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PREFACE

The study reported herein was conducted by personnel of the Con-

crete Laboratory (CL) of the U. S. Army Engineer Waterways Experiment

Station (WES) under the sponsorship of the Office , Chief of Engineers

(OCE), U. S. Army , as a part of Project 14AT62719AT140, “Mobility and

Weapons Effects Technology”; Technical Area A2, “Lines of Communications

and Mobility Engineering” ; and Work Unit 019, “Prefabricated Elements

for Concrete Structures.” The OCE Technical Monitor was Mr. R. H.

Barnard .

The study was conducted during the period February 19714 to

September 1971 under the general supervision of Messrs. B. Mather ,

Chief of CL, and J. M. Scanlon, Chief of the Engineering Mechanics

Division (EMD), and under the direct supervision of Mr. J. E. McDonald ,

Chief of the Structures Branch. This report was prepared by

Mr. McDonald and Dr. T. C. Liu, EMD.

Directors of the WES during this study and the preparation and

publication of this report were COL G. H. Hilt , CE, and COL J. L. Cannon ,
CE. Technical Director was Mr. F. B. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENTS

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows :

Multiply By To Obtain

inches 25.14 millimetres

feet 0.30148 metre s
miles (U. S. 1609.31414 metres
statute)

square i~~hes 6.14516 square centimetres

square feet 0.092903014 square metres =
cubic inches 16.38706 cubic centimetres

cubic yards 0.761455149 cubic metres

pounds (mass) 0.14535 92 14 kilograms

tons (short) 907.18147 kilograms

pounds (mass) per 27.6799 grams per cubic
cubic inch centimetre

pounds (force) 14.14148222 newtons

kips (force) 14.1448222 kilonewtons

pounds (force) per 0.0068914757 megapascals
square inch

pounds (force) per 147.88026 newtons per square metre
square foot

kips (force) per 6.8914757 megapascals
square inch

foot—pound—force 1.355818 joules

degrees (angle) 0.017145329 radians

Fahrenheit degrees 5/9 Celsius degrees or
• Kelvins

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings , use the following formula: C = (5/9)(F — 32). To obtain Kel-
vin (K) readings , use: K = (5/9)(F — 32) + 273.15.

5
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__ V

PRECAST CONCRETE ELEMENTS FOR STRUCTURES IN

SEn:~ECTED THEATERS OF OPERATIONS

PART I: INTRODUCTION

Background

1. Even though tactical concepts and combat techniques have

changed over the centuries , the engineer support mission to the combat
forces has not. The U. S. Army engineer ’s job is still to enhance the

mobility of friendly forces while deterring the movement of the enemy .
1

How this support has been provided in the past has changed with improved

engineering developments. As the technology of warfare advances , the
• engineer in combat becomes harder pressed to support the deployment ,

rapid movement , and supply of the Army ground forces. The highly mobile

Army needs increased ability for rapidly constructing and maintaining

lines of communication (LOC) facilities , such as roads , bridges , air-
fields , and heliports throughout the theater of operations (TO). The

Volunteer Army , a smaller force with reduced engineering resources , will

have a significant effect on such construction. This will require im-

proved efficiency , better training, better equipment , and better
organized and led troops.

2. Present capabilities in construction of LOC facilities are

limited to very basic conventional techniques. In concrete construction ,

this means building timber forms, mixing , placing , and curing of plain

and reinforced concrete , or the use of “stick ” construction . These con-

ventional techniques are both time—consuming and require extensive

• logistic support . The concept of establishing designated engineer units

to construct prefabricated structural elements in support of LOC con—

• struction has not been generally exploited in modern warfare. In iso-

lated instances , the concept has been given limited trials in support

of simple bridge and culvert construction on major road building , or in

association with depot construction . The designs employed, however ,

6
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have always been locally conceived , quite limited in application, and

with a minimum of quality control . Ninety percent of the Engineer Con-

struction Groups and Battalions responding to a questionnaire (Appendix

A) indicated that concrete precasting operations have a place in Army

Engineer TOE units. However , less than 140 percent indicated any prior

experience with either fabrication or erection of precast concrete

elements. Obviously , a need exists for a family of prefabricated struc-

tural elements to be field fabricated in the TO for use in the rapid

construction and/or repair of bridges , culvert s , retaining walls ,

loading docks , berthing and pier facilities , and other related struc—

tures and appurtenances for LOC facilities.

3. Military bridge construction in a TO is generally limited to

structures of a semipermanent type with sufficient capacity to carry

divisional loads. Standard fixed bridges , as referred to briefly in
TM 5_3l2,

2 
are stock items available for issue from Army supply centers ,

together with component parts , necessary for erection of the bridge.
The term nonstandard is used to identify bridges constructed from raw

materials and designed to satisfy the requirements of a particular site.

The design, layout , and construction of nonstandard highway and railroad
bridges normally constructed in a TO are covered in considerable detail

in TM 5—312. However , the majority of the attention is directed to

t imber and steel as principal, construction materials.
14. The physical characteristics and properties of concrete mate-

rial s , the selection of concrete mixture proportions , the design and

construction of forms, and the procedures for the construction of con-

crete structures are discussed in detail in ~il-1 5_ 7142.~ Also, the use of

reinforced concrete , including precasting, is discussed within the

limitat ions to which this type of construction is considered a re~ ponsi—

• bility of engineer troops.

5. The primary shortfall for use of troop—constructed , rrefabri—

cated concrete elements , either plain , reinforced, or prestressed, is

the lack of well—conceived facility designs and construction guidance

permitting their employment . The solution to this problem appears to be

well within the state of’ the art for prefabrication and use of precast

concrete structural elements.

7
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Obj ectives

6. The objectives of the program discussed herein were to develop

operational guidance, engineering criteria, and specific str.,.ctural

design for the prefabrication and effective use of standardized precast

concrete structural elements for use in a wide variety of fixed, delib-

erate structures associated with TO facilities.

Scope

7. Literature was reviewed and consultations were held with pre—

fabricators and erectors to determine:

a. The state of the art of present prefabricated structural
techniques.

b. The structural properties, advantages, and disadvantages
of the various systems and elements.

Materials, component configuration, structural efficiency, fabrication

facilities, and erection equipment required were considered in this

review. Based on this review, a plan is formulated for the con-

struction of a central concrete precasting facility that will minimize

the materials, manpower, and equipment necessary for mass production

of selected structural elements, which can (a) be easily transported to

the construction site by existing military equipment and (b) assembled

with a minimum of time, labor, and equipment into a variety of func-

tional structures.

8
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PART II : PRECAST CONCRETE

Definition

8. The term “precast concrete” is used to describe products made

of concrete under factory conditions either in a permanent factory or in

a temporary casting yard on a construction site and erected on site as

finished structural members.

9. The range of precast concrete structural members in common

use is very wide, e.g., bridges, piles, culverts, pipes, and floating
concrete marine structures. Prestressed concrete is especially well

adapted to precasting techniques.

Advantages

10. Compared with on site concrete construction some of the

advantages of precast concrete are as follows:

a. Construction will be more rapid, and the structure is
available for use in a shorter space of time.

b. Generally there will be a reduction in site costs as
• scaffolding and other temporary supports will not be

needed in such quantities (if at all) as for on site con-
crete work.

C. There will be considerably less on site concrete work,
thus reducing the demand for local site labor and the
import of local raw materials.

d. Casting in precasting factories is usually unimpeded by
adverse weather conditions.

e. Units can be made by mass production methods. Molds can
be made to a precision not possible on site, and more in-
tricate work can be carried out. However, since such
molds are expensive to maEe, a considerable amount of
repetition in the design is necessary for their use
to be economical.

f. Units can be made to a good, even excellent, standard due
to the use of a trained and specialized labor force work-
ing under factory conditions; also, units may be cast in
the most favorable orientation to simplify shuttering
and to obtain improved finishes on the most important
faces of the units.

9
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£~ 
Factory sites are usua~ly selected considering the
availability of labor, the ready supply of good quality
aggregates, and other materials.

h. The finished product can be inspected before it is
erected and can be rejected for any substandard work
before incorporation in the structure.

i. Certain structures, if required, can be dismantled and re—
erected elsewhere.

Disadvantages

11. The disadvantages of precast concrete are summarized as
14

follows:

a. Skill is required to design and detail a joint that can
be easily formed on site while at the same time providing

• the necessary strength.

b. Some additional reinforcement and fittings may be required
for handling, transporting, and erection. It has to be
appreciated that a precast concrete member must be de-
signed not only to function as part of a total structure
but also to withstand the stress conditions pertaining
to handling, transport, and erection.

C.  If a large number of units are required or if they are
large in size, problems can arise concerning storage
areas, transportation, and erection costs.

d.. Precasting tends to be less suitable for structures with
irregular features. To obtain the greatest economy from
precision molds, there should be a high degree of
repetition.

e. The size and weight of precast concrete units must be re-
stricted as they all have to be lifted and placed in
position by some means. The lifting capacity and range
of cranes available can govern the size and weight of the
units.

I
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PART III: CONCRETE BRIDGE STRUCTURES

12. Precast concrete construction provides a rapid and economical

method for erecting new bridges and for repairing or replacing existing

structures. This is possible because precast construction eliminates

most falsework and shoring at the bridge site and requires only a small

erection crew. Precast construction is particularly advantageous in

isolated places where labor and materials are not readily available.
This is particularly true of those designs that require no cast—in—place

concrete.

13. Highway bridges involving varying degrees of precast construc-

tion form the majority of those described in this report, just as they

form the majority of the bridges being constructed. However , railway

and logging bridges and elevated urban highways are also reviewed in a

limited manner . An attempt was made to obtain a representative cross

section of bridge types; however , considering the large field , many im-

portant structures have necessarily been omitted from discussion .

Highway Bridges

114. By far the greatest percentage of highway bridge super-

structures encountered in American practice is of simple span, precast ,

prestressed girder , and cast—in—place deck slab construction (Figure 1).

• The precast concrete industry produces a variety of precast shapes for

bridge conscruction including I—sections , slabs (solid and hollow),

channels , boxes , and tees. These sections may be of reinforced , pre—

tensioned , or posttensioned concrete or combinations of these types.

While each section has inherent advantages, availability and local

economic factors , as well as span length, often significantly influence

the final selection of a particular section. While the majority of

bridges discussed herein are of prestressed concrete , some reinforced

concrete bridges will be included since they are likely to be more

economical for very short spans. Some typical plans for precast con-

crete highway bridges are given in Appendix G.

15. It is difficult to classify highway bridges according to ..~ an

11
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Figure 1. Typical prestressed concrete bridge

lengths since there is no definite line of demarcation between short,

moderate, and long spans. For example, Libby5 arbitrarily assumes short-

span bridges to have a maximum span of 145 ft,* whereas Gel-wick6 considers
bridge spans up to 1140 ft as short spans. Therefore, for the purposes

of this discussion, the more common types of bridge structures will be

classified according to the type of precast element used.
Precast slab bridges

16. Prestressed solid slab elements are generally economical for

use on spans up to about 30 ft. Such pretensioned elements are usually

precast 3 to 14 ft wide with shear keys cast in the sides (Figure 2).

After erection and grouting of the longitudinal shear keys, the slabs

are topped with a wearing surface and leveling course. This topping can

be a bituminous material or portland cement concrete.

17. Prestressed hollow—core slabs (Figure 2) are used in bridges

with spans approximately 30 to 80 ft. Such slabs generally have either

round or square voids. The elements may be precast in any desirable
• depth and width; however, a depth up to about 30 in. and a width of 3 ft

are most common. Similar to solid slabs, grouted shear keys are used,

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is given on page 5.

12
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a . SOLID SLA BS
GROUTE D W EARI~qG AND

SHEAR KEYS LEVELING COURSE

~‘/ Z  ~~~~~~~~~~~~~~~~~~~~

0
b. HOLLOW SLABS

Figure 2. Typical sections of pretensioned slab bridges

and some type of leveling course is normally required.

18. As in the re nforced concrete bridges, a transverse tie is

required to maintain proper alignment of the slab elements and ensure

proper distribution of the live load between the elements. Slab elements

are frequently fabricated with small transverse holes through the ele-

ments to allow insertion of threaded steel tie bars normally extending

from one side of the bridge to the other. Nuts are then placed and

tightened at each end of the tie bar. Occasionally, the transverse tie

consists of a posttensioning tendon that is placed , stressed, and grouted
after the slabs are erected.

19. Construction advantages of slab bridges include very simple

details and formwork that are applicable to and favor plant fabrication

methods. Precast elements are normally placed by mobile cranes, and

• since no falsework is required, time and personnel required for field

erection are at a minimum.

20. A precast reinforced concrete slab bridge developed by the

South Carolina Highway Department1 requires no cast—in-place concrete ,

an important consideration in some situations. Four 5— ft—wide interior

units and two 2—ft—wide exterior curb and handrail units are used to

obtain a 22—ft roadway, curb to curb. Spans up to 114 ft have been built

with an 8—l/4—in . slab thickness (Figure 3), and for this case , interior

13
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and exterior units each weigh 7200 and 6300 ib, respectively. One com-

plete span of the bridge deck is cast at once but is separated for han—

dling purposes into individual units by longitudinal dividing strips of

10—gage sheet metal bent in a <shape. The units are erected at the

bridge site in the same relative positions they occupy in the casting

yard so that the joints fit closely and provide satisfactory lateral

transfer of shear. Obviously, this method of precasting does not pro-

vide interchangeability of parts.

21. When all units are in position at a pier, a 1—in, steel rod

is inserted through the transverse holes (Figure 3), and the threaded rod

ends are tightened to tie the entire roadway together. This figure also

shows that the slab units are connected to precast concrete pile caps

with dowels.

22. Figure 14 illustrates a design developed by the Nebraska State
Highway Department in which the individual slabs are formed with hollow

cores to provide a reduction in weight. Each unit has two cylindrical

hollow cores that extend through its entire length and cause approximate

reductions of 35 percent in the cross—sectional area but only 10 percent

in the moment of inertia of the concrete section.7 The 16—ft span , pre-

cast reinforced concrete bridge design is based on American Association

of State Highway Officials (AASHO )8 Hl5—1414 loading (Appendix B). The

deck consists of seven precast units, each 1 ft 6—1/2 in. deep . Outside

units are 3 ft 3 in. wide; interior units are 3 ft wide with each weigh-

ing approximately 7300 lb.

23. Shear keys and transverse tie rods are provided for lateral

distribution of superimposed loads. One tie rod is located at midspan ,

and the other two are approximately 6 ft either side of midspans. Slab

units are connected to concrete pile caps through welding of the rein—

forcement and use of’ cast—in—place concrete (Figure 14) .
Precast channel bridg~s

214. Precast units of channel—shaped sections have been used exten-

sively for short—span bridges to obtain greater strength with a minimum

of dead weight.7 Channel girders (Figure 5), both reinforced and pre—

stressed, are being widely used in various parts of the country ,

15
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Figure 5. Precast channel girder

particularly for bridges on secondary roads. Design is based on the

assumption that a pair of adjacent ribs will act as one unit. Shear keys

and/or transverse tie rods distribute the loads laterally . Thus, the

load carried by each element is less than a full wheel load, making V

possible an economical design with no sacrifice of rigidity.

25. The State Aid Division of the Mississippi State Highway

Department (MSHD ) makes extensive use of precast reinforced concrete
channel girders for a 19—ft span bridge. This reinforced concrete

br idge is designed for AASHO8 loading Hl5—1414 with a 26— ft 6—in. clear

roadway ( Figures 6—8). This superstructure is designed for use with

t imber or steel piling, and not only the channels but also all ele-

ments of the superstructure are precast.
26. The State Aid Division of MSHD also uses a similar channel

sect ion of’ precast, prestressed concrete designed according to AASHO

loading Hl5—1414 for a 31—ft span (Figures 9—11). Two 1—in. stressteel

tendons in each leg of the channel are used for prestressing. After the

concrete has reached a minimum strength of 3,000 psi, a prestressing

force of 60,000 lb is applied to the two top tendons only for handling

17
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purposes, and the slabs are removed from the forms. After the concrete

has reached a minimum strength of 14,200 psi , the total initial pre— 
V

stressing force of 90,700 lb is applied to each of the tendons. As was V

the case for the reinforced concret e span , all elements of the super-
structur e are precast .

27. In construction, a precast pile cap is placed on top of

either steel or timber piles and connected to the piles with dowel pins

driven through a hole in the pile cap into the top of the wooden piling

V 
(Figure h a). In the case of steel piling, the pile cap is connected

using fillet welds between the piling and bearing plates precast in the

pile cap ( Fi gure llb) .

28. Channel girders are positioned on the pile cap ; after proper
alignment has been obtained, pins are placed in the holes (Figure 11),

and all holes in the girders and caps are grouted. The elements are

tied transversely by bolting the legs of adjacent channels together .

Longitudinally, all channel ends are also bolted together . After bolt—

ing, all keys are grouted before traffic use; no leveling or wearing

course is normally required.

29. The North Carolina State Highway Commission tried several pre-

cast channel type bridges that required cast— in—place composite concrete.

After several attempts, they decided that for their ‘t county road11 bridge,

they needed a type of bridge that could be installed anywhere without

depending on cast—in—place concrete. The resultant bridge is known as

the Standard B~m—l3
9 and is normally cast on a l14—in, double—tee bed.

30. The BMD—l3 bridge is a simple bridge, which has been used for

HlO and H15 traffic with a 214- to 29—ft roadway width and a 30-ft
overall length (Figure 12). It consists of eight interior precast, pre—

stressed channels and two edge sections of the seine design with a curb
V added over the outer flange. The deck is cast monolithically with the
V 

web of the channel. A triangular tongue and groove arrangement provides

for transverse shear transfer. The bridge has been the subject of re-

search and full—scale testing by North Carolina State University. Some

of the results of this research have been presented in Reference 9.
31. Connection details are less sophisticated than those shown

22
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previously as used by the State Aid Division of MSHD. A precast pile

cap is placed on top of timber piles and connected to the piles with a
pin, which is driven through a h~1e in the pile cap into the top of the

wooden pile. This connection does not prevent uplift, but this may not

be a problem with the heavy dead load. The pile cap is precast with

lugs, which prevent the deck from crawling of I the cap under extended

use. No welds, hinges, rollers, bearing pads, etc., are required . The

bridge is posttensioned transversely by three 7/16—in, strands, extending

from one side of the bridge to the other, tensioned to 18,900 lb each.

32. The composite U—beam construction system developed and
.10,11 .evaluated in Missouri uses what are essentially inverted channels. V

The system consists of a series of precast, prestressed U—beams set side

by side on supporting bent beams or abutments. The legs of the U-beams

extend upward with corrugated metal arches fitted between them to serve

as stay—in—place forms for the cast—in-place top slab. The resulting

bridge deck is very similar to a multicell box superstructure. Fig—

ure 13 presents a typical cross section of the composite U—beam bridge

26 ROADWAY 
________________

I 5-U BEAMS A T  5 - 0  r 2 5 - 0  I
V j V~~S V V V —1

HA Lr S E C T I O N  NEAR - HALF S E C T I O N  NEAR

V 
C E N 1 E R OF SPAN

Figure 13. Typical cross section of the composite
U—beam bridge deck (from Reference 10)

deck. The variation in beam depth (Figure 114) will accommodate AASHO

HS2O—1414 loading over a span range of’ approximately 30 to 80 ft depending
V upon the thickness of the cast—in—place top slab.
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Figure i14. U—beam dimensions and details ( from
Refer ence 10 )

V 33. Estimated costs of the U-beam system were compared with

actual costs of three typical bridge structures selected to give a rep-

resentative range of span length and to consider the most common types

of bridge superstructures used for shorter spans in the Missouri highway

system. From the prices listed in Figure 15, it can be seen that for

the shorter span bridges, A—21141 and A—2O39, the cost of the original

superstructures exceeds the average estimated cost of the U—beam system

by 10 and 13 percent, respectively. However, the estimated average cost

of the U—beam system for bridge A—214l6 is about 21 percent less than the

actual cost of the original voided slab superstructure. Therefore, the

U—beam system would appear to have an economic advantage for medium—span

ranges.
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314. Channel stringers with a depth of 3 ft 5 in. wer e effectively
12used to span 95 ft  on the Ardrossan grade separation structure in

Alberta , Canada . The 38—ft—wide bridge is designed to carry HS2O load-

ing across spans of 103 f t .  The center support (Figure 16) is a two—leg

I-..
22 -Il 94 .7 26 .6 26 .6

78 -
_

c~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
h h h h h 1  

_

bu IIU si IJJIa

S. ’MMETRICAL ABOUT 12L

Figur e 16. Ardrossan grade separation structure (from Reference 12)

frame that carries a 53—ft section. Legs taper from 18 ft apart in a

common footing to 36 ft at stringers, which cantilever 8 ft 6 in. each

way. The precast, conventionally

reinforced pier legs were set in I 
-

prepared pockets (Figure 17) and 
- 

V

supported i~y cables while the -
~ 

I —

center section stringers were — 
________  — 

-

placed and adjusted. The pockets I I  4 24oV4~P~~4R44~OS

were then filled with grout The ‘~

channel stringers (Figure 18) were -~ T~Y\ -

set on neoprene pads on the cast— ~~~~~~~~~~~ _~~~~
_

~f r~~~
V V —

~
ç— ~~~~ 1 1

in—place fixed abutments and at— 
V 

/
- C O N C R E T E  

—tached to the cantilevered ends of V \
6400 4 OCK( T

trie center stringers by Cazaly

hangers. The concrete of the ~~~~~~~~~~~~~~~ 
- ~~I

stringers forms the deck of the 
r ’  

L_ V.~

bridge and is topped with 2 in. of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V k i~~

V
V
I
.
~~

asphalt wearing surface. . .Figure 17. Center pier details
(from Reference 12)
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Figure 18. Channel stringer details (from
Reference 12)

Precast box beam bridges

35. Precast , prestressed box beams have been accepted by engi-

neers for many applications with a span range of 20 to 120 ft.13’1

These beams are generally used in two basic types of highway structures,

one where the top slab at the box is designed to carry full wheel loads

and is the deck slab with or without a wearing surface, and the other

where a. cast—in—place slab is placed integrally with the beams to pro-

vide a composite section. Typical cross sections for the two types of

beams are shown in Figure 19. Initially , box beams were used almost

exclusively in adjacent box beam bridges ; however , they have also found

use in spread box beam bridges (Figure 20).

36. According to Bender and Kriesel13 the advantages of noncom—

posite and composite box beams are as follows:

a. Noncomposite.

(1) Far less construction time is required; therefore,
roads can be opened to t ra f f i c  quickly .

( 2 ) Less fi eld labor , supervision , and inspection are
required.

28
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Figure 19. Typical cross sections for box beams (from Reference 13)
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Figure 20. Box beam bridge configuration
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(3) An excellent depth—to—span ratio provides more V

clearance or more waterway opening than most other
bridge types.

( 14 ) Good load distribution is achieved through the
grouted keyways.

(5) A closed bottom, inherent with all boxes , gives a
shallow, clean look to the structure.

b. Composite.

(1) Quick construction compared to many types of struc-
tures. Even though the composite slab must be site
cast, no formwork is required and no diaphragms are
necessary. Transverse ties are normally omitted.

(2) The reinforced concrete slab, with approximately 2 lb
of reinforcing steel per square foot, provides ex-
cellent load distribution. The final result is a
monolithic structure through bond and stirrup shear
ties.

(3) Continuity can be achieved , as illustrated in Fig-
ure 21, often resulting in further depth reduction,
and always providing a closed joint over piers.

~~TENSILE REINFORCEMENT

/ I~~ 4.l 2 6 7 - 0

-

~~~~~-.1

. 

V
V

F4t ~~~~ ~~~~4 .I 2

4.l
2LL\

t U STRAND EXT El

~~~~ 
1~T~~1I #6 REBA R “-..LELASTOMERICV 

REARING PAD

Figure 21. Continuous joint detail
(from Reference 13)

37. The alignment of a portion of Interstate Highway 87 through
Connecticut traverses a swamp containing very soft peat and organic

silts approximately 60 ft in depth and 3000 ft in length.15 Normal con-

struction procedures, such as removal and replacement of the unsuitable

V 30



material or use of sand drains, were not considered practical. Therefore,

it was proposed that the swamp be crossed on a low—level, modular struc-

ture, which could be assembled rapidly and also serve as a work platform V
for pile driving and erection equipment while it was being built. Pre-

cast piles, pile caps, abutments, and prestressed concrete box beams
overlain with a 14—in. mesh reinforced concrete wearing surface (Fig— V
ure 22) were selected for preliminary design. Span lengths of 50 ft

VARIES

70- 0 36 -0 6-0-_ - VS p -.
SHOULDER ROADWA Y SHLDR

IF 1

STRUCTURAL SLA B

LDt~ f~ fC 18 PRESTRESSED CONCRETE BOXES ..Dtc~totc l
PRECAST CO NCRET E PILE CAP 1

.VJJiL — 

~fth_

PRES TRESSED 

~ffl Jjj~

Figure 22. Typical section of 1—87 roadway looking south
(from Reference 15)

were determined by using the loading diagram for a crane, which weighed

14314,000 lb with an 80—ft beam. Proceeding with a normal design for

HS2O loading (Figure 23) indicated the need for a deeper box section or

a composite section. Since a 4—in. concrete wearing surface was already

planned, the addition of reinforcing steel made it a structural slab.

The composite action between the box girders and slab was achieved by

V using an enoxy-polysulfide bonding compound.

38. Increased unsupported pile lengths that were encountered

during construction made it necessary to distribute the horizontal

forces over five bents by making the superstructure continuous over
V four spans. Continuity was achieved through cast—in—place concrete

diaphragms at the fixed piers (Figure 21~) and with the addition of

steel bars in the structural slabs of each fixed pier.
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Rectangular—girder bridges

39. The deck of the Baker River Bridge in Washington is composed

of precast slabs and precast beams integrated by cast—in—place longitud-

inal joints.7 A modification of the design used for this bridge is V

shown in Figure 25. The design loading of HS2O—)414 was used for the

26—ft loading and multiple 25—ft spans supported by pile bents. The V

superstructure is entirely precast reinforced concrete with the excep-

tion of the concrete required in the joints. V

140. The precast reinforced concrete beams are designed as simply V

supported , rectangular beams for dead load and as T—beams for live load. V
These beam units weigh approximately 6300 lb each and are 10 in. wide ,

~-in r d  plain hot

r Precos t deck (lob 
foq hnkage V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P20 cop notched to pronide crown

b. DETAIL AT UNSUPPORTED TRANSV ERSE
0. CUTAWAY Vtc w AT INTERM EDIATE SUPPORT EDGE OF SLAB

V f P ernol oed antna,IC4 to
\wood blocks

~ ~ rTOr tar to n I P014Cm
Co r b sCcI,ont

Prec ast cwb , . 
‘ ~J L_~\II

-
~~ 

- ~~+

~ F .ed End 

E

.
~~~~~~

V: 4
, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U__________________

__________________

NVtV ~~~I 4 n~~t I 4 ~~
C V LONGITUDINAL SECTION 1 rd dowel

4. C 0 C

d. CROSS SECTION SHoWING TRANSVERSE JOINTS

Figure 25. Bridge deck of precast beams and
7
slabs (courtesy of

Portland Cement Association
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V

2 ft Jue p, and 214 ft 11 in. 120g . Between any two beams , one spars ol the

deck consists  of three precast slabs , each approx imat ely 8 ft 14 jr . long ,

14 ft 2—1/2 in. wide , and 6 in. deep . These leek slabs, weighing approxi-

mately  3100 lb COC 
V
, ore designed as simple spans between beams for both V

dead aol l iv e  loade . 
V 

V
141. F i e~ a- V~ V enews t~ie ereetien of a bridge in Spokane County ,  V

.V~~ :hingt  o , some featore~ of w l i i c h  iV rc~ similar to the design used for
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the Baker River Bridge. Here haunches on the 30—ft, 71400-lb beams

support the deck slabs. Precast slabs are 5 ft 9—1/8 in. by 15 ft by

5—1/2 in. thick and weigh 6ooo lb.7

Precast tee-girder bridges

142. The single—tee girder is a popular section for bridge struc— 
V

tures on secondary roads and county or town use. This is particularly

true in the replacement of existing structures where speed in construc-

tion, as well as a low initial cost, is very important. In the span

range studied (61 ft), single—tee bridges (Figure 27) showed a definite

Ttr V

5 C-IN-P CONC SLAB I

14 SINGLE TEES . 50 42” AT 4~~2 O Cr  54’ - 2 ’  V

V V OV E R A L L W i D T H = 5 8 V 4
V ~~~~V -V~~~~-V -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 27. Cross section of single—tee bridge (from
Reference 16)

cost advantage in a cost comparison made in Connecticut in the

early l96Ot s.16 The cost comparison was made on actual bid prices on

vehicular bridge structures with (a) steel stringers with cast—in—place

V 
concrete slab, (b) prestressed concrete box beams with asphaltic wearing

V surfaces, (c) AASHO type III I—beam s with cast—in-place concrete slab,

and (di single tees with cast—in—place concrete slab. According to

Curtis,
16 total costs per square foot of deck were as follows:

System Cost per Square Foot

Steel stringers $9.15
Box beams 7.35
Type III , I—beams 6.87
Single tees 6.141
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In addition to vehicular bridges, single—tee applications include pedes.-

trian and material handling bridges.
143. In 1959, the Concrete Technology Corporation developed the

bulb-T section17 (Figure 28). The wide top flange ensures lateral

~~~~~~~~~~~~~~~~~~~~~~~ VV

Figure 28. Bulb—T beam properties
(from Reference 17)
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stability for transportation and erection and also simplifies the plac—

V ing of a cast-in—place concrete deck slab.

