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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI (met- 

ric) units ae follows: 

Multiply By To Obtain 

culic feet 0.02831685 cubic metres 

cubic yards 0.7645549 cubic metres 

feet 0.3048 metres 

gallons per square yard 4.5273 cubic decimetres per 
square metre 

inches 2.54 centimetres 

kips (force) 4.448222 kilonewtons 

kips (force) per inch 175.1268 kilonewtons per metre 

kips (force) per 6.894757 megapascals 
square inch 

mils 0.0254 millimetres 

miles (US statute) 1.609347 kilometres 

pounds (force) per foot 14.5939 nevtons per metre 

pounds (force) per 47.88026 pascals 
square foot 

pounds (force) per 6.894757 kilopascals 
square inch 

pounds (mass) 0.4535924 kilograms 

pounds (mass) per 16.01846 kilograms per cubic 
cubic foot metre 

tons (2,000 pounds, 907.1847 kilograms 
mass) 

yards 0.9144 metres 



EVALUATION AND REPAIR OF WAR-DAMAGED PORT FACILITIES 

Report 3 

CONCEPTS FOR EXPEDIENT WAR-DAMAGE REPAIR OF PIER 

AND WHARF DECKING 

1.0 Introduction 

1.1 Background 

The shipment of large volumes of military containerized cargo for the 

support of troops in a Theater of Operations (TO) requires sustained use of 

ports. The enemy may employ hostile actions to deny the use of these 

Important facilities. The Army's Port Construction Companies (PCC's) are 

responsible for restoring the port to operation. Recent changes in the marine 

shipping and military doctrine require the development of improved and 

standardized remedies for war-damaged ports. 

The PCC's will not have the luxury of time for planning or preparation, 

and repair materials and support resources which are taken for granted during 

peacetime may not be available at the damaged facility. The construction 

forces may have to design repairs without help from outside experts and 

install the repairs using only their own equipment and personnel. The goal is 

to provide temporary repairs in the shortest possible time using only the 

PCC's organic equipment and personnel, onsite salvaged material, and a modest 

amount of repair components which may be prepositioned at the port or sea- 

lifted to the TO. 

This is the third of four reports on the subject work unit which focuses 

on solutions for pier and wharf problems encountered above the waterline. A 

parallel effort undertaken by the Naval Civil Engineering Laboratory (NCEL) to 

develop below waterline pier and wharf repair solutions is presented in 

report 4.  Report 2 is a Waterways Experiment Station (WES) study which pre- 

sents a port vulnerability analysis and identifies expedient repair systems 

for war-damaged piers/wharves, storage areas, and hardstands.  Report 1 

Identifies port construction in previous military conflicts, provides informa- 

tion for war-damaged port assessment, and presents compendiums of major ports 

with special characteristics. 



1.2 Generic Ports 

The WES chose the Norfolk Naval Station (NAVSTA) and Norfolk Inter- 

national Container Terminal (NICT) as representative port facilities which 

will be used in this study to illustrate expedient repair techniques.  The 

author chose Piers 7 and 10 at NAVSTA for further study. Pier 7 is an old 

pier, and Pier 10 is the latest pier design at NAVSTA. At the time this 

report was written, Pier 10 had not been constructed. WES chose a container 

berth as the generic structure within NICT. The design of the container wharf 

at NICT is typical of construction used at other commercial ports. 

1.3 Damage Scenario 

The damage scenario was based on a vulnerability study supplied by WES. 

Wharf damage is inflicted by 500 lb* general purpose bombs which explode on 

impact and leave craters which average 8.4 ft in diameter.  Since some craters 

will be larger than average, it is necessary to assume a tnaximun crater size 

for repair planning. The spacing between pile caps for Piers 7 and 10 and the 

container berths are 12, 18, and 20 ft respectively.  Some of the contemplated 

repairs are designed to cover these span lengths because it may be more 

efficient to replace a complete span rather than to patch a hole. The report 

will provide repair methods for spans up to 40 ft.  This will allow engineers 

to bridge over damaged pile caps and make the effectiveness of repair methods 

less dependent on the damage scenario. 

Based on study of the WES threat analysis report, it is assumed that 

there may be between 5 and 12 holes to repair In a 1,000-ft container berth. 

Visits to Army Port Construction units, conversations with Army person- 

nel, liaison with Seabee personnel, and Inspection of military documents have 

given the author irsight about the deployment of FCC's in an expedient repair 

situation. 

CDR G. Spence, CEC, USNR ADIC Program Information Branch, Regional War- 

time construction Manager, Mediterranean Code N961 CINCUSNAVEUR reserve units, 

* A table of factors for converting non-SI units of measurement to SI 
(metric) units is presented on page 4. 



informed the author that there are three main alternatives considered in 

repairing a war-damaged port. They are pursued as follows: 

a. Ask the host country to repair the facility. 

b. Hire a contractor. 

c. Have a military construction unit do the work. 

The deployment procedure for a PCC was determined during conversations 

with CPT Dave Washechek, Commanding Officer, 497th Engineer Company (Port 

Construction (PC), on 13 June 1985. The PCC would be attached to a combat 

heavy engineer battalion which would give the PCC nonspecialized engineering 

support as necessary. The full equipment allowance would be sealifted to the 

TO and the men would be airlifted in time to meet the equipment. 

Upon arrival in the TO, the PCC is responsible for the following: 

a. Installation of De Long Piers. 

b. Deployment of POL (petroleum, oils, and lubricants) pipelines. 

c. Rehabilitation of ports. 

Only one-third of the company would be available for port rehabilitation 

until items a and b are complete. However, unspecialized help would be avail- 

able from the combat heavy engineer battalion to which the PCC Is attached. 

LTC Paul Troxler, 416th Engineer Command, explained that expedient 

repairs are expected to last for a 6 month duration. The planner should make 

decisions which minimize repair time.  No consideration is given about how 

expedient repairs will hinder permanent restoration of the port when peacetime 

returns. 

1.4 PCC Capabilities 

The author visited two PCC's during this study:  the 497th Engineer Com- 

pany (PC) at Fort Eustls, Va., which is the only Regular Army PCC, and the 

80lst Engineer Company (PC), which is a reserve unit based in Oakland, Calif. 

The following is a list of the 497th resources and limitations based on the 

author's observations: 



1.4.1 Resources. 

a. The unit is most effective in timber construction. It also 
""  has sufficient welding capability to do light steel 

construction. 

b. The unit exhibits good teamwork skills and ability to 
improvise when necessary. 

c. Organic crones, piledriving equipment, and trucks are adequate 
for light work. 

d. Extra officers are available to coordinate complex projects 
and to manage geographically dispersed operations. 

1.4.2 Limitations 

a. There is insufficient training time in heavy marine construc- 
tion. There is also not enough training scenarios which 
simulate container port repair. 

b. There is insufficient training time in concrete construction. 

c. Rotation of personnel and lack of training manuals Inhibits 
buildup of marine construction expertise. 

d. Floating equipment is improperly repaired. 

The resources and limitations of the 801st Engineer Company (PC) are 

similar to those of the 497th. The 801st is a reserve unit, and there are 

some differences. The SOlst does not have as much equipment available to it 

as the 497th, and combat skills are not as well refined. However, the SOlst 

does not experience as much personnel rotation as the 497th. This results in 

a buildup of construction knowledge and better teamwork skills. 

At this time the FCC's do not have capability of effecting repairs which 

involve heavy concrete work, heavy pile driving, or heavy lifting from 

floating equipment.  The existing PCC's have the potential to perform this 

type of work if given the proper equipment and training.  Presently, they have 

the capability of performing simple repairs, especially if they Involve the 

use of timber or steel. 

1.5 Design Criteria 

Direction from WES provided the following design criteria for repairs 

designed under this work unit: 



a. Must be constructlble by Army PC units supported by other Army engi- 
neer construction units using only organic personnel and equipment. 
The researcher should assume that full equipment allowance Is avail- 
able and In good repair and that personnel are properly trained for 
their jobs. 

b. Must be as capable as the original structure of withstanding expected 
container-handling loads from the heaviest military cranes and cargo 
handlers. 

c. Must be as capable as the original structure of supporting maximum 
uniform live load of 1,000 Ib/sq ft. 

d. Must be expediently constructlble. 

e. Must Include required bracing and support from undamaged portions of 
the structure and expediently built substructure supports. 

f. Must be constructed from materials which are available within the TO 
or easily sealifted. 

£. Must not include military bridging or airfield landing mat. 

Repairs to crane rails are not included in this work unit.  Based on 

information supplied by port authorities, WES researchers assume that crane 

rail repair is too time-consuming and too intricate to warrant study at this 

time. 

2.0 Sources of Information 

Information for this report came from the following sources: 

a. Army field manuals and technical manuals. 

b. Department of Defense reports.  Special emphasis was placed on 
reviewing Navy documents which might be unfamiliar to Army 
researchers. 

c. Personnel contacts and site visits. The following were most helpful 
in preparing this report: 

(1) LTC Paul Troxler, 416th Engineer Command, Chicago, 111. 

(2) 497th Engineer Company (PC), Fort Eustls, Va. 

(3) 801st Engineer Company (PC), Oakland, Calif. 

(4) Norfolk Naval Station, Staff Civil Engineers Office. 

(5) Norfolk International Container Terminal. 

d. Nonmilitary sources were consulted concerning the availability of 
material and the possibility of new construction techniques. 

The references and bibliography (Appendix A) contain complete 

information. 



3.0 Generation and Selection of Alternatives 

The steps below were followed during execution of this study: 

a. Problem definition and information gathering (Sections 1.0 and 2.0). 

b. Generation of alternatives (Section 3.1). 

c. Selection of alternatives for final design (Section 3.2). 

d. Design of selected alternatives (Sections 4.0 through 8.0). 

e. Comparison of selected alternatives (Section 9.0). 

3.1 Generation of Alternatives 

Alternative solutions were generated in two steps.  In the first step, 

conventional solutions are developed based on findings from the problem 

definition and Information gathering stage. 

a. Cover damaged areas with steel plates. 

b. Form and place a concrete patch. 

c. Use underslung steel beams to support a temporary timber deck (see 
Figure 3.1). 

d. Construct prefabricated timber and steel deck elements (see 
Figure 3.2). 

e. Prefabricate concrete beams. 

f. Drive sheet piling to form a circular cell and fill it with rubble 
(see Figure 3.3). 

These ideas were used to stimulate discussion at an innovation session 

which was held at the NCEL. Researchers who had an interest in expedient 

repair were invited to attend. Those present were encouraged to offer alter- 

natives without regard to physical and economic feasibility or study limita- 

tions. Discussion was centered around the following areas: 

a. A change of container handling methods so the use of damaged areas is 
not necessary. 

b. The use of locally salvaged material. 

c. The use of floatation for support. 

d. The use of piling. 

e. The use of devices that attenuate the load or transfer it to 
undamaged areas. 

f^.  The use of bridging methods. 

£. The confinement of materials, such as dirt or rubble, in such a way 
that they support a load without spilling out into the berth. 

10 
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3.2 Alternative Selection 

The list of conventional alternatives and the results of the Innovation 

session were forwarded to WES researchers. The list was reviewed by WES, 

comments were made, and more Innovations were added to the list, in a Joint 

meeting between WES and NCEL researchers the following selection criteria for 

alternatives were adopted: 

a. Low technology solutions have preference over high technology solu- 
tions because of FCC training and equipment. 

b. Use of off-the-shelf and salvaged materials should have preference 
over special order Items because of procurement, transportation, and 
cost problems. 

c. The use of concrete should be avoided because of the preference of 
the FCC, the potential difficulty locating aggregate and water, and 
problems waiting for curing time. Also, parallel research on con- 
crete repairs is being done by another team at WES. 

d. At least one solution involving the use of timber and steel bridging 
should be studied because of the preferences of the FCC. 

e. Items such as pile cap repair, quay wall repair, concrete cutting, 
and an investigation of the strength the deck adjacent to damaged 
areas should be included for the sake of completeness. 

Complete information on the innovation process is contained in 

Appendix B.  Ideas not used in this study were documented because they might 

help future researchers. 

NCEL and WES agreed that the following topics would be fully 

Investigated: 

a. Determination of the strength of the deck adjacent to damaged areas. 

b. Use of steel plates to cover damaged areas. 

c. Use of steel and timber grillages to repair deck (Figures 3.1 and 
3.2). 

d. Development of "umbrella" concept (Figures 3.4, 3.5, and 3.6). 

e. Development of expedient repair techniques for pile caps. 

f_.    Development of expedient repair techniques for quay walls above the 
waterline. 

£.  Use of railroad flatcars as bridging devices. 

h. Use of precast, prestressed concrete girders. 

1.  Review of methods for cutting concrete. 

WES researchers made the following comments concerning the results of the 

innovation session: 

14 



Figure 3.4.  Umbrella concept, drive piling 
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Figure 3.5. Umbrella concept, trim umbrella 
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Figure 3.6.  Umbrella concept, set umbrella 
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a. Change container handling methods. This Is beyond the scope of the 
study. 

b. Use locally salvaged material. The material available will vary so 
much that this solution lends Itself to on-the-spot Innovation rather 
than research. Some consideration for uses of rubble may be 
warranted. 

c. Use of floatation support. WES expressed greater Interest in other 
topics. 

d. Use of piling. This subject will be covered under a parallel study 
for underwater solutions. "Umbrella" caps for piling which are 
driven in the center of a hole should be considered,  (see Fig- 
ures 3.4, 3.5, and 3.6). 

e. Load attenuation devices. WES expressed no immediate Interest in 
these solutions because they involved special materials, moving 
parts, and complicated assembly,  (see Figure 3.7 for an example of 
one such device). 

f. Use of bridging methods. WES expressed the greatest interest in this 
method. 

g. Confinement of fill material. WES expressed interest in the use of 
containers to confine rubble or soil. Further investigation of this 
concept by the NCEL research team working on underwater repairs 
showed that containers were too weak for port repair use. Confine- 
ment of rubble with sheet piling (Figure 3.3) was rejected because it 
is too complicated. Driving sheet piling in rubble bottom would be 
difficult. 

4.0 Material Availability 

4.1 Procurement Procedures 

The expedient repair process will be enhanced by designing solutions 

which use materials that are available as off-the-shelf items. The author 

made inquiries to suppliers and the 31st Naval Construction Regiment (NCR) 

Logistics Department Code R40 of Port Hueneme Construction Battalion Base con- 

cerning the availability of construction material. 

The 31st NCR Logistics Department acts as an expediting organization for 

the Seabees. When standard procedures are used for construction materials, 

purchasing can be a time-consuming process.  If an item Is needed, the fol- 

lowing supply methods are pursued in this order: 

a. Obtain the item from a stockpile on base. 

b. Obtain the item from another source within the government, such as 
another military base. 

18 
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c. Obtain the Item by local purchase with little difficulty if it costs 
less than $25,000. 

d. Obtain the item by local purchase with great difficulty if it costs 
more than $25,000. 

