol 
approach spans. If traffic comes upon an approach span at an angle, 
it is axiomatic that there will be trouble with the maintenance of 
this span. In every instance observed in which traffic has approached 
a bridge at even the slightest angle, it has been necessary to re- 
arrange the approach to the bridge. There should be a long, smooth 
roadway to the bridge of at least 100 feet, and if it is possible 
of construction, the roadway should be 200 feet long. This type o 
approach enables all vehicles, particularly capacity loads, to guide 

upon the bridge and come straight on the span. If an approach at 
least this long is not possible, the result is that the vehicles 
must reduce speed so that they turn and come upon the span properly, 
thus retarding the traffic column and providing additional trouble 
to maintenance crews. If there is a long, straight approach to the 
bridge, it is possible for capacity loads to enter the bridge prac¬ 
tically on the center line, and there is no reason why these loads, 
in crossing the structure, cannot remain centered on the bridge 
even in blackouts. A smooth approach is the best possible means 

for preventing traffic bottlenecks at bridges. 

5. In the bridge, the approach should be considered not only 

as that portion which is made a part of a road down to the water’s 
edge, but should include also that part of the bridge which ^ not 
floating. This fixed portion, too, should be smooth and should not 
have the hump which is found often in it from trestle construction. 
There should be an even grade from the abutment sill to the floating 
portion of the bridge. This grade prevents approaching traffic from 

having to make a momentary pause in climbing upon a fixed section 
and then descending from that section to the floating portion of the 
bridge. If this fixed portion is on an even plane from the abutment 
sill to the hinge sill, there is no cause for any pause °n the part 
of the traffic» and furthermore, there is less impact on the l ixed 
portion of the bridge between the abutment sill and the hinge sill. 
For an ideal approach, then, here should bo a straight, smooth 
roadway in one plane from a distance of 100 to 200 feet back of 
the abutment sill to the hinge sill. Such an entrance permits 
traffic to make an even, straight approach at maximum allowable 
speed from the time of arrival in the roadway, until the road 

reaches the floating portion of the bridge. 
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r.OMSTHUCTIOH OF BRIDGES 

6. Conatruction of bridges in swift water Í8 6 î 
different from construction of bridgea in water of low velocities 

or no ïêîocitî. ïhere are, however, certain basic rules developed 

at Imperial Dam that must necessarily be order 
fast construction with minimum manpower. These rules are* 

a. Never use a holdfast where time permits construction 

of a Headman. 

b. Never operate a power boat above a bridge except in 

emergency. 

o. Never turn a boat loose from shore in velocity with 

the engine dead. 

d. In attaching wire rope clips always use four clips 

and place U-bolts on dead end of rope. 

e. Always use shore guys. 

f. Never launch a ponton above a bridge being construe 

ted in swift water. 

as 

£, Never keep boats, 

they may get loose and go 

floats or pontons above a bridge 

down into (and under) the bridge. 

h. Never put an initial load on a bridge that will 

straiïï its capacityj start with something about half of the 

ranrimum load. 

These rules are in general no more than the application of common 

sense. It is necesLr-, however, that the effect of velocity upon 

the construction of the uridge be considered by all «oncerned wit 

construction. If the effect of velocity is not considered, 

possible that the bridge will fail before it is closed. 

7. Trestle footings should always be placed at the water's 

edge if possible. It is desirable that the trestle be kept out 

of water since it enables the footinç to be readily 
Trestles always should have the bearing area of the shoe increased 

bv using landing mats or boards when the material is sand or silt. 

Figure 1 shows the type of failure that occurs from improper trestle 

footings« 

anchorages 

8. The greatest single aid that can be given the bridge to 

enable it to withstand the effect of high velocity by its construction 
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or« 11«« in the propor «choras, of th. structure. ^ 1» Pn.oiblo 

from «choroco, alono to make or break a bridge. “ 
bridge failure from improper anchorages is shown in the photograph 

of Figure 1. A bridge that carried 35 tons in a velocity of 8 fe t 

per^second has been observed to fail under a load of B tons in a 

velocity of 0 feet per second when the anchorage was y 

placed. This bridge, even when improperly 3 in^eloci- 
been entirely satisfactory for the rated load of S® ^ 
ties up to 3 or 4 feet per second, but when a velocity of 8 feet 

per second was experienced, the bridge failed under a load of 8 

tons. Simply by changing the type of anchorage the bridge was en¬ 

abled to carry 35 tons at 8 feet per second. 