1414. The 60—in. bulb—T girder was used for the Naches River

Bridge,
18 

Yakima County, Washington. This structure is an example of

building a small prestressed concrete bridge with spans longer than

ordinary by plant precasting the girders in segments and posttensioning
V in the field. The bridge , designed for AASHO HS2O loading, consists of

six lines of precast , prestressed concrete girders cantilevering 30 ft
over piers, which are 155 ft apart (Figure 29). Comparisons were made

V between various available precast girder shapes with results as shown
in Figure 30.

145. The girders had to be hauled 200 miles over the Cascade

Mountains . Therefore, to simplify transport and handling , they were

detailed in three pieces. The two end pieces , each 62 ft long, were

precast with ducts in place for field prestressing . The middle piece ,

V 90 ft long, was plant precast and prestressed , for its own moment

envelope plus ducts was included for field prestressing . The middle
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Figure 29. Elevation and plan of the bridge designed for
PIASHO HS2O loading (from Reference 18)
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TEE 100 IV

V 
GIRDER WEIGHT 34 T 36 T 53 T

V PRECAST CONCRETE 16 CV 17 CV 24 CV
C-I-P CONCRETE 8 CV 10 CV to CV
PRESTRESS 74 STRA NDS 14 STR 76 STR
POSTTENS IONING 24 STRAN DS 24 STR 36 STR
COST . CONCRETE S2 , 400 $2 700 S3 , 400

COST , ALL PRESTRESS $1 , 220 $7 , 220 $1 670

COST , ONE GIRDER $3 ,620 $3 920 $5, 070

7000-PSI PRECAST CONCRETE 270V K 1 2 STRANDS HV2O S- IS
LOADING 0 TENSION AT B FIBER COST V A R I A T I O N  RANGE
MERELY INDICATIVE .  RELATIVE AND PROBABLE .

V Figure 30. Comparison of three 120—ft simple span ,
V prestressed concrete highway bridge girders (from

Reference 18)
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girder piece has a 5—1/2—in, web; the end pieces, for resistance to

shear over piers, have 7—in, webs; and the girder ends have stress dis-

tribution end blocks (Figure 31).

4 0 1 / 2  4 .2  __~~~~~

F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 

_  

_

f ~~2 .0 - l / 2~~ ~~ 2
~~2’L_.~ 

2 - 2 ’

MIDDLE OF SPAN ENDS ENDBL O C K

Figure 31. Section of prestressed concrete bulb—T girder
(from Reference 18)

V 146. The precast girder elements were erected over piers and false—

work betits; the connections for posttensioning and reinforcing were made;

and the joints, 8—in. widths, were field cast with special concrete.

After joint curing, the three posttensioning tendons were threaded,

anchored, and stressed. Then, the end walls were formed and cast, fol-

lowed by the intermediate diaphragms at 30— and 38-ft centers, the

14-l/2—in.—thick roadway slab, and finally the curbs (Figure 32).

147. A single—lane precast reinforced concrete bridge developed
V 

in England for the temporary replacement of damaged bridges is shown in

Figure 33. To allow rapid emergency erection, the bridge deck is

entirely precast with the exception of the curbing, which may be cast—

in—place without interference to traffic.7 The deck for this 20—ft

span consists of T—girders placed side by side with <—shaped joint be—

V tween adjacent flanges to ensure proper fit at these joints; the seven

V units for one span are cast together in the same relative position they

will have in the completed structure. These joints are held tight by

transverse tie rods , which assist in the lateral distribution of wheel
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V Figure 33. T—shaped precast units for
bridge deck (courtesy of Po~ tland

Cement Association

V 
loads. At the ends of the span, precast concrete blocks are fitted into

the openings between the flanges and the bridge seat and are grouted to

create a solid abutment to retain the roadway fill and to give additional

rigidity to the beam supports. This closure may also be cast—in—place

concrete.

Precast I—girder bridges

148. Since the I—shaped girder is by far the most widely used
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member, the Joint Committ ee of the AASHO Committee on Bridges and Struc—
tures together with the Prestressed Concrete Institute (PCI) established

standards for I—girders , types 1—VI (Figure 314). By and large, such

___________ 
2

AASHO 7 V  f ~~~~~~~ J

L 1 V ~~~~J ~~~~ ,~ -h V~~~ 

~~~~- 7 l  2

SECTI ON S E C T I O N  SECTION SECT CVN
TY p E r R EA M  TY PE D SEAM TY p E cI B EA M TY P E~~~~ R EA M
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3 V 4  
REAM P R O P E R T I E S

V 

~~~~

_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

: IV

X 

~~ 

IN4S Z INJ H E S  

MOMENT OF

789 04 73 200 , 730

V 10 13  31 96 521 . 180V 
2 

o,.4_. 
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1
__

o~~ 
3G 1085 36 38 7 3 3 3 2 0

S E C T IO N  S E~~~ T V 0 N
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~~ BEAM
4 0 1 2 0  FT S P A N S  ‘ ‘ 3  ‘ 4 0  FT S P A N S

Figure 3)4. Dimensions and section properties for AASHO standard bridge
V 

beams (from Reference 17)

standards have been accepted throughout the country although there are

minor modifications to the dimensions in some states. These girders are

normally used with a composite cast—in—place deck slab. Diaphragms,
V either precast or cast—in—place concrete, are used in this type of con-

struction in order to ensure lateral distribution of the live load.

Span—spacing capacity for these standard beams is shown in Figure 35.

149. Possibilities of reduced costs and improved construction

schedules were important factors in the selection of precast ,
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prestressed concrete elements — — —
for the majority of Illinois

1Toll Hi ghway bridges. In or- 740

der to evaluate the performance 
I-
It. 120

of a structure characterized by 
~

the use of precast concrete, a r
representative bridge (Figures ~

36 and 37) was erected in ad— — . ~~~~ L . .

V vance of construction of the ~~~~
rest of the Illinois Toll High— 60

way. Load tests were conducted

to determine whether the assem— 4 5 6 7 8  9 10

bly of precast elements behaved BEAM SPACING . FT

as an integral slab and girder Figure 35. Span—spacing capacity for
20 standard beams (from Reference 17)system.

50. Precast , prestressed hollow piles 3 ft in diameter with a
wall thickness of 14 in. were used as intermediate supports between
bridge abutments . After the bridge abutments and piles and pile caps
were erected , the pr ecast , prestressed girders were positioned on the
structure. Cross sections and reinforcing for the I—shaped girders were

as shown in Figure 38. The next stage of construction was to position

and secure the precast concrete diaphragms. Precast, prestressed slabs

were placed between girders (Figure 39) to serve as a form for the rest
V of the cast—in—place deck and provide positive slab reinforcement . The

cast—in—place concrete was not carried across the supports to preserve

a simple test slab. After that phase of testing, the diaphragms and the
cast—in—place deck slabs over the supports were then cast, completing

construction. The test structure was subjected to severe loads at dif-

ferent stages of construction . The resulting girder and slab moments

V were, in most instances, far in excess of design moments based on ASSHO
20

H20 truck loads plus impact. Based on these test results, it was

concluded that there was no doubt that complete and positive composite

action between the precast girders, precast slabs, and cast—in—place
20slab prevailed throughout the tests.
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51. During the 1960’s, many standardized highway bridge and grade V

separation structures were built. Most 01’ the grade separation con—

sisted of simple span structures, span I—girders with a cast—in—place

deck slab. Typically, the spans were in the 50— to 100—ft range, sup-

ported by two end abutments, a central pier , and a pair of intermediate

shoulder piers (Figure 140). The intermediate shoulder piers are

~~~~~~~~~ -~~J —~~
!z

~ 1 ______

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 140. Typical grade separation structure

potential collision hazards and, therefore, are no longer permitted for
new construction. Compliance with the new safety standards on a two—way ,

four—lane undercrossing requires a girder span of 112 ft for a right—

angle crossing, increasing to 160—ft span for a )45—deg skew crossing.21

Girders, in common previous use, AASHO—PCI types III and IV , would not V

V meet the longer span criteria. Although heavier beams, types V and VI,

were proposed, they are too heavy to transport from the precasting plant
22over the highway to the jobsite.

52. In an effort to reduce effective girder spans, various

schemes were reviewed (Figure 141). In addition, the PCI commissioned

the consulting firm of T. Y. Lin, Kulka, Yang, and Associates to prepare

a study23 on long—span prestressed concrete bridges. It was concluded

that the transportable length is usually not over 100 ft; therefore, the

problem is how to achieve 160 to 170 ft with 100 ft or shorter members.
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Figur e 141. Span—shortening systems ( from Reference 21)

Furthermore , the key to the problem is the details of design and

construction .

53. Longer spans are possible with existing I—girders by using
relatively short precast segments that are easily transported to the

site where they are either preassembled and erected, or assembled as

they are being erected. In the United States, segmental construction

usually joins larger elements than the approximately 10-ft lengths used

in other countries because of the ready availability of larger equip-

ment for hauling and erecting. Obviously it reduces the fieldwork

and falsework required for splice construction. For example, a 140—ft

length of AASHO—PCI type III beam with a deck strip 8 ft wide and 8 in.

V 
thick weighs about 56,000 lb, which is easily transportable by truck and

trailer.22 Joints between the ends of segments can be grouted, glued

with epoxy resin , or left dry. Longitudinal posttensioriing is used to
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transmit the moments across the splice. Reference 23 contains a compre-

hensive description of splice designs and details.

54. The combination of precast and cast—in—place elements,

arranged so that posttensioning of the whole results in a rigid frame

structure , provides an economical and structurally efficient concrete
bridge. The Yakima River Bridge2 is a prestressed concrete, three—span

frame bridge, composed of precast, prestressed concrete girders in all

three spans of 120, 190, and 120 ft, which are integrated by means of a

cast—in—place concrete deck and field posttensioning into a structurally

continuous system. The total construction cost of the bridge designed

for AASHO HS2O loading was $2514,000 with completion in November 1967.

The bridge superstructure (Figure 142) consists of modified Washington

State standard 100—ft series precast, prestressed concrete girders with
2)4the length of the end spans and main span 85 and 120 ft, respectively .

2’. ~~~~~ 
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_ 
_ __  

V
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• V V~~~ JV&V9LV2V. VV~~~ VJ!! ~

9 
______
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Figure 142. Elevation and sections of the bridge super-
structure (from Reference 214)
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They are rigidly connected into the cast—in—place concrete boxes over

the piers in the maximum negative moment and high shear regions. Con-

struction of the bridge, which required approximately 7 months, was ac-

cording to the sequence shown in Figure 143.

STEP 5 CONSTRUCT CURBS AND COMPLETE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V . V W

STEP 4 THREAD STEEL PRESTRESS ING TENDONS~ PRESTRESS
THE E N T I R E  B R I D G E

-

~~~ ~~~~~~~~~~ PW~ t~% 
~~~STEP 3 CAST PARTS OF SPANS CONNECTING THE V

G I R D E R S : C A S T R O A D W A Y C O N C R E T E  V

e
~~~~~~~~~~~fl==~

STEP 2 ASSEM B LE FALSEW ORK 1 ERECT PRECAST V

PRESTRESSED CONCRETE GIRDERS IN
FINAL POSITIONS

STEP I :  CONSTRUCT ABUTMENTS AND PIERS

Figure 143. Construction sequence (from Reference 214)

Precast box g~irder bridges

55. A num ber of precast, prestressed concrete highway bridges

a elevated roadways have been designed as box forms with cantilevered

deck slabs. This type of design is frequently known as a spine beam,

and the basic section may consist of a single cell or it may be in a

multicell form (Figure 1414). Such structures are frequently constructed

segmentally either in situ or by precasting short lengths of the box

section and then posttensioning the segments together to form the re-

quired bridge structure. Although various site conditions have a strong

influence on the decision whether precasting should be employed in
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V

segment al construction , one of the

\\ // most important factors is the

\~ 
length of the superstructure . Gen-

erally, precast segmental construc-
t .  S INGL E SPINED SINGLE CELL .

tion is likely to be economical for

T I long structures where the savings

L I _____ on formwork and the repetitive V

production under controlled con—
0 , S INGLE-S PINED , MLJ LTI CELL

ditions offset the cost of erection
____ __________ ____ 1 equipment.

56. The Oosterschelde

________ I Bridge25 over the Eastern Scheldt

~~~L T I 5 P I N E D  in the Netherlands is an outstand—

Figure 14)4. Typical ‘cypes of box ing example of the double—
sect ions cantilever system of bridge con-

structions. The bridge is 16,000 ft long , composed of 55 spans of

300 ft each. It consists of very large prestressed cylinder piles , pre-

cast pier elements posttensioned together, and precast superstructure

elements as shown in Figure 145. The superstructure elements were all

set from a traveling steel falsework bridge that extended over two and

t t O  TO,

400 TO,

Figure 145. Elements of the Oosterschelde
Bridge (after Reference 25)
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one—half spans at a time (Figure 146). Elements were brought in under it

by barge, then hoisted in symmetrical order about each pier. The joints V

were concreted , and the primary stressing was done before the next

series was hoisted. In total, the bridge consumed 170,000 cu yd of con— V

crete. About 85 percent of this was precast. Three different systems

were employed using 3,300 tons of prestressing steel. 
V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ X XXXX)( X )CX’1~~ 
V

~~~VX X )4~~~~~~~~~~~XVXXXX X X X  X~~~~~~)CYY X XXXY)(Y~~~~~~~ 

~~~ / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ ____ ___  

-

Figure 146. Schematic erection plan for Oosterschelde
Bridge (from Reference 25)

57. Considerably smaller precast concrete segments were used in

the construction of a private , medium span prestressed bridge in
26 . .

V 
Mexico. This one—lane bridge with a 130—ft central span was designed

for an AASHO live load of H15 S_l2_1414 in such a way that the erection

could be performed without the use of falsework or cranes. Because of

the limited budget , it was not possible to secure adequate equipment and
specialized personnel for the transportation of the precast pieces . In-

stead , a cableway was used to position the precast pieces (Figure 147),
V which weighed 14 .14 to 6.6 tons . The work can be summarized in two stages ,

temporary construction stage and permanent stage. Figure 148 shows an
elevation of both stages. In this particular project , four precast
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Figure 147. Typical section of precast concrete piece
V (from Reference 26)
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Figure 148. Temporary and permanent sections of prestressed , precast
bridge (from Reference 26)
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segments were placed daily, two on each site of the bridge. However,

Cancio and Munoz
2 believe that it is feasible to place eight segments V

V daily, four on each side , which would leave two phases of the construc-

tion stage ready for tensioning in only 1 day. With the proper hauling

of segments , they believe it is possible to mount the 38 segments in V

5 days.

58. After the required load tests , the functioning of the bridge

was found satisfactory, and it was opened to traffic in 1963.

V Logging Bridges

59. As a result of the heavy logging and construction equipment ,

and off—highway logging trucks used in the Pacific Northwest , it is com-

mon to build logging bridges for loads two to three times the standard

AASHO 11S20 loads. For example , the entirely precast Solleks River

Bridge ,27 230 ft long between supports (Figure 149) and 15 ft wide between
curbs, was designed for a 75—ton truck. Erection was accomplished by a

230’
—4

70’ 90’ 70’
I

7, . 6 V V -.~~~~~~~~~ H~~~~
- 7 ’ -6 

ANCHORED DtIRING
CONSTRUCTIO~~~~ 

~ 

~~~~~~~~~ ~~~~~~_V.._~PERMANENT

/ ~~~~\ I ‘PERMANENT, -

PERMANENT, I // \\ PRESTRESSED
PRESTRESSEO I ‘

~ // \‘ó I ROCK ANCHORS
ROCK ANCHORS 

~~~~~ I \ t~~~~ —SHOTCRETE
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.- -

V 0
I U.,

_
~~~~—WATER SURFACE

Figure 149. Profile of the Solleks River Bridge (from Reference 27)
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1200—ft span skyline similar to those used in logging. The long span

was dictated by the topography , an available spar tree, and the need for

sufficient sag to carry loads up to 
V

approximately 20 tons.

_ _  with

I and by benching for the strut foot— V
V ings. Precast , prestressed light —

weight concrete strut s , 614 f t  6 in.

I long and 2 ft  2 in. square in sec—

______ I tion with l—ft—5—in. —diam core, were

1 H1.~~J erected on the lower pins and guyed
2’  in the inclined final position. The

77—ft—6—in . end—span girders (Fig—
V Figure 50. Precast , prestressed

lightweight concrete girder sec— ure 50) were placed and pinned to
tion (from Reference 27) the abutments. Girder webs were

thickened at bearing points (Figure 51) to resist shear loads concen-

trated there. The 75—ft center—span girders were lowered into position

SECTION A T  HINGE SECTION AT MIDSPAN

77 ’

6 .6 6 .6

5-7 / 2 ” F

/_

_ 

_  _

_ _  

I~~
2’,j

V -k~-
V 

Figure 51. Bridge cross section at hinge and at
midspan (from Reference 27)

52



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~
V

to rest on side—span girders , which cantilevered out from the struts.

The three precast , prestressed bulb—T girders were made continuous by

mild reinforcement . The wide flange and thin edge of the girders made

forming of the 5—in , cast—in—place composite deck simple.

61. Precast, prestressed girders made cf lightweight concrete

were also used for the Klickitat River Bridge2@ in Wahkiacus in Southern

Washington. A clear span of 130 ft provides a single—lane roadway

designed to carry logging trucks on an HS2O loading . Four type IV

girders , modified by using a deeper web and adding a 14—ft flange at the

top , were used to make a bridge 16 ft wide (Figure 52) .  The girders

4 A T  4 ‘ -0 “ o. C. IU 76 ‘.0”
I 3” CAST-IN- PLACE

/
“ TOPPING AND CURB~—

__ _ _ .~f 1

I—. -J

PRECAST DIAPHRAGM WITH SHEAR K EYS,
7-7/8 ” DIAM ROD THROUGH DIAPHRAGM

V Figure 52. Cross section of’ the Klickitat River bridge girders
( from Reference 28)

(Figure 53) were designed for four different  loading conditions :
V (a) simple span, dead load , ( b )  cantilever each end 22 ft over supports

while handling into position , (c) cantilever one end 22 ft, and (d) dead
plus live load for the completed structure.

62. The four girders were cast in Portland, Oregon , and set in

position in the casting yard as they would be placed in the bridge.

Seven cross diaphragms were then formed simultaneously on all beams.

The girders were transported on flatcars to within 500 ft of the bridge
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Figure 53. Details of the bridge girder
(from Reference 28)

site where three cranes handled the erection. Rods were placed through

the diaphragm (Figure 52), shear keys were grouted, and 3—in, concrete

deck slab was cast—in—place.

Railway Bridges

63. As a result of its inherent economy , minimum maintenance ,

rapid construction , and excellent appearance, precast , prestressed con-

crete has gained wide acceptance for railroad bridges . Specifications

for design, materials, and construction of prestressed concrete struc-

tures published in 1965 by the American Railway Engineering Association

(AREA) initiated a new era in railroad bridge design. This publica-

tion ,29 with subsequent supplements, contains design tables for the pre-

cast, prestressed box girders for railway bridges shown in Figure 514.
The design live load is Cooper E—72 (Appendix C). The designs for the

3— and 14—ft wide single—cell boxes are suitable for spans from 26 to

814 ft. The designs for the three double—cell box widths are for spans

514

h. -~~ 
— -~



from 26 to 50 ft. Where vertical 3 9

clearance is not critical, the IT
deeper boxes usually offer an eco—

V 
~~ 
)

nom~ ~dvantage. DEPTH VARIES FROM 2 9
TO 4 9  IN 3 INCR EMENTS
AND FROM 4 . 0  T O 9 V 6614. Prior to 1965, numerous ~~~~~~~~~~ 
N o INCREMENTS

railroad bridges were built using

precast, prestressed concrete I—

girders or box beams for the super—

V structure. The early application - 
9 V 9

of prestressea. iox girders was to _____ V _____

replace worn-out short-span tim— L ~ L JV ber trestles, but the structural ________________

effic iency of the box section has 7~ ~O 
-l

now found its place in medium—span OEPTH VA~~ ES

bridges.30 A new 78-mile [~ IJ ~NCR E ~~E NTS

Palmdale Colton cutoff line in ___________________ _L
V Southern Cali fornia , opened to r_ V

~~~~~~~ 
______

traff ic  in 1967, had some 142 rail— 1J/
1

road bridges, 37 of which were L I L 1 r
prestressed . These prestressed

bridges totaled some 141400 ft in
Figure 514. Standard box girderslength and had span lengths
for railway bridges (from Refer—

ranging from 20 to as much as ence 29)

86 ft.3° Five of these structures had steel girders spanning over high-
ways and used prestressed girders in the end spans. The prestressed

girders consisted primarily of box girders (single— and double—cell) and

hollow—slab girders . According to Barton,
31 precast girders, in prefer-

ence to cast—in—place construction, were selected for the Colton cutoff
for the following reasons:

a. A number of the bridges were located in the Mojave Desert
where temperature conditions are extreme. Field labor
was expected to be available only on a premium wage basis.

b. Bridges over public roads could be built without having
the need for falsework and, in some instances, without
requiring detours.
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c. One of the spans crossed the tracks of another railroad. V

Cast—in-place construction would have been undesirable V

because it would have necessitated temporary impaired V

clearance .

d. Two of the bridges were located in flood control channels.
Delays in completion of the project could have occurred
with cast—in—place concrete , because falsework was pro-
hibited during the flood season.

e. The engineering staff of the railroad preferred precast
construction when the project was initiated. However , V

for the longest spans described herein, the 86—ft span at
Rialto Avenue in the city of San Bernardino , alternative
designs were prepared both for cast—in—place as well as
precast construction.

Examples of the precast , prestressed girders designed for Cooper E—72

loading are shown in Figures 55—57. These girders incorporate trans-

verse end diaphragms and intermediate diaphragms within both the single—

cell and the double—cell box beams.

65. All hollow—cellular box girders were fabricated in Arizona ,
then shipped by rail to two unloading points, one at Palmdale and the

V 
other at Colton. After transfer to trucks , the maximum length of haul

was about 30 miles. Unloading at the railroad siding and erection of

the girders were accomplished with truck cranes having capacities of 35, V

145, 50, 75, and 115 tons. The cranes worked singly, and in pairs,

depending on the size of the girder and the access conditions at the

bridge sites. All girders were seated on elastomeric bearing pads ex-

tending the full width of the girders. Keyways were grouted with an

epoxy grout for shear transfer and also to provide torsional rigidity .

66. Shallow, single—cell, precast , prestressed box girders were

utilized in an underpass (Figure 58) carrying Southern Pacific Railroad

tracks over a local street in Fresno, California.
30 These box girders

(Figure 59) were designed as simply supported to carry a Cooper E—72

loading over spans varying from 51 to 58 ft. All prestressed box girders
V were fabricated in Sacramento and hauled to Fresno by truck where they

were erected in only 2 days. After seating on elastomeric pads designed

to accommodate vertical load and temperature , keyways were grouted with

an epoxy grout.
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67. The Seaboard Railroad32 has installed a number of concrete 
V

trestles using the double—box design (Figure 60). The double—box

1~
~~~T1 

DT C _ V
Figure 60. Seaboard Railroad double—box beams

(from Reference 32)

design facilitates erection since only two beams are required to form a

complete span. The joint between the two beams is at the ‘Urack center V

line, and no shear keys or bonding is used.

68. The Cement and Concrete Association of Australia published a

report33 in 1970 on precast , prestressed concrete bridge girders for
replacement of existing timber railway bridges. Twenty existing bridge

types, nine of which are in the United States , are described. In addi-

tion , 114 proposed bridge sections were considered. Based on this review,
V the “Standard A” type girder (Figure 61) is recommended as the best

design to use for replacement of existing timber trestles. Each unit

weighs 28 tons and is designed for spans up to 39 ft with an E—50 load-

ing. The design depth of this girder was selected to enable construc-

tion of the substructure , pile caps , and/or head stacks under the exist-

ing bridge, yet still maintain the same track alignment. The girders V

were also designed to simplify the production and speed of assembly on 
V

the job.

69. Renewal of the Southern Pacific Company’s Dumbarton Bridge~
14

across San Francisco Bay is an example of using prestressed concrete to

replace portions of an existing wooden trestle . About a half mile of

the 1—1/2—mile bridge was replaced with prestressed concrete spans and
V cylinder piles. Maintaining alignment and rapid completion of construc-

tion without greatly delaying or interfer ing with rail t r a f f i c  were
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Figure 61. Design of the typical precast concrete box girder V

section (from Reference 33) V

important considerations on this project. The timber trestle replaced

was 16 ft wide and supported on pile bents 15 ft on centers. The bents

were capped with 114— by 114—in, timbers that supported 12 longitudinal

stringers spaced over the 16—ft width.

70. Based on results of an investigation of soil subsurface con-

ditions, a two—pile bent——one piling driven to each side of the existing 
V

structure——capped with a structural element was selected. Preliminary

designs and cost estimates , including future maintenance costs , were

analyzed for several types of piling , caps, superstructures, and span

lengths. On this basis , prestressed concrete spans 145 ft long and sup-
ported on bents of prestressed concrete cylindrical piles were selected.

71. Precast, prestressed concrete piles with a diameter of 148 in.
arl V i 5—in, walls were chosen for the final design. Pile caps were

“bino - ular—shape l” in plan, 6 ft wide at the ends to obtain full bearing

fl ‘he pUing , anli 3 ft 6 in. wide in the center. The caps, 5 ft 3 in.

iee~ and U Tt long , weighed 145 tons, The center of each cap had a

3.~~
. by ~-~~t -I~~. blockout over the center of each pile through which

h” pile c fltI1’ V~~t iOn was made. To eliminate pile interference , the new

.a wo’re I ( 7t~~~~d midway between the existing bents. The components

6o
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were precast at a nearby contractor ’s plant, loaded directly on barges,

and brought to the jobsite as work progressed.

72. The deck units were constructed in two halves from hollow,

double—box units, 6 ft 8—2/5 in. by 3 ft 6 in. by 1414 ft 9—3/5 in. long.
Web thicknesses ranged from 5 to 8—1/2 in. The units were designed for

Cooper E—72 loading in accordance with AREA.29 The deck units were pre-

cast in Arizona and transported to the bridge site on flatcars. Normal

rail traffic was diverted during working hours, and a trainload of deck

units was hauled onto the bridge. The existing rails, ties, and ballast

were removed; then the timber piling was cut off below the new sub-

structure. A floating crane lifted out 145—ft sections of the timber

deck. The concrete caps were then swept clean, bearing pads placed , and
dowels set in place. The floating crane then moved the deck units into

final position , placing them over the dowels, When the second unit was
placed tightly against the first , an epoxy resin was poured in the key—

way to bond the deck units together. Four panels (180 ft of bridge)

were installed in this manner each day.

73. Prefabricated track panels were loaded onto a flatcar, moved

to the construction site, then placed on temporary blocking on the new

bridge. After properly aligning and bolting each track panel to the V

previously installed tracks , ballast was unloaded and the temporary

blocking removed. The new and original tracks were joined at the end

of each workday, and rail service over the entire bridge was resumed.

6i
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PART IV : PRECAS T CONCRETE PILING

714. Essentially a pile is an elongated or columnar body installed

in the ground for the purpose of transmitting forces to the ground.

This is accomplished through both the frictional forces on the surface

of their shaft s and from direct bearing on their bases or points. Gen-

erally , one of these components predominates , and the pile is typed as V

an “end—bearing” or as a “ fr ict ion” pile. 35

75. Typical precast reinforced concrete piles commonly used for
bridge trestles, and occasionally used for buildings, are shown in Fig-
ure 62.36 When properly constructed and driven , precast concr ete piles
provide a permanent type of construction, even in salt water , without V

the need of maintenance. V

~6. Since piles are subjected to tensile stresses during transpor— V

tation , driving , and under certain service conditions , the desirability V

of prestressing is evident . Therefore , prestressed concrete piles are

being extens ively used throughout the world in both marine structures 
V

and foundations. Most prestressed piles are precast in casting yards V

where modern production methods and quality control generally assure 
V

high—quality products. Prestressed concrete piles have been constructed

in the form of cylindrical piles ranging from 10 in.  up to 13 ft  in

diameter , as used on the Oosterschelde Bridge in the Netherlands , and
V 

up to 260 ft long, as employed in off~hore platforms in the Gulf of 
V

Maracaibo , Venezuela.