In an emergency situation, restrictions which slow the purchasing process 

are waived, and any necessary item can be purchased immediately if it is 

stocked by a local supplier. The purchase of materials for prepositioning 

could not employ this luxury. The comments concerning purchases which involve 

standard operating procedures were as follows: 

a. It often takes 6 months to purchase something using standard operat- 
ing procedures. 

b. Plate steel costs three times as much to buy in small quantity using 
standard procedures rather than local purchase. 

c. When ordering treated lumber, allow 60 days between ordering time and 
shipping.  Items such as 90-ft utility poles are difficult to obtain. 

d. Steel products such as angle iron are especially difficult to obtain 
using standard procurement procedures. 

e. Fabricated steel products obtained under a construction contract are 
easily expedited. 

The following is a list of suppliers contacted: 

a. Allen Forest Products, North Plains, Oreg., Lumber Brokerage. 

b. Bethlehem Steel Corporation, Structural Shape Sales, Bethlehem, Pa. 

c. L.B. Foster, California Sales Office, Commerce, Calif., Supplier of 
pipe, piling, construction equipment, railroad track products, and 
construction equipment. 

d. General Pipe, Los Angeles, Calif., Structural steel supplier. 

e. Kelly Pipe, Los Angeles, Calif., Supplier of utility pipe. 

f. McFarland Cascade, Tacoma, Wash.. Consumer forest products, utility 
poles, and timber piling. 

£. Oregon Steel Mills, Steel plates rolling mill. 

h. US Steel, Los Angeles Sales Office, Los Angeles, Calif., Regional 
warehouse for structural steel products. 

i. Zlegler Steel Co., Los Angeles, Calif., Steel supplier. 

4.2 Availability of Steel Products 

Chicago and Pennsylvania ore considered primary distribution points for 

structural steel. Houston Is a primary distribution point for oil well pro- 

ducts such as pipe, and Los Angeles is a secondary distribution point.  If a 
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Structural steel Item was available In Los Angeles, it was considered "easily 

available" for tbe purposes of this study. 

Los Angeles steel suppliers reported that lighter steel sections In each 

dimension were well-stocked. For example, a W36X135 section is easier to find 

than a W36X300 section. W sections which weighed less than 100 lb/ft were 

available in Los Angeles. W14 sections were especially popular and, there- 

fore, were well-stocked. High strength steel beams are not stocked In 

Los Angeles. 

Steel items which are not in stock may be ordered from the mill. Inspec- 

tion of rolling schedules from US Steel and Bethlehem Steel indicates that 

wideflange (W) shapes in the 36, 24, and 21 in. sizes in lighter weights and 

W14 sections in most weights are rolled every other week. Most other W sec- 

tions are rolled monthly. Standard beams, angles, channel, and sheet piles 

are rolled on an Intermittent basis. If an item must be ordered from a mill, 

4 to 6 weeks delivery time is required. 

The availability of H-sectlons (HP) was investigated because this section 

may be used either as a pile or a beam, depending on requirements. HP10- and 

12-ln. sections are rolled by four steel companies: US Steel, Bethlehem, 

Inland, and N.W. Wire and Steel. HP14 piles are rolled by US Steel and 

Bethlehem only. HP sections are generally rolled every other week. Inland 

steel has recently started production of an HP13 section. L.P. Foster main- 

tains a stockpile of 10,000 tons of HP pile in the Chicago area. HP12 X 53 

and HP10 X 42 are most available from this stock. 

High strength steel shapes are available only on special order. US Steel 

reports that It has a stockpile of high strength steel shapes In New Jersey. 

Foreign steel producers prefer to target the high strength steel market. This 

Is because import quotas are tonnage-based; therefore, It Is more profitable 

to sell higher-priced high strength steel. 

Plate steel Is easily available in thicknesses up to ? In. and widths up 

to 96 in. Type A36 steel is available in greater thicknesses. High strength 

plates SO to 100 ksi Is not available in thicknesses greater than 2 in. 

In July 1985, A36 (36 ksi) steel delivered from a warehouse in the 

Los Angeles area in truck load . ^ts averaged $0.25/10. Sttel delivered by 

rail direct from the mill was one or two cents less per pound. Approximately 

$0.40/lb for 100 ksi high strength plate would be a good price to use for 

rough estimates. 
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4.3 Availability of Forest Products 

Forest products such as 2-by 12-and 4-by 12-in. sections are available 

off-the-shelf in virtually unlimited quantities. Structural timbers such as 

12-by 12-in. sections are available by special order only. It takes 2 weeks 

to obtain the timbers and another 2 weeks for treatment with prep-rvatives. 

Wood preservation may not be necessary unless storage is contemplated. Tim- 

bers in lengths greater than 24 ft are difficult to obtain, even on a special 

order basis. Poles are commonly available in lengths from 20 to 40 ft and 

butt diameters up to 13 and 14 in. Treated poles take 30 to 45 days to 

deliver and cost $6.00/ft. Gluelam products are usually delivered 4 to 

5 weeks after an order is placed, if factories are not too busy. 

5.0 Critical Design Loads 

The following design loads acting on the deck of piers or wharves were 

chosen by WES for use in this study (see Appendix C for load design 

configurations): 

a. 1,000 Ib/sq ft uniform load 

b. 80-ton crane 

c. 140-ton crane 

d. Harnischfeger 250-ton truck crane (P&H 6250 TC) 

e. Shoremaster straddle carrier 

f. Clark 512 straddle carrier 

£. Belotti straddle carrier 

h.  4,000-lb forklift 

i.  Hyster 620B forklift 

JU Caterpillar 988 forklift (Cat 988) 

k. M52 tractor with XM871 trailer 

1.  XM878 tractor with XM872 trailer 

m. M915 tractor with XM872 trailer 

n- M911 heavy equipment transporter 

The design loads which caused the most moment and shear in simple spans less 

then 30 ft long were the P&H 6250 TC 250-ton truck crane, Cat 988 forklift, 

and 1,000 Ib/sq ft uniform load. The maximum shear and moment caused by this 

equipment and uniform load on a simple span is shown in Figures 5.1 and 5.2. 
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Figure 5.1. Maximum shear versus span length, impact factor; 
15 percent, lane width equals 12 ft 
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Longitudinal and transverse load relationships are also presented. Span 

lengths for most piers are less than 30 ft, and many available repairs involve 

simple span bridging. Figures 5.1 and 5.2 show the problems the port engineer 

faces with respect to design loads. The HS 20-44 loading is the critical load 

for most highway bridge design (Figure 5.3 and Refs 5.1 and 5.2). The 

HS 20-44 load effect is also plotted in Figures 5.1 and 5.2. Note that the 

use of container handling equipment puts a much greater demand on a structure 

than the HS 20-44 loading. 

Figures 5.4 and 5.5 give general shear and moment information for longer 

spans and several container handling vehicles. Figures 5.6 and 5.7 give 

detailed sh«ar and moment Information for the Cat 998 loading on long spans. 

Figures 5.8 and 5.9 give detailed moment and shear information for the 

HS 20-44 loading on longer spans. 

The weight of repairs Is neglected when critical loads are determined. 

Most repairs do not weigh more than 100 Ib/sq ft. This is insignificant com- 

pared with the l.OOO-lb/sq ft uniform load. This simplification may not be 

justified for long spans where the HS 20-44 Is the largest load considered or 

concrete is the repair material. 

The dynamic effects of equipment movement requires a 15 percent Increase 

In vehicle loading for design of deck components (Ref 5.2). 

A vehicle may produce greater structural demand when It operates trans- 

versely to the span of the deck. This is especially true when deck components 

are narrow, discrete elements which deflect Independently and do not share 

loads with neighbors. Figure 5.10 illustrates this situation for the Cat 988. 

Figure 5.11 is a graphical representation of this situation for the HS 20-44 

loading. 

When mobile truck cranes are engaged in lifting operations, they are 

stabilized by outriggers which resist overturning by transferring loads 

through floats into the deck. These float loads are very high. For instance 

the maximum float load for a P&H 9150 (150-ton) crane lifting a 75,000-lb 

40-ft container at a radius of 43 ft is 221,675 lb. (Ref 5.3). Floats may be 

as small as 30 in. in diameter: however, 4-ft square floats are opt^nally 

available and should be used.  It is not customary to design piers for such 

high loads; instead, the following should be done: 

a.  Use timber or plywood mats or steel beams to distribute the load. 
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Figure 5.4. Bridge class curves for shear (from 
Reference 8.7) 
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a. Cat 988 1/2 longitudinal loading, 
Max moment demand:  610 ft-kips. 

Max shear demand: 88 kips 

30' 

^ EJE 137,400 LB 
AXLE i 

ELEMENT 

29.4000 LB 
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b.  Cat 988 Transverse loading, 
Max moaent demand:  880 ft-kips. 
Max shear demand:  132 kips 

Figure 5.10.  Comparison of longitudinal and transverse load cases 
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Figure 5.11. Graph comparing longitudinal and transverse load 
cases for HS 20-4A load 
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b. Place the floats near rail or tracks in the pier because the pier is 
usually strengthened to accommodate rail traffic. 

c. Place the floats over pier bents, if possible. 

d. Locate strengthened areas of the deck and place the floats over these 
areas. 

More information on this subject can be found in Reference 5.3. 

6.0 Use and Repair of Damaged Structures 

Section 6.1 investigates the load capacity of generic port structures. 

This investigation was required to determine appropriate load capacity for 

repairs. There is no need to make repairs which are stronger than the undam- 

aged structure. The investigation Into capacity reduction is required because 

the load capacity of the structure may be reduced in areas adjacent to obvious 

damage. The engineer must consider this possibility as he plans his repairs. 

The remainder of this section includes concrete removal, concrete sawing, 

concrete drilling, and attachment of steel to concrete and substructure inter- 

face. Understanding of these topics will be helpful when the design of spe- 

cific repairs Is discussed. 

6.1 Investigation of the Load Capacity of Generic Structures 

The results of the load capacity Investigation are shown In Table 6.1. 

The only pier which is suitable for use with all container handling vehicles 

is Pier 10 at the Norfolk Naval Station. This pier is one of the latest Navy 

designs. Placement and operation of a 70-ton truck crane is allowed at any 

location on the pier.  It Is unusual for a pier to be designed this way 

because the outrigger float loads are very high.  Construction of Pier 10 was 

not complete when the report was written. 

Conventional piers sake use of rail-mounted cranes, ship-mounted cranes, 

or barge-mounted cranes to provide lifting capability. When these methods are 

used, crane loads are not supported by the deck.  Containers are moved by 

semitrailer trucks so that the HS 20-44 or 1,000-lb/sq ft uniform load cri- 

teria will control deck design. The Norfolk International Container Terminal 

wharf is a good example; the HS 20-44 loading and 1,000-lb/sq ft dead load are 

the only load criteria met. 
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Table 6.1 Design Strength of Generic Wharves 

Design Load 

1,000 ib/sq ft 

HS 20-44 

Cat 988 Forklift 

80-Ton Crane 

140-Ton Crane 

250-Ton Crane 

Max Cantilever 
length 
at full capacity 

Norfolk 
International 

Container Norfolk Naval Station 
Terminal Pier 7 Pier 10 

Yes Yes Yes 

Yes Yes Yes 

No No Yes 

No No Yes* 

No No Yes* 

No No Yes* 

Span Length 20 ft 12 ft 18 ft 

Design one-way precast two way one way 

Max      At Support 
Allowable 
Moment    Midspan 

-58 ft-k/ft 

45.5 ft-k/ft 

-2 ft-k/ft 

6 ft-k/ft 

-69.8 ft-k/ft 

72.9 ft-k/ft 

7 ft 4 ft 10.9 ft 

* Design strength Is sufficient for movement of the crane between setup 
points. Outrigger float loads may exceed deck capacity. Since outriggers 
must be extended during operation, floats should be placed In areas of high 
strength or loads spreading devices should be used. 

6.2 Extent of Capacity Reduction Due to Damage 

If a pier is damaged, undamaged portions of the pier may suffer a 

capacity reduction because of loss of support caused by adjacent damage. Con- 

sider a direct hit on a one-way slab at pile cap as shown In Figure 6.1. In 

one-way slab design the main reinforcement runs in one direction; In pier 

design this Is usually perpendicular to the pile caps. Capacity Is reduced in 

the undamaged portions of the span adjacent to the hole because one rein- 

forcement path between the load and support is severed. A conservative method 

for estimating capacity is to assume that the remaining deck acts as a 

cantilever extending from the remaining support.  Each generic structure was 

analyzed using this method. The cantilever length tabulated in Table 6.1 is 
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the distance from the support where cantilever strength becomes less than beam 

strength. 

The foregoing estimate Is conservative because It Ignores the support 

that the reduced-capacity area receives from undamaged portions of the deck. 

Analysis of this extra support effect is difficult and the results would 

change depending on the size of the damaged area, thickness of concrete, and 

type of reinforcing used. Estimates using the cantilever method will be suf- 

ficient for field use. If necessary, the engineer could check questionable 

areas by load testing them with rubble. 

Since Pier 7 of Norfolk Naval Station is a two-way slab, its capacity in 

one-way action was considered in cases where reinforcing in one of the direc- 

tions was severed. Calculations showed that cantilever action from the near- 

est girder was more effective In supporting loads than one-way slab action. 

If repairs are made to damaged areas, consideration should *• ' given to 

extending the repair past the region of reduced capacity. Figure 6.2 is an 

example of how underslung steel beams, which are used to support a temporary 

timber deck, might be extended to support a reduced capacity area. 

6.3 Removal of Damaged Concrete 

When making expedient repairs, it may be helpful to saw damaged or 

weakened concrete in order to make way for repairs. The deck may be trimmed 

to allow prefabricated modules to be set flush with the top surface of the 

deck (see Figure 3.2). 

Several different sizes and types of saws are available. They range from 

hand-held types for small jobs and restricted areas to large self-propelled 

ones with 65-hp engines. Wall saws are available which run vertically on 

tracks to cut door openings in concrete and masonry walls. Saws which may be 

pushed by one man are used for small jobs on concrete floors and decks. Fur- 

ther information on saws and accessories is available in Reference 6.1. 

Several factors impact the productivity of concrete sawing. They include 

concrete thickness, aggregate type, reinforcing density, size and type of 

blade, type of saw, length of cut, and amount of maneuvtring time required. 

A 36-in. blade is required to saw a 12-in.-thick deck.  It is difficult 

to saw a straight line with a 36-in. blade unless it is guided.  Highway 
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Figure 6.2. Attachment of underslung beams to support 
weakened areas of the deck 

39 

teyurty^art«ü^jwv^v:v^v^^ 



contractors often saw thick concrete In several passes. Twelve-inch concrete 

is often sawn in three passes, each 4 in. deep. Productive cutting time will 

be reduced by the time required to change blades. On large jobs, contractors 

remedy this problem by having three saws follow each other, each cutting at a 

different depth. 

Production varies greatly depending on the type of aggregate embedded in 

the concrete. Soft aggregates, such as limestone, can be cut quickly. Hard 

aggregates such as granite, river gravel, and chert are more difficult to cut. 