9, If the stream is completely free of debris, and there 

will be no flash floods, there is no reason why the standard kedge 

anchor cannot be used in a satisfactory manner in oonstruction. It 

is important, however, that it be known that there will be no debris 

in the stream, for the lines leading from the en<i «rf the pontons 

down to the anchors are dangerous for catching debris. Andw*-® 

starting from the bow of the ponton or the float are entirely sa - 

factory as long as that bow has sheer} if not, it is necessary that 

the anchors be fastened to the deck, since there is a downward 

component on the upstream end of the ponton by the pull from the 

anchor lines. If the anchors are secured properly, the bridge 

should be able to withstand severe currents. 

10. The use of bridles from an anchor cable is probably the 

most generally suitable manner to anchor the bridge. Here it is 

possible to place across the stream a wire rope cable at a distance 

of 50 to 80 feet above the bridge and run bridle lines from this 

cable to the floats or pontons. The bridle lines should be equippe 

with a boat snap to permit easy fastening to the anchor cable. The 

lines then can be tied from the bow of the ponton or Hoats to the 

anchor cable. The anchor cable should be high enough off the water 

so that it does not start the formation of an obstruction to debris 

coming downstream, by building up small pieces of debris into a 

mat. Anchor cables should be always fastened to deadmen on either 

shore. At times it will be necessary to raise the cable by means 

of shears on either side of the bank. 

11, Anchorages for bridges in velocities over 3 feet per second 

should at no time be considered complete unless there are guy lines 

from the bridge to the shore. These lines should be placed at an 

angle of approximately 45 degrees with the bridge st distances of 

approximately 100 feet along the structure. When high velocities 

are to be experienced, it is not necessary that thero be as many 

downstream as upstream shore guys for the bridge. Alien reversal of 

flow is expected, the same number of shore guys should be upstream 

and downstream. These shore guys aid the anchorage of the bridge 

more than any other factor. They serve to hold the bridge securely. 
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Lack of shore guys caused failure. 

IMPROPER CONSTRUCTION CAUSES FAILURES. 
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METHOD OF ANCHORING 
STEEL TREADWAY BRIDGE. 



Bridge across Vol tumo without benefit 
of bridle lines or shore guys. 

Shore guys on another Voltomo bridge are 
conspicuous bjt their absence. 

IMPROPERLY ANCHORED OPERATIONAL BRIDGES 



whereas the anchors or bridle lines serve chiefly for the construc¬ 
tion of the bridge. It is essential, therefore, that the guy lines 
be firmly fastened. Figure 2 shows the proper method for a bridge 
anchorage. If there is no debris in the stream, however, kedge 

anchors can be substituted for bridle lines. 

12. Two operational bridges across the Volturno River in Italy 

are shown in Figure 3. Neither of these bridges is anchored prop¬ 
erly, and reports indicate that both bridges were washed out in 
flash floods. If properly anchored, it is believed that these 
bridges could have been saved, at least in floods up to velocities 
of 10 to 12 feet per second. Above this velocity it is probable 
that failure would have resulted from the shape of the ends of the 
floats, since this shape makes the floats extremely unstable in high 

stream velocities. 

DEBRIS 

13. A major factor in proper maintenance of a bridge in high 
velocity flow or in sudden rises of the stream is the control of 
debris. This control can be accomplished either through protective 
booms placed upstream from the bridge or by construction of the 
bridge in such a way that the debris will pass through it. 