77. According to Gerwick , prestressed concrete pil es of fer these

V advantages:

a. Durability.

1. Crack—free during handling and driving.

c. High load—carrying capacity.

d. High moment capacity .

e. Excellent combined load—moment capacity.
V f .  Abil i ty to take uplift (tension).

£, Ease of handling , transporting , and driving .

h . Economy .
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i. Ability to take hard driving and to penetrate hard strata.

~,. High colui-nn utrength.

k. Readily spliced and connected .

W~TIES- 3’O.C. ~4
’
~ TIES- 6’ O.C. W U~TICs.3UOC,

(OF SARS 
-k

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ED
V 

20 ~ADD4 BARS HERE ‘~L .2. J~”
®SQUARE PILES

S
1’URNS 2’ PITCI-4 

— 

6’ PITCH ~~~~~~ ~~~~~RNS

ALTERNATE: INSIDE DIAMETER. 0-3” — ... a

~~
‘$ TIES- 6”O.C.

SPIRAL WIRE 
~~OCTAGONAL PILES

ID  I 16’ 20’ I 24’
tSIZE I*5 *4 1*3

Figure 62. Typical designs for precast 3~ :icrete piles( from Reference 36)

There are also several disadvantages to the usa~~ of prestressed con-

crete piles. A very heavy hammer is required for iriving to minimize the

intensity of the reflected stress wave and thus prevent pile damage. A

special type of driving head is also necessary. The steel tendons used

are very sensitive to corrosion due to the small wire size and must be

V completely covered with grout or concrete. In the design phase, piles

resisting both moment and direct load require careful analysis. Piles

having an unsupported length must be analyzed as a column to prevent

failure through buckling . Typical properties and details of prestressed

concrete piles are given in Appendix H.
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78. Precast , prestressed concrete piles are manufactured in a
variet y of shapes 6 (Figure 63); however , most are solid square or

Shape Advantages Disadvantages

A 
Hi ghest ratio of skin—fric tion Low bendin g strength ,
perimeter to cross-s ectionalV 

area. Low manufacturin g cost.

Good r atio of ski n—friction
perimeter to cross —sectional

~~~~ area. Low manufactur ing cost.
Good bending str ength on
major axes.

Approximatel y equal bendi ng Surfa ce defects on top slopi ng
strength on all axes. Good surfaces as cast are har d toQ penetratin g ability. Good avoid,
column stability ( h r  ra tio)

C 

E qual bendin g strength on a ll Manuf acturin g cost genera ll~axes. No sharp corn ers—aids hi gher , Surface defec ts onQ appearan ce and du rability , upper sur faces as cast ar e hardV 
Minimum wave and cu rrent to avoid.
loads. Good column stability
( h r  ra tio).

May be used wher e gredte r Difficulty in maintaining ori en-
bendin g strength is r equired tati on durin g driving.

V 
I ~ aroun d one axis , especially if

(,
~__~D minimum surface to la teral

wave and currert forces is
V desired .

~~~~ Hi gh bending moment about Hi gh cost of manufacture ,
both axes in relation to cross- Difficulty of orientation,
sectional area.

~~~~ Hi gh bendin g moment abou t Hi gh cost of man u fa ct ure .
axis x - x in relati on to cross- Difficulty of orientation,
sectiona l area ,

Note: H ol iow cores may be emp loyed with most sha pes. Varyin g cross-
sections may be employed along the length of the p ile- —such as
enlarge d ti ps for bearin g, enlarged up per sections for moment , or
a chan ge to a circular upper section in order to eliminate corners ,
etc. These changed sect ions may either be cast monolithicall y or
splIced on at any sta ge. Change in cr oss-secti on should emplo y a
transition section at least twice the length of the ra dial change.

Figure 63. Cross—sectional shapes for prestressed concrete
V piles (courtesy of John Wiley and Sons , m e , 6)
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octagonal piles (Figure 6 14) . When this type of pile exceeds approxi-

mately 2 by 2 ft, economics dictate that consideration be given to the

use of hollow—core circular or octagonal piles. This is particularly

true in the case of jetty work where the unsupported length of pile is

very great as compared with its cross—sectional area.37 An advantage of

hollow pr estressed concrete piles is the combination of light weight for

easy handling with maximum economy of material and virtual freedom from

cracking. The disadvantages of this type of pile are the requirements

for a special type of driving head, a very heavy hammer , and some form

of venting near the top to avoid damage from the “hydraulic ram” effect

inside the hollow core.

~~~~~~ 

~u1H~ ~i T f  
_ _2½’3½ 3½’ 21~’ -~

21—X.’Q slrends 28— ~ s&a nds 23— 34 k  ifrands
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~~~~~~~~~~~~~~~~~~ 
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H~~~~~ Ies 

~~~ __________ 2041
4,r_t

Figure 614. Typical pretensioned pile sections (AASHO—PCm Standard)
(courtesy of John Wiley and Sons, me. 39)

79. Precast, posttensioned piles are normally competitive with

pretensioned piles’ only when they can be made on the site or are over

40 ft long because of the end anchorage cost associated with them .~
8

Posttensioned hollow tube piles with 148— to 72—in , diameters and 5—in.

walls have been used extensively , particularly for deep foundations .
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These piles are cast in sections with cored holes and aligned horizon—

tally; then, the longitudinal tendons are threaded through, and the

whole is posttensioned together . Driving is accomplished in the same

manner as standard piles. 
V

80. Experience seems to indicate that a prestress of about V

700 psi in the piles will ensure safety during handling and driving

under normal conditions .39 However , prestressed concrete piles must be

handled and stored with care to prevent damage to each pile. Piles

should be lifted and blocked for storage at predesignated points such

that bending stresses will be within acceptable limits. Where the sides

and bottom of the pile are accessible , lifting is usually accomplished

by tongs or slings around the pile. When this  is not possible , inserts

or l i f t ing loops may be used. Inserts must have the specified minimum
140 . . . .cover. Impact is another consideration in handling and transportin1~

and may impose static stresses of 50 percent or more. The construction

engineer is usually responsible for ensuring that uhe pile is manufac-

tured, delivered, and installed in its design condition , that is, with-

out cracking , damage, or permanent deformation from overstress.

81. Prestressed concrete pile driving generally should be accom-

plished using heavy rams with low impact velocity, thus producing lower

stresses in the pile while driving. 
0 

This is especially critical when

driving long piles (50 f t  and over) with l i t t le soil resistance.  The

weight of the hammer should be one to two times the pile weight , and the

fall should be kept on the order of 3 ft. When a hammer proves m ade-.

quat e , it is better to increase the weight of the hammer rather than the

height of fall. The hammer must be controlled during fall by guides so

V as to hit the pile axially and squarely. The manner in which the opera-

V tor releases the drop hammer and/or restrains it during its fall has an
V important effect on the actual velocity at impact (and thus on the effec-

tive energy delivered).

82. It has been found that pile hammer s with an energy within the

limits shown below are usually adequate for driving in the moderate to

hard driving range.39 These values are listed for reference rather than

for absolute guidance:

V V1~~~~~~~~~~~~ V~~~~~~~~ V
V ,  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Pile Size, in. Ft—Lb of Energy

10 8 ,000— 15, 000
12 15, 000—19, 000
114 15, 000—2 14,000

16—18 214 ,000—32 ,000
20—21 214,000—36,000

214 and over 32 ,000—38 ,000

83. In some cases , cracking or spalling has occurred during driv—

V 
ing of prestressed concrete piles. This damage or failure can be classi-

fied into four types :140

a. Spalling of concrete at the head of pile due to a high
compressive stress. This may be due to insufficient
cushioning material between the pile driver cap and the
pile , improper axial alignment of the hammer and pile ,
irregular cutoff of reinforcing in pile end, lack of
adequate spiral reinforcing at the pile head or point,
concrete fatigue due to a large number of high stress
blows, or from not chamfering the edges and corners of
the pile.

I. Spalling of concrete at the point of the pile due to hard
driving resistance. Compressive stress when driving on
bare rock can theoretically be twice the magnitude of
that produced at the head of pile due to hammer impact.

c. Transverse cracking or breaking of the pile due to tensile
stress reflected from the t ip or head of the pile. This
cracking may occur in the upper end , midlength, or lower
end of the pile. As previously mentioned , use of a
heavier hammer with lower velocity should help this
si tuat ion.

d. Spiral or transverse cracking due to a combination of
torsion and reflected tensile stress. This may be caused
by the helmet or pile cap fitting too tightly on the pile
and preventing normal rotation , or by excessive rest raint
of the pile in the leads and rotation of the leads.

814. A number of methods are in current use for lengthening of

prestressed concrete piles (Figure 65). The simplest is the epoxy—

doweled splice. This method usually has four dowels of deformed rein—

V forcing bar precast into the top section. These dowels are extended

20 to 30 diameters in length into matching corrugated metal tubes pre-

cast in the head of the bottom section. Epoxy is poured into the holes

and allowed to set (ranges from 30 mm to 12 hr, depending on epoxy type
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V Figure 65. Typical splice details for prestressed
concrete piles : (a) epoxy—doweled splice——United States,
Norway; (b) welded splice; (c) mechanical splice (Swedish
patent); (d) steel splice sleeve or “can” ; (e) welded
splice——Japanese patent ; (f) “Brunsplice” joint--United
States patent; (g) posttensioned splice——Great Britain ;
(h) steel pipe splice for hollow piles——Norway (courtesy

of John Wiley and Sons, Inc .6)

V 
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and temperature). The Japanese have adopted a cast steel end piece that
V facilitates anchoring of the tendons during manufacture and permits

rapid jointing by welding. A Swedish mechanical splice engages ~ind

locks mechanically , as by a screwed joint or wedge effect. There are
V friction splices available in which a sleeve is driven over a male cast-

ing , locking itself by wedging . Other splices used are a posttensioned

splice from Great Britian and a steel pipe splice for hollow piles from

Norway . It is important that with any splice , the sections be essen-

tially center—bearing , and the concrete immediately above and below the 
V

splice be contained with heavy spirals of steel.

85. The most versatile and widely used connection of precast con—
V crete pile to cast—in—place cap is similar to that used for many years

in conventionally reinforced piles (Figure 66). The conventional

4-No. S or No~6 barsgrouted m l½~~~Imls

_________ H, __________Figure 66. Connection of precast pile
to cast—in—place cap (courtesy of

John Wiley and Sons , Inc .39) 11:V 
j

~~~... A $,~ A
I,, 12

______ ~~~ 4-13~~~o3*d ba~s

Sediso A-A

reinforcing bars can be precast in the head of the pile , requir ing a

special driving head , or grouted into either precast holes or holes

drilled after  driving.

86. Service functions to which prestressed concrete piling in—
141stallations may best be adopted are :

a. Bearing pi les——service stresses are compressive but the
piles are subject to recoil during driving .

V I. Sheet piles——service stresses are generally flexural .
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Tensile stresses result from rebound during the driving
process.

c. Combined bearing and sheet piles——driving stresses
similar to sheet piles. Service loads may offset  part
or all of the flexural tensile stress , depending on the V
relative magnitude of vertical and lateral loads .

d. Outstanding vertical piles of pier or jetty bents——tensile
stresses during the driving process, or combined tensile
stress under the action of vertical and lateral J.oads .
There is also the possibility of uplift forces.

e. Anchor piles——tensile stress waves during the driving
process and maximum tension under a certain combination
of service and environmental loads .

f .  Fender piles——depending upon lengths, driving conditions , 
V

and ship berthing impact , either maximum service flexural
tensile stress or maximum tensile stress due to rebound
in the driving process may govern. V

87. There are many construction sites where prestressed square

piles have been used and several of these are :

a. The Pacific Gas and Electric Company ’s new steam—power
plant in San Francisco uses l8—in.--square piles ap-
proximately 90 ft long, driven through fill and soft
clays to rock.

b. The 43—story Wells—Fargo Building in San Francisco re-
quired lB—in. —square piles up to 138 ft long. These
piles were tipped with a 3—ft—long steel “H” stub and
driven in predrilled holes through sandy clay , sand , and
clays to rock.

V 
c. The New York City Bridge has 214—in.—square piles, jetted

in place to within a few feet of final tip elevation ,
then driven. These piles were cast in lengths varying
from 70 to 100 ft based on test soil borings .

V d. The Bonnet Carre Highway Bridge near New Orleans,
Louisiana, used 20—in. —square piles.

88. Octagonal prestr essed con crete piles are also widely used , and

the following are examples of this construction :

a. The National Art Gallery and Cultural Center of Melbourne ,
Australia, employs 18—in . —octagonal piles up to 100 ft
long and driven through peat and clay to shale.

I.  The Ala Moana Building , a 25—story tower in Honolulu , is
supported by lB-in. —octagonal end—bearing piles approxi-

V 

mately 170 ft long .
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C.  The Ilikai Building in Honolulu is supported on
16-l/2—in.—octagonal piles approximately 110 ft long.
Piles had to be driven through an upper hard coral stratum ,
sometimes requiring several thousand blows before break-
ing through.

d. Louisvi lle and Nashville Railroad , Louisvil1 e , Kentucky ,
used 214—mn .—octagonal piles.

89. Several exam ples of the usage of prestressed concrete cylinder

piles are:

a. The Oosterschelde Bridge (the Netherlands) used three
piles per pier , cast 114 ft in diameter with l 14—in .—th ick
walls and 20 ft in length, then joined together for the
desired length.

1. The Dumbarton Bridge Renewal (Southern Pacific Company),
San Francisco Bay, used two piles per bent , 148—in, outside V

diameter with 5—in, walls. The friction piles were
120 ft long, and the end—bearing piles were 60 to ~14 ft
long with no splices.

c. Construction of Interstate Route 87 in New York and Con-
necticut used 36—in . outside diameter with 5—in, walls.
Splices were made using a combination of dowels and a
14—ft splice boot centered on the joint, filled with a
quick—setting plasticized cement ( Florok) that solidifies
in a few minutes and reaches a strength of 5000 to
6000 psi in about 10 m m .  Driving could be resumed
after 145 m m .

d. A wharf project for the Port of Baton Rouge, Louisiana,
used cylinder piles. The pile top was fixed to the pile
cap girder by setting the heavy cage of mild reinforcing
steel in the pile head and securing by a concrete plug.

90. Prestressed concrete sheet piles are being used as bulkhead

walls for shoreline construction because of their durability , ri gidi ty,

and excellent appearance. One installation is a sheet pile wall in San

Francisco Bay, and another typical construction is the sheet pile bulk-

head walls at Davis Island, Tampa, Florida, used to protect the shore-

line from erosion.

91. Prest ressed concrete sheet piles are also used for cutoff
walls , groins , wave—baffles , and retaining soil during excavation for

foundations . In some recent building foundations , the prestressed

concrete sheet piles were installed by a combination of predrilling and
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driving . After excavation , the joints were welded and filled with non— V

shrink grout , and the sheet pile wall served as the permanent foundation
wall of the building. When used for waterfront bulkheads and cutoff
walls , the joint s must be sealed, usually by filling with grout. A

number of interlocks have been developed for prestressed sheet piles to
give both structural strength and a degree of sand—and-water tightness.
The ordinary tongue—and—groove interlock transmits shear but not tension.

Steel sheet piles can be cut in half and embedded in the prestressed V

sheet piles , providing an interlock as tight and having same tensile
strength as the steel . A polyethylene interlock has been developed that

can be embedded in the concrete that acts both as an interlock capable

of some tension and as a water stop .6 Figur e 67 shows the typical cross V

sections and details of prestressed concrete sheet piles and Figure 68 ,
a plastic interlock detail. Driving concrete sheet piles is assisted

frequently by jett ing , and accurate setting is essential.
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PART V: PRECAST CONCRETE CULVERTS AND PIPES

Precast Concrete Culverts

92. For many years concrete and reinforced concrete culverts have V

been cast in place. However , rising construction costs , time required

for forming , placing , and curing , and public inconvenience have created a

need for precast elements that can be placed rapidly and economically .

93. Most instances of precast culvert construction involve 
V

rectangular boxes. The precast elements may include the entire box , the
42bottom , wall , and roof sections separately (Figure 69), or the bottom

~ 
8’IO”

I Fastening bolts grouted
Precast-concrete slab

a. Precast concrete T—beams are 7’6” 

~ 
41

turned upside down and a precast 
~ I

slab is laid on them to build a ~
culvert quickly ~~Stream bed V

Ii- ~~~~~~~
“.-Place base slab ~ required

7’ to 8’ clear span

Moitarjoint grouted b. Special T ’ s (L might be a better
tight between welds description) can be used to include

__________ a base slab in the three precast V

(precast .concrete beam Bars welded in fi eld pieces needed for a culvert

c. A conventional cast—in—place 

: :,:~ :

concrete culvert req.uires several Vertical reinforcing

days to construct and sometimes HoritontaI reInto (Clna

lengthly detours 
,j ‘

~~
‘
~IFigure 69. Use of precast T’s and slabs in culvert construction

(from Reference 142)

end , an inverted “U ” section , to form the walls and roof (Figure 70).

Very often the bottom is cast in place, with the precast inverted “U”

being installed iater.
14
~

714
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94. Curved precast concrete members have been used to form two—

or three—hinged arch culverts , as shown in Figure 71.

~~~~~ 1 1 1 I 1 1 m,
~.~~~~ ;~~

typical section

~ in. elastic filler
nob: lop hinge shall be
mcin’oined and kept in
alignment by such
bracing as required while
placing backfill

deta,l b V

Figure ‘71. Precast circular arch culvert
(courtesy of Portland Cement Association143)

95. Standard precast concrete box culverts that are plant pro-

duced , manufactured under strict quality control procedures, and in—
1414,145stalled by rapid cut and fill procedures have been developed.

Figure 72 presents the recommended set of standard sizes produced in the

United States and Canada . The design of standard box culverts has been

verified by tests to meet the AASHO standards.
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SPAN (feet)
3 4 5 6 7 8 9 10

2

3

— . Figure 72. Recommended box culvert 
V

________________________ 
sizes and wall thickness (from Ref—

— erence 144 )
Ui — —

8

9
10 I U

4 5 6 7 8 8 9 10
WALL 1” (inches)

Precast Concrete Pi~pes V

96. Concrete pipe is commonly used for irr igat ion , drai n t ile ,
storm sewer, sanitary sewer, culvert, and pressure water pipe. In addi-

tion , it has found many other uses , such as bomb shelt er s , catt le passes ,
sept ic t anks , silos , well casing , utili ty line trunks , bridge pier
columns , and half—round drainage liners.

97. Standard pipes are mass produced in cylindrical, arch , flat

base , and vertical and horizontal elliptic shapes (Figure 73) .  They

may be nonreinforced , reinforced , or prestressed depending upon the in-

tended use. Typical design requirements for reinforced concrete low—

head pressure pipe are given in Appendix I.

98. Manufacturing processes46 include cast and vibrated pipe ,
machine—made packerhead pipe , machine—made tamped pipe , machine—made

centrifuged pi pe , and combinations and innovations of these processes.
V 99. While special sizes and shapes of concrete pipe can be pro-

duced to meet nearly any need , Table l~
’7 lists the common pipes that

are availab le from most concrete pipe manufacturers as stock items . In

addition, accessory items, such as bends , wyes, tees , connections , and

manholes , are available in all common sizes.
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100 . A variety of standard

joints are available to meet the

requirements of the installation.

~~~~~~AN~~~~

They include the bell and spigot ,

tongue and groove, modified tongue
V and groove , rubber ring gasket ,

concrete or steel collar , and cc— Typlcai Cross Sectlon of Arth plpe
ment mortar jo in t  (Figure 714).

Joint sealing materials , such as

bitumen, rubber , mastic , mortar ,

and epoxy , are commonly used on 
__________

~~~~~~~~ a5 Iijoints.

101. Special requirements

~~~
ijcan be met by the manufacture of

concrete pipe in other than common Ho~Iz~~~AL ELLIPTICA L VERT ICAL ELLIPTICAL

sizes . For example , the use of Typical Cross Sections of Horizontal
EJUptlcal and Vertical Ellipti cal Pipe

reinforced circular , arch, or el—
V liptical pipe in diameters to

120 in. is not unusual. Nonrein—

forced circular pipe , 84 in. in

diameter, has been used success-

Lfl 
______________

fully as highway storm drain by

the California Division of Highways. 
_________ 

_________

The Bureau of Reclamation has used
V 

Typical Cross Sect ions of Flat Base Pipe
V 156—in. —di am reinforced prestressed

Figure 73. Typical cross sec—
V circular pipe for the Navajo Indian tions of concrete (from Ref—
V Irrigation Project in New Mexico. erence 147)

Probably the largest precast concrete pipe used to date in the United

States has been the l7—ft—diam circular sections that are part of a

storm drain in Troy , Michigan .
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V 
l~~~~ E 

_ _ _ _ _ _

I TONGUE END j GROOVE EN0 7 TONGU E AND GROOVE
~~~~ I I JOiNT WITH CEMENT

MORTA R BAND

OMPRESSED RUBBER GASKET

•~~ - : .~~~~~~~~~!~~~ 

BELL AND SPIGOT WITH
V 

SPIGOT END BELL END

V 
~~~~~~~~

Figure 7 14. Typical concrete pipe jo in ts
(courtesy of McGraw—Hill Book Company)
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PART VI : PRECAST CONCRETE FLOATING STRUCTURES

102. Precast concrete is well adapted for floating structures of V

all types. The first recorded use of reinforced concrete was the con-
crete boat that Lambot built about 1858 in France.

48 
Reinforced con-

crete ships were constructed in substantial numbers in World Wars I

and II , and a considerable number of concrete floating dry docks and

moored floating docks are in service throughout the world.

103. The more recent advent of prestressing makes possible more

efficient structural designs since prestressing offers superior perfor-

mance along with substantia4. ~conomy .

1014. Almost 20 large pretensioned concrete barges have been con— 
V

structed in thc’ Philippines and have been in practically continuous ocean

service since l9614.~~ These barges are generally of 2000—ton capacity
and carry both dry ‘~argo and petroleum products.

105. Recently a number of barges and dredge hulls have been built

of prestressed concrete in New Zealand for service in the South Pacific .
106. Prestressed concrete barges for the transport of cryogenic

materials have been studied and proposed in England.51 The favorable

behavior of prestressed concrete at very low temperatures promises added

security for this type of usage .

107. Structural lightweight concrete was used with excellent

results and durability in some of the ships constructed during World
Wars I and II; it appears that prestressed lightweight concrete may be

148an ideal material for precast concrete floating structures.

108. Precast concrete pier components capable of handling live

loads of 1000 lb/sq ft , high—conce ntrated wheel loads , and a gantry—t ype

container crane are seen as a means of providing expedient military

.~~ Conceptually this module is 35 ft  wide , 97 ft  6 in. long, and

i.2 f t Jeep with a dead load of 970 to 980 short tons. Modules would be
- ~~~~~~~~~~~~~ a5hor~~, loaded on a Seabee barge ship, transported to the TO ,

~~ t fl~ r ’ ~t€ ~I j tj t .~ place. Through use of four caissons and

C ~~~~~~ ic pier modules would be jacked to the required eleva—

Hun pr e’~ iV V~ concrete  piles are driven through

V~~~~~4
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V 
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V

precast holes and epoxied to the girders , the caissons and jacks would V

be withdrawn to be used on another module. In addition to being used as V

pier components , modules could also be used as a causeway with a roadway
width of 35 ft (Figure 75). Similarly , a dedicated elevating system 

V

could be used because with the elevating legs for support , the need for

piling is eliminated. Such a structure could be easily lowered or

raised as necessary during the course of normal ship off—loading. Addi-

tionally, it would have the capability of being easily relocated.

109. Large floating platforms consisting of concrete components

mass produced ashore , constructed in modules , launched , towed to the

site , and assembled are envisioned as a means for satisfying forward
areas surveillance and basing requirements of the Navy in the mid

1980’s.53 Platform concepts consisting of single—story or multistory

decks were classified according to their buoyant elements into three

basic types: (a) elevated platforms (Figure 76) supported on vertical,
hollow buoyant legs; (b) barge platforms (Figure 77) supported on barge—

type hulls; and (c) semisubmersible platforms (Figure 78) supported on
vertical legs atop submerged horizontal pontoons. The various config—

urations were investigated using concrete as the construction material;
based on a synthesis of concepts, concrete production, construction

methodology, and cost , it was concluded that concrete is a feasible and

prac tical construction material for large ocean platforms.
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PART VII: PRECAST CONCRETE FIELD FORTIFICATIONS

110. Precast concrete field fortifications have been used by

U. S. troops during combat operations . They include security/fighting

bunkers , protect ive shelters, and equ ipment and supplies revetments.

A brief discussion of these precast concrete field fortifications is

given in the following sections .

Security/Fighting Bunkers

Concrete panel bunkers

ill . A t ypical precast concrete panel security bunker 5 is shown

in Figur e 79. Security bunkers have been used partially buried and on

towers but most often were installed on the  ground surface.  The f i r ing

ports are large for maximum v is ib i l i ty  and are located on the front wall

and each of the two sidewalls .

.~,

4 I —

~~~
~~~~~ a

V
~~~

V ~~~~~~~~~~~~ V 1V 
- 

V V V 4 ~
V V V V V V V~ 

~~~~ 
-

Fi gure 79. Precast concrete security bunker
(from Reference 514)

112. Figure 80 presents the structural detail of a typical pre-

cast concrete panel security bunker. This structure is designed to be

85

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V 
~ V V~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V _

— ~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~ -~ ~V

r T ~

- 
I~_ I E 1htt ~J_ 1 V~ I V V V V V V V V 

~~ V VI . V V . - - 
V-

— ! r~ W
- -

1
V
~~~~ 

— 
~~

P 

~ H-~I I  - 4  I ~~~~~~~ -- V _  ~i MVVL i II ’  • V V
VV 

I:)I L~~~~~~~~~~~~ _ V _ V V V V V V V~~~~~~~

V C t  

— V

0

S
0- 1 .  

~~~~~~~~

I H --
~~~~

- —

V 
V I

V 

~~ I .~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~k 1 [ V ~~~

a — ~

86

_ _ _ _ _ _ _ _ _ _V ~~ ~~~~~~~~~ 
• V  V~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~V _V_V_V_____~~~ - VA V V V_)~~V V I I V V



V V~~~~~~~~~~~

~ ~~ I ~ • -t t~~ ff - t V
~~1

-
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~

-
~ 

-~~ V V V 
~~~~

- V+ \ 1 V  • V - • \ J _
~~ I L I- 4 V _ V ~~~~~~~~~~~ I _~~~ _ V V 4 ~~~ _ V V 4 ~~

V V V V V ~~~~~~_~~~~~ 
V :-H V T I~~~ -~~~

I 
~~~~~~~~~~~~~ r~

~~~~~~~ V4~~~~~ V~~~~~ ’~ 
I V

V 
- 

V 
V V $ 

-
~ , V 

- - - t -
~~~~ 

-

.