Blade life is reduced drastically when cutting hard aggregate; however, proper 

blade selection will mitigate this problem. The presence of reinforcing also 

slows cutting and reduces blade life. If a saw cut falls longitudinally on 

top of a rebar, the cut will have to be abandoned because the cost in lost 

blade life and time is too great. 

Long, straight cuts Improve productivity. Although It is possible to 

maneuver a large highway saw as required to make 12-ft-long transverse cuts on 

highway slabs, time is loat  as the blade is extended and retracted and the 

machine Is positioned. 

The movement of concrete which causes pinching and binding of the blade 

is another source of trouble. Movement may be the result of heating In the 

summer or stresses caused by settlements and frozen expansion joints. Damaged 

portions of the deck may require temporary support during sawing in order to 

reduce blade pinching. 

Contractors doing highway work are able to cut 12-ln.-thick concrete at a 

rate of 400 ft/day using one man and one saw. There are wide variations in 

the actual dally production depending on the previously mentioned factors. 

Reference 6.1 reports that a dally production of 40 ft/day was accomplished 

despite extremely unfavorable working conditions. For expedient repair pur- 

poses, planners may estimate production between 100 and 200 ft/day for a 

12-ln.-thick reinforced concrete deck. 

The 7-ft-diam carbide cutters are also available. The machinery rides on 

tracks and looks similar to a large "ditch witch" machine.  The machine makes 

a cut 4 in. wide, and manuf .ctures claim that 120 ft/hr can be sawn. A con- 

struction contractor that uses the machines for bridge demolition reports that 

60 to 80 ft/hour Is a reasonable estimate including moving, setup, and 

maintenance. 
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Hydraulic pavement breakers may be mounted on a digging machine in place 

of a backhoe bucket (Ref 6.2). The production from this unit is at least five 

times that of a man using a 90-lb breaker. The machine may be used to break 

deck slabs into blocks by punching a line of closely spaced holes. A highly 

experienced operator can clean concrete from a steel beam using this machine. 

Unless these machines are well-maintained and expertly operated, they break 

down frequently. The 497th Engineer Company has a pavement breaker but avoids 

using it because of maintenance problems. 

A recent development in concrete demolition is the whip hammer. This 

device consists of chains which are attached to a wheel and flailed at high 

speeds. It is most effective on salt-damaged concrete bridge decks. An 

advantage is that it removes the concrete vlthout damaging the reinforcing. 

The old reinforcing may be reused to splice into a new concrete patch. This 

machine was first used by Mergentime Corporation of Flemington, N.J., on 

bridge rehabilitation projects. 

Small concrete removal areas and cleanup work may be done with jack- 

hammers. Various sources place the daily output per person at less than 

1 cu yd/day. Output may be higher for short jobs before operator fatigue sets 

in. Work may be assisted with the use of hydraulic splitters or chemicals 

which are poured into predrilled holes and allowed to expand (Ref 6.3). 

Explosives might also be used for concrete demolition. This subject was 

not researched because ample Information on explosives Is available In Army 

literature. 

One possible approach for concrete removal Is as follows: 

a. Saw cut to partial depth the entire perimeter of the weakened area of 
the deck. 

b. On another pass, saw cut to full depth as much of the perimeter as 
possible without causing movement of the damaged portion which will 
bind the saw blade. 

c. Finish the job with a backhoe-mounted hydraulic pavement breaker. 

The time required to cut an opening In a 12-in.-thick deck which will accept a 

16- by 40-ft repair module Is one IG-hr day. A crew of three or four men 

would be required:  30 to 40 manhours would be consumed, and 10 hr of schedule 

time would be used. 
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6.4 Attachment of Repairs to Concrete 

A standard method of attaching repairs to concrete should be developed 

for use by PCC's. The possible alternatives are Illustrated in Figure 6.3. 

The necessary materials should be included with material shipped to the TO. 

Most underslung beams may be supported by core drilling holes through the 

deck and inserting bolts. High strength (A325) bolts 1-1/2 in. in diameter 

will provide a tensile strength of 70 kips according to the AISC steel manual. 

This strength is sufficient, and a few bolts could support container vehicle 

loads. Bearing plates should be provided on top to spread the load from the 

bolts across the deck (see Appendix D). The beams may need reinforcement at 

the connection to resist concentrated stresses. 

Based on information from Reference 8.3, one man can core drill at least 

eight holes of 2 in. diam through a 12-in.-thick deck in a 10-hr day. 

Anchors, which can be drilled into existing concrete, come in two forms. 

Mechanical anchors are bolts which are driven into tightly fitting holes which 

have been predrilled. A nut and washer is threaded onto the exposed end of 

the bolt and tightened until it comes in contact with the concrete surface and 

starts to pull the bolt out of the hole. Friction inside the hole engages 

wedge anchors which prevent the bolt from being pulled out. 

Epoxies and other resins may also be used to secure bolts into predrilled 

holes (Ref 6.4 and 6.5). Some epoxies may be poured Into vertical holes which 

are open from above. Paper or glass capsules may be used to retain epoxy in 

horizontal holes before inserting the bolt. 

About l-in.-dlam anchor bolts have sufficient shear strength for most 

uses contemplated In this study. A sample data sheet for wedge anchors is 

shown in Figure 6.4. 

6.5 Substructure Interface 

In some cases, deck repairs will be supported by substructure elements 

such as piling.  In other cases the repair Is supported by the undamaged deck 

or the pile caps. 

A parallel effort was undertaken to determine expedient repair procedures 

for damage that occurs below the waterline (Ref 6.6). Results from this study 

indicate that deck repairs would be supported by various columns which are 
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A 

BE a 
t > 

WEDGE ANCHOR 

ANCHOR DIA 
AND DRILL 

SIZE, IN. 

A 
OVERALL 

LENGTH, IN. 

B 
MAX THICK 

OF MATL, IN. 

c 
THREAD 

LENGTH, IN. 

D 
MIN EMBED- 

MENT IN 
CONCRETE. IN. 

ULTIMATE 
•PULLOUT, 

LB 

ULTIMATE 
"SHEAR. 

LB 

1/4 

1-3/4 
2-1/4 
3-1/4 

3/8 
7/8 

1-7/8 

3/4 

3/4 
3/4 

1-1/8 1,346 2,161 

2-1/4 
2-3/4 

3/8 
7/8 

1-1/8 
1-1/8 

3/8 3 
3-3/4 

5 

1-1/8 

1-7/8 
3-1/8 

1-1/8 
1-1/8 
1-1/8 

1-1/2 3,250 4.031 

2-3/4 
3-3/4 

1/8 
1-1/8 

1-6/16 
1-5/16 

1/2 4-1/4 

5-1/2 
7 

1-1/2 
2-3/4 

4-1/4 

1-6/16 
1-5/16 

1-5/16 

2-1/4 5,084 6.547 

3-1/2 1/8 1-3/4 
4-1/2 1-1/8 1-3/4 

5/8 

5 
6 
7 

8-1/2 

1-5/8 
2-5/8 

3-5/8 
5-1/8 

t-3/4 
1-3/4 
1-3/4 

1-3/4 

2-3/4 7.744 11.984 

4-3/4 3/4 1-3/4 
b-1/2 1-1/2 1-3/4 

31* 7 

8-1/2 

10 
12 

3 
4-1/2 

6 
8 

1-3/4 
1-3/4 
1-3/4 

6 

3-1/4 9.365 16.013 

6 1-3/8 2-1/2 
7/8 8 

10 
3-3/8 
5-3/8 

2-1/2 

2-1/2 

3-3/4 13.448 20.881 

6 1/2 2-1/2 
1 9 

12 
3-1/2 

6-1/2 
2-1/2 

2-1/2 

4-1/2 19.234 35,778 

9 2-1/4 3-1/2 
1-1/4 12 5-1/4 3-1/2 5-1/2 23.568 38 968 

• ULTIMATE LOAD CAPACITY IN 4090 PSI. 3/4 IN. CHUSHEO LIMESTONE AGGREGATE CONCRETE. 

Figure 6.4.  Sample data sheet for wedge anchors 
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quite similar to piling. It is recommended that the deck repairs rest on top 

of the column after it has been cut off to the proper elevation. A loosely 

fitting collar should surround the top of the pile. The collar should not 

allow horizontal movement between the column and the repair, and it should not 

transfer moment from the deck repair to the column. This is because the addi- 

tion of moment to the column greatly reduces its capacity because of the pos- 

sibility of elastic buckling. If the column frame is attached to the bottom 

of a steel beam, web stiffeners should be attached to the beam at the column 

location to prevent buckling of the web. 

The umbrella concept, which is Illustrated in Figure 6.5, involves driv- 

ing a pile in the center of a crater and then covering it with a cap which is 

trimmed to fit the crater. It was assumed that concrete would be the material 

of choice for the cover. The steel plate and erector set concepts explained 

in Sections 8.2 and 8.3 could also be used to provide an umbrella cover. Bolt 

holes would be available to attach a collar which could be made from steel 

angle. The column could frame into a transverse beam which would act as a 

pile cap and spread the support across the repair (see Figure 6.6). 

In some cases, It may be most effective to bridge over damaged piling by 

providing a stronger deck material. If this is done, consideration should be 

given to the extra load that will be placed on undamaged piling. If there is 

insufficient reserve capacity, extra bottom support should be provided. 

7.0 Requirements for Repair Systems 

7.1 General Requirements 

A repair system which Is designed for military use should have the fol- 

lowing attributes: 

a. Versatility. The components may be used to affect a variety of 
repairs. 

b. Compact for shipping.  Saving cubage Is more Important than saving 
tonnage on most seallfts. 

c. Components or modules of the repair system should be stored In con- 
tainer compatible racks.  The maximum lifting weight should be about 
40,000 lb. This Is less than the maximum weight for a 20-ft military 
container. Maximum container weights are 44,800 lb for a 20-ft con- 
tainer and 67,200 lb for a 40-ft container (Ref 7.1). 
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d. Assembly should be a low technology operation which can be done with 
hand tools and indigenous labor if necessary. 

e. The repair should show visible signs of distress long before failure. 
Sudden catastrophic failure modes should be avoided. 

f. Minimum time should be required to prepare the damaged area for 
repair. 

£. A minimum of different components should be required to assemble the 
repair system. 

h. The repair system should be much stronger than previously developed 
systems because of the high demands of modern container handling 
equipment. 

1. Repairs should be available to bridge up to 40 ft. This is because 
it might be necessary to bridge over a pile bent. Pile bents are 
typically spaced at 20 ft on most open piers. 

J[. Designs must accommodate maximum container loads on an occasional 
basis. Hoe'  containers are loaded below their maximum limit. 
Ammunltlc containers are close to the maximum weight limit. 

It is recommended that a primary repair system be developed which uses 

2-in. high-strength steel plates to cover small holes and uses various eom= 

binations of steel plates and beams to bridge large damaged areas. Steel was 

chosen because of the high structural resistance and low shipping cubage 

required. Availability is high and shop fabrication and field modification 

can be accomplished using proven technology. Components of the repair system 

will fit into 8- by 8- by 40-ft modules or 8- by 8- by 20-ft modules which 

will stack 8 ft high for convenient shipment with containerized cargo. The 

repair system may also be preposltioned and preassembled for use at a specific 

port. The components would be purchased and fabricated In peacetime and held 

ready for future use. 

Development of concepts which use timber, concrete, steel bar grate, and 

railroad cars is also recommended. If these materials are available within 

the TO, a seallft would not be necessary. If timber and bar grate were sea- 

llfced to the TO, greater shipping cubage would be required In comparison to 

steel plate and beams.  If the supply of steel is exhausted, the shipment of 

timber may be necessary. 

7.2 Material Requirements for Steel 

Since the primary material recommended for repairs is steel, it is 

appropriate to discuss the selection of types of steel. High yield strength 
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Is desirable to provide structural resistance with little weight. High duc- 

tility allows steel to undergo large post-yield elongations before ultimate 

failure. This allows redistribution of stresses away from stress concentra- 

tions and, in some cases, prevents sudden collapse of a structure. 

For an expedient port repair system, high strength, high ductility, 

machinability, and weldability are Important attributes for steel. It is 

expected that the systems may be assembled without welding; however, it is 

possible to have weld equipment if available. 

The strength of steel is usually reflected by its nominal yield point in 

kips per square inch. The modulus of elasticity describes the stiffness of 

the material. This remains the same despite changes in yield strength. A 

repair made of high grade steel may perform poorly even though it does not 

fall by yielding; if a repair is not stiff enough, excessive deflections 

render it useless. 

ASTM A36 (36 ksi) steel is the most commonly available. Rolled sections 

are available in grade 50 ksi material, and plate is available in up to 

100 ksi material. 

High strength bolti are subject to corrosion and fatigue problems. They 

may perform satisfactorily for the short design life of expedient repairs, but 

they should be used with caution. 

Generally, any process which Increases the strength of steel reduces the 

ductility. Low temperatures aggravate this problem. Addition of special 

alloys and a quench and temper process can increase strength while preserving 

most of the ductility. High grade steel will be more difficult to machine and 

will require a special welding rod for welding. Reference 7.2 explains spe- 

cial problems associated with high strength steel. 

Machining and welding steel which is less than 1 in. thick is quite easy. 

Machining and welding steel which is greater than 2 in. thick require special 

procedures and great skill. 

For expedient port repair purposes, it Is suggested that ASTM A36 steel 

less than 1 in. thick be used for components which lend themselves to field 

fabrication. The A36 steel has excellent ductility, machinability, weldabil- 

ity, and availability.  If higher strength steel and lighter sections are 

used, deflection problems may result. High strength ste«! components up to 

2 in. thick may be appropriate if little field modification Is necessary. 

Planners must consider the problems of identifying high strength steels at the 
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construction site so personnel are aware of its extra load capacity and 

special fabrication problems. 

7.3 Stiffness Requirements for Expedient Repairs 

As stated earlier, some deflection in repair components under load is 

good because it gives a visual Indication of distress to the casual observer. 

If deflections are too large, they can cause problems. Simple analysis pro- 

cedures used by structural engineers assume that deflections will be small in 

relation to the span length. If deflections are too large, special analysis 

is required. Design of supports is troublesome when deflections are large. A 

simple support must allow for rotation of the repair. If the repair extends 

beyond the support, the end will lift as the center is depressed. If a load 

is not centered on a beam member exactly, which is the case when a container 

handling vehicle drives on the edge of an 8-ft-wlde plate, the member will 

have a tendency to twist. This will be accentuated as deflections became 

larger. Larger deflections may cause high dynamic loads If the motion of the 

vehicle excites the natural frequency of the repair. Personnel may be hesi- 

tant to use the repair if it appears too flimsy, even though it may be safe 

from a technical standpoint. 

A design criterion which set numerical limitations on deflections which 

are applicable to an expedient repair situation was not found. The trilateral 

design and test code for military bridging and gap crossing equipment 

(Ref 7.3, Section 5.2) restricts allowable deflections as follows: 

Deflections are not limited by this code but must 
be considered when they cause changes in loading, 
affect fit or alignment, or affect the use of 
equipment. 

Quantitative limitations on deflections could be determined during test and 

evaluation of proposed repairs. 