14. Construction of booms upstream from a bridge is practical, 
but dangerous. There should be at least two, and preferably three, 
booms placed at about two hundred yard intervals starting about 
three hundred yards above the bridge. These booms should be at an 
angle with the stream so that the debris will be swept into shore 
where a patrol can dispose of it. The use of the three booms is 
as a safety factor. It is quite possible that there will be such 
a pile above one of the booms that it will break and all come 

downstream. 

15. The British constructed a boom above the Capua bridge in 
Italy. The boom consisted of Italian naval floats (cylinders about 
2' 6” in diameter and 3* 6” long), which supported wire rope cables 
above and below the floats. Coils of dannert were fastened between 
the cables. The boom was at an angle to the stream and proved most 
effective. It collected such a large amount of debris that there 
was fear of failure, since the debris could not be removed fast 
enough, even though explosives were used. The boom held, however, 
but all concerned with the operation felt that there was too much 
possibility of failure of the boom to use one all the time. If 
there had been several booms, the danger of failure of one boom 

would have been reduced. 

16. The construction of the bridge in such a way that debris 
will pass through it, can be accomplished best by the use of an 
anchorage system of bridle lines to an anchor cable. This procedure 
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leaves nothing in the water on which debris can oatoh. It is satis¬ 

factory to use anchor cables up to distances of about 600 feet. 
Over this distance, it is necessary to improvise something either 
to hold up the anchor cable or to hold anchors. This support can 
be secured in several ways. One way is the use of »no ponton an- 
ohorod by a one-half inch wire rope to approximately 5 or 6 anchors. 
This individual ponton is placed about 100 feet above the bridge an 
anchor lines from five pontons in the bridge are tied to the ponton. 
By this method, there is only one line going down into the stream 
and five boats are held. Figure 4 shows this method in use. It is 
imperative that men be stationed inside the boat upstream from the 
bridge in order to keep the one line free of debris in a heavily 
laden stream. Another method is to place a pile driver on a raft 
during construction, move upstream from the proposed center line® 
of the bridge and drive one or two piling to secure an anchor cable. 
It is then possible to place bridle lines from the dow of the pon¬ 
tons or the floats to the anchor cable. 

17, That certain types of anchorages for bridges will allow 
debris to pass cannot be over-emphasized. Anything hanging down into 
the water will catch debris. Anything caught will tend to increase 
greatly the chances of catching other debris which comes downstream. 

When the bridge is properly anchored, it is possible for large 
amounts of debris to pass directly under metal pontons. Such action 
is shown in Figure 4, In a bridge with pneumatic floats, undoubt¬ 
edly there will be considerable damage from large debris jams, but 
if there is nothing to hold the debris against the bridge, it is 
remarkable how much will pass under without serious damage to the 

floats* 

BOW ADAPTERS 

18. The shape of 10 and 25-ton metal pontons has been proven 
inadequate for high velocity operation. Model tests have indicated 
that the most economical means for increasing the freeboard at the 
bow of this ponton is by means of a splash board of the type shown 
in Figure 5. By the use of bow adapters it is possible to pass a 
given load in stream velocities as much as 2 to 3 feet per second 

faster than without the adapter ^ 

"CREEPING*1 CHESS 

19. Bridges left in place over long time intervals sometimes 

will have chess move sidewise to such an extent that the floor of 
the bridge becomes damaged. This phenomenon seems caused by inces¬ 
sant traffic over prolonged periods under changing current condi¬ 
tions. To prevent this occurrence, chess can be placed on edge 
between the roadway chess and outer reinforcing balk. This chess 
fills the gap between the roadway and the b«lk. It is kept in place 

by the reinforcing balk as shown in Figure 5. 
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Pontons anchored upstream with one rope on 
five anchors must have men in them to clear 
lines. This ponton had none. 

Debris passing under properly anchored bridge 
as 45-ton tank passes over bridge. Note bridle 
lines and shore guys. 

HANDLING DEBRIS BY PROPER BRIDGE ANCHORAGE. 
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Adapter to increase height of bow to prevent swamping. 

Placing chews on edge between outside balk 
and floor prevents deck chess from moving 

sideways. 

EXPEDIENTS FOR HIGH VELOCITY AND TRAFFIC INTENSITY. 