V

~
: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

- H ~~~~~~~~~~~~~~~~~~~~~ f - _  IV

- ‘ V~~ ‘ I C  V 
V

1 
~ t V ~~ t t V V

~~~~V r  
V l 

~~~~~~ 

_C_V_ V V _ V _ V  4 V V V / I I I I V~

V~~
V V VV V

~
V

V V
__ •~~ ~~~~~

~~ ~~

87

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 



r~~~~
V V V

~~~~ 

V V 

V

prefabricated in a rear area and transported to where needed for assembly. V

113. Protection provided by this bunker is excellent , especially

if loose earth is pushed up or sandbags are stacked against the walls
and over the roof . 5

Modified concrete arch bunkers

1114. This bunker55 was developed from components of the concrete
arch sheltef (see paragraph 122). The height of a shelter arch section

was increased to provide the basic unit of the bunker. An end wall

section from the concrete arch shelter was used as the roof, and a

rectangular concrete section was designed as a backwall for the bunker
(Figure 81).

115. The modified concrete arch bunker was semicircular in plan

and consisted of three components: a 6—ft—high arch section , a rectangu— V

lar backwall section , and a roof section (Figure 81a). The 6—in.—thick

arch section had a 6—ft interior radius plus a l—ft—6-in. horizontal ex-

tension , thus providing a 7—ft—6—in. inside dimension at the center line

of the arch width. The 6—in.—thick backwall section and the 6—in.—thick V

roof section had an 8—in.—thick by l—ft—6—in. —wide bulkhead. beam. The

arch section had four 8—in, by 1—ft-6--in. firing ports , and the back wall
had one 8—in . by 1—ft—6—in. firing port and one 8—in. by 2—ft—6—in. fir— V

ing port. By removing four loose 6—in, by 6—in, by 2—ft—6—in. concrete V

blocks, the 8—in . by 2—ft—6—in. firing port can be made a 2—ft— 6—in. by

V 2—ft—6—in. emergency exit or can be used as a quick exit for grenade
V throwing (Figure 8lb). The bunker was held together by wire ropes se—

V 
cured through the f i r ing ports to the roof section . The backwall section

was secured to the arch section around the pipe struts by wire rope also.

Figure 82 shows the assembly details for the modified concrete arch

bunker.

Concrete log bunkers

116. This bunker55 is assembled from precast reinforced concrete
logs of various lengths with interlocking ends (Figure 83). In the TO,

the arrangement of th e logs to form a f ight ing fortification would be

left to the discretion of the tactical commander who could select a
V configuration to meet his specific requirements. Figure 814 presents the
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b. Completed em placement

Figure 83. Concrete log bunker (from Reference 55)
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design drawings for a typical concrete log bunker.

117. The precast concrete logs, 6 in. wide by 8 in. deep, of

various lengths (2, 3, 14, 6, 8, and 10 ft), are reinforced with four
No. 14 rebars placed with 1—1/2 in. of cover on all sides. The rebars

are bent in a hairpin shape to fit the ends of the logs.

118. The concrete logs that are designed to join together to make

a structure of any size are pinned together with 3/14—in. (nominal)—diam

pipe pins dropped through 1—1/2—in. —diam holes spaced at 1—ft intervals

and cast in the logs. These pins provide a horizontal shear connection

between the logs.

119. Concrete log bunkers provide good protection against the

effects of conventional weapons. They are simple, inexpensive, flexible,

and quickly erectable by inexperienced crews with no engineering equip-

ment required.

Concrete parapet—type bunkers

120. The parapet—type bunker55 consists basically of two square
telescoping boxes and a square roof slab. The lower box has inside di-

mensions of 6 ft 6 in. square in plan by 3 ft 6 in high. This section

has 6—in.—thick reinforced concrete walls and floor. The top box has in-

side dimensions of 9 ft 2 in. square in plan by 3 ft high. The walls of

this section are also of 6—in. —thick reinforced concrete. A 1—ft—3—in .—

wide by 6—in .—thick reinforced footing was formed as an extension to the

walls of the structure. The roof slab is 13 ft square and 6 in. thick

and is cast with protruding concrete strips on the underside to position

and hold the roof relative to the walls. Each wall of the top structure

is provided with a 6—in. —high by 5—ft—long firing port, which is 148 in.
above the floor of the completed structure. When the structure is assem-

bled (Figure 85), a 16—in.—wide firing shelf is formed all around the in-

side wall by the difference in the dimensions of the two boxes. Fig—

ure 86 presents the design drawings for the concrete parapet—type bunker.

Protective Shelters

Concrete panel shelters

121. The structural plans for a typical precast concrete panel

914
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b. Completed bunker

Figure 85 .  Concrete parapet—t~z~~ bunker (rrom Beference 55)
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quarters shelter are shown in Figure 87. This shelter is identical with

the concrete panel bunker except that the firing ports have been elimi—

nated and the roof has been made smaller. It may be used below or above

the ground. Below ground, it provides excellent protection from all

weapons. If used above the ground, sandbags and/or loose earth should
514be piled against the walls and over the roof.

Concrete arch shelters

122. The 12— by 12—ft concrete arch shelter55 consists of three
14—ft—long arch sections (including floor slab with footings) and two

end wall sections (Figure 88). The 6—in.—thick arch sections have a

6—ft interior radius plus a 1—ft—6-in. vertical wall extension . A 2—I t —
6—in . by 5—ft—6—in. door opening is provided in each end wall. The arch

sections and end walls are joined together by tensioned wire ropes

secured to the end walls. Figure 88 presents the design drawings for

the concrete arch shelter.

123. This shelter was originally designed for protection against

the effects of conventional weapons. During a later investigation on

using concrete arch shelters for protection against nuclear weapons ,~
6

it was found that the load—carrying capacity of the shelter is increased

by cutting the floor to the arch section itself. This will allow the

footings to undergo a limited amount of punching.

1214. This shelter is inexpensive to build and requires a minimun

of time for field erection. Model tests of the main arch section of the
• 56shelter have shown that it will withstand a 100—psi overpressure .

Equipment and Supplies Revetment

Precast concrete
panel revetment with footers

125. This structure (Figure 89) was used extensively in the

Republic of Viet Nan (RVN).5~ Figure 90 shows the structural plans for

a typical precast concrete panel revetment with footers. The panels

can be prefabricated in various sizes. Sandbags stacked against the

outer face of each panel can greatly increase the protection level

against fra~ iientation from large—caliber high—explosive aniniunition.
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Figure 89. Precast concrete panel revetment in use in RVN
during military operations (from Reference 5)4)
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PART VIII :  FABRICATION 9 HA1WLING, AND ~~ ECTI0N

127 . Many of the technical advantages that may be gained by using

precast instead of cast-in—place concrete depend on the fabrication , han-

dling, and erection methods. The objective of this part is to review con—

temporary practice and to provide engineering guidance on the fabrica-

tion, handling, storage, transportation, connection, and erection of

precast concrete structural members.

Fabrication

128. Precast concrete elements are fabricated either in a per-

manent manufacturing plant or in a temporary jobsite plant. The per-

manent plant can economically incorporate more sophisticated machinery

and equipment along with the flexibility to adjust to a variety of

products, whereas the jobsite plant is tailored to the specific needs

of that particular project.6 A typical combat zone concrete precasting

facility for prefabricated shelters, bunkers, and other small precast

concrete parts is described in TM 5—3O2.~~ A suggested concrete precast

facility for producing concrete military bridges (Appendix D) is given

in Appendix F.

129. In general, the manufacturing plant comprises the following

minimum elements:

a. Area for concrete plants and prestressing beds.

b. Area for storage forms and raw materials.

c. Area for storage of finished products.

130. Some guideline principles for manufacturing of precast

concrete elements are given in the following paragraphs.

Prpper drainage and road -

131. Efficient and adequa-te surface drainage must be provided in

all work areas and in storage areas. Areas adjacent to prestressing

beds should be paved in order to reduce the possibility of contamination

of strand surface and beds by dirt and mud, to facilitate drainage, and

to increase the efficiency of the operation.
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Beds

132. Foundation for beds should be stabilized to prevent differ-

ential settlement. Foundations may be pile supported or of the gravity—

spread footing type. Height of bed should be set at best working level,

particularly where considerable handwork is required .

Forms
133. Forms are generally designed for multiple reuse and should,

therefore, be of steel, concrete, fiberglass, or heavy wood framing of

equivalent strength. Accurate alignment of forms must be maintained

during the casting operation. Form joints should be smooth and tight

enough to prevent leakage of mortar. Forms must be cleaned immediately

after removal of product. Particular attention must be paid to removal

of grout from joints in working forms and from holes for affixing inserts.

Protection of steels

13)4. Proper storage must be provided for prestressing steel, mild

reinforcing steel, and inserts to keep them clean and dry. High—strength

steel is much more susceptible to corrosion than steel of lower strengths.
Care should be taken in the storage of prestressing steel to prevent

galvanic action that can occur when dissimilar metals are adjacent with
an ionized medium common to both. Strand surface should always be in-

spected prior to placing concrete, and any found contaminated should be
cleaned with an effective solvent.

Mixing and placing concrete

135. Proven procedures for mixing and placing concrete are de-
scribed in detail in the following ACI publications:

ACI 61)4——Recommended Practice for Measuring, Mixing and
Placing Concrete

ACI 306——Recommended Practice for Winter Concreting

ACI 605——Recommended Practice for Hot Weather Concreting

Curing

136. The ACI recommended practice for optimum curing for precast

units should be followed:~
8

a. Initial curing. Immediately after the completion of the
casting operation for molded precast units, each arti ~1e

111 



~
-• -•-,--

~
-

~
- —• .--- ----—• • • . .—-- -.,• - - - - . • -  ~~~~~

-• -• --
~~~~~~~

-— ---- - . 

I

should be covered or enclosed by two layers of an ap—
proved water—saturated fabric until placed in position
for final curing. The length of initial curing for
units going into final steam curing will vary with
steam curing temperature. From 1 to 14 hr is indi-
cated, the higher the temperature, the longer the
period.

b. Final curing. For final curing each article may be cured
in the place in which cast under the original covering
that must be kept thoroughly saturated for the entire
curing period. For final curing each article may be
moved at any time to a special curing chamber, where it
may be left uncovered in an atmosphere completely
saturated with a mist spray of either water or steam.
In lieu of this treatment , final curing may be accom-
plished under two layers of an approved wet fabric
thoroughly and continuously saturated with water for the
entire curing period. The temperature of a curing room
at atmospheric pressure should be maintained uniformly at
some value between 50 and 180°F. Final curing may be
performed under a pressure between 100 and 150 psi
in saturated steam at 335 to 366°F.

Handl~ng

137. Handling of the precast concrete units involves removal of

the unit from the mold or form, transportation to temporary storage yard,

loading, then transportation to the construction site, unloading, storage

at the site (sometimes), and finally erection and attachment to the

structure.

138. Since the pickup points are critical, precast concrete units

should be lifted only at the designated points. When the units are

stored, they must be similarly supported. Care should be exercised in

handling units to avoid impact and unusual loading, such as lateral

loads, vibration , and distortion.

139. Lifting loops for picking and handling must be designed with

a safety factor of 6, i.e., their ultimate capacity should be 3X (dead

load + impact) where impact = 100% dead load. ~�nbedinent should be

adequate to prevent pullout bond failure.

1)40. The angle that the sling or line makes with the lifting

loop, at all positions during picking and handling, should be considered
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and provision made therefor . Consideration should also be riven tc sway

or swintt, i.e., bending of the picking 1oop sideways . This will cause

sharp bending stresses in the picking loops and may result in local

concrete crushing.

1141. Fabricated lifting inserts (e.g., fabricated plates) may be
- - 6used, provided the following rules are applied :

a. Their pullout value is ensured by mechanical or posi-
tive fastening in the concrete.

b. There are no welds transverse to the principal ten~don.
c. Plates are thick enough in themselves to with:tand

bearing from :}lackle pins——no built—ut wa:;aei-: or Check
plate reinforcement of the eye.

d. Eyes are designed for shear , moment , and ten sion en the
minimum section.

e. Steel used is ductile (serious failures have occurred
when hard—grade brittle steels were used).

1142. One popular type of lifting equipment is a rubbt/r-tired ,

self—propelled , straddle machine (Figure 93). Straddle carriers are

______ 1TJ

—f-- -r
~
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~~~~~~~~ ~i
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~~ ~~~

Figure 93. Straddle carrier

efficient machines for moving precast concrete units about the casting

yard and loading them onto vehicles for transportation to the jobsite.

These machines are made with inside clear widths ranging from 12 to

140 ft and heights from 12 to 140 ft and with wheel basis to suit the

particular plant usage.59 Although large and seemingly awkward, these
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machines are constructed with 90—deg pivot steering so they can maneuver

in the narrow aisles usually found in storage yards. Capacities up to

100,000 lb are available. Long girders can be handled by two machines

in tandem.

1)43. The machine shown in Figure 9)4 is a heavy—duty forklift

with an extra wide frame to enable it to carry long cored slabs.

Figure 914. Forklift machine (courtesy
of American Concrete Institute59)

i1414. Truck cranes (Figure 95), locomotive cranes, and small

hydraulic cranes are widely used, as well as overhead bridge cranes and
gantry cranes in some casting yards.

1145. A type of small crane frequently used in yards and for erect-

ing is the hydraulic model shown in Figure 96. Mounted on a truck, the

crane is easily maneuverable yet the boom can be extended to make the

crane useful for erecting.

1146. By making use of the principle that a device can be attached

to any surface by creating a vacuum between the two, vacuum lifters

have been developed for lifting precast concrete units59 (Figure 97).
One advantage of vacuum lifters is the reduction in handling time ; it

takes only a few seconds to attach or release the lifter.

1147. Precast units should be stored in such a manner that each

unit supports only its own weight, without any load imposed by other
units.59 Points of contact between units must be provided with protec-

tive material to prevent breakage.
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Figure 97. Vacuum lifter (courtesy of American
Concrete Institute59 )

1148. Units that are stacked should be separated and supported on

strips of wood or battens across the full width of each bearing point .59

All battens must be in t±ie same vertical plane within the specified

maximum distance from the pickup point (Figure 98).

Figure 98. Storage of precast concrete elements
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Transportation

1)49. Moderate—size precast concrete units can be transported by

truck. Rail may be used for long—distance shipments and for over—length

segments but often requires supplemental transportation to the actual

jobsite. Barge transportation is very economical and practicable to
water sites and can be used to transport heavy and oversize units.

150. During transport , precast concrete units should be supported

as they were in the storage yard, with added bracing to assure that they

remain in this loaded position without shifting or overturning. Adequate

padding must be inserted between chains , cables, or ropes and the pre-

cast concrete units to prevent clipping or other damage, a precaution

especially important on edges and corners . This padding can consist of

timber blocks or logging, rope mats, or plastic pads .

151. Lateral trussing or bracing might be necessary to prevent

flexing of long slender units. A method that has been used success-

fully on long slender Tee— or I—girders is to attach short lengths of

steel angle in both sides of the stem near the ends of the girder and a
structural strut on each side at the midspan , with one or two stressing

strands stressed between the angles and over the strut on each side59

(Figure 9 9) .  For long members , pole trailers (Figure 100) are often

Figure 99. Long girder transported by rail cars (courtesy
of American Concrete Institute59)
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Figure 100 . Pole trailer (courtesy of American
Concrete Institute59)

used , with the precast unit serving as the “pole ” connection between

truck and trailer.

152 . Trucks with double bolsters are generally satisfactory pro-

vided the precast units are fully seated in the outer bolsters at not

more than 3 ft or the depth of the number from the end , and the inner

bolster is not more than 8 ft from the end of the unit (Figur e 101).