7.4 Allowable Material Stresses for Expedient Design 

Steel components which were designed under this study were sized using 

allowable stresses In steel which are In excess of those used for conventional 

permanent design. The allowed bending stress was set at the yield limit for 

steel.  The allowed shear stress was set at the yield limit divided by 1.5 for 
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that part of the section which Is effective In resisting shear (the web, In 

the case of a W section). This liberal design policy Is Justified because of 

the temporary and expedient nature of the construction and the need to save 

shipping cubage. Similar allowable stresses are used by designers of tem- 

porary structures for construction projects on a regular basis. Maximum loads 

are experienced on an occasional basis, mostly when ammunition Is being 

handled. Deflections in the structures will give personnel visible signs of 

distress before failure occurs, and slight distortions In the repair units 

will not destroy their usefulness. 

Allowable stresses In timber are similar to those used In Reference 7.4. 

Concrete bearing strength Is assumed to be 1,000 Ib/sq In. 

Further research and review of allowable stresses for expedient repair 

design are recommended. A complete test and evaluation of prototype repair 

modules will increase safety and highlight critical structural areas. 

8.0 Design of Repair Methods 

Several different repair methods were developed under this work unit. 

They are as follows: 

a. Steel plate concept. 

b. Erector set concept. 

£. Steel beam mat concept. 

d. Steel beam and timber deck concept. 

e. Steel beam and steel bar grate concept. 

£. Precast concrete beam concept. 

g. Railroad flatcar concept. 

These repair methods were applied to a typical damaged berth, and comparisons 

of required resources were made. The following resources were considered. 

a. Schedule time. This is the number of actual hours required to make 
the repair.  It is assumed that necessary materials are stockpiled 
within 1 mile of the site and that crews will work two 10-hr shifts 
dally. Activities which involve use of a crane often control 
schedule time. A crew size of 5 to 10 is assumed. 

b. Manhours. This estimate includes crew supervisors who work with the 
crew and equipment operators. Officers, staff, and support personnel 
are not included. Estimates are based on information from 
References 8.1, 8.2, and 8.3. Conversations with contractors and the 
author's personal experience from past employment in heavy and marine 
construction were also helpful in making est^ates. 
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c. Shipping cubage. This refers to the volume required for shipment of 
repair components in container compatible racks. Allowances are made 
for waste due to cutting and fitting. 

d. Shipping weight. This refers to the weight required for shipment of 
components. Allowances are made for waste due to cutting and 
fitting. Density of steel is 490 Ib/cu ft. Density of wood is esti- 
mated at 40 Ib/cu ft. Density of concrete is estimated at 155 lb/ 
cu ft. 

e. Acquisition cost. This is the cost to acquire repair components in 
the United States for prepositioning purposes. Prices were deter- 
mined by inspection of Reference 8.3 and conversations with suppliers 
and contractors. Baseline unit costs for materials are shown in 
Table 8.1. 

Table 8.1. Baseline Government Acquisition Costs for Materials 

Item Cost $ Unit 

ASTM A36 steel, no fabrication required 

ASTM A36 steel, light fabrication required 

ASTM A36 steel, heavy fabrication required 

High strength steel plate 

Steel bar grate, machine made (bars 
4 by 3/8 in. or smaller) 

Steel bar grate, hand made (bars 
4-1/2 by 1/2 in. or larger) 

12 by 12 in. by 20 ft timber 

Prestressed concrete beams 

0.50 lb 

0.75 lb 

1.00 lb 

0.75 lb 

1.00 lb 

1.50 lb 

200 ea 

425 cu yd 

f. Maximum lift weight. This is the maximum weight of a unit that must 
be lifted in order to complete the repair. 

jj. Several qualitative items were also compared. They were: 

(1) Shop fabrication requirement. 

(2) Possibility of assembly in the TO prior to hostilities. 

(3) Flush repair capability. 

(4) Prepositioning requirement. 

(5) Crane requirement. 

(6) The possibility of transporting components by dragging them with 
a large vehicle. 

(7) Concrete removal requirements. 
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The results of the comparisons are tabulated in Section 9.0. This Includes 

comparison of the HS 20-44/1,000 Ib/sq ft load and the Cat 988/P&H 6250 TC 

(250-ton crane) load case. Henceforth, container handling vehicle (CHV) 

refers to the Cat 988/P&H 6250 TC loading. The steel plate concept was not 

compared with other methods directly because steel plates are not strong 

enough to repair all types of damage. Instead, a comparison was made between 

methods when steel plates were used to repair small damage areas. Repairs 

using railroad cars are not compared because of limited applications foreseen. 

Sections 8.3 through 8.8 are narrative explanations of repair methods. 

Design and comparison calculations are found in Appendix D. 

8.1 Baseline Repair Scenario 

A "typical damaged container berth" was developed so comparisons could be 

drawn between repair methods. The typical berth is similar to the generic 

piers and wharves (see Table 8.2 and Figure 8.1). The typical damaged con- 

tainer berth closely resembles the lll^T  because the NICT was the only generic 

structure specifically designed for container traffic. Repair requirements 

closely match those of the other piers.  The following cases of damage were 

considered (see Figure 8.2): 

a. Case 1. Midspan damage only. 

b. Case 2. Midspan and one cantilever damaged or weakened (NAVSTA, 
Norfolk, Pier 7 and Pier 10) not subject to this damage case (see 
Figure 8.3). 

c. Case 3. One pile cap and midspan areas of adjacent spans weakened or 
damaged. The pile cap might be bridged over in this case.  If any 
pilings are bridged over, the ability of the remaining piling to take 
the extra load should be checked. 

The usefulness of repair methods for spans up to 40 ft is considered In 

Appendix D.  This is to demonstrate the versatility of the repairs.  The safe 

cantilever refers to that portion of the deck that can be cantilevered out 

from the pier cap without capacity reduction.  The midspan area is the part of 

the deck that would suffer capacity reduction if support from one of the pier 

caps was cut off.  The damaged areas are considered rectangular.  This is 

because the bomb craters will cut the reinforcing steel which runs at right 

angles within the deck slab.  This results in areas of reduced capacity which 
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Table 8.2. Comparison of Damage Scenario Between Generic Piers 

and Typical Berth 

Case 1 Case 2 Case 3 

Number of Hits 

NICT 
Reduced capacity area 

(Deck span 20 ft 
Deck thickness 12 In. 
Safe cantilever 7 ft 
Pile cap span 11 ft) 

P7 NAVSTA 
Reduced capacity area 

(Deck span 12 ft 
Deck thickness 8 in. 
Safe cantilever 4 ft 
Pile cap span 8 ft) 

P10 NAVSTA 
Reduced capacity area 

(Deck span 18 ft 
Deck thickness 18 in. 
Safe cantilever 10.9 ft 
Pile cap span 8 ft 9 in.) 

Typical berth for 
comparison of repair 
methods 

(Deck spin 20 ft 
Deck thickness 12 In. 
Safe cantilever 7 ft 
Pile cap span 10 ft) 

Special case considered 
in order to demonstrate 
flexibility of repair 
methods to adapt to 
other scenarios 

9 by 9 ft 

9 by 9 ft 

N/A 

9 by 9 ft   13 by 9 ft 

3 hits, 
one repair 

20 by 26 ft 

N/A 
Any hit which 
destroys a 
cantilever but 
not a pile cap 
destroys the 
midspan. 

N/A, safe 
cantilever 
areas overlap 

Assume 9 
case 1 hits 

24 by 24 ft 

20 by 20 ft 

9 by 9 ft        13 by 9 ft 26 by 20 ft 

ri/ S/A 40 by 16 ft 
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CASE 1, MIOSPAN ONLY 
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CASE 2, MIOSPAN ANO CANTILEVER 
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Figure 8.2.  Three cases for damage repair 
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so 
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L   PLAN VIEW J 

PIER10, NAVSTA 
PLAN VIEW 

Figure 8.3.     Impossibility of Case 2 damage,  NAVSTA Piers 7 and 10 
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may be considered rectangular for the purpose of this design (see Sec- 

tion 6.1). 

For the typical damaged container berth, 12 bomb hits were assumed. 

Three hits caused Case 1 damage, six hits caused Case 2 damage, and three hits 

caused one instance of Case 3 damage (Figures 8.4 and 8.5). 

8.2 Steel Plate Concept (see Appendix D, for design and comparison 

calculations) 

A damaged area of a pier may be covered quickly and easily with a steel 

plate. Investigation has shown that a 2-in. steel plate with a yield strength 

of 60 ksi can bridge a gap of 8 ft for a Cat 988 forklift with a fully loaded 

container. Deflection would be no more than 2 in. The moment is limited to 

the amount that causes yielding in the outer fibers of the plate. It is 

assumed that an 8-ft width of plate is effective in resisting the load and 

that no edge support is provided: This Is the case in repairing a rectangular 

gap (see Figure 8.6). The foregoing assumptions are conservative if the 

crater is round and 8 ft in diameter. In this case, the plate would receive 

some side support and only one wheel could be in the center of the hole; the 

other would be on the undamaged surface of the pier. It might be possible tc 

support one wheel of a fully loaded Cat 988 in the middle of an 8.A-ft crater 

with a 1-in., 60-ksi steel plate. 

The assumption that an 8-ft width of plate resists the load of a CHV is 

not an exact assumption. It is contemplated that the plate will be supplied 

in 8-ft widths for container compatible transportation. At times the loads 

will be carried by two separate plates (see Figure 8.6) which will result in 

lower material stresses. Loads may also be carried by the edge of the plates 

which will result In higher material stresses. The 8-ft effective width is 

used for preliminary sizing during the conceptual design phase. 

Plate repairs are attractive because of simplicity and ease of installa- 

tion. Reference 8.1 states that 10,000 lb steel plates can be selected from a 

stack, loaded onto a truck, unloaded and placed in 1.5 hr. An 8- by 10-ft 

2-in. steel plate which weighs 6,400 lb could be used to repair the 8.4-ft 

diam craters specified in the original scenario. At least six such repairs 

could be made In a 9-hr day. Cranes would not be required to move the plates 
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€ PILE CAP 

€ PILE CAP 

Figure 8.4.  Configuration of Case 3 damage for the 
typical damaged berth 
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C PILE CAP 

Figure 8.5, Case 3 damage to Pier 7, NAVSTA (Complete loss 
of two spans is assumed) 
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Figure 8.6. Assumptions for plate repair design 
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because the coefficient of friction between steel and concrete is low; a large 

vehicle could drag the plate to the installation site. 

The plate may be secured against sliding at the repair site by anchoring 

it to the undamaged deck with anchor bolts or by attaching rods to the plate 

which will protrude down through the open area in the deck and bear against 

the edges of the crater in case of slippage. Holes in the plates should be 

provided on 12-in. centers for bolts, attachments, and handling aids. 

The raised edge of the plate will not cause operational problems for 

CHV's. 

Steel plates will exhibit noticeable deflection before ultimate failure. 

Personnel may easily observe the deflection so they are warned of impending 

overload. When a plate resists a moment, the stresses are greatest in the 

outer fibers of the plate. When the outer fibers yield, the inner fibers are 

still in the elastic region of their stress-strain curve. This gives the 

plate reserve capacity from complete failure. After outer portions of the 

plate have reached the yield limit, the plate still has reserve capacity. 

Small overloads will cause permanent distortion of the plate, but not complete 

collapse. If the plate is bent by handling or overload, it may be placed so 

that it arches up. It may fail in fatigue, however, after being bent several 

times. 

The moment resistance of the plate Increases geometrically with its 

thickness (see Figure 8.7). A 2-in.-thick, öO-ksi plate offers sufficient 

moment resistance to be useful for a variety of applications. The amount of 

field modification required for plate installation is minimal, and the 

increased difficulty of fabricating high-strength plate is not a critical 

problem. For these reasons, it is suggested that a 2-in.-thick, 60-ksi steel 

plate be used to span gaps up to 8 ft for heavy container handling equipment, 

up to 18 ft for the 1,000 Ib/sq ft loading, and up to 23 ft for the HS 20-44 

loading. Maximum deflections will be approximately 2, 10, and 13 in., 

respectively. 

The 60-ksi, 2-in. steel plates are not available as a standard product 

specified in Reference 8.4; however, high-carbon proprietary steels are avail- 

able in the 50- to 80-ksl range (Ref 8.5). ASTM A514 Quenched and Tempered 

100-ksi steel is available as a standard product. ASTM A514 can be welded 

with some difficulty and has reasonable toughness and ductility. An 8-ft 

effective width of plate which is 2-in.-thick, 100-ksi steel plate will span a 
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gap of 13 ft with a Cat 988 or 250-ton truck crane, 23 ft for a 1,000 Ib/sq ft 

load and in excess of 30 ft for the HS 20-44 load. Maximum deflections are 

10, 27, and more than 30 in., respectively. The xength of a gap spanned by 

lOO-ksl, 2-in. steel plate will probably be limited by deflection criteria 

rather than bending failure. 

If one steel plate does not offer sufficient resistance, another one may 

be stacked on top, and the resistance will be doubled. 

8.3 Erector Set Concept (see Appendix D for detailed design and comparison 

calculations) 

A larger moment carrying capacity may be created by separating the 

tension and compression areas of a flexural member. Repair modules could be 

made with wide flange steel beams which are sandwiched by 1-in. steel plates 

(Figures 8.8 and 8.9). The assembly could be bolted together to develop the 

composite strength of the whole module (Figure 8.10). The following parts 

would be required: 

a. Top and bottom plates 8 by 40 ft, 1 in. thick with holes drilled on 
4-in. centers for 1-in. bolts over the entire area (Figure 8.11). 
These will act as tension and compression flanges. 

b. Wide flanged rolled sections with corresponding holes in the flanges. 
These will provide shear resistance between the tension and compres- 
sion flanges. 

c. Some type of transverse stiffening member to ensure that the entire 
width of the section acts in composite action (Figure 8.12). 

d. Approximately 1-in. diam bolts. 

e. Special clips or cages which will hold the nuts in place while the 
bolts are being turned. The nuts may be inaccessible during certain 
stages of construction. 

f. The 24-in.-wide by 1/2-in.-thick plates with bolt hole patterns to 
match other components. These will be used to splice the 1-ln. 
plates as necessary. 