-319- 



1 

£-1 ¢ 



RAFTING 

20. An efficiently operating raft crew should be as highly 

trained as any bridging unit in the array. There is more teanwrork 

connected with fast ferrying operations than with any other phase 

of bridging. In view of the fact that the raft crew is a small 

team, it is necessary that every man be alert constantly. Here, 

as well as in bridging, there are certain basic rules which must 

be followed in order to obtain maximum efficiency* 

a. Never place a raft site above a bridge site (see 

Fig. ÏÏ). 

b. Always chock vehicles on rafts (see Fig. 6). 

c. Always provide holdfasts on both banks. 

d. Always have landings prepared about twice as wide 

as is absolutely necessary. 

£. Keep a man ready to cut a trail ferry loose. 

21. Selection of a raft site should include easy approaches 

and good holdfasts. If it is not possible to utilize tree hold¬ 

fasts, it is essential that four holdfasts on each shore be placed 

for handling lines. It is possible to start rafting without them 

but much time will be saved by placing holdfasts immediately so 

that it is not necessary for additional men to be on shore to hold 

a line as the raft comes to the landing. Figure 7 shows a four- 

float Steel Treadway raft and the location of holdfasts for shore 

lines. This type of raft construction assumes that a bulldozer 

will have out down a landing, if necessary. Such a landing pre¬ 

pared by a bulldozer should be at least twice the width of the 

roadway in order that it not be essential for the raft to be docked 

in exactly the same spot each time. The landing permits more lati¬ 

tude to the men on the raft for jumping on and off in placing the 

shore lines. It also permits traffic to move as soon as the end of 

the raft has come over the shore. 

22. Loading and unloading sites should be directly opposite 

each other, except in cases where the power used for propelling 

the raft is not sufficient for holding the loaded raft against the 

current. To overcome this deficiency, it is necessary to have the 

loading site upstream from the unloading site a sufficient distance 

to allow for the distance lost in crossing the stream. The light 

raft can be moved upstream to the loading site very easily. Cer¬ 

tain locations prevent the use of smooth landing space for a raft 

with an overhanging deck, and at such places it is necessary some¬ 

times to use landing stages. The general use of landing stages is 
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definitely discouraged, however, except at such places where it is 
impossible to get along without them. The best type of landing 

stage ever tested is shown in Figure 8. 

23. In operating rafts, one particular feature is important 

to safety and should be recognised by all crew members, for it gives 

confidence in their raft. When the raft starts out into the stream, 

should anything happen to the motor of the power boat or outboard 

motor, it is possible to go downstream and tie up until repairs can 

be made. This characteristic provides a definite advantage over a 

bridge, for if the wave wash is too high it will come into the 

boats, whereas the raft simply gives way. Also, if the raft in 

going out into the stream begins to take water when pushed to the 

limit of available power, one can always reduce the power and drift 

downstream slightly, coming up on the far side in a location where 

the current has decreased. 

24. Each man in a raft crew must know his duties. The men 

handling the shore lines must be constantly on the alert in order 

to secure these lines to holdfasts for the discharging of the load. 

Figure 9 shows the Uandling of shore lines in rafting operations. 

The loading and unloading of a raft normally take more time than 

any other operation connected with rafting. Proper training can 

cut this lost time to a minimum and increase greatly the number of 

vehicles that are crossed. 

25. Trail ferries are dangerous for untrained troops. The 

possibility of loosing the entire ferry cannot be over-emphasized. 

The danger comes from having the ferry made fast to a line and not 

being permitted to drift with the current if the operator gets in 

trouble. It is a very satisfactory means, however, for passing 

loads across streams without the use of power and with the absence 

of noise. No particular difficulty is encountered by untrained 

troops in velocities of 3 to 5 ft./sec., but in stronger currents, 

it is desirable to have one man standing by with a knife or machette 

to cut the raft loose in case of trouble. It is also important to 

place the loads against the downstream siderail. By so doing, the 

maximum permissible velocity for operation of the ferry with a 

given load may be increased as much as 2 ft./sec. duo to the in¬ 

creased freeboard at the upstream end of the pontons or floats. A 

trail ferry in operation with a properly positioned load is shown 

in Figure 9. 