Prestr essed UnIt D

B -
~~~

Bolster Bolster

Figure 101. The distance from the center
line of the rear bolster on a double—
bolster dolly to the end of the pre—
stressed member (distance A) should not
exceed “0” or 3 ft, whichever is smaller.
Distance “B” from center line of inner
bolster to end of girder should not be
more than 8 ft (courtesy of American

Concrete Institute59)
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153. Upon arrival of the vehicle at the jobsite, the first opera-

tion is to remove all load binders, chains , and ropes confining the pre-
cast members. Then the exposed packing and padding are removed. Care

should be taken to avoid damaging the concrete. Only one unit should

be removed at a time except for small units that might be grouped on

pallets. Units should be removed from alternate sides of the vehicle

to avoid unbalancing the load, and the remaining units should be braced

to prevent slipping or tipping. Unit-s on the outside or top of the load

• should be unloaded first. Never try to slide a member out from the

center of the load.

Connections

15)4. The connections between precast members should be designed

in such a manner that they are capable of withstanding the ultimate

vertical and horizontal loads for which the structure is proportioned ,

without failure, excessive deformation, or rotation. The recommendation

of ACI—ASCE Committee 51260 should be followed. The following para-

graphs from Reference 60 are pertinent to the present discussion .

General considerations
• 155. It is recommended that joints and connections occur at

logical locations in the structure and, when practical, at points that

may be most readily analyzed and easily reinforced. Precautions should

be made to avoid connection and joint details that would result in
stress concentrations and the re~ulting spalling or splitting of members

at contact surfaces. Liberal chamfers, steel—edged corners, adequate

reinforcement , and cushioning materials are a few of the means by which

such stress concentrations may be avoided or provided for.

156. The strength of a partially completed or completed structure

shoul d be governed by the strength of the connections ; the connection

should not be the weak link in the structure.

Loading conditions

157. Loading conditions to be considered in the design of joints

and connections are service loads including wind and earthquake forces;
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volume changes due to shrinkage , creep, -and temperature change; erection

loads; end loading encountered in stripping forms, shoring and removal

of shores , storage , and transportation of metibers. Proper attention

should be given to loads and the resulting stress peculiar to the
sequence of erection. Typical examples of construction in which the

sequence and manner of erection affect the loading and stresses in the

member are possible eccentric loading due to the erection of members on

one side only of a member , installation of composite concrete toppings

on shored or unshared slabs or beams , and cont inuity moment conn ections

over supports. All significant combinations of loading should be in-

vest igated , and the joint s and connections should be designed for load-

ings consistent wi th these possible combinations of loading .

158. If it is not practical to provide for all possible temporary

loading conditions that could occur during erection , special erection

procedures may be warranted. If so, complete erection instructions

should be included in the plans and specifications that become part of

the erection contract documents. Loading sequences, connection se—

quences, and if necessary shoring or guying schedules should be clearly

outlined. The disposition and strength of shoring should be stated and

approved prior to construction.

Erection

159. The erection methods are determined by the span, hei ght , and
type of the structure , its location , the topography , the weight , size ,

and configuration of the precast elements , the method of connection , and

the erection equipment available. In general, however, the majority of

erection methods and techniques that have been developed and employed

for precast concrete bridge construction fall into the following
6

classes.

Crane erection
160. This includes erection by land—operating cranes , by derricks

on water , and ~y cranes or derricks mounted on the structure i tself .

161. When using inclined slings , the temporary buckling stresses
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due to increased compression in the top flanges of the girder must be

considered , as well as the increased forces on the lifting loops or

devices. Angles of force should be considered for each position during

the lift. Lifting loops must be suitable for all angles of lift to pre-

vent localized crushing or overstress.
162. Land cranes must have firm undersupport , adequate for the

concentrated temporary loads under their tracks , wheels , or outriggers .
The posit ion of t he crane , angles of lift , and working radii must be

plotted on working drawings and accurately laid out and enforced in the
field.

163. When two cranes are used to erect a single member , each
should have sufficient capacity to take at least 66 percent of the total
load , and precautions should be taken to prevent undue swinging and
side—pull on the booms and to ensure that the girder does not hit one

of the booms during the successive steps of rotation of the booms .

16)4. Derricks or cranes mounted on the structure must be properly

secured , and the t emporary loadings imposed on the structure , including
torsion , must be checked.

165. Care should be taken to prevent either the unit being lifted

or another part of the structure from hitting the boom as this may cause

the boom to buckle .

166 . Waterborne derrick barges should be checked for capacity

during all stages of lift and placement, with due allowance for list due

to load and wave action. The list of a waterborne derrick or crane
• tends to surge it out of position laterally, putting an added strain

on anchor lines. Also, the rotation of the revolving crane or derrick

while listing puts added strain on the barge, the derrick base and

roller path, and the swing engines and also produces torsion in the

boom. Furthermore , the list increases the actual picking radius as the

load drifts outward and, thus, may overload the crane. Before picking

near—capacity loads, therefore, a thorough engineering check must be

made of all phases of the pick .

Floating—in

167. Either entire spans or major portions thereof may be built
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or assembled on scaffolding on a barge, then towed to the site , moored

in exact position , and lowered onto the bearings.

168. Large single barges may be used, or multiple barges may be

joined with trussing. How the differential movement , due to waves ,

affects the precast span or element must be investigated. Wind forces

on the barges and spans also must be taken into consideration.

169. Lowering may be accomplished by using the tides, flooding

compartments in the barges , or jacks.  In flooding , the effect of the

f ree surface on stabi)ity must be considered. This usually requires

that the barges or pontoons be compartmentalized.

170. Stability must also be carefully calculated during transport

on the barges because of the great weights involved and the height of
center of gravity .

ill . With substructure elements, buoyancy may be provided within
the element itself , and sinking accomplished by adding ballast, such as
gravel , iron ore , con cret e , or sand in compartments , or by flooding
isolated compartments. Alternatively , positive buoyancy may be main-

tained and the element submerged by pulling or j acking against pile
anchors .

172 . Substructure units may also be transported under a barge or

pontoons. In such a case , t he unit may be constructed in a dry dock or

basin , which is then floode d , thus allowing the barge to float in over
it , pick it up, and carry it underneath itself until in position . This

• method takes advantage of the reduction in deadweight due to submer-

gence , shows inherent stability , and all lifts and lowerings are direct.

Erection in falsework

173. A steel or aluminum truss is placed in position , and the

elements are lifted one by one , for example , by crane , onto the false—

work . When an entire span unit is erected , the precast units are jacked

and shimme d to the exact profile , then jointed and stressed. Thi s

method is especially adapted to the case of parallel girders , because

after one girder is erected and stressed , the stressing automatically

decentering the falsework , the falsework span may be move d sidewise for

the next parallel girder. Alternatively, the falsework truss span may
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be above the final girder location, the precast units being raised from
barges int o posit ion by hoist s , and held until jointed and stressed.
Launching gantry

17)4. This method involves the use of a special erection or

launching gantry , which may include means for moving itself forward as
portions of the bridge are completed.

175. Under one system precast segments are moved forward at deck

level from one abutment, out over the completed superstructure. The

segment is then picked up by the launching gantry and carried forward.

To enable it to pass through the supporting legs, it is usually rotated

at right angles to its final position during movement, then turned back

and set in its final position. The individual precast segments are

usually jointed and stressed before the next segment is launched.

176. When using a launching gantry to erect prestressed girders ,

provision must be made for lateral transfer of the girders after they

have been moved into their span. Rollers, wheels on tracks, skidding

with jacks, etc., are often employed to accomplish this lateral transfer.

Positive stops must be provided to prevent the girder being moved beyond

the end of the cap through accident.

• 177. Launching gantries are major steel bridges in themselves,

subject to reversal of stress conditions as they are moved and to im-

pact as they handle the precast segments. Since the connections are

usually field bolted, it is important that provision be made for frequent

inspection of all joints and repairing or strengthening of any members

accidentally damaged. If high—strength bolts are used , a clear identi-

fication marking must be placed on them to prevent careless replacement

by a conventional bolt.

178. Safe walkways and, where applicable, nioveable safety nets or

platforms should be provided as an integral part of the launching gantry.

Direct launching

179. This scheme has been employed to move precast girders length-

wise from a completed portion of the superstructure to their span loca-

tion. A light steel or aluminum launching nose is overbalanced by a

counterweight or heavy rearward extension . Movement forward may be
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accomplished by jacking, rolling, t racked carriages , or cranes. The
girder must be analyzed for temporary stress conditions as it is

cantilevered forward and, if necessary , strengthened by external trussing

or internal reinforcement. This method is particularly suitable for a

single span in remote locations.

180. The same principle has been used in Venezuela , German~,,
France, and the U. S. S. R. to launch an entire series of spans of pre-

stressed concrete , the girders being approximately uniformly stressed to

take care of moment reversal until they are in final location . Then the

tendons are deflected up and down to their permanent profile , or addi-

tional curved tendons added. Special “fr~ctionless ” bearings of teflon

on chrome—nickel steel plates are used on top of the piers. The piers

may require temporary guys or stays during the launching operations.

Cantilever—suspended span

181. The precast hammerhead section may be floated or lifted in ,

supported by barges or cranes at each end , and set on the pier. Tem-

porary stresses as a simple span must be countered by external or inter-

nal reinforcement .

182. Since this is the section subject to maximum negative moment ,

its required final prestress force will generally be very high . During

this stage , before the adjoining suspended spans are set , the tensile

stresses in the bottom may exceed allowable limits. Stage stressing

may be employed, or additional internal reinforcement provided in the
bottom of the girders , or external structural steel beams bound to the

segment.

183. Smaller hammerhead girders may be hoisted by one crane lift-

ing at the center.

18)4. Stability may be provided by stressing temporarily or per-

manently to the pier shaft, by an inclined leg support from the pier

base , or by falsework towers at one or both ends .

185. Precast girders are particularly adaptable to eut-pended

spans. They may be lifted in with one or two cranes working from below

or from the cantilevered ends of the superstructure , or they ma:; be

moved forward on a falsevork truss or by launching gnr~ ry. Suspended 
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spans may be assembled from precast segments on barges and floated or

lifted into place.

Progressive cantilevering

186. This is an extremely useful method for construction of con-

crete bridges with precast or cast—in—place segments. As each segment

is placed , it is jointed and stressed back to the completed portion of
the superstructure. The sequence of erection is chosen to keep the

partially completed superstructure balanced about a p ier , in double

cantilever .

187. To facilitate setting of a precast segment , a step or ledge

may be provided on the previous segment so that the new segment can be

readily set into exact position. Erection bolts should be provided so

the segment can be pulled into exact position and held.

188. Dry joints and epoxy joints are particularly adaptable to

use with progressive cantilevering as they enable each segment to be

jointed and stressed as one continuous operation , usually in one day.

Other types of joints may be employed with accelerated curing so as to

minimize delays between successive segments.

189. Temporary suspension of the cantilevered segments may be

provided by external tendons , e.g., cables running up to a temporary

te-~er above the pier . Stability during erection of the cantilevered

arms may be provided by temporary vertical stressing down to the pier ,

by inclined legs , or by falsework towers.

Sliding of segments

190. Precast segments may be slid forward to their position in

the span on skids, rails , or rollers over falsework trusses or false—

work girders. Similarly , they may be slid along temporary or permanent

wire rope cables to their correct position in the span .

• Erection by helicopters

191. The precast concrete elements may be l i f ted into position by

helicopters. The Army has used the helicopter to l i f t  and move heavy

sonstructieri roiterials , especially in areas where surface transport is

limitul or restricted , quite extensively . The lifting capacity of

• rre ~ ent he1it~~~ters is about 10 tons. Development of a heavy-lift
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helicopter (25 tons ) is now being u~idertake n. Several problems (e .g . ,
relatively low—maximum loads , requirement for preslinging, lack of pilot

training for construction operations , lack of efficient communication

between pilots and surface crews, etc.) exist when using current inven-

tory helicopters for erection of precast concrete elements. However,

since most of these problems can be corrected with new equipment and

proper training , it is reasonable to assume that helicopter operations
may become much more important in precast concrete construction in the

TO.
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PART IX: SU1~4AR Y AND RECOMMENDATIONS

Summary

192. The literature survey on the prefabricated concrete elements

for structures revealed that precast concrete construction provides a

rapid and economical method for erecting new structures and for the

repair or replacement of existing structures. This is possible because

precast construction eliminates most falsework and shoring at the con-

struction site and requires only a small erection crew. Precast con-

struction is particularly advantageous in isolated places where labor

and materials are not readily available.

193. From the many precast concrete bridge structures evaluated,

it appears that the precast channel girders developed by the State Aid

Division of MSHD are most suitable for use in the TO. Designs for two

modified precast concrete channel girder bridges capable of supporting

military Heavy Equipment Transporters (HETI 5)6l are developed in Appen-

dix 0. It is believed that the construction of these precast channel

girder bridges is within the normal capabilities of Army engineer troops.

1911. Precast, prestressed concrete piles have proven to be the

most economical solution for a wide range of piling installations,

especially when durability is important , when high axial load and moment

capacities are required , and when the total volume in a geographical

area is sufficient to justify a proper manufacturing setup and mobili—

zation of proper driving equipment .

195. Prec~’st concrete is well adapted for floating structures of

all types. Precast concrete container pier modules that are mass pro-

duced ashore, constructed in modules, launched, towed to the site , and

jacked to the required elevation are envisioned as a means for providing

expedient military ports.

196. Precast concrete field. fortifications have been widely used

by United States troops during combat operations. Precast concrete

security bunkers , quarters shelters, command and control shelters,

and equipment and supplies shelters provide excellent protections .
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197. Many of the technical advantages that may be gainL Ly usin~-

precast instead of cast—in—place concrete depend on the ~abrisation ,

handling , and erection methods . Engineering guidance on the fabrisati ~n ,

handling , storage , transportation , connect ion , and erection of r~r -c.pist

concrete structural members is given in Part VIII of this rer•ort .

Recommendations

198. The following recommendations are made based on the inforrna—

tion survey reported herein:

a. Fabricate , erect , and test a prototype concrete chann el
girder bridge to validate the design and refine construc-
tion techniques.

I. Adopt the precast concrete channel girder brid ge pre-
sented in Appendix D as a standard military br i.di-e .

c .  Either incorporate the results of this study into
appropriate existing manuals2,3,36 or , preferably,
develop a new manual devoted to p recast concrete.

d. Develop and evaluate designs for prefabr icated concr ete
barges suitable for use as cont ainer pier modules ,
floating breakwaters , fuel transport and storage
facilities , etc., as necessary in expedient TO military
ports.

e. Evaluate the effectiveness of orecast concrete in
creating expedient barriers and obstacles. An eval—
uation of thermic methods to neutralize enemy protective
structures and barriers of concrete should be included
in such an investigmtiori.

f. The following studies should be performed nrior to the
use of precast concrete elements in the TO: (1) the
casting site be investigated to see if adequate materials
(e.g. aggregate) for concrete are available); (2) the
importance of the time factor for fabricati of the
precast element be considered if the missic ~ urgent
and the need is immediate; (3) the relocatability of
the precast concrete elements versus structural steel;
and (14) the economics of using precast concrete elements
versus wood , steel, or cast—in—place concrete.
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Table 1

Commercially Stocked Concrete Pipe

Inside Diameter
in. Type of Pipe

14 ti 214 Nonreinforced concrete drain tile

14 to 36 Nonreinforced concrete sewer, storm drain , and culvert
12 to 108* Reinforced concrete culvert , storm drain , and sewer

pipe

15 to 108 ‘ Reinforced. concrete arch culvert , storm drain, and
sewer pipe

* **18 to 108 ‘ Reinforced concrete elliptical culvert, storm drain ,
and sewer pipe

11 to 214 Nonreinforced concrete pipe for irrigation rr drainage

6 to 214 Nonreinforced concrete irrigation pipe with rubber
gasket joints

12 to 108 Reinforced concrete low—head. pressure pipe
• 14 to 24 Perforated concrete pipe

20 to 96 Reinforced concrete water pipe——steel cylinder type,
not prestressed

16 to 96 Reinforced concrete water pipe——steel cylinder type,
prestressed

12 to 96 Reinforced concrete water pipe—--noncylinder type, not
prestressed

148 by 148 to Flat base pipe
90 by 90

* Available in larger sizes on order.
** Equivalent circular sizes. 
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APPENDIX A: RESPONSE TO QUESTIONNAIRE SENT TO ENGINEER

CONSTRUCTION GROUPS AND BATTALIONS
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1. As a starting point from which to gather information from the

field, a brief questionnaire (Figure Al) was prepared to determine the

interests and/or experiences of various Engineer troop units regarding

precast concrete elements. Figure A2 is the list of the Engineer Con-

struction Groups and. Battalions furnished this questionnaire on 10

December 19714. The first four addresses (Construction Groups) were

furnished questions 1—5 on the questionnaire; others (Construction

Battalions) were sent questions 1—6. Of the 18 units contacted , 10

responded . Their responses are presented in detail in Figure A3 and.
then summarized in Table Al.

2. The general consensus was that concrete precasting operations

do have a place in Army Engineer TOE units. However , less than 140 per-

cent of the units responding indicated any prior experience with either

fabrication or erection of precast concrete elements. All comments were
considered in developing the direction and depth of the stu pr , and most
are addressed within the report .
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I

1. Do concrete precasting operations have a place in Army Engineer TOE
units?

Yes______ No______

Comments:

2. Should the proposed precasting facility include a prestressing
capability?

Yes______ No______

Comments:

Figure Al. Questionnaire (sheet 1 of 3)
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3. Indicate those elements which should be included in the capabilities
of a TOE precast facility:

_____ 
Types I and II AASHO I—Beams

— 
Tee Beams (Single or Double)

_____ 
Box Beams

_____ 
Channel Beams

_____ 
Slabs

• 
_____ 

Wall Panels

_____ 
Piling

_____ 
Box Culverts

_____ 
Pipe

Other :

14. Indicate those theatre of operations t:rre structures most suited to
precast concrete construction:

_____ 
Administrative Buildings

______ 
Barracks Type Bui ldings

_____ 
Bathhouse and Latrine Facilities

_____ 
Medical and Dental Facilities

_____ 
Communications Facilities

_____ 
Maintenance Facilities

_____ 
Mess Facilities

Protective Structures (Bunkers, Revetments , etc.)

Bridges

Others:

Figure Al (sheet 2 of 3)



5. In what organization should the precast facility be located?

— 
Engineer Construction Battalion , TOE 5—115

_____ 
Engineer Construction Support Company , TOE 5—1114

Engineer Concrete Mixing and Paving Team , TOE 5—59OT

Other :

6. Has your Battalion had any experience with:

_____ 
Concrete Precasting

______ 
Prestress ing

_____ 
Erection of commercial precast elements

If so, please provide synopsis of work

Figure Al (sheet 3 of 3)
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Commander Commander
138th Engineer Construction Group 52d Engineer Bn (Construction)
Fort Riley, KS 6614142 Fort Carson , CO 80913

Commander Commander
24th Engineer Construction Group 864th Engineer Bn (Construction )
APO New York 09227 Fort Lewis, WA 98433

Commander Commander
2d Engineer Construction Group 92d Engineer Bn (Construction )
APO San Francisco 96301 Fort Stewart , GA 31313

Commander Commander
35th Engineer Construction Group 43d Engineer Bn (Construction)
Fort Bragg, NC 28307 Fort Benning , GA 31905

Commander Commander
293d Engineer Bn (Construction) 23d Engineer Bn (Construction )
APO New York 09034 APO Seattle 98749

Commander Commander
94th Engineer Bn (Construction) 802d Engineer Rn (Construction)
APO New York 09175 APO San Francisco 96271

Commander Commander
79th Engineer Bn (Construction) 548th Engineer Bn (Construction)
APO New York 09360 Fort Bragg, NC 28307

Commander Commander
249th Engineer Rn (Construction) 144th Engineer Bn (Construction)
APO New York 09360 APO San Francisco 96259

Commander Commander
814th Engineer Bn (Construction) 146th Engineer Bn (Construction )
APO San Francisco 96225 Fort Rucker, AL 36360

Figure A2. Distribution list for the questionnaire
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1. Do concrete precasting operations have a place in Army Engineer TOE
units?

Yes 9 No 1

Comments:

Precasting operations can certainly result in great time and man-
power savings when properly utilized. 214th Engineer Group has, how-
ever, had no good applications for precasting during recent peace
time construction experience. For this reason, it would not be
cost—effective to provide any of the units of this group a peace
time precasting capability . A TO&E au~nentation should, however, be
developed to provide this capability in time of war.

Probably only in a fairly static Theater of OPNS environment.

Not necessary in a CONUS application; cheaper to commercially
procure.

Not necessary in a rapid. TO situation; lines move too fast for
application .

Significant savings in forming material can be made; dependence on
weather for construction can be reduced and control of curing con-
ditions can be obtained by working indoors; manpower can be concen—
trated and used more economically by using a casting crew and a
placement crew; and centralization of material operation can again
economize on personnel and make quality monitoring more effective .

However , before implementation , consideration must be given to the
cost effectiveness of obtaining the equipment vs. the type of con-
struction projects units are presently allowed to do in a peace time
training situation. Presently construction projects requiring pre-
cast and prestressed. concrete are not being constructed by troop
units. Therefore, this capability should not be added to the TOE’s
until needed in war or a change is made in the type of projects
given to troop units.

Situations which call for precast building materials to be used
could arise frequently enough to warrant a precasting capability in
an Engineer Battalion. Such situations include structural members
of fixed bridges and construction of field fortification and
obtacles.

A precasting capability could have limited use in TOE units. How-
ever, most construction projects assigned to CONUS units would not
merit precasting techniques. This unit has not been tasked with any

Figure A3. Detailed responses to the questionnaire (sheet 1 of 5)
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project during the past 12 months nor are any projects under design
which would merit establishing a precast operation.

We use precasting as much as possible now, particularly in the winter
where we can construct the member inside a heated tent or shelter.

Experience and forecasted construction operations indicate that TOE
units would do little precasting , and that which might be required
would likely be tailored to a specific job.
Tailoring members most attractive . Availability of heavy timbers;
steel sometimes limited . This is a good concept .

Current practices in Germany dictate that the larger more complex
projects be assigned to civilian construction firms. We have precast
some POL separator (3m x 14m) covers and similar structural elements.
While engineer construction units in Europe have not, thus far, en—
countered a signi ficant need for precast concrete, Theater of Opera—
tions facilities may lend. themselves to use of precast concrete in
the construction of walls, bridge slabs, liners for open ditches,
and other areas. In the 79th Engineer Group in RITN we preferred to
cast our reinforced concrete structures (such as bridge beams and
slabs) in place. Nevertheless, the benefit—to—cost ratio for such
uses should be investigated.

2. Should the proposed precasting facility include a prestressing capa—
bility?

Yes 5 No 5
Comments:

Without a prestressing capability , the facility would be very limited
in application for bridge beams.

Precasting is on the verge of feasibility ; prestressing too compli-
cated for normal situations.

This operation is simple enough in practice to be easily incor—
porated and greatly expands mission capability.

Although precasting applications do arise, situations requiring pre—
stressing at unit level are not as frequent to warrant a prestressing
capability. In such instances it would probably be simpler to order
the prestressed item as one would order a similar steel section.

Prestressing would require a very high level of engineering ex—
perience which would be extremely difficult to maintain in a TOE
unit and is not recommended.

The design criteria use-I on a prestressed structure are close in so
far as safety factors are concerned. I’m a~raid our quality control
isn ’t good enough (at troop unit level) to be absolutely sure we
meet the specs of a prestressed member. You can see the trouble we
would have by a structural failure traced to an ill—constructed

Figure A3 (sheet 2 of 5)
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prestressed member. I know we preach quality control, and. everyone
honestly tries, but I’m just afraid this would go beyond what we are
actuall~r capable of doing in real life.

Casting prestressed concrete elements requires a higher degree of
individual and unit technical expertise than will be found in TOE
units.

A centralized facility is required. I would recommend this be in the
Const. Spt. Company. With the proposed change of Const Bn to Combat
Bn (Heavy), more rapid moves are anticipated. A prestressing facil-
ity must have more stability (i.e., fixed location, quality control).

If the precast facility is added, prestress capability should be
included to make the facility as versatile and useful as possible.

3. Indicate those elements which should be included in the capabilities
of a TOE precast facility:

6 Types I and II AASHO I-Beams

6 Tee Beams (Single or Double)

3 Box Beams

14 Channel Beams

5 Slabs

7 Wall Panels

4 Piling

7 Box Culverts

5 Pipe

14 Oth ri’: (Culvert Headwalls , Refuse Suinps/Tanks, Fence and
Poles, Embanlonent Cribbing, Curbstones , Vehicle
Barriers, Drop Inlets, Members for Crib Walls, Man-
holes, Catch Basins, Bridge Decking)

Comments:

The elements checked, being simplest, would most likely be employed
in precasting operations if any.

4. Indicate those Theater of Operations type structures most suited to
precast concrete construction:

14 Administrative Buildings

3 Barracku Type Buildings

3 Bathhouse and Latrine Facilities

2 Medical and Dental Facilities

Figure A3 (sheet 3 of 5)
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14 Communications Facilities

4 Maintenance Facilities

1 Mess Facilities

7 Protective Structures (Bunkers, Revetments , etc.)

7 Bridges

2 Others : (Warehouse Facilities , POL Separators , Sewerage
Structures)

Comments:

Although theater construction depends upon location , materials avail-
able, size of structure and permanence desired , those structures most
suited to precast concrete would include hardened protective struc-
ture bridges , and some structures of a large size.

Those checked are usually “standard design .” The others are dern 
- 

-

near always a case—by-case , especially designed facili ty where we
wouldn’t gain that much by standard precasting.

Exact type depends on investment for forms. All of the above o.k.
but X—marked probably most used.

5. In what organization should the precast facility be located?

4 Engineer Construction Battalion, TOE 5—115

5 Engineer Construction Support Company, TOE 5—114

3 Engineer Concrete Mixing and Paving Team, TOE 5—590T

_____ 
Other : The facility should be included as a non—active aug-

mentation to both TO&E 5—114 anl TO&E 5—590T

Comment :

Even if you come up with a requirement for precasting capability in
the present environment it will be hard to train and develop ex-
perience in the CONUS Const. Bns. because of laws, regulations, and
opportunity for construction .

In the long run if we need to use such a capability in a TO that is
fairly static we would probably be better off to develop it then
rather than to work it into our TO&E units now. I’ve never seen the
Mixing and Paving Team except in FM’s. Are they for real?

6. Has your Battalion had any experience with:

Yes 3 No 5 Concrete Precasting

Yes 0 No 8 Prestressing

Yes 3 No 5 Erection of commercial precast elements

Figure A3 (sheet 4 of 5)
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If so , please provide synoposis of work .

Comments:

Precast lintels, small slabs, curbing, and vehicle bumpers have been
used on several projects. On a large MCA project headvalls, stairs,
lintels, large curbstones, vehicle bumpers were precast . An entire
administrative office area with offices, storage and latrines would
have been precast but the weight of sections required to be cast was
too high due to restriction imposed by lifting equipment. 2OT crane
is heaviest organic equipment available. This is a critical consid-
eration. Precast POL separators were also placed on this project.
A contractor did. the placing with the assistance of the troops; how-
ever, site preparation included a concrete “leveling course” that was
placed by the troops. Troops could have performed the entire
operation. In several places, concrete leveling pieces were pre—
cast and placed in areas where groundwater level was too high .
thereby preventing compaction. Restriction here, of course, was
that no heavy loads be used but some settlement be permitted.

We’ve done our own precasting on every barracks/maintenance facility
we’ve built in Korea. Major parts have been lintels, window
casings, bond beams, and segments of ring foundations. We’ve used
commercially produced , prestressed stringers to repair a bridge.

As I ’m sure you are aware, we do as much precasting as we can right
now. As part of your study you mentioned preparing standard designs
for precast members. I think this would be particularly useful to
our situation . We could have precast wall sections had we really
had a feel for reinforcing requirements.

We have few masons in the Bn and. precast members would certainly
help out in the skilled manpower (or lack thereof).

If possible, it would be helpful if you could run a cost analysis as
part of your survey comparing precasts with similar members, walls,
etc., not precast.

Small roof slabs (—1 x 2in). 577th Engr Bn (Const) precast a concrete
bridge deck for the Ban Thech bridge, 990 ft long in RVN , 1968.

Figure A3 (sheet 5 of 5)
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8*1. AASHO uses five standard truck loadings according to type of

truck:

a.. Two axle trucks ——H2 O— 45 , Hl5— 144 , and H 1O-44 .
b. Two axle trucks with semitrailers—--HS2O—44 and HS15—414.

Figure Bi illustrates this loading system.

2. The uniformly distributed lane loading (Figure B2) is used

when it produces the more severe loading condition . For simple spans,
it will be found that truck loads are critical for moment for spans

un der i4o ft and for shear for spans under 120 ft.
3. Table El presents the maximum moments , shears, and reactions

for standard AASHO loadings.

* Raised numbers refer to similarly numbered items in the References
at the end of the main text .

B3
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Table Bl
Maximum Moments, Shears, and Reactions——Simple

Spans, One Lane (courtesy of AASHTO
8)

Hl5—44 Loading

End ibea r End ibear
and end and end

• Span Moment re&c tlon (a) Span Moment react ion (a)
S 1.0(b) 24.0(b ) 42 2~4.4( b) 29 .1
2 12.0(b) 24.0(b) 44 249.3(b) 30.1
$ 29.0(b) 24.0(b) 46 3 14.3(b) 30.6
4 24.0(b) 24.0(b) 46 319.2(b) 31.0
6 30.0(b) 24.0(b) 50 314.2(b) *1.5

I 36.0(b) 24.0(b) 52 319.3(b) 32.0
7 42.0(b ) 24.0(b) 54 364.1(b) 32.5
S 48.0(b) 24.0(b ) 56 329.1(b) 82.3
9 54.0(b) 24.0(b) 58 *97.3 33.6

10 60.0(b) 24.0(b) 60 418.5 33.9

11 66.0(b) 24.0(b) 62 439.9 34.4
12 72.0(b) 24.0(b ) 64 461.8 34.2
13 78.0(b) 24.0(b) 65 484.1 36.3
14 84.0(b) 24.0(b) 68 5(6.9 35.8
35 90.0(b) 24.0(b) 20 530.3 36.3

16 96.0(b) 24.8(b) 75 590.6 37.5
11 102.0( b) 25.2(b) 80 654.0 38.7
18 108.0(b) 25.3(b) 85 720.4 39.9
19 214.0(b) 25.6(b) 90 709.6 41.1
20 120.0(b) 25.8(b) 15 662.1 42.3

21 126.0(b) 26.0(b) 100 93t5 43.5
22 132.Oi b) 26.2(b) 210 1.097.3 45.9
23 • 238.0(b) 26.3(b) 120 1.2(9.0 48.3
24 141.0(b) 24.5(b ) 130 1.452.8 60.7
25 250.0(b) 26.6(b ) 140 3.64(.S 63.1

26 156.0(b) 26.8(b) 150 .. 2 .8S6.3 55.6
21 162.1(b) 26.9(b) 160 2.076.0 67.9
28 120.1(b) 27.0(b) 170 2.307.8 60.3
29 177.5(b) 27.1(b) 180 2.551.5 62.1
30 185.0(b ) 27.2(b) 190 2.802~3 65.1

31 192.4(b ) 27.3(b) 200 3.07 5.0 67.C
32 299.8(b) 27.4(b) 220 3.646.5 72.3
33 201.3(b ) 27.5(b) 240 4 265.0 77.1
34 214.7(b ) 27.7 2(0 4 .9)3.5 81.9
35 222.2(b) 27.9 280 • . .  5.649.0 86.7

36 229.6(b) 28.1 300 6.412 4 91.5
37 237.5(b ) 28.4

• 38 2(4 .5(b) 28.6
39 252.0(b) 28.9
40 259.5(b) 29.1

(Continued.)

Note: Spans in feet; moments in thousands of foot—
pounds; shears and reactions in thousands of
pounds. These values are subject to specifica-
tion reduction for loading of multiple lanes.
Impact not included.

(a) Concentrated load is considered placed at the
support. Loads used are those stipulated for
shear.

(b) Maximum value determined by Standard Truck
Loadings. Otherwise the Standard Lame Loading

• governs .
(Sheet 1 of 4)
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Table Bl (Continued)

H20—414 Loading

End shea r End ~h~ar
and end an d end

Span Moment reaction (a) Span Moment rea cti on (a)
1 .  8.0(b) 32.0(b) 42 • - . . 3(5.9(b$ 39.4
S 16.0(b) 32.0(b) 44 385. 8( b) 40.1
$ 24.0(b) 320(b )  46 405.7(b) 40.7
4 32 .0(o) 32.0(b ) 48 421.6(b) 4 1.4
S 40.0(b) 32.0(b) 50 445.6(b) 42.0

I (8.0(b) 32 .0(b ) 62 465. 5( b) 42.6
I 56.0(b ) 32.0(b) 54 4(5.5(b) 43 . 3— 8 64.0 (b) 32.0(h) 56 - - -  505.4(b) 43.9
9 72.0(b) 32.0(b) 58 530.1 44 .6

10 80.0(b) 32.0(b) 60 - •  558.0 45.2

11 89.0(b) 32.0(b) 62 • -  581.5 45.8
12 96.0(b) 32.0(b) 64 6(5.7 46.5
23 10 1.0(b ) 32.0(b) 66 645.5 47. 1
j 4 112.0(b) 32.0(b) 63 . . 675.9 47. 8
15 120.0(b) 32.5(b) 70 • -  707.0 48.4

16 123.0 (b ) 33.0(b) 75 . . 187.5 80.0
17 136.0(b) 33.4( b ) 60 • . .  672.0 51.6
13 144.0(b) 33.8(b) 85 960.5 53.2
19 252.0(b) 34.1(b) 90 l.~53.0 54. 8
20 260.0(b) 31.4(b) 95 1 149.5 56.4

21 263. 0(b ) 24.7(b) 100 1 210 .0 58.0
22 176.0(b) 34 .9(b ) 110 • . .  1.46 3.0 61.2
23 283 .0( b) 35.1(b) 120 1.692.0 64 .4
21 192.0(b ) 35.3(b) 130  1.937.0 67.6
25 200.0(b) 15.5(b) 240 2.198.0

26 203.0 (b) 35.7(b) 350 - - -  2 475 .0 74.0
27 216.9(b) 35.9(b) 160 -  2j68 .0 77.2
28 22 6 .5 (b )  36.0(b) 170 5.077.0 80.4
29 236.7(b) 36.1(b) 180 3.402 0 83.6
30 246.6(b ) 36.3(b ) 190 - - • 3.143.0 86.5

31 256.5(b) 36.1( b )  200 • - .  4 .100 -0 90.0
32 - - -  2655 (b )  365 ( b )  220 • - -  4 .862.0 96.4
32 2 7 6 4 ( b )  35.6(b) 240 5.6S8.0 102.8
34 -  2~4 3 ( b )  36.9 260 • -  6.578.0 109.2
3$ 296. 2 (b )  37.2 230 1.532.0 115.6

3; 305. 2( b) 37.5 300 • . .  8.550.0 222.0
31 316.1( b) 37.8
38 326 .1 ( b )  38.2
39 • .  33 5 . 9 ( L )  38.5
40 . . .  345.0(b ) 38.8

(Continued)

(a) 
Concentrated load is considered placed at the
support. Loads used are those stipulated for
shear.

(b) 
Maximum value determined by Standard Truck
Loading. Otherwise the Standard Lane Loading
governs.

(Sheet 2 of L )
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Table Bl (Continued)

HS15—44 Loading

End shear End shear
and end and en d

Span Moment reaction (a) Span Moment - reaction (a) 
6.0(b) 24 .0(b) 364.0(b) 12.0 (b )

2 12.0(b) 24.0(b) 44 390.1(b) 42. 5( b )
3 • • 18.0(b) 24.0(b) 46 • . . . ..  417.4(b) 43.0(b )
4 - - - 24.0(b) 24.0(b) 48 - - -  444 .2( b)  43.5( b)
S - - - - 30.0(b) 24.0(b) 50 470.9.(b ) 43.9(b)

6 36.0(b) 24 .0(b) 52 - - -  497.7(b) 44.3(b)
I - - - 42. 0(b) 24.0(b) 54 • - -  52 4.5(b) 44.7(b)
8 • . . . .  48.0(b) 24.0(b ) 56 - 651.3(b) 45.0(b)
9 - - - .  54.0(b) 24.0(b) 68 578.1(b) 45.3(b)

20 - ..  - 60.0(b) 24.0(b) 6)) 604.9(b) 45.6(b)

11 - 66.0(b) 24 0 (b )  62 - - 631.8(b ) 45.9( b )
12 - - 72.0(b) 21.0(b) 64 - . - 658.6(b) 46.1( b)
(3 - 78.0(b) 21.0(b) 66 - • 695.5(b) 46.4( b )
14 - - - 84.0(b) 24.0(b) 68 - - - 712.3(b) 46.6(b)
IS - - 90.0(b) 25.6(b) 70 - - . 739.2(b) 46.8(b)

16 - •  96.0( b) 27.0(b) 75 - - - 806.3(b) 47. 5( b)
I? 102.0(b) 28.2 (b) 80 . - 873.7(b) 47.7(b )
18 108.0(b) 29.3(b) 55 941.0( b) 4S. I( b)
19 • . .  214.0(b) 30.3(b) 30 ... .  1.008.3(b) 48.4(b)
20 .  220.0(b) 31.2(b) 95 1.074.9(b) 48.7(b)

21  126.0 (b) 32.0(b) 100 - - .  1.142.0(b) 49.0(b )
22 132.0(b) 32.7(b) 210 • . . . 1.277.7(b) 49.4(b)
23 138.0(b ) 33.4(b) 320 1.412.6(b) 49.8 ( b)
24 144.5(b ) 34.0(b) 130 . .  1.547.3(b) 50.7
25 - - - .  255.5(b) 34.6(b) 140 • - . 1.682.I(b 53.1

26 166.6(b) 35.1(b) 150 . .  1.856 .3 55.5
27 177.8(b) 35.6(b) ISO - . -  2 076.0 57.9
28 289.0(b) 36.0(b) 170 2.307.8 60.3
29 - - - - 200.3(b) 36.6( b) 180 2,551.5 62.7
30 - - 215.6(b) 37.2(b) 190 - .  - 2.807.3 65.1

• 31 223.0(b) 37.1(b) 200 •  3 075.0 67 .3
32 234.4k. ) 38.3(b) 220   3.646 8 72.3
33 2454(b) 35.1(b) 240 4 .266,0 17.1
34 - - .  - 257.7(b ) 39.2(b) 260 4 .933.5 81.9
IS ..  210.9(b) 39.6(b) 280 . . .  5.649.0 86.7

36 - - 284.2(b) 40.0(b) 300 - 6.412.5 91.5
37 297.5(b ) 40.4(b)
*8 - . - 810.7(b ) 40.7(b)
39 • .  324.0(b) 41.1(b)
40 - 837.4(b) 41.4(b) -

(Continued )

(a)
Concentrated load is considered placed at the
support. Loads used are those stipulated for
shear.

(b) 
Maximum value determined by Standard Truck
Loading (one 55 truck). Otherwise the Standard
Lane Loading governs.

(Sheet 3 of 14)
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Table Bi (Concluded )

HS2O—144 Loading

End shear E n de~sea r
andend an dend

Spar s Moment reaction (a)  Span Moment reacti on (a)m 8.0(b) 32 . 0 (b )  42 . . 445.3(b ) 56.0(b)
2 16.0(b) 32.0(b) 44 - - - .  520.9( b) 56 .7(b)
3 21.0 (b) 52.0(b) 46 - - 556.5(b) 57.3(b)
4 32.0(b) 32.0(b ) 44 - - 592.1(b) 08.0(b)
5 40.0(b) 32.0(b) 50 - - 627.9(b) 58.5(b)

6 45 .0 (b )  32.0(b ) 52 • . .  (63 .6(b) 59.1(b)
7 - - 56 .0(b) 32.0(b ) 54 - .  699.3(b ) 59.6( b)
8 64. 0 ( b) 32.OU,) 56 . . . 235.1(b ) 60.0(b)
9  12.0(b) 32.0(b) 58 770 .8(b) 60.4(b )
10 : 80.0(b) 32.0(b) 60 - 806.5(b) 60.8(b)

11 88.0( b) 32.0(b) (2 842.4 (b) 51 .2(b)
12 96.0(b) 32.0(b) 64 - 878. 1( b) 62 . 5 ( b )
13 .., 101.0(b) 32.0(b) 66 914.0(b) 63.9(b)
II 112.0(b) 32.0(b) 65 - 949.7 (b) 62.1(b)
IS 220 .0(b) 34.1 (b) 70 985.6(b) 62 .4(b)

26 229.0(b) 36.0(b) 78 1.073.1(b) 63.1(b)
17 -  176.0(b) 37.7(b ) 50 1.1(1.9(b) 63.6(b)
20 144.0 (b) 39.2(h ) ~5 - - 1.251.7 (b) 64.1(b)
lb -  112.0(b) 40.4(b) 90 1.311.4(b) 64.5(b)
20 . .  160.0(b) 41.6(b) 95 - 2 .434.1(b) 61.9(b)

22 - - - .  168.0(b) 42 .7(b ) 500 - 1.524.0 (b) 65.3(b )
22 • . .  176.0(b ) 43.6 ( b) 110 - 2 .703.6 (b ) 65 9(b)
24 123. 0 (b)  11.5( b) 120 7. 882 .3(b) 66.8 (b )
24 . . .  192 .5( b ) 45 .3( b) 230 - 2.063.1(b ) 67.6
23 . . - .  207.4 (b ) 46. 1( b) 140 2.242. 8( b) 70.8

26 - - 222.2(b) 46. 6(b )  150 2.17S.1 14 0
22 - • - - 237.0(b) 47 .4( b) 160 2 .768.0
2$ - - - 252.0(b) 49.0( b) 170 - - 3 ,077 .1 80.4
29 - . - 267.0( b) 48. 5(b)  1)0 3.402 ,1 83.6
30 282. ’ ( b) 49.6(b) 590 5.743 ,8 80.8

32  297 .3(b) 50.3(b) 200 1.200 ,0 90.0
32  312 .5(b) 51.0(b) 220 4 ,862.0 96.4
83 327.8( b) 52.6(h) 240 5,685.0 102.8
34 343.5 ( b) 52.2(b) 2(0 6.579.0 509 .2
33 . ..  - 362 .2( b) 52 .8(b) 280 - 7332.0 125.6

36 378.9(b) 53.3(b) 300 8.S50.0 122.0
37 396.6(b) 53.8(b)
38 424 .3( b)  54.3(b )
39 132.2( b) 54.8(b )
40 149.8(b) 65.2(b )

(a) 
Concentrated load is considered placed at the
support . Loads used are those stipulated for
shear .

(b) 
Maximum value determined by Standard Truck
Loading (one HS truck). Otheiwise the Standard
Lane Loading governs.

(Sheet 4 of 4)
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Figure B2. 11 lane and HS lane loadings
(courtesy of AASHTO8)
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1. The standard railroad loading recommended by for fixed

spans under 400 ft is Cooper E—72 (Figure ci). This loading represents

two locomotives with maximum axial loads of 72 kips, followed by a

First locomotive Second locomotive

Ad
~~ nJ JT 1J~~~~~~~~~~~fl~~~~~ 

Payload

63i1
8’ 5~ 5’ 5’ 9 5’ 6’ 5’ 8’ 8’ 5 5’ 5’~ 9 5’ 6’ 5~ 5~

E.72 loads 36 72 72 72 72 46.8 46.8 36 72 72 72 72 4~.8 46.8 72 kip/ loot
in kips 46.8 46.8 I I I I I 46.8 46.8

I I I I I ) )  I
E.N °~~ !~ N N N N 0~65N 0.65 N N N N N N 0.65 N 0.65 N N 

K tootin kipS 2 0.65N 0.65 N ~ 0.65N 0.65 N 10

Figure Cl. Cooper E—72 railroad loadings

uniformly distributed load of 7.2 kips/ft of track. If E—72 is not a

satisfactory representation of the bridge usage, e.g. a bridge on a minor

branch line, it is permissible to use another loading with the same axle

spacing but with the loads all altered by a constant ratio. For example,

E-.N would have loads N/72 times those shown in Figure Cl for E—72.

2. Figure C2 illustrates the case of a multitrack bridge in which

it is necessary to decide on track loadings. The AREA code does not re-

quire all tracks to be fully loaded simultaneously for bridges with three

~r more tracks.

£.N EN E.N E-N E.~~ E.N E.N E.~~ Ej

V V V  V V V  V V V V
____ 

ii. ~°j~ -‘~. .‘ —~-~- .~~--‘- ~~-~- .1.

I-i 1 - I l I
One (rack Two tracks Thre, tr ac ks Four tracks

(load locat ion chosen to produc e worst case)
Figure C2. Loads on multitrack rail bridges
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APPENDIX D: RECO~~~NDED PRECAST CONCRETE
MILITAR Y BRIDGES
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1. From the many precast concrete bridge structures surveyed and

evaluated (Part III), it appears that the precast channel girder bridges

developed by the State Aid Division of MSHD are most suitable for use

in the TO.

2. Since these bridges are designed for AASHO8 Hl5 loadings, they

need to be modified in order to support military HET 561 (maximum weight

= 172,000 lb). The design modification was accomplished by using a com-

puter program (Appendix E) and was based on the following assumptions

and criteria:

a. Precast channel elements will act as one unit. Shear keys
and/or transverse tie rods will distribute the loads
laterally. Thus, the load carried by each element is less
than a full wheel load.

b. Modified PIASHO HS2O loadings having a total weight of
172,000 lb are used.

c. The allowable stresses used in the design are those speci-
fied in the AASHO specification.

d. The minimum strength of concrete at 28 days is 5000 psi.
Minimum concrete strength for removing channel elements is
3000 psi.

e. Minimum concrete strength before applying initial prestress
is 4200 psi.

f. Stress—steel tendous have a minimum ultimate strength of
i6o ,ooo psi and yield strength of i4o ,ooo psi.