£. End ramps for nonflush repairs. These could be made from materials 
salvaged in the TO. 

h. Angle iron with matching hole patterns for the creation of boxes (see 
Figure 8.13). 

i. A shim package for matching the repair components to existing struc- 
tures. All these components would be packed into containers or 
assembled into racks which are compatible with containers (Fig- 
ures 8.14 and 8.15). 
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Figure 8.8.  Isometric view of Type A module 
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Figure 8.9.  Plan and cross section. Type A repair module 
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The repair components can be configured In several different waye: 

a. The modules may be laid on top of the deck over the damaged area and 
ramps provided to accommodate vehicles (Figure 8.16a). 

b. The deck may be sawcut to accept the modules so their tops will be 
flush with the deck. The modules will be supported by bearings which 
are attached to the bottom of the deck or to the pier caps (Fig- 
ure 8.16b). 

c. Steel beams could be attached to the plate so they protrude down 
through the damaged area only. The repair would be supported by the 
areas where the plate overlaps the undamaged portion of the deck 
(Figures 8.17 and 8.18). 

d. A combination of steel beams and plates could be assembled to create 
an expedient pile cap. A steel beam would be clamped on either side 
of the undamaged portion of the pier cap. if extra strength Is 
needed, the plate would be bolted on the top and bottom of the two 
beams. The use of a shim package would be necessary to provide 
proper spacing so that the holes in the plates and the beams line up 
(Figures 8.19 and 8.20). 

e. Any of the previously mentioned repairs could be supported by piling. 
An appropriate attachment could be made to the bottom of the module 
to distribute the load. This is similar to the umbrella concept 
(Figure 6.6). 

f. Placement of beam and plate elements could te optimized so the repair 
provides the correct amount of moment and shear resistance and trans- 
verse stiffness in the areas where they are most needed (Fig- 
ure 8.21). 

£. The steel beams could be used as piling. If necessary. 

h. Using heavy angle, plates could be assembled to form rubble boxes for 
gravity retaining walls for expedient quay wall repair (Figure 8.13). 

The repair components may be configured in ways that will make them use- 

ful for other military engineering projects: 

a. Bridge repair. 

b. Gravity retaining walls. 

c. Fortifications, blast shelters. 

The plates may also be useful for highway and airfield repair. The 

greater strength of the steel may eliminate the need for careful backfill and 

compaction, but the slippery surface and the bumps at the edge of the repairs 

may limit their usefulness. 

In Appendix P, designs are developed for two types of repair modules. 

Type A modules are similar to the cross section in Figure 8.9. Type B modules 

are Type A modules without the bottom plate.  Type A or Type B modules are 

emplaced as shown In Figure 8.16. 
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PILE CAP 

Figure 8.18.  Steel plate reinforced with steel beams (Repair for 
Case 3 damage, 60 ft of steel beam required, 3 plates, 8- by 30-ft, 

1 in. thick required (Reinforced plate subconcept) 
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A Type A module might consist of two plates 8 ft wide and 1 In. thick 

separated by W12X65 beams on 32-ln. centers. Two modules would have to be 

spliced together to provide sufficient width for container handling equipment. 

A325, l-in.-diam bolts are used with bearing connections assumed. The 44 bolts 

acting in single shear are required to secure the plate to each end of each 

beam. Nine bolts acting in double shear are required for each foot of splice 

for the 1-ln. plate. About 2,500 bolts will be required to build a 40- by 

16-ft bridge unit. 

Each module will weigh 44,200 lb after transverse stiffeners and other 

components are added. This is less than the maximum weight of a military con- 

tainer. An entire 40- by 16-ft bridge will weigh 88,400 lb after splice 

plates are added. An 8-ft width of the repair module will have a moment 

resistance of 6,450 ft-kips which is sufficient to carry a P&H 6250-TC over a 

40-ft span. Maximum deflection will be less than 3 in. 

The 1-in. bolts were chosen because they are strong enough for each con- 

nection, yet small enough to accommodate bolt hole patterns on beam flanges 

and splice plates. Hand assembly is also possible if personnel are supplied 

with proper equipment. 

Figure 8-22 shows a feasible assembly method for Type A modules. Assem- 

bly could be simplified by building the bridges on racks which allow access to 

both sides of the structure. If a crane were available which could lift both 

modules after they have been spliced together, assembly would be expedited. 

Critical items to determine assembly time include obtaining material from 

stockpile and initial alignment, bolting time, and handling time for tilting 

and aligning the modules during assembly. It is assumed that a team of 10 

does the bolting and that a crane and truck are available for handling and 

transportation. Two Cat 988 forklifts could be used instead of the crane. 

Reference 8.1 Indicates that 10,000-lb steel plates may be moved in 1.5 hr 

each. This includes time to sele ♦: the plate from a stockpile, position the 

crane and truck, and load and unload. The four plates could be obtained in 

6 hr by this standard.  Time could be saved because the plates might be 

obtained from the same stockpile and they would be going to the same place. 

For estimation purposes, it is assumed that all stee.1  components could be laid 

out and aligned in one work shift of 10 hr. According to Reference 8.2, each 

man should be able to install 100 bolts in a day. A 10 man bolting crew 

should be able to install the required bolts In two workshifts. One more 
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workshift would be required for tilting and final positioning. This bridge 

unit could be assembled from materials In a stockpile In four 10-hr work- 

shifts, two calendar days If the crews were double shifted. 

Assembly and preposltionlng of the components could be managed In several 

different ways. The units could be bolted or welded together. Most of the 

effort was used to investigate the bolting option because it is a lower tech- 

nology approach and because it could be accomplished with hand tools, if 

necessary. Assembly could take place at any time between the fabrication shop 

and the final place of use. Preassembly shortens installation time but 

decreases the flexibility because the planner is committed to the assembled 

configuration. Preassembly also increases the shipping cubage required. If 

all the components are not needed immediately when they arrive at the TO, it 

might be wise to preassemble some of the modules and, when the need arises, 

ship them to the proper location by truck or barge. 

Three subconcepts of the erector set concept were considered for com- 

parison with other repair systems. They were as follows: 

a. Preassembly of the repair modules outside the TO and sealifting them 
in. 

b. Sealifting unassembled components to the TO, then assemble complete, 
rectangular modules with full splices between plates. 

c. Reinforce plates with steel beams which protrude through damaged 
areas of the deck (see Reinforced Plate Subconcept in Appendix D). 
Do not splice between modules (Figures 8.17 and 8.18). 

For subconcepts a and b, the repair is assumed to lie on top of the deck as 

shown in Figure 8.16a. Twelve schedule hours and 40 manhours should be added 

for each repair if flush mounting per Figure 8.16b is desired. Comparison 

results are discussed i.n Section 9.0. 

Type B repair modules are adequate for all repair cases except a 40-ft 

span with CHV loading.  The use of a Type A module will be an exceptional 

case. 

An expedient pile cap may be assembled to support the midspan of the 

repair for Case 3 damage.  Figures 8.19 and 8.20 show the configuration of the 

repair. A pair of W12 X 65 beams will provide support for the typical 10-ft 

span between piling. A 20-ft gap may be bridged by a pair of W12 X 133 beams, 

or a pair of W12 X 65 beams sandwiched by a 1-in. top and bottom plate.  Eight 

scheduled hours and 24 manhours are consumed for a simple repair. A total of 
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50 to 100 manhours and 24 scheduled hours are consumed for a complex repair. 

More detail is provided in Appendix D. 

Advantages to the erector set concept involve versatility. The com- 

ponents may be assembled in any configuration. Adjustments may be made for 

unforeseen circumstances. Engineer units will find other uses for the com- 

ponents. 

The disadvantages to the erector set concept involve assembly problems. 

Bolting consumes most of the assembly time. Misalignment of bolt holes will 

be an inevitable problem. Steel erection crews have a variety of techniques 

and tools available to remedy misalignment problems. The use of a different 

fastening system, possibly copied from another expedient military device, 

might speed the assembly. 

8.4 Steel Beam Mat Concept (see Appendix D for detailed design and comparison 

calculations) 

A continuous mat of steel beams laid side by side could also be used as a 

bridge. It is assumed that the weight of a CHV is shared by at least four 

beams because the wheels are wide enough to bear on at least two beams each 

(Figure 8.23). The flanges of the beams will be about 1 ft wide. Schedule 

time and manhours are one-third those of the erector set full rectangular 

repair module concept because the beams would only have to be bolted together 

sufficiently enough to prevent lateral instability and shifting. One bolt per 

square foot was assumed to estimate manhours and schedule time.  This concept 

would not be as flexible as the erector set concept for forming alternate 

repair configurations. 

Using the previous assumptions, a mat of W12 X 190 beams provides approx- 

imately the same moment resistance as the 40-ft expedient bridge developed in 

the erector set concept. The total weight of material required for a 40- by 

16-ft bridge is 121,600 lb. Maximum deflection will be approximately 2 In. 

The lightest steel beam which could be used for an equivalent repair is a 

W30 X 99. The total weight of the repair is 63,360 lb.  Use of 30-ln. beams 

is not recommended because the thickness of the repair mat would interfere 

with operations unless the beams could be underslung or set flush with the 

deck. A mat of W12 X 107 beams would be required to carry a P&H 6250-TC over 

a 20-ft gap. 
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8.5 Steel Beam and Timber Deck Concept (see Appendix D for detailed design 

and comparison calculations) 

Timber or laminated wood could be used to provide a deck for an expedient 

repair. Forest products may be the materials of choice because of availabil- 

ity within the TO. 

Conventional design methods allow the use of forest products for decking 

and stringer for the HS 20-44 loading. This loading places about the same 

shear and moment demand on a structure as the Army's class 40 W loading. 

Steel and timber design for class 40 W loading is well documented in Refer- 

ence 7.4 and other Army field manuals. 

Figures 3.1 and 3.2 show two possible configurations for timber and steel 

repairs. During visits to PCC's, personnel showed the greatest interest in 

developing repairs of this type because the construction materials and methods 

were familiar. The repair shown in Figure 3.1 would be constructed as 

follows: 

a. Remove unsound concrete and rebar from the edge of the crater. 

b. Drill bolt holes for beam hangers through the deck with a pneumatic 
jackhammer or diamond coredril]. 

c. Position beams under the slab. This could be done with some dif- 
ficulty by passing them through the opening with a crane. An alter- 
native would be to float them into position. 

d. Install bolts and bearing plates to secure the beams. 

e. Cut the timbers to fit snugly into damaged areas. 

f. Install "J" bolts to secure timbers to the beams. J bolts are rou- 
tinely used by railroads to secure timber ties to steel stringer!?. 

£. Cover the repair with layers of plywood to protect protruding bolts 
from damage. 

The result is a flush repair which will not hinder container handling opera- 

tions.  Disadvantages are that the edges of the crater have to be cleaned up, 

underslinging the beams would be difficult, and no preassembly is possible. 

Several different operations and several different components are required to 

make the repair.  The repair must be custom built, which requires more 

supervision. 

The alternative shown in Figure 3.2 was developed to answer objections to 

the previous alternative. Panels could be prefabricated and transported to 

the repair area.  The panels could be laid on top of the deck over the repair 
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area with end ramps provided as access or, if time permitted, a flush repair 

could be produced by saw cutting an opening which matches the size of the 

panel; support could be provided by bearing assemblies attached to pile caps 

or the bottom of the deck. These panels could be preassembled and stockpiled 

before they are needed. Preassembly could also be accomplished in back areas 

while cleanup and sawcutting operations proceeded on the wharf. 

Further research is necessary concerning design details of the panel con- 

cept. Placing loads on the bottom flange of a beam is unconventional. If 

only one side of the steel beam were loaded, there would be a tendency for it 

to twist. Sufficient horizontal crossbracing and end bracing will be 

required. Clamping the timbers together with beams may produce a beneficial 

posttensloning effect as explained in Reference 8.6. If posttensioning is 

used, the lumber should run parallel to the direction of the steel stringers. 

The shear strength of timbers greatly limits their usefulness when opera- 

tion of container handling equipment is planned. Timbers 12 by 12 in. would 

be convenient to use for decking material. A Cat 988 forklift would place a 

maximum tire print width of 35 in. on a timber. Tire pressure is 70 Ib/sq in. 

so that a shear force of 29,400 lb is imposed on the timber. Reference 7.4 

limits the shear force on a 12 by 12 timber to 14,300 lb. A timber 24 by 

12 in. would be required to resist this shear force. Timbers of this size 

would be hard to find and the depth of the repair mat would cause operational 

problems for CHV's. 

Allowable shear stress is limited by low shear strength parallel to the 

grain which is caused by the possible presence of splits in the wood near the 

end of the timber. This problem may be mitigated by nail or glue laminating 

smaller members into mats of the desired size.  This process causes the load 

to be shared by all the wood In the mat so the presence of a defect in one 

member is not as serious. This is an attractive alternative because smaller 

members such as 2 by 12 timber are easier to obtain than big timbers.  Refer- 

ence 8.7 contains a complete explanation of possible uses for laminated forest 

products in expedient port construction. As mentioned in the discussion con-^ 

cerning prefabricated timber panels, posttensioning timber mats are also 

helpful. 

Less conservative methods for calculating allowable shear stress in tim- 

ber are also available. They are explained in Reference 8.8. Because of the 

temporary nature of the repairs contemplated by this study, larger maximum 
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allowable stresses may be justified in some cases. This is explained in 

Reference 8.9. If failures are not catastrophic, it may be wise to push the 

material to its limits and replace failed members from a nearby stockpile. 

The possibility of crushing due to a load applied perpendicular to the 

grain of the wood is ignored in this report. Wood is extremely weak in this 

regard. This failure would cause dimensional changes which might be objec- 

tionable in permanent structures, but would not compromise the usefulness of 

temporary repairs. If further research shows that crushing is a problem, 

improvement should be made in the deck to stringer interface. 

Figures 8.24 and 8.25 were developed for use as design aids for timber 

decks which will support CHV's. The tire print of CHV's is wide in comparison 

to typical stringer spacings. An overly conservative design results if wheel 

loads are assumed to be point loads which bear on one element of the timber 

deck. The figures show the required shear and moment resistance needed for a 

12-in.-wide timber deck element to carry a wheel load with tire print width 

"b" when the tire is inflated to 1 Ib/sq in.. The required shear and moment 

resistance is found by multiplying the value obtained from the figures by the 

tire pressure of the vehicle. In figuring shear stress, the span may be 

reduced by twice the material thickness. Reduction of tire pressure for 

machinery may increase the usefulness of timber decking. 

Wood products may be selected from Table 7-1 in FM 5-34 (Ref 7.4), based 

on results from Figures 8.24 and 8.25. Shear and moment capacities may be 

multiplied by the number of elements required to produce a 1-ft width of deck. 

Calculations In Appendix D show design assumptions which will allow use 

of 12- by 12-in. timbers to cover a deck supported by stringers spaced at 5 ft 

which may be used by CHV's. 

8.6 Steel Beam and Steel Bar Grate Concept (see Appendix D for detailed 

design and comparison calculations) 

Steel bar grate is occasionally used as a deck material on draw bridges. 

It could be used to replace timber decks for expedient repair purposes. An 

equivalent repair which is made with bar grate instead of timber will require 

the same or more shipping tonnage and less shipping cubage.  Bar grate has 

only one way structural resistance, and composite action cannot be developed 
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between the bar grate and supporting beams. Bar grates can carry CHV's over 

2- to 6-ft spaces between supporting beams. A 6-ft beam spacing would require 

a grate made from 7- by 1/2-ln. bar stock spaced at 2-3/8 In. on center, which 

weighs 70 Ib/sq ft. A 2-ft beam spacing would require a grate made with 3- by 

1/4-ln. bar stock spaced at 2-3/8 In. on center which weighs 17.7 lb/ sq ft. 