26. The fastest rafting operations ever observed on maneuvers 

were accomplished by the 12th Engineer Battalion over the Colorado 

River near Palo Verde, California during two river crossing problems. 

In the first problem, operation of a raft near a bridge site was 

observed from 5t00 A.M., when the first load was ferried, until 1*30 

P.M., when operations ceased. During this entire period, the raft 
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RIGGING AND SHORE GUY LINES 
FOR RAFTING OPERATIONS. 
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Proper tiae of holdfasts during ferrying operations.
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FERRIING OPERATIONS.
-3*7-

f**



was in continuous operation. The only delays that were encountered 
were those normal to the operation, such as time lost by refueling, 
repair of approaches, changes in landing site, etc., which are 
experienced in every operation. The length of time (8 hours and 
30 minutes) which this raft was in operation was such to make the 
data dependable. Forty-seven round trips were made with the raft 
in this time and 133 vehicles were crossed. The raft was equipped 
with three outboard motors, two for operation and one spare. These 
motors operated for the entire time without any trouble. The cur¬ 
rent was about 5 feet per second. Seventy-seven of ^he vehicles 
ferried were l/4-ton trucks. The heaviest load was a 2^-ton truck 
towing a 105 mm. howitter. Since 47 round trips were made in 8 
hours and 30 minutes, the average time for one round trip was about 
11 minutes. During the period of operation, four sites were used 
on the near shore and three sites on the far shore. The timo re¬ 
quired for the loaded raft to cross the stream at the worst site 
(when the raft had to move upstream about 50 yards to the unloading 
site) was about 2 3/4 minutes, while the return trip was made with 
the light raft in about 2 minutes. The total distance between the 
sites was about 450 feet. It can be noted that the entire time of 
the cycle was 11 minutes while the operating time of the raft was 
only about 5 minutes. Most of the time was taken up in loading 
and unloading. Although this ciew had built the raft several 
times before this ferrying operation, they had not ferried an 
appreciable amount of vehicles in practice. The idea followed so 
frequently in training, of building a raft and then loading a truck 
on it and shoving it around in the water to unload again is basically 
unsound. Vehicles should be ferried against time in training. 

27. One week following the operation described above the 

problem was repeated, and the same unit repeated the ferrying 
operations. At this time 50 round trips were made in 5 hours. 
The vehicles that were crossed were essentially the same as those 
crossed the week before. In one week the time cycle was reduced 
from 11 minutes to 6 minutes. The reduction in time was due en¬ 

tirely to training. 

28. So much lost time had been observed in the operations 
described above that a test was conducted at Imperial Dam to deter¬ 
mine how to alleviate the time lag in loading and unloading. This 
test was accomplished by using a four-float pneumatic raft con¬ 
structed of equipment from the Pneumatic Ponton Bridge M3, powered 
by a utility power boat in a velocity of approximately three feet 
per second. Operation of the raft was by * crew which had been 
trained for tests in rafting and whioh observed the basic rules 
described above. The channel was approximately 350 feet wide. In 
this three-hour test the raft made 46 round trips and ferried 60 
vehicles. Only three of these vehicles were 1/4-ton trucks. The 
majority of the loads were 2^-ton trucks and 6-ton bridge trucks. 
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In three hoireA tht§ reft neda 44 tripe« or one trip lose then the 
number of tripe thet were mede by the Infantry Support Reft In the 
flret eroeeing at Pale Verde in 9 hours and 30 minutes« The ehlef 
differenee*the tine eleaent*reeulte froa training« 