~~~
. All reinforcing bars conform to ASTM A 615.62

The design details of the recommended precast concrete channel girder

bridges are given in Figures Dl—D4.

3. The weights of the interior and exterior units are approxi-

mately 13,300 and 14,600 lb, respectively, for 19—ft span bridge and

20 ,000 and 30,000 lb. respectively, for 31—ft span bridge. Two exterior

curb units and six interior units are required to obtain a 26—ft-.6-.in.

clear roadway.

4. The recommended erection sequence for the precast concrete

channel girder bridges is as follows:
36a. Install precast concrete piles per TM 5—258.

b. Place precast concrete pile cap on top of precast concrete
piles and connect to the piles with dowel pins inserted

D3 
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through holes in the pile cap into the precast holes (or
holes drilled after driving) at the top of the piles.
Grout all dowel holes.

c. Position channel girders on the pile cap, and after proper
alignment has been obtained , pins are placed in the dowel
holes and all holes in the girders and caps are grouted.

d. The girders are tied transversely by bolting the legs of
adjacent channels together. Longitudinally, all channel
ends are also bolted together .

e. After bolting, all keys are grouted before traffic use; no
leveling or wearing course is required.

5. Photos Dl through 026 illustrate a typical fabrication , trans—

portation, and erection sequence for a 19—ft span precast channel girder

bridge supported on timber piles.

D4
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Description of Program

1. The program performs the analysis and design of simple-span ,

precast—prestressed highway or railway bridges. The program will accom-
modate the composite and noncomposite sections included in Figure El
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SPREAD 56 ‘1J~~”°~J

’ CHANNEL

~~ •015 ~ 1

L)  •.~~QO O]~~ ° °
AA SHO .PCI
T’IPES ~ -~~~ NONCOMPOSITE

SECTIONS (6.8)

4h~~~~~~~~ A A~~~O P C I  
_ _  

1508

TYPES

~ ~ F~iiiii~ 
i~~~~~~

1DOUo L E

COMPOSITE NONCOMPOSITE
SECTIONS (1-5) BOX SECTIONS (9-10)

Figure El. Composite and non—
Composite sections

and will compute the following: section properties , dead— and

live—load shears and moments , stresses for various loading conditions ,

ultimate design moments and resisting moments , spacing of shear rein—

forcement, horizontal shear stress between the composite slab and pre—

- I cast member , midspan elastic deflections for various loading conditions,
and the number and center of gravity of prestressin~ strands required .
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Input Data

2. Data may be input interactively through the question/response

option of the program or read directly into the program from an input

file. As the program uses a variable field format to read input, a

comma or blank(s) is required to separate each input value of a line of

data. Data is input in the following sequence:

Symbol Unit Description

Line No. 1 — All Sections

LN -- Line number .

TITLE —— Aiphameric input data to describe computa-
tions (maximum of 66 characters) .

Line No. 2 — All Sections

LN —- Line number.

IDLD —— Live load code. Enter 10 for highway load-
ing and 20 for railway loading .

IDSEC 06~~ Section number as given in Figure El. For
sections other than shown in this fi gure ,
use the number of the composite or non—
composite section that most closely re-
sembles the section under design .

IOTPT -— Output indicator . Enter a blan1~ for ex-
tended output and —l for minimum output
needed to describe the design.

IDPST -- Indicator for geometry of prestressing
strands. Enter 1 for straight parallel
strands, 2 for depressed strands , and 3
for parabolic posttensioned strands.

FLOAD —— Magnitude of live—load code.

H ighw ay Loading
Enter AASHO Loading

20 HlO— 14l~
30 Hl5—~4~
ItO H20—ItIt

51t }1315—ItIt
72 J-1S20—ItIt
90 HS25—ItIt
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FLOAD Railroad Loading
(Cont’d) Enter Cooper Loading

60
72 E—72
80 E—80

SPAN ft Span length (distance center to center of
bearings).

SDL kips per linear ft Dead load to be applied to the noncomposite
section , exclusive of beam weight .

CDL kips per linear ft Dead load to be applied to the composite
section , exclusive of beam weight and SDL.
Enter a blank for noncomposite sections.

ALLFR —— Fraction of a truck load or track load to be
applied to the section. Enter 1.0 for one
truck load per beam (two lines of wheels),
0.5 for one—half truck load per beam , etc.

FIMP —— Impact fraction to be used for raili jad
loading. Enter as a decimal fraction ,
i.e. 0.30 for 30 percent . As the highway
loading impact fraction is computed by the
program , enter a blank for highway loading.

FLL —— Fraction of ALLFR to account for eccentric-
ity and centrifugal force.

Line No. 3 — All Sections Other Than Noncomposite Box Sections

LN -- Line number.

DSECT in. Depth of precast section .

ASECT sq in. Area of precast section.

SECTI Moment of inertia of precast section .

IT in. Distance from neutral axis of precast sec-
tion to the top of the section .

YB in. Distance from neutral axis of precast sec-
tion to the bottom of the section .

WTS in. Width of top slab or flange of precast
section.

TTS in. Minimum thickness of top slab or flange of
precast section.

BB in. Minimum width of web of precast secti~In.
Enter a blank if slab section ( 7) .
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Line No. 3A — Noncomposite Box Sections Only

LN -- Line number.

WE ft Total width of box beam .

DB ft Total depth of box beam. (When top surface
is sloped, use depth at lower edge.)

TTS in. l4inimum thickness of top slab of box beam
(at lower edge).

TBS in. Thickness of bottom slab of box beam.

TSW in. Thickness of sidewalls of box beam.

TMW in. Thickness of center wall of double—cell box
beam. Enter a blank for single—cell box
designs.

DH in. Depth and width of fillet.

DELTA in. Increase in thickness of top slab at higher
edge due to sloping .

Line No. It — All Sections

LN —- Line number.

DILOC —— Diaphragm location expressed as fraction of
span length , i.e., for diaphragms at third
point s , enter 0.33. If no diaphragms are
used, enter 0.5.

DIAPH kips Weight per diaphragm.

HDPT ft Hold—down point for type 2 prestressing
(maximum of 2 points). This distance is
measured from midspan .

AS in.2 Area of a single prestressing strand or
cable.

FSULT kips per sq in. Ultimate strength of prestressing steel.

RS —— Ratio of steel stress at time of strand re-
lease or anchorage to ultimate prestress—
ing steel strength.

H —— Ratio of steel stress after loss of pre—
stress to steel stress at anchorage.

EMIN in. Minimum feasible eccentricity of center of
gravity of prestressing tendons from
bottom of beam. See Table El for ap-
proximate values.

E6
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ESR —— A factor to allow for strand relaxation and
member shortening prior to computing
stage 1 stresses. See Table El for ap-
proximate values.

Line No. 5 — All Sections

LN —- Line number.

FCULT kips per sq in. Compressive strength of concrete in the
prestressed member at 28 days.

FCI kips per sq in. Compressive strength of concrete in the pre—
stressed member at time of anchorage or
strand release.

FCPC Rips per sq in. Compressive strength of concrete in the
composite deck slab. Enter a blank if
noncomposite. -

FTENT kips per sq in. Allowable tensile stress in top fibers of the
prestressed member.

FTENB kips per sq in. Allowable tensile stress in bottom fibers of
the prestressed member.

FNPS kips per sq in. Allowable steel stress of nonprestressed.
reinforcement.

FV Rips per sq in. Ultimate steel stress of stirrup
reinforcement .

AV sq in. Area of all legs of stirrups at one section
in the member .

Line No. 6 — All Sections

LN -- Line number.

NSEC —— Number of sections at which beam is to be
analyzod for moment (maximum of ) - t ) .

NETRL —— Enter 1 if number and location of prestress—
in~ strands are to be input ; otherwise ,
e~, 4 er ,l.

DIST —— For ‘io u desired section (maximum of 1~)
enter the distance as a fraction of the
span , i.e., for micIrp~in enter DIST as 0.5,
and for the support enter DIST as i- .0.
p1ST (1) must be at midspan. 

___5~_ ~~~~~~~~~~~~~~~~~~~~~ 
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BMLL ft-’kips Live—load moments for railroad 1oadin~ at
points corresponding to DIST values. The
moments for Cooper ’s E—l loading may be
entered with appropriate FLOAD and ALLFR
values , or 1 may be entered for FLOAD and
PLLLFR with the BMLL values entered as the
actual moments to be applied to the sec-
tion . The program computes the live—load
moments for highway loading for each DIST
value using the given FLOAD and ALLFR
values.

Line N.~~ 7 — Composite Sections OnlI

LN -- Line number .

WCS in. Width of the composite deck slab.

TCS in. Thickness of the composite deck slab.

XNCS in. Ratio of the modulus of elasticity of the
composite deck slab to the modulus of
elasticity of the precast member.

Line No. 8 — Any Section with the Number and Location of
Prestress Strands Included as Input

LN -— Line number.

— — A number to identify the case.

STRNS —- Number of prestressing strands.

YM in. Distance from the bottom of the beam to the
centroid of the prestressing strands at
midspan .

YE in. Distance from the bottom of the beam to the
centroid of the prestressing strands at
the end of the beam.

Description of Output

3. The output is generally self—explanatory. However, a few

abbreviations or symbols are used. Those output symbols not described

in the previous section on input data are defined as follows :

E8
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Symbol Unit Description

SB in.3 Bottom section modulus.

ST in.3 Top section modulus.

ACMP sq in. Area of the composite section.

CMPI in.4 Moment of inertia of the composite section.

YTC in. Distance from the neutral axis of the composite
section to top of precast section.

YBC in. Distance from the neutral axis of the composite
section to bottom of precast section.

YTSC in. Distance from the neutral axis of the composite
section to top of composite slab.

STC in.3 Composite section modulus at top of precast section.

SBC in.3 Composite section modulus at bottom of precast
section.

STSC in.3 Composite section modulus at top of composite slab.

QTSC in.3 First moment of composite slab about composite
neutral axis (QTSC = A XY ).slab c

LL + I -- Live—load plus impact.

DL + LL + I —— Dead—load plus live—load plus impact.

ULT —— Ultimate.

E9 

__s_____ ___~
&__ —- - . - - - - -.-- — -

~~ 
-
~~~

%-—-- .---
~
-- - -



Table El

Approximate Values for fl.ilN and E~ R

2
1 Approximate Approximate

Approximate Approximate Strand Value of
Section Value for Elastic Short— Relaxation FSR

Number in Type of ~ 4IN ening Loss Loss ~ 148 ~~ ~ ~ 
(1 + 2 )

Figure El Section in. percent percent — 100
1 Composite spread box 2.0 5.0 2.5 0.925

2 Composite box 2.0 5.0 2.5 0.925

3 Composite AASHO—PCI
standard sections

Type I 30—ft span 2.0 6.0 2.5 0.915
Type I 45—ft span 3.0 9.5 2.5 0.88

Type II 40—ft span 2.5 6.0 2.5 0.915
Type II 60— ft span 3.5 9.5 2.5 0.88

Typ e III 55—ft span 3.5 6.0 2.5 0.915
Type III 80—ft span 4.0 9.5 2.5 0.88

Type IV TO—ft span 3.5 6.0 2.5 C.915
Type IV 100—ft span 14.~ 9.5 2.5 0.88

14 Type V 90—ft span 4.5 7.0 2.5 0.905
Type V 120—ft span 5.0 9.5 2 .5 0.88
Type VI 110—ft span 5.0 7.0 2.5 0.905
Type VI 1140—ft span 5.5 9.5 2.5 0.88

5 Composite tee
40—ft span 14.5
50—ft span 5.0 7.0 2.5 0.905
60—ft span 6.0

6 Channel
20—ft span 3.0
30—ft span 14.0 7.0 2.5 0.905
40—ft span 5.0

7 Solid slab 2.0 14.0 2.5 0.935

8 Voided slab 2.0 14.5 2.5 0.93

9 Single box 2.0 5.0 2.5 0.925

10 Double box 2.0 5.0 2.5 0.925

El 0
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Fortran Listing

It . A listing of the computer program is given below.

10 C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
POC .
30C • A~ A Ly 5 !5 AN t ) flE 5I~~N O~ S I ’1PLE_S PA~ PREC A Sr_ PR

~ s,
pE SsE0

40C * 4
50C HIGHWAY O’~ ~A jL w AY d~~IQ~ E~ •
60C .
70 C , * ~ . ~ * * *• * * 0 4 * 4*  * * * 0 * * *4 *4  * * * ~~* ~ * 4 * * *4 . 1 . 4 4*4 4 0* 0  0 4 * • * .~~ 4. 4*4 *

80C
90C
iOO C •.0*w R! y r E N  ~3 y CLIFFOR ~I t~ FRPvERM~ p4,PCA
h O C  •.*.~ DAP TED rop USE ir~ •.~ 0Rr~i.. PROGRAM L IB RA R Y
t 2O C Jf’~DER G-S35 TIMESHAR ING 5YSTEM .~JOVE MdE R130C 1.976 BY ‘~OY CA MPAELL ,’WESJCL,vI Ci<S9UR~ ,MS
i4OC •.*.~lO0IFIE D NOV 1976 ~Y ROY CAM PBELL .WE~~ CL.
isoC VICKSBuR (~,MS
160 C
170 C
i8OC F~ R HA RD COP Y DOC UMEN T A T ION 00N 1*C i#
t 90C ~N~~INE~ R COMPUT ER P~~1GR A~4S L IB RA ~ Y (FtS 542—258I~
20 0C U~ S. AR4I Y 

~NGI N~ EH .~A T~~ WA YS E X P
~
R IM ENT SIA Y I0~J

210C CORP 5 OF EN
~~
INEE

~~220C P . 0. HO X 631
230C V 1C~(SBi1R~~,MS 391.80
24 0C
‘SOC
260C Fop AOD! 1 IONA L I NFO HA T I~)N O~ A~ t51 A~4CE I N 

~~~~~27 0C Tu~ S O~~~ M ROY C~ MP~~ Lh. t~~Ts 542-~ 266)
2BOC ~SA EWES ,vIG KS8URG,HS
29 0C ~OHC~ ETE LAB ,SIRUCTURES BR
300C
310C
320C
330 C H AR AC T I~R t TI_E*7 2~~. 1~ 1.
340 C~ MM0N ~IS~~(4) ,dM LL ?~~t. 8MO LT (4 ).RMDLF (4 ) ,FTBWT(4 ).
350* r R ~ T (4 )1 rTsoLc 4 ).rcI s 5L c 4~~.rTcn Lc 4~~.rBcoL ( 4 ),
360*
370*
380* CONL L (6).M (4 ,.rTP1 (4 ).FM p T (4 ,;F1Tc4)~~Ftn( 4,.
390* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
400* DV 2 .T 2 .SP A C E C 2 , ~~U 2 YEs C 4 . BM C D L 4 ,
41~~~ 

L (4),T IT L~~,IDC .ST RNS ,YM.Y~~~I0RO)(,IDL0 .I COMP .
420* IDS EC. IOT PT .FLO AD .SPA N~ SDL . CrILI A LLFR F!MPPFI.L I I~~~ ,

430R ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
440* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
450* BOX I,S 8 ,ST ,0 ,ACMP ,C MPI, YTC, YBc , YTSC ,STC ,SBC .S!SC ,
460* OTSC, TDP ST .FCPC.FT EHT .TTFIR.F NPS ,F V , A V ,NSEC. WCS .TCS.
470* XN CS ,AB OX .PSL S 2 .NF TW L .L INP S ,Uu ,UMD ,SIHM N,Y SE ,A VJ ,
480* VRLL ,DFLG,E M!N ,ESR
490 C HARACTER FILN.~h F I L N A M 4 lI
50 0 LC 4X
510 GO TO 2
52 0 200 CALL OE TAC H O2 ..)

(Continued)
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Fortran Listing (Continued)

53~ 2u1 P R I N T . ’ IS JOB CUMPL~~T !D? ‘ OR N”
543 REAO (5 .99.?7 ST~1550 IF (ST O.~~Q .”Y”) U G TO ~~~~
560 IV (S 7o .t0 . ”N ”) o TO )
57 0 P~~!NT. ”.* ..*CORWECT R~ SP O~l Ck IS V FOR y~ S CR N FOR 4~~*****”
580 C.~ TO 2o1
590 2 C A LL MA ~(EFI L
600 CA LL SRI
610 CALL S N 2
620 CA LL SH2&
630 CA LL SR3
640 IV(N E TR L )3, s. 7
65~ ~ CA L L SR 4A
660 CA LL SRSA C (J MR .UHP)
670 IF( N E TR L ) 20.200.200
680 2~ N Frff L 1
690 I~~C = 1
700 1
710 C A LL SR 4
720 CA LL SR S (UMR.UM P
73 0 C A LL SR 6
740 CA LL SR 7
7,0 ~o V o 200
760 7 ~O ~0 T 1.NET RL
770 REAb (O2 . 9999)LN ,IDC ,,~T RN3, YM ,YE
?80 21 CA LL 8R4
790 CA LL BR5 (UM R ,UMP )
$00 CALL •R6
$10 CALL ~R7
820 10 CONTINUE
830 GO ¶0 200
840 9997 FORM A T( A 1)
850 •999 FOR MA T( v)
860 •998 STOP
870 END
880 S B~ O TINE SRi
890 C~ A~ A~ TPR TITLE*72
900 COM M ON DIS T (4) .BMLL (4k . BMO LT( 4 I ,AM OL F (4 ) ,FTBW T(4
910* FB8Nfl 4 FTSDL (4),F9S~LI 4~~,FT~ DL (4).FUCDL( 4 ),
920* F ScoL (4),rS cLL ( 4).r TL t.~(4)~~r~ LL (4),r TT0T( 4).
930* FeT o T c 4 )D y c 4 ) . V LL~ 2),~~srOTc 4);A (5 ), yA (s),aIoc5 , .
940* CON LL ( 8 M (4),F T P Il 4 ) ’Ft 3pT (4~~;F1 T (4), F1N(4) ,
950* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
96 0* flV (2 ),TG( ,).SPACE t ,),VU (~,I ,YEs (4),BM CDL( 4),
970* L~ 4i. T ITL~~.IDC ,ST RRS ,~~M .V!,L D pO X ,IDLD ,!cO M P.
980* ID SEC . IO T PT .FLOAD. e PA P4.ç flL . COL . ALL F • FIMP, FLL,iqB ,
990* uN ,TTs ,rB 3.tsw .TMw .oH :DELia,DSE cT ,as~ cT .sE cT1 ;vT ,
1000* VB WTS .BR.?)ILOC,DIAP H,MDIIT .As,FS U LT .RS.R;FCULT,FCI.
toi o* ROXI.SR.ST .0.ACM P .CMPI,YTC .YRC,YTSC ,STC,S8C.ST$C.
toaos QTSC .IOPST .FCPC ,FTENT .FTPNH,FNPS .FV .AV .NSEC .WCS .TC S ,
tO3o *

VRLL. DFLG, FM IN.

( Continued)
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Fortran Listing (Continued)

1.050 READ C O 2 ,S O I TI TLE
j060 TD8OX=0
1070 IC OMPSD
1080 READ (02.9999)LN.I DLD.I JSBC,I OTPT.I UPST .FLCA D;
10901 SPAN. SOL.CDL .ALLFR.FIM ~~.~~LL1100 !F~~IDSEC.EU. 9 IDROX..j

0 1F~~IDSEC .EQ . O)IOBOX*
IFtIDS~ C .LF.~~~IC OMPs1~~0113n .3 IF~~IDB 0X- 1 20.10.1O

ij 4~ jO READ (O2,~)999)LM,wB,Dp. TT5.T8S.T SW , TMW ,DH;CELYA
1150 00 TO 30
j j 6 Q 20 READ (02 .9999)LH,DSECr .AS PCT,SECTI ,YT.V8.WTS,TTS .88
~~7O 30 READ I D2.9999)LN,DILOF~,OI4P H,HDPT,AS ,FSULT ,RS P.EMIN ,ESR
118o READ (02.9999)LN.FC uLT.r cr.FcPcOF TENT.FTENB .,NPB.FV .A V
1190 READ(o2.9999)LN,NsEc:IET4L .cnIsr (I ) ,BMLL CI),i:1;NS€c)1.200 !F~~ICoMP —l00)22.2t,.~21210 21 READ (O2.9999 )LN.WCS ,TCS ,*N CS
1.220 22 RETURN
1230 50 FO~ M AT(A12)
1240 9999 FO R M A T ( V )
t25o FND
1260 SU 9RO1J T IJ~ SR2
1270 CHARAC TER T I TLE 72
1280 COMMON DIST (4) .BMLL (4 IBMDLT (4).BMDLF (4)P FT8WT (A ).

FBBWT( 4).FTSDL C4).F13 *DL (4),FT C D L (4).FBCDL (A)
i30o* FSCDL( 4).FSCLLC4 ,FTL~L (4Y,FBLL (4).FTTOT(4),
13101 rsTor(4).v(4),vI~~c2):rsT~ Tc4,,A c* ).yA~ ,,TeIQ~ 5,;
1.3204
13304

V I TG C~~ SP A CE 
~~ 

‘VU(~,) YFS (4) BMCD i. ( 4 )
t~ ’S04 L (43 .T1TL~~,1flC ,STRNS .yM ,9E,IT,8OX.!DL~),TCOMp ,
1360* IOS EC. 1OTPT.rLO AD.S~

A M.SDL.CDL,ALLrR .rI MP .FLL .w8,
1370-1 DR TT SIT RS.TSW .TM W .D~II

DEL TA ,nSECT .ASEC T.SEC T~~.YT,13804 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i3~ 0* ~OX1.SB,ST,Q .ACMP.CMP1.YTC ,YRC,YTSC ,S?C,SPC .ST~ C,
1400* OTSC .IDPST .FCP C,FTENr .FTRNb,FNPS,FV .AV ,N S E C~~ C~~.TCS ,

XNCS .ABO X .PSLS2,NETRI~.L!F1ES, I,M,UMO,STRMN ,YSE ;AVJ,
i420& VRLL .DFLG.FMIN .ESR
1430 IF~~1flBOX—I)2o ,5.5
4440 5 A B O X 0 .0
1450 4Y8OX 0.0
1460 H0X 1 = 0.0
1470 A~ j> ~ WR*12.*TTS
1480 YA~ 1) UBa12.—TTS,2.
I~~90 ~IO( i) AC 1).CT1S)*~ 2/I.8~1500 Y A

~
2 ) z T R S / 2 .

15 10 Y ( 2 )  T’~S~ 2•t 520 A ( 2 )  =
15 30 ~ I O ( 2 )  ~ 1 (2 ) .  7B q 4*7/ 12.~1540 fl z 08.12. — T T S — ~9S
1 550 1( 3 )  x (~~. *TS w • TMI 4f * D
i560

(Continued)

E13 



— - - —r~ 
-
~~~ 

- -

Fortran Listing (Continued)

‘10(3) = A ( 3 ) . I J . D /j .2.
1380 YA ~ 4) V A (3 )
j59~ 4(4) = 2 • •DH~ DR
1600 !F~~ID8 OX —2 12.1.2
t6 10 1 4 ( 4 ) 2.*A (4 1
162 0 2 D IO (4 = A 4)*(DH)..21j8. • A ( 4)* (D /2.— D k 13.)..2
1130 A( s ):WR *6..DEL TA
1640 YA ~ 5) D B *12,.flEL TA/3~1650 RIQ (5):A(5)*D~ L 14*.2,16.
1660 00 3 1.1.5
1.670 AB OX = At3OX AC ! 1
j68~ 

AYB 0X AY~ Ox 4 4 (j) *yA (j)

~69~ 
3 #30 X 1 • BOX! + 810(4)

~70O YB AY BOX /ABOX
jib V 1 = DB*t2 . — ~B ,DEL ,A
1720 00 4 1 z 1,5
1730 4 RQx~ • B OX I •A (!)*CV ~ — V A 4I))4*2

SB • B OX I ,Y8
t7cO ST .  BOXI /YT
1750 A~ ~17704 •( DB ’j 2 . — 11 g —y B ) . ø 2 / ! . + A 4 5 ) . ( y A (~~) — y 8 )
1780 W T S z~ B•l2.
t790 ASECT 180X• 
1800 SECTI ROX !
1810 OSECT = 3B .12~
i820 88 ‘..TSW. 1MW
1830 W R t T E
i840 W R ITE (6.49)~4fl.D~~, T T S , TB S
j 85~ WRI T E  (6,5o)TSW ,TM W .nH ,t)ELTA
j 860 WRITE 

~~~~~~1870 WR IT E (6.5t )~ BOX!Y b .YT
1880 W p I T E
1890 48 FORMAT ~ jx. A72//)
1900 49 FOR M AT (”ROX WIDTH •
1910 8 “ROx DEPT H =
1920 4 “TOP SLAB =
1930 4 “SOTT OM SLAU =
t940 50 FO~ MA 1(~~SIDE WALL ~,F7 ..3.alN .,/
j95 “CEN . WALL =
19 8 2 “FILLET “.F7 3.”IN” ./
t930 4 “0~ LTA
1.980 51 FOR M A T(aS~ CT I O N  PR OPE R T !8 S “ .1
1990 4 “AREA • “.F11.2.s’SQdN” ,/
2 0 0 0  4 ~Y T ~.Fi1 .2t, ,tN s ,,
2010 “YB = “.Fi1 .2 ,”IN” )
2020  52 F O~ M A 1 c ”! • “.Fl1 .2,”IN ..4 ”7/
2030 4 “SB “.Fj1.2, ”IN* *3” i/
2040 4 

~~~~~~ 
= “ Fjj.2 .”IN’*3” 7/

2050 4 “0 =
2060 ~3 FORMAT (IH I)
2070 RE TUR N
2080 20 SB $ SECT!1VB

( Cont inued)
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Fortran Listing (Continued)

2O~ O “.1 SFCTI /Y T
2100 IFCICOMP ..100)3 5040,40
2110 ~5 Wp 1TEu,48)TITLE
212 0 .

~R1T F ( e,s8)ASECT .SECTI,YT ,YB;WT5.5B ,SB ,ST
2130 RE TU R N
2141) 40 ASLA P r TCS*W CS*X NCS
2150 y~ LAB • V I , 1C~ /2.
2160 RYOS ASLA R *t~ S*.21i2.
2170 ACMP = A SECT + ASLA l
2181) A YCM P = A SLA P4YSLA d
2190 YBARC = AYCMP /ACMP
2200 CMPI = SECT! 4ASLAB oYS LAB 0.? + dIOS .ACMP .YRARC .*2
2210 VT C VT —V~ AR
222 0 yBC = yR +y~~A~2230 Y1~ C = Y1C •
2240 STC = CM PI/y1 C
2250 SBC = CMPI/VBC
2260 STSC C M P I ,’VTSC
22~ O QTSC = ASLA B * YTSC T~ S’2:2280 WRI TF(6.48)TITLE
2290 WR 11E(6.58)A $ECT,SEC~~I.Y1, YB,WTS,B8.SB .ST2300 W RITE (A , 59 )WCS ,TCSIXNCS
231.’) WRITE (6.~55)ACMP,CMP 1
2320 WR1TE (6,56)VTC.yRC,VT SC
2330 uR1T~~ 6.57 STC.SBC.S~ SC ,OT SC
2340 ~5 FORMAT (,,ACHP 

= 
,,.F12.3.~~IN’*2,,,/

23~ 0 4 “C MPI =
2360 ~6 

FORM AT(”YTc
2370 8 “VB c = “.F12.3,”IN” ,/
2381) 8 “y15C “.Fi2.3.”IN” )
2390 57 F O~ MAT (”ST? = “, F i 2 . 3 . n I N ° * 3 f l 7 /
2400 4 ‘SBC “.F,,2.3.”IN**3 ”?,
2410 8 “3ISC =
2420 4 “QTSC =
24 3 0 ~8 FO~ MA T (’IA qFC T =
24 40 4 ~sFCTI =
2450 4 nYT • ,,.F12.3.nIN ” ,,
2460 4 “TB •
24~ 0 4 “.415 •
2480 4 “OR =
490 8 “‘38 = “ ,F1,2 . 3 . ” I N * *3 ” 7/
2500 8 .‘ST ...Fl2.3...1P4*.3.t~
2510 59 FORMAT (” .4CS r “,F12.3.~’1N” ./
2520 4 “TCS =
200 4 “XNCS = “.Fi2 .31 ”IN” ,///)
2q40 RE TU RN
2550 FND
2560 5

~~~
0 ~I’JE SR2A

2570 CHARA ~ TER TITLE .72
73 80 COMMON OIST(4).BP4LL(4).BMDLT~ 4) .BMDLFCA)’ FTBWT (4).
,5908 rBRw’r(4 ),FTSDL (4).FR SOL(a).F’rCDLc 4),FRCDL (4),
~600I FSCDL (4).FSCLL (4).FTL’L(4hrBLL (4).FTTOT (4).