A grate which Is 7 In. deep and weighs 52.7 ib/sq ft could carry the HS 20-44 

load over the 8.4 ft dlam crater specified In the original scenario. A 7-ln. 

deep grate which weighs 130 lb/ sq ft could span 17 ft with an HS 20 load. 

One manufacturer, Engineer Grating, Inc., of Houston, Tex., suggests a maximum 

span of 10 ft because of deflection problems and a maximum allowable stress of 

20 ksl. Because of the temporary and expedient nature of the repairs proposed 

by the report, it may be possible to relax these maximums. 

Telephone conversations with a bar grate manufacturer indicate that 

grates which are deeper than 4 in. or which have bars thicker than 3/8 in. 

must be handmade. Machine made grates cost $0.75 to $1.00/lb. Handmade 

grates are $1.00 to $1.50/lb. The 2- by 8-ft modules are recommended for ease 

of handling. 

8.7 Prestressed Concrete Girders (see Appendix D for detailed design and com- 

parison calculations) 

Prestressed concrete slabs and box beams would be most useful when 

custom-made for a certain wharf and stored nearby. After a prestressed girder 

has been cast, it is Impossible to modify it by trimming if it is in the 

field.  The beams must be handled carefully because they will crack If they 

are not set and lifted in a manner that is compatible with their design. 

If a precasting plant were available near the port, prestressed beams 

could be cast and cured in 7 days.  If high strength concrete is used, the 

beams cure to required strength sooner. Given favorable cii  -sranr^s and by 

adding special admixtures to the concrete, beams may be ready for use 24 hr 

after casting. Since the fatigue life cf these beams may be questionable, 

caution and engine ring judgement should be exercised before the beams are 

used.  Studies are now in progress at Purdue University concerning design 

Improvements that may be made when high strength concrete is used for pre- 

stressed girders. 
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Use of prestn: 38ed beams would be most appropriate on a structure which 

only experience« HS 20-44 loading. That is because standard prestressed beam 

configurations were designed to carry truck loads on bridges. 

Standaro b:am designs have been developed by a joint committee of the 

American Association of State Highway and Transportation Official (AASHTO) and 

the Prestressed Concrete Institute (PCI). These include slab sections from 12 

to 21 in. thick (Figure 8.26), box beams from 27 to 42 in. deep, and beams 

from 2 ft 4 in. to 6 ft deep (Figure 8.27). Use of prestressed slabs would be 

most appropriate for structures which carry only HS 20-44 loads. Box beams 

have more moment capacity, and the top surface will also serve as the deck for 

the wharf. A 42-in.-deep beam can be designed to span 100 ft. Moment demand 

for an HS 20-44 loading at 100 ft exceeds that of the P&H 6250-TC on a 20-ft 

span (Figurer 5.2 and 5.8). Shear demand is much greater for CHV's on a 20-ft 

span than a truck on a 100-ft span (Figures 5.1 and 5.9). Based on the fore- 

going, it is concluded that a 42-in. box beam would carry container handling 

equipment over a 20-ft span, if shear resistance was improved. The loss of 

dead load due to the shorter span length is ignored; therefore, this analysis 

is conservative. 

Standard bridge beams are designed with the assumption that a concrete 

deck will be placed on top of them that will act as a compression flange. 

Since extensive use of cast-in-place concrete Is not considered in this study, 

the use of standard bridge beams Is not recommended. 

Conversations with a prestressed concrete plant operator indicate that 

the price of $425/cu yd may be used for conceptual estimates on prestressed 

concrete beams. 

8.8 Railroad Flatcars 

Railroad flatcars are designed to carry trucks when used in intermodel 

(piggyback) service. A typical piggyback 9-ft-wide flatcar is 9 ft wide and 

90 ft leng and spans 66 ft between truck centers.  It is recommended that the 

cars be taken off their trucks and mounted on bearing assemblies that simulate 

the truck centers and rest on the undamaged portion of the deck. The use of 

end ramps will be necessary.  The structure should be able to withstand 

HS 20-44 load with no difficulty. 
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CHV's might also be accommodated If two railroad cars are laid side by 

side and the vehicle is driven with one on each railroad car. Telephone con- 

versations with railroad car owners indicate that the cars are designed to be 

stressed to their yield limit divided by 1.8 and that the cars are usually 

made with 50-ksi steel. Figure 5.8 shows that the moment demand for an AASHTO 

truck loading on a 65-it span without the Impact factor is about 950 ft-kips. 

Multiplying 950 by 2 and 1.8 will give a rough estimate of the capacity of two 

flat cars at their yield limit. The resulting capacity is 3,420 ft-kips. This 

is sufficient to carry a CAT 988 over the full span length or a P&H 6250-TC 

over a 40-ft span (see Figure 5.5). 

9.0 Results of Comparisons 

Tables 9.1, 9.2, 9.3, and 9.4 compare schedule hours, manhours, shipping 

cubage, and acquisition cost for using each repair method on a typical damaged 

berth. Tables 9.1 and 9.2 present typical damaged berth repair Information 

for each repair method (i.e.. Case 1 plus Case 2 plus Case 3 damage). 

Tables 9,3 and 9.4 present repair information using the repair method shown 

for Case 3 damage plus steel plate repairs used for Case 1 and Case 2 damage. 

Several qualitative items are also compared. Section 8.1 contains a complete 

explanation. 

The results of the comparisons show that a typical damaged berth could be 

repaired in 48 hr using steel plates for Case 1 and 2 damage and steel beam 

mats or preassembled erector set modules for Case 3 damage. This assumes two 

10-hr shifts per day and 10 man crews. A crane capable of lifting 40,000 lb 

at a 30-ft radius and a flatbed truck will be required. Minimal bolting, 

steelculting, and welding are required. No concrete removal is required 

except to provide a flat deck surface on which to lay repair components. 

Shipping cubage will be equivalent to one-half to three-quarters of a 40-ft 

container. Shipping weight will be between 100 and 110 tons. Acquisition 

cost is between $100,000 and $150,000. Of the repair concepts studied, steel 

plate and beam repairs require the least schedule time. 

In general, the use of steel plates to repair Case 1 and Case 2 damage 

results in a shorter crhoHijiej fewer manhours, reduced shipping cubage, and 

fewer qualitative restrictions when compared with repair of all damage with 

one method. 
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The plate concept requires no shop fabrication, no crane service (plates 

aay be dragged Into position with a large vehicle), and no extensive concrete 

removal. The PCC cranes may easily handle the maximum lift requirement of 

12,800 lb for a 20-ft by 8-ft by 2-in. steel plate. The schedule time is 

determined by the speed that the plates can be selected from a stockpile, 

transported to the repair area, set in place, and secured from sliding. 

Shipping weight and acquisition costs are generally increased when plates 

are used; however, in an emergency sealift situation these disadvantages are 

not Important. In consideration of the previously mentioned advantages, steel 

plate should be a high priority material in future port repair systems. 

The steel beam mat concept is an attractive repair method because of its 

short schedule time and low acquisition cost. The schedule is controlled by 

schedule time as is the case with steel plates. The manhour requirement could 

be reduced if a method for securing the beams without bolts was developed. 

Erector set modules assembled in the TO appear unattractive in all cate- 

gories except shipping cubage. Bolting time and fabrication costs result in a 

poor showing in time and cost categories. Since this concept has high flexi- 

bility, two other subconcepts were considered: preassembly of the modules and 

reinforcing the steel plates with beams in the crater area only. Preassembly 

of the units results in greatly reduced schedule time and manhours but greatly 

Increased shipping cubage. All comparison categories are improved when the 

steel plate concept is used. Most significant is manhours because bolting is 

held to an absolute minimum. 

The use of steel beams in combination with timber deck results in a 

10-day repair schedule. Manhours and shipping cubage are in the middle of the 

range; acquisition cost and shipping weight are lower. Shipping cubage is 

reduced when steel bar grate is substituted as a deck material, but shipping 

weight and acquisition cost is increased if the repair must withstand CHV 

loads. This is because thick, handmade grates are required for heavy loads, 

and light machine-made grates are satisfactory for smaller loads. 

If deck materials are available in the TO, they do not need to be sea- 

lifted. This results in significant reductions In shipping weight and 

shipping cubage, as shown in the tables. 

The use of prestressed beams results in high shipping cubage and shipping 

weight, especially for CHV loading. This is because 3.5- by 3-ft box beams 
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are required for CHV loading while 12- and 21-ln. slabs are sufficient for 

HS 20-44 loads. 

In general, comparison of CHV loading (Tables 9.2 and 9.4) with 1,000 lb/ 

sq ft/HS 20-44 loading (Tables 9.1 and 9.3) results in slight increase in 

shipping cubage and shipping weight but has an insignificant Impact on sched- 

ule time and manhours. 

Heavier structural sections are often required for CHV loading which may 

not be available in stock at local warehouses. 

Examination of the qualitative comparisons highlights advantages and dis- 

advantages between concepts. The steel beam mat concept is attractive because 

there are few qualitative restrictions. Handling restrictions exist for the 

erector set concept because rough handling may bend components and cause bolt- 

hole alignment problems. Steel beams with timber or bar grate decks require 

no special handling, fabrication, or lifting requirements; however, extensive 

concrete removal is required. If a crane is not available to pass underslung 

beams through craters during installation, the beams may be floated in on 

rafts. Therefore, a crane is not required for this concept. 

Concrete beams have many qualitative disadvantages in addition to their 

undesirably high shipping cubage and shipping weight. Prestressed concrete 

beams are usually built in a fabrication yard and must be handled carefully to 

prevent damage. Also, their size and weight make them awkward to hoist and 

place. 

10.0 Conclusions 

The following conclusions are drawn from this study: 

a. The loads on wharves caused by modern container methods are much 
greater than the loads caused by previous port operations or the 
loads Imposed by trucks on highway bridges. Repairs for container 
wharves will have to be much stronger than repairs for other 
structures. 

b. Many ports are not designed for the use of CHV's on the wharf. 
Instead they rely on rail mounted cranes to load trucks directly. 
The containers are then hauled to back areas where CHV's operate.  In 
these cases, the strength of repairs should match the strength of the 
wharf. Any extra effort to provide stronger repairs would be wasted. 
It is unlikely that repairs to present-day container wharves will 
have to resist CHV loads. 

100 



c. The Navy Is upgrading its pier designs. In the future, a typical 
Navy pier may very likely accommodate CHV's. Therefore, It Is neces- 
sary to develop repairs for CHV loads. 

d. The structural safety of a damaged deck may be conservatively esti- 
mated by the use of simple engineering calculations. 

e. Steel is the best material to make repair kits for seallft to the TO. 
This is because of its high structural value in comparison to its 
shipping cubage. Structural steel is also easy to purchase, fabri- 
cate, and field modify. Finally, its high ductility makes it a for- 
giving repair material. 

f. Steel beams (W sections) which weigh less than 100 lb/ft and steel 
plates less than 2 in. thick are available in major US ports at local 
warehouses. Heavier beams, thicker plates, and high strength steel 
require special orders. 

£. Repair systems which consist of steel plates and steel beams minimize 
requirements for schedule time, manhours, and shipping cubage. 

h. The erector set concept offers the greatest flexibility in repair 
configuration, but requires trade offs in schedule time, manhours, 
shipping cubage, and acquisition cost. 

1. It is possible to use 12-in. wood deck to support CHV's with a 5-ft 
maximum stringer spacing. 

^. Timber in small dimensions, such as 2 by 12 in. and 4 by 4 in., less 
than 12 ft long are available st lumber yards. The 12- by 12-ln. 
timbers, poles, and laminated wood products require speciar orders. 

k. Prestressed concrete beams may be useful if they are custom made for 
a particular pier. Prestress beams may not be modified for length, 
and shipping weight and shipping cubage are extremely high. 

1. A pair of railroad flat cars designed for intermodel (piggyback) ser- 
vice may be used as an expedient bridge for certain CHV's including 
the Cat 988. 

m. Damaged concrete may be expediently removed by using diamond saws and 
a hydraulic ram pavement breaker mounted on a backhoe. 

n. Repair components may be connected to undamaged concrete using anchor 
bolts which lock into predrilled holes. 

o. As of now. the PCC's are able to perform light marine construction 
work.  They could also  perform simple repairs with reduced effi- 
ciency. They do not have the ability to Install heavy repair systems 
quickly. 

£. With proper training and additional equipment the PCC's could perform 
heavy port repair work at top efficiency. 

£. Many heavy structural Items which are required for efficient port 
repair must be obtained on a special order basis. A policy of stock- 
piling these materials will be necessary to provide prompt shipments 
of repair components in emergency situations. 
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11.0 Recommendations 

The following recommendations are made as a result of this study: 

a. A combination of the steel plate concept and steel beam mat concept 
should be used when schedule time, manhours, and shipping cubage are 
critical. Some of the repair components should have a system of 
matching bolt holes which allow for flexible assembly. 

b. Standard repairs using timber and concrete should be developed for 
situations where these materials are locally available. Wartime 
steel shortages and worker preference may also dictate the use of 
alternate materials. 

c. When materials must be acquired on an emergency basis, designs should 
specify lightweight steel section and small dimension timber (see 
Section 10.0 f and j). 

d. When heavy steel, large dimension lumber or shop fabrication are 
required, components must be stockpiled and/or prepositioned (see 
Section 10.0 f and j). 

e. The PCC equipment allowance should include a crane with a commercial 
land rating of 100 tons. The equipment allowance should also include 
a barge that the crane can be placed on when the structure being 
repaired cannot withstand the crane load. 

f. The PCC equipment allowance should include lightweight diamond saws 
and Improved pavement breakers for concrete removal. 

£. Standard methods should be developed for attaching steel to concrete. 
Lightweight drills should be Included in the FCC equipment allowance. 

h. PCC's should increase training emphasis on heavy lifting, steel 
cutting, bolting, welding, concrete cuttingj and concrete removal. A 
cadre of expert crane operators, barge operators, and crew leaders 
should be carefully groomed. 

1. Simulated training missions should be performed on piers which are 
damaged or scheduled for demolition. 

^. The PCC's should participate in testing and evaluating new port 
repair systems. 

k. The Army training literature should include the following: 

(1) Standard procedures for determining structural requirements for 
container pore repairs. 

(2) Standard procedures for determining the structural adequacy of a 
damaged deck. 

(3) Standard repairs using steel, forest product, and concrete. 

(4) Information on stockpiled and preposition repair systems. 

(5) Material which will stimulate innovative group sessions 
concerning the use of salvaged material. 
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12.0 Final Summary 

The expedient repair of container handling ports is a unique problem 

because design loads are extremely high, much higher than loads for familiar 

structures such as highway bridges or buildings. Repairs must be completed in 

the shortest possible time and requirements for seallft cubage and manhours 

must be minimized. Finally, the repair system must be strong and compact. 

Comparison of several repair concepts indicates that a system of steel 

plates and beams minimizes schedule time, manhours, and shipping cubage. A 

1,000-ft-long typical damaged berth could be repaired within 48 hr after 

repair components arrive. Two crews of ten men, one crane, and one flatbed 

truck would be required. One crew would work a 10-hr day shift; the other 

would work a 10-hr night shift. Typical damage is caused by 500 lb bombs 

which explode on Impact and leave 12 craters which average 8.4 ft in diameter. 