29» A second test using a different crew and a Steel Treadway 
raft vea made in order to see what effect training would have on the 
second ®rew* Uedl«a Tanks were used entirely in this test as they 
were the capacity loads for the raft« Construction of the reft is 
shown in Figure 8« The test lasted for three hours« During this 
period« 57 round trips were neue« each with a Medium Tank on the 
reft« This test was over the same course as the four»float pneu¬ 
matic reft in a velocity of about 4 feet per second« with a distance 
between banks of over 300 feet« Nineteen trips were made each hour 
and the best time for a round trip was 2 minutes in a current of 
approximately 4 fest per second« Hore a orew of 15 iron was used jo 
handle the raft and the power boat« The site preparation consisted 
only of placing four holdfasts on each bank and cutting down the 
approach to allow the ends of the treadways to rest on the bank« 
Crews were Ranged with inexperienced men during the operation« 
Here again was demonstrated the fact that teamwork and training 
result in rapid ferrying operations* 

30« The raft orew varies with the size of the raft« For a 
large raft« & srew of 15 men is desirable where vehicles of the 
size of the Medium Tank are being crossed* For the tests described 
above on the Steel Treadway raft* the orew was as followss 

a, 8 men on guy lines« 

b« 2 men on ohocks. 

e» 2 men on wedges« 

d, 2 men on power boats, 

e. I NCO. 

31« Use of the team in rafting where substitutes can be sup¬ 
plied if the rafting period is long, is by far the best way to 
approach the problasu This team-work provides an interest and en* 
thusiasm which cannot be attained in any other way* 
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TESTING PROCEDURE FOR 
EFFECT OF CURRENT ON PONTON BRIDGES 

by 

Winston E. Black 
1st Lieut.,VCorps of Engineers 

1. General. The capacity of a ponton bridge in current is 
directly dependent on the freeboard o^. the pontons under load. 
Freeboard, as herein defined, is the minimum distance between the 
gunwale of the ponton and the maximum height to which the water 
rises on the ponton with constant regularity. Factors which in¬ 
fluence the freeboard of a ponton bridge ofixed construction are 

as followss 

a. Magnitude of load. 

b. Position of load, longitudimlly and laterally. 

o. Stream velocity. 

In the testing of ponton bridges, the three factors listed above 
are varied to include all critical combinations of loading con¬ 
ditions. Freeboard readings are taken in each test on the pontons 
in the vicinity of the lead. From the data thus obtained, the 
effect of stream velocity upon freeboard and upon bridge capacity 

may be determined. 

2. Loading. In tests of ponton bridges, two types of loads 
can be used,' (a) actual vehicular loads, or (b) variable static 
loads designed to simulate vehicular loads. In cases where a given 
vehicle is known to constitute the most severe loading that the 
bridge must carry, tests of the bridge under that particular load 
may be satisfactory. For the purpose of determining the capacity 
of a bridge with respect to no partie alar vehicle, however, the use 
of a variable simulated load is preferable, since the data that can 
be obtained with such a load are more comprehensive. The load 
should properly be applied in four or five increments, the range of 
loads being selected to extend both above and below the estimated 
capacity of the bridge. 

3. Poeition of Load. 

a. Longitudinal, The longitudinal position of the test 
load Ts that producing minimum freeboard on a ponton which is 
located in the swiftest portion of the stream. This position 
is generally directly over the ponton. 
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b. Lateral. Th® lateral position, or eccentricity, of 

the load my be considered to reflect the care with which ve¬ 
hicles are guided across the bridge in an actual crossing. 
Without restriction, but under normal control, vehicles oc¬ 

casionally may drive against either siderail. !» aim^ati“6 
such a condition, the full eccentricity to the »^erail must 
be used. For crowing with caution, it is possible foi dr 
of vehicles to keep their vehicles within approximately six 
inches of the centerline of the bridge. Furthermore, since 
upstream eccentricities are more detrimental than downstream 
in current a vehicle may travel on or to the ¿'wnstream side 
of the centerline when crossing with extreme cautioner risk. 
Extreme downstream eccentricities, however, may prove dangerous 
in some instances. Therefore, in testing ponton bridges the 
load should be placed in the following lateral positions» 

(1) On the centerline of the deck. 

(2) Against upstream siderails. 

(3) Against downstream siderail. 

(4) Six inches upstream of the centerline (halfway 
to the upstream siderail was formerly ueed in* 

stead). 