(Continued)
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Fortran Listing (Continued)

26104 rBtoT (4).Y (4).vL L~~2):r3rlT (4’),A (s).yA (s,;6Io e5).
2620 4 CoNLL (8),M(4),vTP1(4,,FB~~1c47. F 1T( 4),rlB(4),
?6J~~ 

F~~T( 4,,F,B c 4 , F3TC4~~ FJ86 4 , YP (1 7),XLC 1 7),VDL (2),
26404 ‘)~~ 2),TG (2).SPACE (2).VU (2).YFS(~~),8MCflLC4 ).
26504 L (’).1h1 1 E .IDC.S TRrJS.’YM , !E.InBoX,!D L D ,IC o~ PD
2660.t IDSEC, IOTPT .FLOAD .Si~AN , SQL .CDL, AL LFR .FI M~~,FLL,WB ,
26 704 DR.TTS.T RS .TSW,TMW ID~~.DELTA,1)SECT.ASECT,SECT1,WT.
26 804 ve;-wTs .RR.I)!Loc .D!Ap~~,Mnr~T .As,rsuLr .Rs.p ;rcuLT,rc1.
26904 BOXI.S9.ST .Q,ACMP,CMPI.VTC ,YRC .VTSC ,STC,SBC .STSC.
270 04 OTSC.ID pSI .FCpC,FTENT, FTENB ,FNPS ,FV ,Av .NSEC,WCS ,Tcg ,
27tQ4 XNCS .AHOX,pSLS2,NETRL ,LIRES.~jM ,UMD .STRMN, YSE~ A V J ,
2 720 4  VRLL .DVLO.~~M I N.ESR
273~ IF~~!I3LO —~~0 >30 . i . 3o
274 0 1 WLLF :FLOA D—54 .
2750 IF~~W L LF)2 . 3 ,3
2760 2 C OWI I (1)~~2 .8
2770 CONtt (?) 57.72
2780 CONLL( 3~~ 4O.

CONLL (4~ =32.
2800 COWLL (5)=2 .8
281.0 oO~ LL (6) O .O
2820 CONI L (i):33,2
283 0
2840 00 TO 4
2850 3 CONLLU) 4.6667

~86~ 
CON LL( 2 )= 146.

2870 C O N L L ( 3 ) = 7 ? .
28 8 0
2 890 COEi~ L ( 5 ) 9 .333
2900 CONLL (6)=7.
2910 C O N L L C 7 ) = 1 2 7 . 3
2921) CONLL (B) 56.
2930 4 !Ftq PA N CONLL(2))5,6~ 6294 1) 5 ZM T1. — CONL L( 1 1/SPA N ,/2 .
2950 GO TO 7
2960 6 ZM.. .5
297 0 7 FL*FLO AO,CONLL(3 )
295 1)
2990 IF~ FIM P— .3)9,9,8
3001) 8 FIM p . 3
30 10 9 IF (F L O A D — 54.)60,61~~,610
3020 610 ~0 10 I • 1,NSEC
3030 Z ~ D IS T C fl
3 Q 4 Q — .0 12 ’ h 1’ 12
~o5’) It Z ; ZN
3060 i2 CB M1 = SPA N • L •(1.~ 2)
3070 IF~ SpA N — CON LL (P))1.3.L4

~ 143080 1 3 !F j.3333 — 2 ~ 41.46.44
3090 41. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j 7
3 100 42 TF ~ SP 4 N 2 4 . ) 4 A , 4 3 . 4 3
3110 44 RML = co,4LL (4)/2..SpA N/4:
312!) GO TO 10

( Continued)
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Fortran Listing (Continued)

3131) 43 0ML :(SPAN—7 .)/SPAN*3,. (3PAN ,,2.—3 .5)
3140 00 11) 10
315!) 46 Cr ~~Z~~S PAN •~~O N L L C 8 ) / i . S P A N ) t 5 . t S ,47
3160 47 IFtZ* sPA’4 +CONLL(8)/4. sIAN)49.48 ,48
3170 48 RML ~~1.

-. 7 >~~CUNLL (4,/2.4Z*SPAN
3180 ~O TO 10
3190 49 R M L ..(SPAN — (Z*SPAN , 7.)$/SPAM *CONLL (4)*Z*SPAN
3~ 00 GO TO 10
3210 i5 FZ •672 . a 7
3220 00 i° 16
3230 ~7 FZ = (1 .. 3~ * Z 1.112~
32~ o i~ 

RML = CONLL (3) • CdM f — P2
32~~f) GO 70 lO
3260 j4 BM L = C . 3 2  • SPAN • ~~~~~ CBM1
3270 iO RMLL(I) • BML * FL . A L L FR .( 1.. FIMP • FLu
3280 1)0 TI) 200
32 90 60 00 90 C I , NSEC

3300 Z — PI.ST (I)
33j~3320 61 Z~ ZN
3330 62 08M1 • SPAN’Z.(i.—Z)
3340 1F~ SPAN CONLL C2)>63.64.64
3350 63 !Fe,3333—Z)71,76.76
3360 71 IF~ Z*SPA J • 14.— SPAM )85;72.-

~2
3370 72 RML • tONL LC4).SPAN/~~.
3380 00 70 90
3390 76 IF~ Z*SP4IJ 4 C0NL L (S)

~~2
.5P A N~~

S ,?7 ul
3400 ~7 RML = (1. 7)*C0NLLC4~ *Z*9pAN
3411) 00 TO 90
3420 85 FZ • It2.~ Z
3430 BML • COHLLC3 .CRMj F2

• J44 0 GO 70 90
3450 6~ ~ML :I~.32*SPAN • 1$,I*CBMI.
3461) 90 ‘~MLL (I) = RML .rL .ALL~~~.(r..rTNP •FLL)
3470 21)0 Z •
346~ ~O 20 1 1.2
3~ 9D V L * ( . 32 .SPAN.C1 . _ Z ) .~ 6 . ) 4 ( t . _~~)
35 00 !V~~SPA~rr.ONLL (8)1i$.19.t935j~ i8 tF~ i.—,—~ CONLL(8)/2.~~5PAM))2l,19&19
352 0 21 FO~ CO N LL ( 6 > / SPAN
353~ 

V K O * C O W L L ( 4 )
35g 0 (‘.0 TO 22
33 0 j 9 FO*CONLL (S)/SPAN
3560 vK0000N LL 3)
337Q 22 V T R X $VX O* 1. — Z — FO )
358 0 tV ~~V L — V TRK 2 3 ,2 4 ,24• 
~59’) p3 V L L ( I ) $ V T R K

• 36 Q0 G O TO 25
3610 p4 VLL (I).VL
3620 p5 p ! N P $ 5 0 . / ( S P A N * C 1 . .Z4 .12 5 . )
3630 IF(F !M P- . 3 )2 7 ,2 7 .2 6
364~ p6 F ! 14P ,3

( Continued)
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Fortran Listing (Continued)

3650 2~ ILL (!) VLL( I)4FL *ALLFR *lf, .FJ MP,FLL)
3660 70 Z~~ 3333
367 0 FIMP 5o.,(SPAN.j25~~)

~A8~ 
! F C F I MP ~~3)3flU ,3OU ,SOt

3690 3~ 1 r~ MP = .3
3700 31)0 VRU LL C..32OSpA N •
3710 IFIWLLF)91. 94. 94
372~ 91 IF~ SPAN— CONLL(8),’2.~~92,?~~.9i
3730 92 V R T LL C ONLL 4I.FL. ALLrR* (1..r!Plp •FLL)
3740 r 0  To 99
3750 93 VRT~~ CO? ~~L 4 I ~
3761) V RiL(~ V R TLL*FL .ALL FR*~ 1..+r!MP.FLL)
377~ GO TO 99
37~ 0 94 !F~ SPA~ —CONLL (8)/2.195.95.9f5

~790 95 !F~ SPAN— C flNLL C5 )/g,~~96,J 6.9~380n 96 VRT LL • CONLL (4>/2..rL.4LLFR.(1. FIMP FLL’
3810 (10 ~ô3820 97 VRTLL = CONLL 14)/4.• (1.~~~CONLL (8)/4./SPAN ))*32.)
383~ VRTLL $ vRTLL*FL.ALL~rR.;1..rIMp.rLL)
3540 ~30 TO 99
3650 98 VRTLL ( CONLL (4)/2. ,(t.~~(CQ~,LL(~~)/4./SPA~~))’32. •(1.— CONLL (8 /2.
38603 /SPAN >1 .5.~~.FLeA LL~ R~~(1 .4FINP.FLL ,

~~~~ 
ç9 1V~ VRU LL_V C~TLL IOO.l))G .l~ l

3880 ~‘)0 V RLL = Vt1TLL
3890 !F~~IOTPT)30,102,IO23900 101 VRLL = V R U LL
3910 I FC !OTPT)3 0.j02. 102
3920 1n2 

~
R I T F (6.~.O’ )RMLL

~ 1)I JLL (t).VLL (2)$V RLL
3930 105 F0RM AT (~~MA X LL •I MI!M~~J T = 

,,.r8.i,,,FT KIPS0 1~
394~ & “LL 4 I SHEAR A~ PT
3940 4 “LL.I SHEAR At 1/3 PT c”.FR.1,”KIPS” ,/
395~ & “ L.L~~I R EA CT IOI~391)) 30 RETUR N
398))
3990 SUBR OUTINE SR3
4000 CH ARA CTER TITLE .72
4010 COMMON DTST (4) .BMLL (4),BMDLT(4) ,BNDLFC4 )TFTBWT(4),
40204 PR9WT (A ),FTSDL (A~J .VB 3flL (4),FTCDL (4),FR CDL (4),
40303 FSCDL (4).FSCLL (4).FTl~L (4I ,FBLL (

4).FTI1)T (4).
40404 rBToT(4).Yc4).vLLC2,.rsTor (4,,A c s).YA (s)T8!o(5).
40S04 CONLL( 8),M(4),rTPI (4t,FB~~I (41,F 1T (4).F18(4).

• 40604 r2Tc 4).r28c 4,,r31 (4).r3844),xp(17).xL (t1).VDL (2).
40104 Ov~,,TG 2 ,sPACEc 2).’vJ(~~).vF54 .BMCD L(4).
40804 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
40908 IDSEC . ~~~~~~~~~~~~~~~~~~~~~~~~~ .A LF~~

V I NP J~ L~~
WR ,

41004 DP TTS.THS.TSW. TMW,DH. DELTA.0 SECT~~ S~ CT1SFCTT .,T.
411()~ V8 WTS.RH ,D!LOC .DIAP -1. HD)hT,A5,FSULI .MS.RT FCULT .FCI .
41204 8OX1.S8.ST.0.ACM P .LM~~I ,yTC,YRC,yTSC ,STc,S8C,ST~ C.
4j3~~ 0TSC,1flPST.FCPC.FTkNT , Fr!~NH.FWPS,rV .AV .NSEC,WC8 ,T C S ,
41404 XNCS .A H0X ,PSLS2,NE7PL~,L1NES ,(IMaUM3,STRMN .VSE,A V J ,
41504 VRLL,DFLG ,EM IN ,ESR
4160 • i . i( D ILOC •2 .)

(Continued)
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Fortran Listing (Continued) -

•

41~~ 
HDTA DI APH4(j.,DILOC — 1 .1 ,2.

4181) 00 10 I 1 .hLSEC
4190 X = DIST (I) SP4N
4200 ~MDL T (I) X*R DIA
4210 00 10 J 1 . N
4220 XN = j
4 2 30 XD • XN*D !LOC ‘SPAN

~241) IFt X— X O 1 .2,2
425 0 1. ~M Q . O
4260 1)

~ 
To 1.0

427 1) 2 HM;DIAPH.(~~
_
x Ifl

4 28 1) jO HMDL T(I ,:B M D LT !)—HM
42~o !FflCOM P iOü )ii ’~~O’1 i
43 00 11 fl0~~ 0 I 1INSEC
4310 X fl!ST (I).SP4N
4320 X SPAN/2 .*X—X 4X /2.
433 1) RMDL 1 (1) RMD LT (T)+ 

~
eA SBC T* .1S/144

434fl  20 O M D LF 1) SDL.~!
‘3~ o 21. IF~~l D L~ — 10 >419 40:41
436 0 4 0 00 TO 42
437 1) 41 0 43 I • 1 1N S E
4 380 43 

~MLL ( I) 8M t i  (~~3.rL’)AD.~ LL rR.(1..FIMP,FLL >
439 0 42 00 44 1 =1.~~~EC
4400 4 5 F T B W T ( ! )  — BM DLTII )/~ T•12.
44 0 46 rBBWT (1) :—B MDLTcI)/~ Bø
44 30 4 7 FTSDLU) =
4430 48 FBSDL (!) =—B MDL Fc I /8R~ 1~~.4 44 0 49 FILL! 1) = RMLL (I)/ST.12 .
445 1) 53 PBLL C I >  *—RMLL (I) /sB~ 12 :446 0  54 FTTOT (1 ) = FT~ WT(1~~4)~TS DL(I),F TLL (1)
4410 44 ~BT0T (1) = FB~ WT(I)~~~BSDL (I)+F 8LLC1 )
4480 IFUO TPT)156,55.55
4490  156 RETURN
4 500 ~5 W R I T E ( 6 , l S ü )
45j0 ~~~ 

FORP1ATC” ~TRESSES IN :XTRRME rulERS DUE To EXTE4NAL L0AOS —
4 5204 KIPS PE~ S O. IN. ”)
4530 IRITE (6.273)(I.1 1,NSEC )
4540 WRITE (6,?74)(DIST (7 ).I 11NSE(’)
45~ 0 ~R1YF 6.276> TB w TCIP ,1=i , NSEc
4560 WRITE (é.277)C F H B W T (I t I t N S r C )
4 570 W PtT E(6,278)(FTSDL (1 ,I1.N S FC )
4 5 8Q 

~‘R
!TE(61277)(FbS0L (It.~~~t.NSFC)4 590 .

~R1TE ( 6. 2 6 2 ) ( F T L L ( 1 ) . I E 1 ? N S E r )
YE (6 .~~77)  (FBLI I I

4610 W RIT E( A . 284 ) ( F T T O T ( I i ,II2 ,N5 EC)
46 20
4630 273 F O R M A T ( ” N S F C  4” .13X.Ii .J ( 9 X . 1 j I )
4 6 40 274 FORMAT(,,L,!ST ~...1OX.r5 ,3,~~Ln,3 (4x,F5 .3..,L.,))

~~~~ ~76 ~ORMA T ”8 EAM W I TOP
4660 277 c’O RM 4 T ”  80 T ?OM — “ . X . F l .3, .3

~ 3 X , F 7 . 3 ) )
4670 278 FO~ NA T(”SDL TOP ~“.8X , F7.3.3 (3X,F 7.3I)
4680 282 F0RMA 1~ ”LL TOP ~“.8x.F 7.3.3(3x.F 7.3))

(Continued)
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Fortran Listing (Continued)

4691) 28~ V ORM AT (”TOT A L TOP 4•’.Bx , F7,3 .3 (3xaFl .3j)
4700 LII4ES • 19 + NSEC
4110 RETU R N
4720 70 ~O 80 a 1,NSEC
4730 ~=DIST~ I )*SPAN
4740 X _SP AN,2..y — X’X/2,
4750 R MDLT(! ) = BMDLT (I)~ X’A~ ECT..j5/1.44.
*760 ~MDL F (I) = SDL.X
4770 80 RMCDL (i) = CIDL.X
4780 I FC I DL U —10)82,81,82

— 479~ 81. (10 II) 84
48Q0 ~2 ~O 83 I l,NSEç
4810 53 3M LL C I ) • RMLL (1).FL)~AD.4LLFR.(1..FIMp.FLL.)4820 ~4 ~o 85 1 • 1INSEC
4530 FTBWT (I)t R PI DL T (I)/ST•12
4840 FBBW (1 1 )z—RMDL1~~1 ),SN.12:
4850 rTSD L (ua BMDLF(I )~~$~~ 12.FBSD L( I ):—BMDLF ( I )/Sf~~12:4elo pT~ flLC !)’ 8MrnL (1)/ST~~ i2.4680 FB CD L (I= —BR~ DL (1)/~~ C.t2.
4890 FSCDL ,1> 8M CD L 1 1 1/~ 1Scd12,
4900 FTLL( t ) 8MLL(t )/S~ C • 12.
4910 FALL ! I) • —BML L (I)I5~ C * 12.
4920 VSCLL (I); BMLL (I)/STSC 

~ 
12 .

4930 rTTOT (!) • FTBWTU ) *F1S~ I 1 • FTCDL (U • F~ L~~(1)
4940 FBTOT (1) £ FBRWT (1) *F8SDC~~I j + FBCDE (I ) • FB~ L (!,
495Q 85 FSY0T~~I> = TSCDL I> ,FSCLL CIT

~96’) 
!F~~!OTPT)1l7, 178.1784970 1.78 4R 1T E (6.1.50)

498)) WR 1TE (6,373)(!.I 1IN!IEC )
4990 Wfl }TE(6.374)(D1St(!)’,j :1~ P)SEr)
50 00 WRTT F (4,376)(FT9WT(I),I f,NSFC)
5010 WRI7E(6,377)(F~ 9W7(1 ,, I:f.NSEC)5020 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5030 WR lTE( 6,377)(F8S0j C 1 ) . 1 f,NS)~C)50 40
5050 “RI IF (6,377)CFUCflL (I ,I=~~.l~SEC)

< 6 9 3~ 7 I C FILL! I ) :I=1,NsEC,
5070 W R IT E(6,377)(FB LL (1) II1INS EC )
5080 WR ITF (6.384) (FTTOT (I7,I=5 !,NSFC)
S09 0
5100 373 FORMAT (”NS FC ~“.j3X.Ij,3 (9X .I1))

~tjo 3~ 4 FORMA TC”DIS T “.1OX,F 5.3,”L” ,3(4X F5.3,~~L” ))3120 376 POPPIATt” BEAM WI TOP “.SX.F 7.3.3C3X.p ’.31)
S130 377 P0~ MA~~(” BO TTOM — “,8X,F7 .~

$,3C 3X,F7.3))
5140 378 PORMAt (”SOL TOP *~~p8x. F7,3 .3(3x,F7.3,>
5j5Q 38Q VORMA T(”CD L TOP

• 
~1~

0 3g2 FOR MA T(”LL TOP ~“,8x ,F7,3,3 (3X,r7.3I)
3170 384 FORM AT (”TOTA L TOP 

~“ ‘ 6 X . F 7 . 3 ’ 3 ( 3 K . F l . . 3 I )
5180 WR lIEd , 176)FsTOr (1)
5190 176 FO)~MAT (,,.,COMPOS1TE STR!SS IN SLAB ,,F 7 ,3 ’  ~C1PS PER SQ .IN.
5200i

(Continued)
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Fortran Listing (Continued)

30331 01 1)5—05—77 15.199

5210 171 RETURN
5220 E ND
5230 SUBROUTINE SR4
52~ o CH ARACTER TITLE .72
5250 CO MMON DIST<4 ),BMLL (4) .BNDLT44> ,BMDLF (4);FTBWT44.,,

r8owTc* > ,rTsr)L (A ).FB SDLC A , ,F T C D L C 4),rBcDL (4),527o& PSCDL (A)aFS~ LL (4’.FT)~L (4~~.F~ LL (4).FTTOyC 4).
52804 F8TOT (4).Y(4).VLL (2).FSTflT ( .A(~~),yAC5 ),BI O~ 5).
52904 CONLL (8l.M (4).FTPI (4j , FR

~~I (4i,F 1T(4),FjB t 4),5300 4 P2TC 4I.F28(4).F3T (4),F38)4),XP (1 7),XL (171,VDL (2),
5~~ OL flV~~~

),TGC 2),SPACE (2),VU (4).YFS (4),(.MCDL (4).
5~~ O8
53301 YD SEC, IO TpT.FL OAD,SP A N ,  ~DL.CDL, ALL Fp,FI p,p .Ft~L.w B ,
53404 DB,TTS.TBS,TSW .TMW .DIl, )JELTA,r,SECT ,ASECT,SECTL .vT,
53508 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
536~~ BQXI.SW ,5T,Q.A CMP,CMPI.YYC, YpC,VTSC ,5T C.SgC,ST8C,• 53~ 0& 

0TSC .IOPST. FCPC .FTENV .FT8NB,FNPS ,FV ,AV .NSEC ,~~C~~,TCS I
538Q~ X NC$.AE!0X,P5LS2,NETR[,L!1.IES,(JM.uM~~.STR piN. VSE;AVj,
53904 VRL L ,DFLG,FM I P9.ESR
5400 LINC • 18 + NSEC

10 LINES 6
~12ô PT = STRNS .AS.F5h1LT.8S.5~~5430 !F~~IDPST~ 2)1.2.35440 1 00 10 1 =1.NSEC
5450 jO Y ( t )  • VII
546~ X S = 0 . 6

GO T O 
~ -

5480 2 ~~~ = CSP A N/2.—HD PT)WSP A S
5490 X5 • .6

• 55P0 ~ü 
11 I 1 ,~~SEC

551’ )( z DIST~~I)—HP T552~ IflX)5.6.6
553 0 5 V (1) VII • (yM—yE).y/~4pY
5540 GO To i~.
5550 6 

~ ( I )  • Vii
5560 11 CONT IN UE
5570 0
5580 4 1.0
5585 j3 1:1.1

• 5590 F ~ Ph ASEd
56 00 •

• 561~ 
FTPI (j) • F — X/ST

• 5620 Fg~~I (I ) • F + X/S8
5630 F1TC I) = FTPI C I ) • ~ T3 W Y ( 7 )
5640 F1B (I) • FI3PIcI) • FB 9w111)
5650 r2T(1 , = FTPI(1 1.R/E~ R • F I PW T ( 1 1+ FT S D L( I
5660 F28(I • FHPI(1).R~ E~ R ~ 1BRWT(I~~~

FBSDL (I
567~ 

!F~~ICO MP — 100> 8°.85.h0
5680 80 FT CDLCI ):0.0
5690 FBCD L (I)~~O.05700 ~5 F3 1< 1 1 ; F2T~~!> •FTCDI’ < 1 1 •FTt..L(h )
51LO F3B(I)= F2A (I) •FBCDL’(I) •FBLL (I )
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Fortran Listing (Continued)

572~5730 IflFIB(I)— XS .VCI)20’.20 ,50 1
574~ 20 W L Z 2
575o t F~ F t T ( ! > 4 F1ENT >6 O2 . i 1 2~~27
5760 22 KL;3
5770 !r~ F11~~I)..O Q3.50RT~ fCI.f0 00 .,)6O3.77 ,77378~ 76 II~ j5790 ~7 KLS4
5800 !F

~
F3B < i ).FTENB )6O4,98.7$

58j~ 78 ~L 5
5820 IF (F3T < I)— .4.FCU LT)79.79,605
583~ 79 ~L~ 6

585~ t j3  Ip~~! .N E. iJ SEC ) 
~~ TO i3

9860 0~ To 32
987~ 6~ i.
SBSo ~O Ta 65058!~ 6 Q 2 WRITE(6.707)j,F1T(I)
ç900 GO TO £5 0
5910 6~ 3 W R I T E ( & . 7 0 3 ) I . F 1 T ( ! )
9920 W R IT E ( 6 . 2 5 5 )
593~ GO - TO 65n
5940 604 WRITF (6,7O4)I,F3p(~~)
595 0 (10 TO
596a 6~ 5 W R 1 T E ( 6 , 7 O 5 ) I . F 3 T C 1 )
~970 GO TO ~~~5980 606 WRITE (6,706)I,F38(I)

~o T~ 650
6000 650 IF~~Iflp5T—2)651.651,6~ 2
6010 651 00 TO (20,22,76,78,7b,1.34,KL

~~~ 
65~ 0O Y0 (

~~~O.122 ,1 76, 1.31. ,1t 9 ,12 ) , K L

6040 F I P~ /ASECT6050 ~S a .55
6060 K 0

• 6070 125 !;O
6075 j2 1.1.1

• 6040 4 < .9—01 S 1 11>> .2
6090 V (7) • VII • (V[—YM) .X’X
6100 XSPI.(VB— y (I ))
6110 VTPI (I CF—X/ST

• 6120• 6130 F1T (!)FTPI (I)+FTBWTfI )
614~ r l S c I ) . F R p I C I ) + r B e w T ( I )
615fl P2 1(1 I~~FT P l ( I  ).R.FTBWT(1 1.FTSDL(jI
6160 ~2B(!) • FBPt (I).R•F~ B

WTU’I+FB SDL(I)
6170 T F 1 ICO M P ’ 1 0 0 ) 9 0 .9 5 ,9 0
6140 90 P 1C D L ( I ) a O . O
6190 FBCDL < I) 0.Or 6200 95 F3T~~I> .r2T < I, •FTCDL~~I),PTLLtI)6210 ~3 B C I ) ,F 2 B ( I )  •FBCDL U).!B LL I)
622 0 KL A 1

[ 
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Fortran Listing (Continued)

6230 IF~ F 1BU)— x5•F C I 120~ 12ot 6&1
6240 IpO KL;2
6250 T F !F 1T~~1 ).FTEN 1 )6Q2,j22,T2~
626~ 1,2 KL:3
6270 TF c F I T 1 I ,•r).003 .SQRT (FC !41000))603 .177 .177
625~ 176 < 1.
6290 177 KL:4
6300 !F (F3B (I ).FTEN8 ,6o4.~~31.131
6310 131 IL ,5 -
6320 IF 1 F3T~~I ,— .4.FCULT>1.79.179.6fl5
6330 ip 9 KL:6
634Q !F~ F3R I>—n .4.VCuLT ,~~12 ,r12,is0 6
6350 1.12 1F~~Lw~~.NS~ C) GO TO ~2
6360 32 W RITE < 6 .249~
~37~ WR I T E (6.759)!DC ,STPNS .V M ,V E
6381) 2~ ~R ITE ( 6 ,251) (I.1a 1 ,N (1EC)
6390 W R I T E < 6.25 2) < DIST ~~!)

’. I 1 7 N SEC)
6400 wRITE (o,253)(FTPI (7)~~I:lyNSEC)
4410 wRITE (6,257 )(rapI(1)’.T:1~ NSEr)6420 WR IT E (6I254)(F1T~~I),~~~l,IISfC36430 WRITE (6,258)(F18(!l.Tal.NSECI
644fl 4RITE 1 6,261)< F2T < I).