The typical berth is an open pile wharf with a 12-in.-thick concrete deck. 

General wartime shortages of steel, local availability of other mate- 

rials, and worker training may dictate the use of alternate mate "lals. Lumber 

may be used to build decks supported by steel beams. Custom-made concrete 

beams could be preposltioned near Important ports, ready for use. Extra 

schedule time and manhours will be required to complete repairs; these prob- 

lems must be weighed against the problems of locating scarce materials and 

seallftlng. 

The military construction units which are responsible for the port repair 

are the PCC's. A PCC is informally called a "mini battalion" because of the 

diverse nature of its assignments, high mobility, and high ratio of officers 

to enlisted men.  The company's equipment allowance is similar to that of a 

small bridge contractor.  Significant pieces of equipment are loaders, flatbed 

trucks, forklifts, a few barges, and several cranes. The largest crane has a 

commercial rating of 40 tons. Training emphasizes light timber marine con- 

struction and the development of combat and teamwork skills. 

The PCC's equipment and training emphasis should be shifted toward skills 

required for container port repairs.  These include heavy lilting, steel 

cutting, bolting, welding, concrete cutting, and concrete drilling,  larger 

cranes, work barges that will accommodate the cranes, and lightweight concrete 

saws and drills should be added to the PCC equipment allowance.  Future train- 

ing exercises should include repair of simulated damage on piers scheduled for 
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demolition. The PCC's should participate in the test and evaluation of future 

repair systems. 

Changes should also be considered in the design and construction of new 

ports. Structures should be built strong enough to accommodate CHV's in case 

a rail-mounted crane is disabled. The structure could be designed for quick 

repair, and replacement components could be stored nearby. 

The repair of existing ports would be expedited by the development of 

contingency repair plans and prepositloned repair components. 

The cost of port repair systems is modest when the benefits are consid- 

ered. Major port facilities which handle critical supplies bound for forward 

areas would be restored to operation sooner. Using the typical damaged berth 

as a standard for comparison, the cost of heavy steel repair components is 

$100,000 to $150,000, and the schedule time Is 2 days. Equivalent timber or 

concrete repairs would cost about $30,000 and would require about 8 to 10 days 

to complete. 

Reduced port repair time will Increase the speed and volume of shipments 

and will enhance logistical support for troops in conflict areas. 

13.0 References 

5.1. American Association of State Highway and Transportation Official, 
"Standard Specifications for Highway Bridges," Washington, DC. 

5.2. Department of the Navy, "Piers and Wharves, Design Manual 25.1," NAVFAC 
DM-25.1, Naval Facilities Engineering Command, Alexandria, Va., Nov 1980. 

5.3. Naval Civil Engineering Laboratory, Mobile Crane Handbook for Expedient 
Cargo Handling Operations, Port Hueneme, Calif., Dec 1983. 

6.1. Wallace, M., "Concrete Saw and Drills: What Can They Do? When Are They 
Useful?" Concrete Construction, Sep 1985, pp 743-7A5. 

6.2. Concrete Construction, "Pavement and Parking Deck Demolition," Apr 1982, 
p 368. 

6.3. Concrete Construction, "Nonexploslve Demolition of Concrete and Rock," 
Apr 1982, p 366. 

6.4. Engineering News-Record, "Bolts Rescue Contractor," Apr 4, 1985. 

6.5. Roads and Bridges, "PennDOT Test, Accepts Adhesive Anchoring Systems." 
Sep 1985. 

6.6 Naval Civil Engineering Laboratory, "Concepts for Expedient War-Damage 
Repair of Pier and Wharf Support Structures," TM No. 43-86-04, Feb 1986. 

7.1.  Headquarters, Department of the Army, "Army Transportation Container 
Operations," FM 55-70, Feb 1975. 

104 

IäöBWVWÖWS^^ 



7.2. Godfrey, K. A., Jr., "High Strength Steel: Crisis of No?" Civil Engi- 
neering/ASCE, May 1965, pp 50-53. 

7.3. Helnke, Richard W., Booth, Graham, and Hug, Bruno, "Trilateral Design 
and Test Code for Military Bridging and Gap-Crossing Equipment," Jan 1984. 

7.4. Headquarters, Department of the Army, Engineer Field Data, FM 5-34, 
1976. 

8.1. Departments of the Army, the Navy, and the Air Force, Moving, Rigging 
Handbook, Army TB 420-16, NAVFAC P-709.0, Air Force AFM 85-48, Apr 1981, 

8.2. Naval Facilities Engineering Command, Seabee Planner's and Estimator's 
Handbook. NAVFAC P-405, Get 1983. 

8.3. Robert Snow Means, Inc., Building Construction Cost Data. 1983. 1984, 
and 1985 editions, Kingston, Mass. 

8.4. American Institute of Steel Construction, Manual of Steel Construction, 
8th edition. Chicago, 111. 

8.5. Errera. Samuel J., "Material." Ch. 2. Structural Steel Design, 
2nd edition, Lambert Tall, ed., Ronald Press, New York. 1974. 

8.6. Civil Engineering/ASCE. "Timber Bridge Decks." May 1985, p 47. 

8.7. Clark. A. A., et al.. "Port Construction in the Theater of Operations," 
US Army Engineers Waterways Experiment Station, TR H-73-9, Vicksburg. Miss., 
Jun 1973. 

8.8. Gurfinkel. German, "Wood Engineering, Southern Forest Products Associa- 
tion," New Orleans. La., 1973, pp 212-221. 

8.9. Hoyle, Robert J., Jr., "Wood Technology in the Design of Structures." 
4th edition. Mountain Ppess, Missoula, Mont., 1978. 

105 

it V^B v»"ir».»% tr» i.^ \*m \j-m Vk LT« _"■ L-« \rm L.-» L-W •LT* \r* \r* un ,rm LT* _"V U%  ^S: -J-* J* %r* s."* _ 



APPENDIX A 

BIBLIOGRAPHY 

t.*. <. «ii<w*V¥v*v<rvifviri,r*'«vr. *v*v«v^vrvr. r. <-^t ^J^^.' • .^s" W\' < .•"..<■».■"..•". ' V^'.-.IVJ^ 



BIBLIOGRAPHY 

The following reports, which have recently been completed under the direction 

of the Naval Civil Engineering Laboratory, address expedient port repair 

topics: 

Naval Civil Engineering Laboratory Reports 

"Advanced Technology Container Handling in Damaged Mideast Ports," Naval Civil 
Engineering Laboratory, TM 55-84-05CR, Jul 1984. 

This report covers possible disruption scenarios, damage assessment, and 
damage repair. Conceptual repair methods for open pile piers and quay walls 
are included. Dock beams which were proposed by this report are illustrated 
in Figures Al and A2. 

Harvey Haynas and Associates, "Concept Study of Rapid Construction Method for 
Piers at Advanced Bases," Naval Civil Engineering Laboratory, Report for con- 
tract No. N62583/83MT353, Jan 1984. 

This report discusses how a pile driving templates known as "Mini Jackets" and 
segmental construction method t may be used to build long piers and bridges 
without the aid of floating construction equipment transportability, cost, 
construction time, and possible uses. 

Naval Civil Engineering Laboratory, "Mobile Crane Handbook for Expedient Cargo 
Handling Operations," Dec 1983. 

This report covers the use of mobile cranes for container discharge when other 
unloading devices are unavailable.  The mobile cranes discussed are com- 
mercially available truck and crawler lift cranes with lattice-type booms. 
Topics of special interest include cranes for existing dock facilities and 
cranes for temporary piers. Figure A3 shows a pair of hatch cover bridging 
beams which could support a crane on the deck of a container ship.  Extensive 
crane selection i' formation appears in the appendixes. 

Naval Facll-^les Engineering Command, "Integrated Logistic Support Plan for 
Elevated causeway Restore Span," NAVFAC ILSPO309, May 1985. 

This report is a proposal for a lightweight temporary bridge which could be 
used to restore a damage elevated causeway. The span Is transported to the 
site in container compatible racks and positioned using an end launch process 
(see Figures A4 and A5). 

Other Reports 

The following documents were especially helpful in preparing this report: 

Clark, A. A., et al.  "Port Construction in the Theater of Operations," 
US Army Waterways Experiment Station, TR H-73-9, Jun 1973. 

A2 

!i^Jj!L!i^J^:^ti^^^ 



"Port Construction and Rehablli- 

Engineer Field Data, FM 5-34, 

"Engineering and Design of Military 

Headquarters, Department of the Army, 
tation," TM 5-360, Sep 1964. 

Headquarters, Department of the Army. 
Sep 1976. 

Headquarters, Department of the Army. 
Ports," TM 5-850-2, Feb 1983. 

Headquarters, Departments of the Army, the Navy, and the Air Force. "Main- 
tenance of Waterfront Facilities," Army TM 5-622, Navy MO-104, Air Force 
AFM 91-34, Jun 1978. 

Headquarters, Departments of the Army, the Navy, and the Air Force. Mov- 
ing, Rigging Handbook, Engineered Performance Standards for Real Property 
Maintenance Activities," Army TB 420-16, NAVFAC P-709.0, Air Force 
AFM 85-48, Apr 1981. 

Headquarters, Department of the Navy, Naval Facilities Engineering Command. 
Seabee Planner's and Estimator's Handbook, NAVFAC P-405, Get 1983. 

Naval Facilities Engineering Command. 
Nov 1980. 

"Piers and Wharves," DM 25.1, 

A3 

ft.» v'^--i->-. ' . ^. w^ T . v.». • ^. ■ ^ - . » , . . n-Mji ^jr^j v ^ ^ ^» ..KV jr-sr^jT-jr- rv *v JT^ sr J *v *•. «_ .r. ^. j-^v^ rft^-VLV-V^JL'^JVLV,.-JL'JL-V 



RAMP UP WITH 
TIMBER OR STEEL PUTE 

DAMAGED AREA 

BEAMS PLACED TO 
DISTRIBUTE LOAD TO 
SEVERAL PILES 

2-WF 12 x 58 1/2HN COVER PLATES 

X-SECnON OF CONCEPTUAL DOCK BEAM 4*FT LONG 
WT. «BTON 

Figure Al.    Concept for dock beams to enable crane to 
traverse damaged portion of quay 
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NOTE: IF DOCK STRUCTURE IS WEAK. OPERATE IN THIS 
SEMI-CIRCLE ONLY. MAX LOAD IS OVER CORNER 
FLOAT WHICH IS POSITIONED OVER PILES. TO LESSEN 
LOAD ON INBOARD FLOAT, RAISE BOOM. 

o 

POSITION OF 
CRANE FLOATS 
ON DOCK BEAMS 

o 

POSITION DOCK BEAMS TO 
DISTRIBUTE LOAD TO 
SEVERAL PILES 

USE THESE DOCK BEAMS. FIC A1. TO SPREAD LOAD 
IN APPROACHING OPERA TING POSITION A T 
RIGHT ANGLES TO DOCK FACE. 

C-C FLOATS "24 FT 

Figure A2.  Concept for operating crane using dock beams 
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SECTION A-A BEAM LIFT 
ATTACHMENTPOINT 
6-1/2 TON SHACKLE 

4FT2IN 
3 FT 4 IN 

HATCH COVERS 

WIDE FLANGE BEAM    «^ 
(36 INx 230 LB/FT 

D RINGS 

HATCH COAMING 

1IN WIDE WHITE 
PAINT STRIP 

0 RINGS 

4IN THICK WOOD OR 
1 IN PLYWOOD SURFACE 

WOOD DUNNAGE PAD 
4INx1FTx6FT 

Figure A3.    Hatch cover bridging beam 
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Figure A4.  Integrated logistic support plan for elevated 
causeway restore span 
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APPENDIX B 

EXPEDIENT PORT REPAIR INNOVATION 
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MINUTES OF INNOVATION SESSION 

EXPEDIENT PORT REPAIR 

NAVAL CIVIL ENGINEERING LABORATORY 

25 June 1985 

ATTENDEES: Duane Davis, NAVCIVENGRLAB L53 

Cliff Scaalen, NAVCIVENGRLAB L66 

Wayne Tausig, Eastport 

Ivan Ogburn, Eastport 

Farley Shane, Eastport 

Jim Osborn, Eastport 

John Ferrltto, NAVCIVENGRLAB L53 

Louis LeDoux, NAVCIVENGRLAB L43 

Stan Black. NAVCIVENGRLAB L43 

Billy Karr, NAVCIVENGRLAB L53 

CAPT (Army) Dan O'Brien, NAVCIVENGRLAB L03B 

Charles T. Jahren, NAVCIVENGRLAB L53, Author 

During this innovation session the participants were encouraged to 

advance any idea they had without regard to economic or physical feasibility 

of any kind. Ideas which did not fit the scenario were also accepted. This 

document is merely a listing of the ideas. These ideas will be modified, 

prioritized, and eliminated as necessary in the future. 

The ideas fell into the following major categories: Change the off- 

loading method, use salvaged items, use floatation, use piling, use load 

attenuating and load transfer devices, use bridging methods, and confine 

materials. Other general comments were that since this is an expedient 

situation, factors of safety would not have to be adhered to, and many good 

Ideas may evolve by letting the troops innovate. 

Change Container Handling Methods 

Under some circumstances it might be easier to change the container 

handling method than to repair the structure. Tires can be deflated on many 

pieces of equipment without harm to operations, although the tires may wear 

B2 

)ünJfkjr^r^jMtKiKH^KMX^^ 



out sooner. Thought could be given to replacing rail mounting devices with 

tracks or passing containers over damaged areas using cranes or forkllfts. 

Also, traffic could be rerouted past damaged areas using pontoons or transit 

shed Interiors. 

IDEAS: Go to a different port. 

Go to a different pier. 

Use midstream offloading and lighters, helicopters, or float 
containers. 

Pass Items over a hole with a forklift or crane. 

Modify equipment to reduce load Intensity (let air out of tires). 

Use causeway ferry. 

Bypass damage using barge or pontoons. 

Use cables and overhead trolleys. 

Use air bearing or air cushions. 

Roll containers on hot-dog shaped air bags which act as rollers. 

Use Salvaged Items 

Since new materials might be in short supply and because transportation 

might be slow. It would be desirable to use things at hand. Controlled 

demolition might be used to extricate salvage items from structures. The 

following is a list of items that might be available near a war-damaged port: 

Damaged container cranes (cut members out) 

Unused portions of the pier (cannibalize) 

Tires 

Containers 

Corrugated metal roof 

Brick 

Oil drums 

Concrete slabs 

Broken concrete 

Ship parts (places, hatch covers, etc.) 