4. Stream Velocity. A stream velocity of 5 miles per hour 
(7,3 feet per second] Pas been selected arbitrarily as the maximum 
velocity in which a ponton bridge must be able to support its capaoi y 
loads. In velocity tests, therefore, for each -loading condition, the 

current has bean set at approximately 0, and 7 feet P®’’ 8®°°n 
in separate tests. In the Gila Sluiceway of Imperial D*“, tta cur¬ 
rent may be varied at will by controlling the head gates of the 
sluiceway. The current at the bridge Is measured by means of u 
currant meter placed six feet or more upstream from the bridge ap¬ 
proximately \8 inches beneath the surface. 

5. Test Data. The testing of a ponton bridge consists of a 
series of tests, IiTeach one of which the loading and stream veloci y 
are fixed quantities (within practical limits) and the freeboard is 
measured at the dependent variable. Freeboard is measured nonnally 
on the three pontons nearest the load. Six measurements are taken 

on each ponton, at bow and stern, and at two locations on 
of the ponton. Freeboard gages may be portable end designed to hang 
over the gunwale of the ponton, or they may be painted on the sides 
of the pontons. Readings may be made by direct observation or by 

the use of mirrors, depending on the location. 

6. Presentation of Data. Results of tests of ponton bridges 

in current ^y ha presented either of two graphical forms» 
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Freeboard velocity curves. This manner of presen- 

tattoñ'plota directly the tfe.Tu 
the stream velocity proviucing h ^ d ^ 

a curve fur each condition ^10=^. and 

each position. In for íw“ or more eooontricitie. 

of^that^loadt^These8eccentricities -0^ -^0 theater- 

lino position, the extreme "Pstr*“” 8°88"‘^ position on the 
downstream eccentrioity, an an ' treant pne effects 

upstream side, e£. l™h» «»“f.i4es of 

Of current upon the freeb°^d _lottinp. separate families of 

-ÄÄ ÍÂ^fÃo^side. i. 

iTult ”rÄ f»ily*ofr freeboard-velocity 

curvea is shown in Fig. !• 

V, qftfe Load-Velocity Curves. When complete data on 
velocity t!ft: are^avail.ble, it is ^.sible to pre.0^^1- 
rRilv the effect of current upon bridge capacity P ^ 
safe^load «einst stream velocity. This requires first the 

assumption of a safe minimum allowable ‘''■^“^the Yuma 
follows for the various types of pontons tested at the Yuma 

Test Branch« 

(1) Open top pontons (10-ton. 
25-ton) 

(2) Peeked pontons (British) 

(3) Pneumatic Floats (with 
raked ends ) 

6 inches 

0 inches at bow 
4 inches at sides 

l inch at sides 
4 inches at bow 

Ä“Lfr of stresses 

on the capacity should also be included in this type of pres n 
“uon.Tt ÏÏ stream velocities »tresses in the superstruo- 

ture frequently govern the capacity, while at high stream ve 

locities, freeboard is the governing factor. 

7. Special Features Affecting Capacities of Ponton Brid^ 

in Current. 

a Deck Off-Center Downstream. The capacity of a ponton 

brides*may be increased by constructing the deck off c®nber 
downstream fiorn 4”0 6 inches. This result is achieved because 

of the increase in freeboard at the bow, which is generally 
critical location in high stream velocities. The maximum up¬ 

stream eccentricity of the load is in effect reduced by 4 
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6 inches. This method of construction may increase the capacity 

of a bridge by as much as 5 tons. 

b. Ponton Bow Adapter» The critical location for free- 

board"”occur8 at the bow of pontons similar to the 10-ton and 

25-ton pontons in currents above 5 feet per second. Because 

of this fact, a ponton bow adapter was developed to increase 

the height of the ponton at the bow, and has been used to con¬ 

siderable advantage to increase the capacity of ponton bridges 

in current. The adapter is desirable for use in all tests of 

ponton bridges, whether information pertaining to the use of 

the bow adapter is desired or not* 
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