Pontoons 

Vehicles 

Broken bituminous 
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Railroad rail 

Telephone poles 

Crane hydraulic systems 

Crane cables 

Rubble  ' 

Floatation 

In expedient situations, the buoyant forces of water underneath the pier 

can be used to support the load. Pontoons could be stacked vertically and 

used to support the midspan of a deck section. If there is a large tidal 

variation, the buoyancy chamber can be placed sufficiently deep so it is sub- 

merged all the time. Buoyancy chambers could be used for structural support, 

barges for horizontal transportation, and as a crane platform. It might be 

possible to float some items into position for erection using floatation 

devices. Items which float in and Jack up might be employed. Some items that 

might exist around a war-damaged port to provide floatation include: 

Barges 

Pontoons 

Oil drums 

Sealed Containers 

Timbers 

Styrofoam 

Piling 

Several items might be used for piling in an expedient situation. They 

might Include telephone poles, pipe from chemical plants, railroad rails, and 

sheet piles. One problem with piling is that it might not be possible to 

drive it through rubble. Pile shoes are available for sheet piling and 

H piling which help in rubble. If a pipe piling hit got hung up in rubble, it 

might be possible to grout it into thi rubble with tremie concrete or to 

create a grout bulb by pumping through he piling.  If some other type of 

piling was used (e.g., H pile), it might be possible to Insert a tube next to 

the pile and grout it in. 
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Jetting might be a possible installation method for piling. The same 

concept used for the advanced cargo transfer facility might be applied to this 

problem. This is a spread footing attached to a pipe with water jets in the 

spread footing. The pile is lowered into the water and jetted as far as pos- 

sible into the soil. 

A crater might be repaired by driving a piling in the middle of the 

crater and then placing a prefabricated top piece on top of the piling which 

fits snugly and can be trimmed to the size of the crater. 

An expedient column support might be made with an expandable truss that 

could fit into a container and is similar to those proposed for space station 

structures. If the column sinks into the soil, some jackup method could be 

used to maintain the deck height. Water pressure might be used to deploy this 

item. 

Load Transfer and Load Attenuation 

It may be possible transfer loads to undamaged piling by various 

techniques. 

If the Intensity of a point load causes a problem, it may be possible to 

spread the load out using airbags, waterbags, or a relieving platform possibly 

covered with brick pavers. The air- or waterbags could be covered with steel 

plate or some other material. The bag could conform to surface underneath and 

provide even load transfer. 

It might be wise to transfer the extra load to pilings down at the 

mudllne rather than at the top because there is less buckling length. Cross 

beams could be placed between undamaged piles to provide a support for new 

piling. 

Bridging 

A crater could be bridged using a variety of materials: 

Flatbed trailer 

Catenary 

Balloon support 

Shotcrete sprayed on wire 

Form concrete patch using corrugated metal roof 
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Hatch covers from ships 

Pontoons 

Vehicle frames 

Hatch covers 

H piles (cover plates at midspan if necessary) 

Sheet piling welded together or filled with concrete 

Expanding trusses (space shuttle style) 

Container bottoms 

Whole containers 

Confinement 

Many items provide very good compressive strength if they are confined 

even though they are unstable when they are not confined. Possible fill 

materials: 

Foam 

Dirt 

Mud 

Bricks 

Bituminous 

Concrete 

Crushed concrete 

Lime stabilized material 

Water 

Compreused air 

Confining devices: 

Wire or cable baskets 

Fabric 

Sheet pile 

Rope net 

Plastic bag 

Sand grid 

Container 

Honeycomb 

Sand 

Rubble 

Gabions 

55 gallon drums 

Oil 

Tires 

Spheres (strap points on them to 
improve interlocks) 

Containers 

Pontoon cubes 

Pontoon 

Barge body 

Pressure vessel 

Van 

Steel or concrete 

Culvert sections (stacked vertically 
and filled with sand or rubble) 
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Trade Offs 

There may be several practical solutions to an expedient repair problem. 

The engineer will want to choose the optimal solution. It might be wise to 

develop a computer program that will assist In making this choice. 
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APPENDIX C 

VEHICLE LOAD CHARACTERISTICS FOR 

EXPEDIENT PORT REPAIRS 
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SINGLE-WHEEL LOAD 16.160 LB 
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TRACTOR:   53 Sit* 
TRAILER:   SO.« IN» 

PAYLOAO-67,200 # 
TURNING RADIUS - 42' 
PASSES/COVERAGE - 0.94 

100 PSI 
90PSI 

»«320t- 

19.190»- 

f^O-T 

54. 
ON 3 

/00-00| 
AXt£S~\~00    00^" 

72 

M915 TRACTOR WITH XM872 TRAILER 

13.6«» 

73.31$» 
ON 3 AXLES 

GROSS WEIGHT ■ 192.000« 
TIRE PRESSURE- 

TRACTOR:   85 PSI 
TRAILER:   60 PSI 

TIRE CONTACT AREA ■ 260 IN« 
TRACTOR:   TT IN' 

TRAILER:   110 IN1 

PAYLOAO-120.000# 
TURNING RADIUS - 49' 
PASSES/COVERAGE • 0.54 

'08.000« 
ON 4 AXLBS 

M9n HEAVY EQUIPMENT TRANSPORTER 

C6 
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DESIGN AND COMPARISON CALCULATIONS 
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Bearing Plate Design Calculations 

JL 

O Ö 0 
BEAM UNDERNEATH 

o 

o; o 

o 

a 
l^BOLT 
LOCATION 

O 

1 "PLATE WITH 1 INCH 
HOLES, SAME PATTERN 
AS ERECTOR SET MODULE 

REAM TO 1-V2" 
I      l FOR 1-1/2" 
i       BOLTS 

20" 

/^Os-   /?  SZS /' 4>o/y's.  i   /■?'';**■-■* tb lt*s//t /etca.-* Si.fz* 

ps-IT <.*<"•€, -   0.ZS  -/"c.       J/^ /}/<"/<?     Cf-^r  s.     A// 

for a   J" S-/r;/* ~£ Stv-fy />/»Se: 

St 

STEEL f,,-29 KSI~ r 
SAY BOLT HOLE 

DIA 

-U-—/    -(r 

-X^ 
i*. 

ff f f f ? T ITT 
tOOOPSI 

r T f f rrrv 
1000 PSI 

I 

LA) I zei     z^ i 4r JL o* w 
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(Concluded) 

e?    r'x 7"  s avare.   nz*"/-//^*  t*   /fee»^s? ^fearsy ^se*s*t 

S-ear'*»   jp/t-Jc    A     c/ooc/ for     <f9,   n/jO   /M>o// 

/ 

9*4.   srree*/   /W    a**o-/AJU    y? fa-tit. sP?^ s 
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Steel Plate Concept 

£?/&/* z&'Ostvre'rf is   S0S?S'£/eT<?t   Sheas' amf   Ci &   st&cS'ent 

Case   / A-Sä   Z      C*se.   S 

TO.Sb U<?D 6 76.0 

Ur>j ff*"* 

/too 

/i-k Aj/t /Z.O Z60 £-30 
ft AJ C 6>0 

At/C 

310 

ft-* 
fjM tzso-rc 

/SS  to-4^/1000^ H'>r 
CHV et-* 

//£   ZZ-fi- //MOfsf 

^e/ec/'C*f 

/6,S,i,<9 

A/ /C 
/lf/ c 

A//C- AJ/C 

/0*0 

/!//-£. 

3000 
A)/£. 

AJ/C  ■= /?£>/ cri-/ic*ßi £u i'/>ifeci'rt 

yo.si. 
US. b9 

/t9,& 
SSO 

6740 

/" /POAi!    /'4*/00*u      AJ/* 
/ *   60 Hi    lV 60 Hi 
/%"   36Hi    A///>    Uhsi 

T      AJ/* 

/60O 

At/* 

AJJ# 
l'/l    60*si 

Z"   #*>' 

t/s€.     /PO Ars/     / " p/o/e /(HAl/ /tit   l r/pifi 
l/sc       'OO *si    Z. "   t?/* & /n adt &<*( £ ft/*"- 

/fiOMS/ /MK5I 

t/St  0XlGAZ't , 
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(Concluded) , 

4O0O Zsr&oo      /V/4 AJ//1 

Secede ~/b f/Ai^LiL t& /& -rä/Ji jfo*. 

/?'/s9?7a/''//b, g/iz/te//***€ dtryt-Ssvi/s  ^r/>"*e jcho/vk £}**&. 

Secure. £>/«•&. 0, g /. O 2 C)SlAA 1 
          ^ d>** z 

z.o 4' o ^^ ^^ 
x /g ^s 

Cost e%tooo 
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Erector Set Concept 
 ■■■■ ■■—■i— nWBiin. 

6 SPACES» 16-96" 

CONTINUOUS M0MENJ-RESIST1NG BEAMS 

1 J?" I 32" ± 

CROSS SECTION 

TYPE A MODULE 

3  irxM" 
W 12x66 
I1"x96" 

OPTIONAL STUB 
BEAMS FOR 
EXTRA SHEAR 
RESISTANCE 

PLAN 

TYPE A MODULE 

S~rt/c. -/urn, /   £a/cs. 
in      ——^—^^ IIIIJB. 

3 
a 
z 

(Continued) 
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£*//$   3^atr^ts/ /fa jd**/-— 3-40 kips 

^ShJ/A^S 

^•f/'<£FS /ir   /va/« =s z4Ms/    a*yjT*/*e/ AeMs 

rsf*ffif/ytt. 

vt-^i 

E 
(- 

—.   ^ 

12" 

to v 

BOLTS IN DOUBLE SHEAR 

W'SPUCBt^ 

0     0     0- 

000 

000 

asses'»* 4sZS~4e>//s 

?4SL J0/> /Bo/4 t 
6.33, VaMs /^i/ 

• SUGGESTED 
BOLTARRANGEMENT 

(Continued) 
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32x24 KSI-768K r« 7C rrt ^P   y ^ 

SHEAR FORCE RESISTED 
BY BOLTS LOCATED AT 
END OF BEAM 

NO FORCE 

W SECTION 

768K 

SBCriONAT 
MIDSPAN 

l/s* 44 both. 
90" END OF BEAM TO LAST BOL T 

r 
O       O o 

o    0/0    cri^ BOLTS 

"EMPTY HOLES 
OVER WEB 

BOLTS 

(Continued) 
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TYPE B MODULE 

32" 

1 X 
31" 

t1"K96" 
W 12x65 

4' 
/zs «7 

ax/* 

4-07 
Z.43 

X 

-2*49 

/S-3- 3 T&b/Xjk fiduk**!*-! 
A/ev -fra/ a*ss      /£>. c 7 "/i~e~* t»* •M-*-*- 

/#w*u Sl*36Mst   =       PSS- 

r jt 

/V 

07.3 
96. o /3'2 

7.1 1677 

A/A» /o* 

TS77 
Z.7 

•3. & 
3-3 

-z.e 
+ 9 ft 

?3/7 

(Continued) 
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0           ® <S> 

/9faJuMl&'3£k*',   #~ty         93S      /JZS- Z0co      44*0 
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40'                                24Ä90   30,690 41,4,00      44,200 
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4* **&/& 40 40 4c eo 

Zo /fnodu/e, zo zo zo -40 
40' fitoefa/e. 4o 40 40 SO 

ToM 
ze/ *rck/y/e.             BS /el-         /ZO        /zz 
40' "taif/*            J6s 2-^9         Z40         Z4& 

^/z-8 ass*** ito" i*>M  rtLck 
4ZS.L J 
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/j»tf Jrovrs 
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/44o 

7ZJ*/ £* ^2^ f&* /Z48 Z.OOO 

SfM 63 /OO /zr Z.ao 

/■S" cretv /rfie/s  /4s» 

/Veras   Afacuttve/       Z Z "Z £ 

/t#. /*r /s /s" *& 
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£e>///tyt   ■/*„ ***** 
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/B 25 S3 
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£ms& J       &se Z        Case 3     40'*/**. 

&/■/**/ loAeJ , /f*—** #SZ*-f*&l   /*>f*'    /toafsfa'   /ffoofsfa ' 
Sf**      Sr*n**1 0O /i? ft /*ot> 

^e, /W-^ rveet    Tw&t   TZr**1  fif* ** 
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/fa** Aeffs 
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s*2. ZÄÖ, 000 
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Erector Set Concept  (Reinforced Plate Subconcept) 
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Erector Set Concept  (Expedient Cap Beam Subconcept) 
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Steel Beam Mat Concept 
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Steel Beam and Timber Deck Concept 

frfswaz-f-&/&:££.  /^-/r/ttffen   arc /*'&   o*^   -/o/s   €»/ t/ecks. 

SPAN LENGTH FOR 
SHEAR CALCULATION 

TIMBER 
DECK 

STEEL 
BEAM 4+- 

5 

r SPAN LENGTH FOR    l    , 
MOMENT CALCULA TION 

- BEAM SPACING       ^ ^ 

BEAT" B£AM 

t . . 'farm*-' ' •* 
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C BEAM 

BEARING t.t" STEEL 

REMOVE CONCRETE 
TO ALLOW TIMBERS 
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LIMITS OF 
POSSIBLE 
REDUCED 
CAPACITY 

EDGE OF 
TIMBER 
DECK 
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CONTAINER VEHICLE, NOMINAL 8.4' CIRCULAR CRATER 
MOMENT ON TIMBER DECK 

P & H e250-TC 100 PSI ON CANTI LEVER 

CASE I 28.8 FT-K < S6.7, OK 
12' x 12" TIMBER 

^p-ip: 
P & H 6260-TC .1°° P81' ^ INCHES WIDE ON MIDSPAN 

[ v-r~    12" x 12" TIMBER -3^ f CASED 25 FT-K, OK 

I I 
CAT 988 70PSI, 36 INCHES WIDE At MIDSPAN 

■ eam . 
--or    12" x «"TIMBER   r^ CASE HI 19 FT-K, OK 

i 
I^X^'SOK 
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so MH 
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Drill   k4u^ 
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/£■'   -fat-   d HI/ fu^et-^/: s^/fxi/ Jecaure. 

0T  £****   -    z/2 

8-/0' /*/yMs, £&*** &**e'*2. 

C(/-tt'nm   »f /ufiber) 

NO CANTILEVER ALLOWED UN LESS TIMBERS 
ARE CONTINUOUS OVER AT LEAST 2 SPANS 

DESIGN LIMITATION , 
TIMBER 81 STEEL REPAIR 

NOTE: THIS ARRANGEMENT ASSUMES 
THAT BEAMS ARE SUSPENDED BY 
BOLTS THAT PASS THROUGH THE 
UNDAMAGED DECK. ALTERNATIVELY. 
THE BEAMS COULD BEAR ON THE PILE CAP. 
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Steel Beam and Steel Bar Grate Concept 

(Js«t   Matgw/es   /'/t f/ace of /'fA**- /zx/z'a. Jsst/fe 

rftrfn* tv//   /»rec/t»/* f/r*s   a/~c i/se-i/  a**/ eotrc-t-e-tiz 
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SET THE GRATE 

FLUSH WITH THE 
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8 FT 
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,SPAN FOR ^T 
UOMENT-r -W SECTION 
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■fah Rs *o-44, /O00 fsf rt*r **■#***/«*--/A*s 
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for 5i p- /?.+   Choose: SX^z., / 9/,u oc.       <?x - z/.***/// 
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Prestressed Concrete Beam Concept 
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