11=1 .MSFC >
645~ . 4 R 1T F ( 6 . 2 5 9 ) ( F 2 8 ( I ) ,~~a1, 0S~~C~WR1TE 612ç6)r 3T’~t) ,~~=1 ,8s~ c~

- • 6470
6480 ~4 LINE S • LI NE5 • LINC
64 90 249 FORMAT ( 14  /~
‘5~~ 250 FORMA Ic 11.”CASE#’~,I2~,
651)1 8”NO O~ STRA NDS • “~~~

4 0,1OX”Y M ” ,F7 3,1OX ,0VB1 ” Fl 3,///// )
6520 251 FOPM A T C” IISFC — “.17x .1 13( 9x; 11))
6531) 252 FO~ M AT (”D IS I _

~~.t4X ~~’5 .3.*LN .3(4X ,F5 .3, L~~))
6540 253 FORMA T (..IN IT IAL PRESTRESS,,,/
655~ “ TOP—”8X ,!7.3 3(3X ,F7,.3))
454 6 ~~~ FORMAT!” BOTThM ”,~~X ,F7.3,3(3X ,F7.3))
6571) 2s4 FORMATC ”R EAM WI • “ ./
6580 4 “INI 1IAL PRE stRE s~

..,/
a5 9-j ToP— ,,SX ,P7.3;3 3~~.F7,3,)
66 00 25 8 ~OR MAT ( ”  8OTTbM ”,~~X . F7~ 3~ 3( 3 X ,F7 ,3 ) )
661.0 261 FORM A T(”BEA M WI • SDI “ ‘
6620 & “FI N A L PRESTR PSS”t/
6630 4 IOP~~.8X ,~~7.3,3~ 3X ,F7.3>)
664~ 25~ FOR MAT!” BO T IrM ”,AX ,F7.3 , 3 3X ,F7, 3 ) )

•0 256 FORM AT C” AL I LOADS •“ , /t t ~~O “FINA L PR8STRj~SS”?/
4670 1 “ ~~~~~~~~~~~~~~~~~~~~~~~~~
6680 26° FORMAT .. ROTTOM’..6X,F7.3.3(3X,F7.3 > ,/// 1
6690 ~~~ 

F0RPI A T ,.”..O..O VERSrP~ SS*.... ”.,
67 00 & “SECTION NUMBI..R” ,l1 ,/
6~ 10 

~~~~~ 
N NT • INjTI4L PRFSTRESS (”,r l.3.”h~~oTTnM ”,/

020 8 “~ x~ EEDs .P4.2.~~PcI” /)
030 7~ 2 PORM A TC/, ”.....OvERSVRE5S•...•”,/
674~ & “SEC T ION NU M B I IR “711./
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Fortran Listing (Continued)

67 51) g ‘~EEAM WT • SD) • INI T IAL PRESTRFSS (” ,F7.3..• ITOP” s/
676~ & “ EX r ;E FDS FT E NT ” ,/ )
6170 7~ i F O R M A I(/,”**.o*W A R (JING.***e ”; /
e76~ 4 “SE(~T ION N U;I8~ R~’. 

) 1~~/6790 8 “PEA TM WT • SDI • Fli- A L PRESTRE.SS(” ,F 7 . 3 ,~~)TOP” ,/
6800 “EXCEEDS 0.03 SQR1 IC I” ,,>
68 10 ~ti4 FORMA T ! / ,“.*~~,~ OVE HS’ r RES S~~....” ,/
6820 4 “SFCT ION NUMB LR ’ ,It./
4830 8 “A):L LOAD q + F INA L PRF ST RE SS(

U ,I? .3.~~
)B8 TT OM

~~
I/

6840 4 ~FX CEEDS rTENT. .~
,,

685n 7~~5 HDRMAT (/,” ***0VE US1R~ SS***.,’ ,/
686~ & “~ EC TI0N NUM 81R” .I l./
6871) 4 “A~ 0AI~S • rI~1A FRFSTR ESS(’ ,V7 .3.”)TOp ”,/
6880 & “E~ tE~ DS 0.4 ~C~JL~V ” ./5
459~ 7~ 6 ropMA1( ,.”~ •..*ovERsyREss~~~e,,”,,
A 9 00 & “ SE c T IO N NUMBI.P” ,Il ,/
6911) 4 “AL ) LOADS • FI’J AL PRFSTRESS (” ,F7 .3,”IBDTTO M” ./
69 21) “E x C EE DS 0. 4 FC 1 LT ’ ./ >
693~ 2~ 5 FORMAT (/ ,46H CHE C I< C?iNV E’~T I O N A L  T ENSILE REIN F . ~ T TOP S L A B . . / l
694 0 R ET URN
69 50 ~ND6961) SU R RO UT ,N E S R5 ( Up iR.U p~P )
6970 CHARAC T~ FI TITLE’72
6980 COMMON DIST (4),BMLL(4) .RMDLT(4) ,bMU L FC4h FT BW T *4 )
4991)4 FBAW TC 4),rTsDL (4),rBsoL (4 ,.FTcCL (4),FBcpLc 4);
70004 VSCDL(4).FSCLL (4),FTLL (4).FBLL (4).FTTO T (4).
701.04 FBToTc4),Vc 4).v 1 1 c2, ;rsTOTc 4).A c s). V A c5 )v BI O~ 5,.102 0& C0N L L (8),M (4).FTPJ( 4~~.FRPI (4,,F1.T (4),F 1b (4),
10304 F2T(4).F2B (4),F3T(4).F3~~)4),Xp( l7),XL (,7j,VDL (~~),
70 40a DV ,IG 2 ,S PACE (,)~~vU(,),VES 4),BMCD~~(4),1050* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7060* !DSEC. IOTPT.F L O AD,SPAN .SD L ‘ ( ‘0L ,ALL FR,F I M P.FLL ‘~~~~~~ ‘
1070~< 0B TTS . TE.S.TSW .TMWI D 4 ,3ELTA ,0SECT ,~~SEC T .SECTT, ,T ,
70808 VB,WTS .8R.flI LOC ,flIAP) ,~~D~ T .A ~~.FSI)L 1 .RS. R; FCUL T ,FCI.

~0XI, SN , ST . 0. A ( ’MP , CM~~1. V Y C .  Y~ C, V T S C . SIC, SEC. STSC .
71004 ~TSC .I T3PSI .FCP C,,FTEN !,FTENh ,VNPS .FV ,AV ,N~~ C, WCS ,7CS ,
71.108 XNCS .A)IOX .PSLS2.NETRL,LIIIFS,IJM ,UMO,STRP4 N .ISE,&VJ,
71201 VRL L .DFLG .EM IN ,E SR
7130 ¶TS.TTS .CELTA/2.

• 7140 IF~~IDLtI — 1 0 >2 .1,2
7150 1 JM0 = 1.5
7160 

~ML 
: 2.5

7170 
~~ T~ ~

7181) 2 TF (IO L D —70 )21, 3 ,~~1
7190 21 ~JRI7E < 6 .50>
7200 STOP
7210 3 UML • 2.3
722(1 IF ~ SPA N—10o.) 6 ,6 .4

~23~ 4 )MD •
7241) 00 T O S
7250 6 UMO • 2 .  — .004•SPAN
7260 5 ~MR = 1> MD. (BMUL 1(t +PMJ L!)1. ) o  L.BML~ C l )
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Fortran Listing (Continued)

727~ IFUCO MP— 100)311 . 3oo~ 3017280 3~ 0 UIIR=UMH+UMI,.APICD L (1)
7290 3 1  AS T ASeSTRNS
7300 IFUCOMP— jo0 )3u ,60,61
73~ 0 30 ITS ITS • DELTA / 2..
7320 = OSECT —V (~. ) • DELT A~

2.
7330 P AST/WTS/D
734o F5~J = FSu L1*(1. .5+P*FS uLT /F CU LT )
735g OFLG 1.4 •D 0 P • F~.uj / FCULT736~ !Fi~IDSFC— 7 32,31,32
737(1 3~ 

liSa D~ LG
738~ 32 TF ~~DFL0 —T TS)1 1, l 1, l i ’
739(1 tO IFkID 5EC— 8)33.33,34
7400 34 RB • 2.*TS’4 • T MW
741o 33 A~ F= ,85.FCULT.(wTS—~ B).TTS,FSU
7420 ASR AST — AS F
7430 PcR A SR*F SU/bB /D/fl;ULT
744~ GO ~O i2
7450 11 PCR • P.FSU/F C ULT
7460 j2 IF~ PCR— .~~ 14.14.13
7471) ~ IF~ DFL G—~ Ts) jOI~~6’ b7480 ~5 UMP = 0.25.BR4D.DØ~~.ULT +O .85.FC ULT.CWT S BB ).TT S + CD 0,5.TTS)
749(1 00 1(1 i9

— 7500 i6 UMP 0.25.WTS.T)eD.~ CULT
75t~ GO To 1.9
7520 t 4 TF~ DFL 0 — TIS)17.17,~~8

• 75311 
~~ 

tJMP AST.FSUeD* (1.,—~ 6’P*FSU,FCULT)
7540 oo TO 19
7550 j8 tJ M P : A S R *F SU*D* (1. — .6*A SR*FSU/BB/O /FCUL T) •.65•FCIJLTI<WTS—PB)ø
7560& TTS.<D — .5*115)
757o i9 UMP = UMP/i2 .
758o AV J UMP/STRNS ,AS,FSU ,0012.
75911 WRI TE (6,150,U MRIUHP• 7600 1.53 FORM A T C//. ”UL T IM A TE HO MF~ T pFQU IR I~76104 F T .IT PS ./. UL TT M ATI MOM EN T p H 0 VTCE D • “ •F8, 0, “

• 76208 FT.KIPS “)
• 763~ 00 TO 500

7640 50 FOR iAT C 1H .13HWRONG LL CODE)
765~ 60 I) • OS~ CT —V !1.> .TCS

• 7660 P A ST/W CS/D
7670 FSU = FSU L T•c1.

_ .5*poFS IJLT /FCp C)
7681) DFLG =1.4.0.P.FSu/FC~ C
7690 TF~ DFLG — TCS)61,o1,6~7700 62 !~~~1DSEC 5) 64.63,64
7110 6i IF COFLO — T cS TYS)6~~,6j,66
7720 66 A 5F = .85.FC pC.(wCs_UB).1 1C5+i1s )/ V su
7730 ASR = AST —ASF
77 40 ~CR = AS R .FSU/B81D/Fi:PC

IflPCR .3)67,67,68

~7~ 0 6~ 
UMP = ASR.FSU.D.Ci,_~ 6*ASR.FSU/B~ /U/FC PC) • e5.FCPc.(WCS—8~~)*

77701 (TCS4TTS)* CO — .5.CT c~
;+ lTS)>

7780 00 ~0 19
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7 l 9 i ~ ~,d • M P  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7500 ~0 TO 19
781o ~~ IF t 0FLo TTS T CS)61.6~~.

B 1
78 2 1) 01. ~R I7F(6,3 6fl)
7830 163 F0RMAT ~~’DFPTH OF CO’l~ 9L OCK MORE THA N TCS~~TTS, UuP CALC A PPNOX ’ )
784~ 80 ~SF 3.85 • VCPC •(i~CS—14 1S).TCS,FSU
785)1 A 5 P  : AST — 4SF
7860 

~~~7870 IF~ PCR— .3o 85,85.87
755,., o7 iMP a r j’25’  WT S .0 .D .cC PC • .8~ * FC PC . (N C S T S ) 0 i C S * I D _ 0 ,~~~T C S)
789?1 ‘~0 TO t9
7900 85 M P
791.04 ¶CS+~ D—O.5 .TCS
7920 ~O TO t9
7930 61 PCR • ~~FS ()/FCPC7941) IF~ PCR— O . 3)70. 70,75
i950 7 0 LiMP = AST.FSU.D.(1.,— .6’PIVSU/FCPC )
7960 (10 10 19
797)) 75 

~JMP 
aO.2SewC~ .D.D.FC~aC7980 00 TO 19

7990 5~ 0 RETURN
80 00  END
8010 SUBRO u TI N E SR6
8020 HARAC TEP TITLE.72
8030 COMMON 0151 (4) .BMLL (4 ) .B’40LT~ 4) ,B’IDLf ( 4  )1F18w1 p 4 ) ,
50 401
80501 FSCDL (4),FSCLL (4),FT (LC41,FBLL (4),FITOTC4 ).
80604 reT O 1c4).vc 4 ),v l L c2)’.TrsTO Tc 4 ), A (5).y A < i ) v E I O~

5).
807O~ ~ONLL (8),M 4),F~ Pt(4,,FBS1t4),F 1 T 4),F~ 8(4),F2T 4),F2A 4 , F3T 4)’~F 3RI 4 ,Xp c ,7t ,XL (1 7 , vDL 2),
80901 o 2 , T G 2>,SP ACE (2).V U(2 ,YF S(4),~~MCDL (4) .81.004 L C 4).TIT L E .IDC ISTR NS .YM , ?E .I0B O Xt1 CL D.!C O~ P.- • 81101 IDSEC, IOTPT,VL0AD,S~’AN •S~ L ,~~DL ,ALLr R ,F1 MP ,FLL . wB ,
812(14 ~B;1Ts.TBs.1sw,TMw .Dll ,JE L1A,o seCT ,A sEc T, sEcTT,vT,

• 8130& ~R;wTs .8A ,nTLoc ,DIAp ~~,~~Dp T.As ,rsuLT ,Rs, Ry rcuL 7.FcI.
81401 RO Xt ,S R, ST ,Q ,ACMp ,C M ç~I,yTC , yQC,VTSC ,ST~~,SEC ,STS~~,
81504 01SC .Ir)PST,FCPC .FTENT, FTeNFj,FNPS ,FV ,AV ,’ISEC, WC~~.T CS ,
81601 X~)CS ,A H0X ,PSLS2 , NET R~ , LI’~ES ,1IM.UIID ,STRMN .YSE,A~~J,
81704 VRLL ,DFLG,EM IN ,ESR
8180 XP~ j) • 1.
8191) XP~ 2) = 1 .
8200 XP(3 = 1.
82 10 Xp~ 4) a 1.
8220 Xp(5 a .65
823)1 X p~ 6) = .65

• 8241) X p~ 7) .65
8250 X p~ 8) = .65
8260 <p~ 9) = .5
8270 XP~ j0) = 1 .

~2~ 0 XP~ jl) • 1.
8291) XP~ 12) a
8300 ‘~p~ 1.3 • 1.
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Fortran Listing (Continued)

.ô5
8320 XP)15 ) • .65
8330 ~

P< j6) • .~~5
8340 ~~~17) .65
8350 XL~ j )  0 . 0
8340 xL~~

2) a 5,
8370 X L~

3) 10.
8380 XL~~4) • 15.
8390 XL (S) • 24.
8400 

~~~~~ 
=

8410 
~~~~~ 

•
8420 

~~~~~ 
•

8430 x L
I
~
9)  = 45.

8440 
~L~~

10) •
8450 XL~ 11) = 61.
846Q ~L 11 2) = 66,
84 7 0  X L~~13) = 71.
8480 X L !14) = 8(1 .
8490 X L !lS) = 85,
8500 X L~ 16) = 9 1 .
8510 X t17) = 96,
8521) Ik )I CQ,1p—j(jo)l50 ,t5l ’,l So
8530 ISO ICS = 0 . 0
8540 151 . ) SECT DS FCT •T~~s + D E L T A / 2 .
8550 SPi4Nj DSECT •0 75
8560 SPHN2 = A V/ .O025/BB
857~ IFiSPMN 1 —SP MN 2 )101.1 31f102
858)) j~ 1 SPMIN • SPMN1
859~ GO TO 103
860?) 1~ 2 SPMIN • 

SPMN2
8610 1.0 3 

~ s SO L •CDL • ASECT..1.5/j.44,
862 ) 1 X .29
s~ 30 2 (10 20 111.2
8~~40 ‘0 L( I) • SPA N.W. ,5— ~~) + 0 I& P H *h l 001/ D ILC C 1 .)’2 .
8651) Ir~~IDLD -10 >8 2,83,82
8660 ~3 t J M L , 2 . 5
8670 ‘10 TO 81
868~ ~2 VLL (ILO .3
8690 iM Lu 2 ,j
870?) XPP~ SP 4N (1. — X )
8710 

~O ~
8720 X PP x~~~~~xL~~~

)
8730 ?FIXPP > 4.5.5
874~ 5 VLL (I) • 1PP.XP(N),SPAN • VLL (I)

XPP • —

13760 !FIXPP)4.4,3
8770 ~ (I) • ‘4pp’xpp/20. ‘SPA~~ V L L <~~
8780 4 !r~ x.sPAN—~~,, 12.t2.~~t
~79~ 11 V LL (I ) • VLL( I )— 0,5•(X—8. ,SPAN)

~~00 i2 V LL (I) • V )LCI ).FLOA IJ .(j ;+FIM P’FLL ).ALL FR
8810 ~1 X O ZSPAN IC .5—X )
8820
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Fortran Listing (Continued)

8830 6 ~v (I) =DSEC T—YM •DEL!A/2.
1384 0 G(j TO 

~SB5~ 8 J V i~~) IDSE CT M+(Xt),’SP*N+2.)•.2.(YE YM ))+DELT 4/2.8860 ‘0 i~ ~
8870 7 !F (HDPT— ~ O)1O,6,6
8880 10 T G~~!) • 

C YF— VM) / C SPA F ,2..~HDPT),12.
8890 3v~~I =DSE CT — (‘fM+(Xb—”DPT)•TG (I)•12,). DELTA ,2,
8900 9 

~F • 45.ST~~ S •FSULT Ø R S,R
891.0 VU C I ) IU MO*VD L (I)+Ull[ *V LL (1)
892(1 = OV (I).A VJ
1393(1 IC . j8.B~~eOJ

.SPA CE( I ) AV FV*DJ .P ./ (VU (I)_ VC )
8950 ~~~~~~~~~~~~~~~~~~~~~~~~
896~ 21 .  tF

~ S
P A
~ E (I)—SPMIN)2O

’.’2 O ,7QO
8970 2(10 SPACE !!) = SPMIN
898o 20 )( = .333 3
~990 ‘JRITE ( 6,5 1)SPACE (1. )
9000 9RIT E(6.St)SP CE <2>
9010 50 ~

‘nRM AT (’4T 1/~ pT.NE OU I REO STIRRUP 5p A CI~~G =‘,rl.2. ’ I,~.’)9020 51 F~ RB A 1 < ’AT 1/3 pT ,wE~ UIReo STIRRUP SP4cI~~G •~~‘~~7,2.’ !i~,’)
9030 IF~~IDLD—j O,7O,21O,10
9040 2j~ 

OLVR a W.SPAN/2,
9050 RVULL : pLVP •UMD •UML •

VR LL
9060 REACT: DL VP •VH LL
9070 ~RlTE(4,52)RE 4CT
9080 52 FO~ M*TC’DL .LL .I REAC Y I0N PER BEAM ‘.Fj~~.2,’ KI PS ‘)
9090 IF~~ICO M P_ 1o0)7 o ,7j,7~
9100 71 

~DL = cDLa SPA N/2. -
9110 RVULL • p(1L+tjMD • VRLL uJM L
9120 HSHR RVULL sQTSC~ t’MP j/W 1S.jQQ0~

~t3o 
WRITE(6,54)HSHR

9j40 ~4 
FO~ MA T (’ULT SH6AR STRESS 8~ TWEEM SLAB aND BEAM A T IEaCTION

91504 ‘ a ‘.~r7.3, ’ PSI ~
916(1 70 RETURN
9170 END
9180 SuB ROUTIN E SRi
9190 CHARACTER TITLE .72
920 0 COMMON DIS TC4),8MLL (~~) .B MDLT (4).~~MOLV(4)7 F1BW~~I4),g~~ O4 FBBWT(a ).rTSDL (4 ,FBSDLi4).FiCPLI 4).F~~cDL (4)
922o~ rscD Lc4 ).FsCLL (4).rTtLc 4l.FBLL (4hFTIOT(4) ,
92301 FBTOT(4 ).y (4),VLL(2) ’,FSTgT(4), A(5),yA( 5)v~~IQt5) ,
9~ 406 CONLL S> ,M !4 , FT P It 4S ,F8~~H4) , F T(4 ),F B!4),
9~ 504 V21(4).F28 4),F3T(4).r 3B l 4),xPd7l.XLd7’).VDL (2),
92604 OV (2),TG (2),Sp ACF(2) 9UC2 ).VFsC4 ), BM CDL (4),
92704 L ,4).1ITL~~.1DC,STRNS ,Y 1 .!E.I (1BUXI!DLD ,ICOM P .

IOSEc , !OTPT .FLOA DSSP4~1 ,SOL.rDL ,ALLFR ,VIMP ~~~~~~~~
92 904 (1R.TTS.IR5 .TSw,TMW.D~I, flEL lA, r~5E CT ,A 5ECI, 5EC T7,~~~,
930(14 VB.W TS ,BR.DI LOC .DIAPN , 40P ’ .Ac .F S U L T ,RS.R;FCULT .FCI,
93 104 BOXI ,S~3,ST ,0,ACMP ,CMPI,V tC .V0C.YTSC ,STC,SEC ,ST~ C,
93204 OTSC ,IDPST ,FC PC, FTEMT ,V1ENk ,rNPS,FV ,ay .NS~ C,WC~~,TC5 ,
93306 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
93406 VRLL .DFLG ,EMIN, ESR
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935~ !F~~I 0LD — to )1o.11.’ lO
936~ 1 0 CDFL= 180
9370 GO To 15
9380 it )F (SPA H—5 6.>12 .13 .13
9390 i~ CDFL:cSPA ’4—5 5.)e .1o1~,2.
9400 (10 10 ~5
9410 12 IFlFLOaD—54. 14,16,1~
9420 1~ CDFL’149.
9430 G~ To i5
9440 16 00FL 162.
9450 j5 El • 145.**1.5033. *S ORT (PCIe 1000.,/1000.EF 

• 145,**1,5.33.*5t~~T (PC ULT.1DQO .)/1DO0,
9470 P1 • AS.STRNS •FSULT.RS.PS~
9480 OEFM = —P T~~(V8— yM )9490 O~ Fp I = DEFM+(sp A~ •1~~.)*d2/E~ /$EC y I/8 ,
9500 !F~~IDP ST~ .~> 1,2 ,3
9510 2 DEFM • PC4 VE- YM )

X Z SPAN/2, — HDPT
.538 DEFPI • OEFPI • (UEFM .X72..SP AN/2 . DEFM +X/2.,(SP 4N/2, X/3.)).144.
95401 /ET/sECT!
9550 (30 TO i
956~ 3 DEF M • P!~~(VE—VM957(1 DEFPI = DEFP! •SPAN/ ,.*DEFM•SPAN * 1,5/E T,SECTI
980 1 IF~ DIL OC)2O.?0.5
9590 20 WISEC • A5EC )+ .jS/144.
9600 (10 TO A
96th 5 I4TSEC • *SFCT..15/t4~~.+D1APH,fl!LOC/SPAN962(1 6 I)F BW j  = 5.*WTSEC*SPAN .~ 40j725.,384.,ET,S F CT I
9630 DFSDL DFRW1.SDL/,!TSEC.ST/Er
9640 !F3 IC OMP—1 00)41.4O.41
9650 40 DFCDL = DFSDL.CDL/5D~ D5E0TI/~ Mp I
9660 ?)FLL DFSDL .SEcTI/~ MPIdRMLL < 1)/BMDLF < 1).CDrL/lso.
9670 60 OEFP • OEFPIeR/ESR • DPBWi. • DFSDL •DFCCL
9680 DEF1 a DEFP !+0FRw1
9A90 ~)) TO ~1.9700 41. DFLL DFSDL~ BMLL (14/E3M0LF (1) COFL/18O.
9710 (1FCDL =0.0
9720 GO TO 60
9130 51 WPI TE(A, 5fl)DEF 1,flEF2~ flFLL
97c0 0ETURN
91~ 0 sO FOR M A T(/.’DEFLEC TION~~

1 ./~~
t BEA M WE IGHT • PPES’PESS =

97608 ,F6 ,3, ‘ I~~. ‘ ,/ .  ‘TOTA l 0E40 LO AD • PR ESTRESS ~ ‘,F~~.3. ‘ 1N’ ‘ ‘
97704 /,~~L IVE LO AD • IMPAC ! a •,F 6.3,v IN . ’.//>
918~ END
9790 SUBROUIINF SR4A
9800 CHARACTER TITLE •72
98111 COMMON DIST (4) ,BMLL (4) ,9M0LT44) ,BMDLF( 4)T FTBWT(4) ,
98204
98304 FS~ DI (4).F sc LL c4). FI~,I

(4). FB L (4),FTToT (4).
98401 FBTOT (4).V(4).~~LL (1).rST0T (4~~.A (5).Y A (5)TRIO ~ 5I.
95504 CQNLL (4),Mc 4 ) ,PTpI!44, FB~~I ( 47,F 1T (4),F1l3(4),
98604 F2T(4),F2H(4),v 31(4)

’j39(4),XpC 17),XL( 1 7),VDL( 2).
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Fortran Listing (Continued)

987fl4 ov
~ 2),rGc?),sP AcE(2)

’:v1)c,,,yES C4), sM co L c4),
98806 L (4).TtTLE.!OC,STRNs.~y

M .,E,)n8o x,!DLD,tcO t~P,989(14 IDSEC, !OT PT ,rL0AD )SPAN ,c0L,~~0L ,ALLFR ,FIMP ,FLL,wB ,
99004 (1B;Trs. 1B~~,Tsw .TMw .D H. nE LTA,n sEc T ,asECT ,sFcTt, y1,

va;w ls .Be,D!Loc,DIApA , I-I0PT .Ac ,FsULT .Rs,R;FcULT,FCI. - •
992~ j ROX I,S EI ,ST.Q,AC Mp ,CMp I ,y ?C.YRC ,V TSC ,STC,SPC,STSC,
993~~ QTSC,IDPST .FCPC,FTEN+. FT~~~b .FNPS,FV .AV .NSEC ,WCS ,T CS ,

XNCS ,AHOX ,PSLS2,NETR~~,LjMES ,)jM ,UMD,SiRMN ,’1SE,AV J,
VRLL ,DFLG ,FM)N, ESR

996~ ABOX A SFCT
9970 BOXI aSECTI
99611 11)1 Ir t Io PSi—2 t,2.3
9990 1. PI —ABOX . ST.FTENT.R•.9OIF SR + S8.(FbTOT(1).FI~~j 3))/(S~ +ST)
t0000 00 10 I:1 .NSEC
t00~ 0 1(1 VES C I SST,ABOX • (S7/PI*R/ESR*FTENTa ,90)
10026 1r (YES (1).EM IN—V R ) ~O’90.95
10030 9~ Gü 1 98
¶0040 95
10050 P1,~ ARO X* FBT TC 1.> .~ TENR).SR, SB+AROX.YES 1))

t00 60 98 YM ’YR—VES (1
)

10010 VE ;YM
100 80 XS 0.~
10090 00 T~ 4
10100 2 HPT:~ 3PAN/2. —HDPT)
10110 N— 1. ./(D1 IOC *2 .)
10120 RñIAZ(1I A PH .C1../(1ILQr i~~

>
~~2 .

10130 BMM .IN:HPTO R DIA
10140 00 7 J 1.N
10150 X N J
1.0160 XD:XN .DII.OC •SPAN
10170 IF(HP1—X !fl5.6,6
10180 ~ 

BM:O .O
10190 GO 10 7
102110 6
10210 7 BMMIM =BM )IIN—R M
t0220 RWMI N :BMMIN.AMOX ..1.S*fr4PT. (SPAN_HPT )/288,
tn 23n FTM IN • R,ESR.(R MrI !Pi,ST812. VTENT )

S P! _4BOX .((FBTOI!1~ 4FTEN f~>.~ 8 • FTMIN•ST)/~ Sb•51)
i02~ 0 ECC (F TM !N_ F R TOT(t)

TE~ p ) S10SB/(S~~ ST)/P!10260 TF (ECC .EMIN—y H ) 70,70,~~510276 7~ GO TO 80
i0280 75 ECC YR —E MI N
10290 P!14F)OX*IFBTOI(j),JTENB )aSR,(SB.ABOX.ECC)
10.~00 80 yMuy R—E CC

VEI = YQ — ST/A A OX
10320 yE2 a — !SB*~ Bnx• .4•PCuJLT~ sB p 1)/(AB 0X•p))i0330 IF 1 YE 1—Y)~2 > 200.20(,Pfl1
I034O 200 YEa YF2 • 1.
103~ 6 GO TO 2 03
10360 701 Y E ‘y~~1 + 1.
10370 203 XS ;.6
t0380 

~~ 
i~ Ta~~,p~5EC
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Fortran Listing (Continued)

10390 X1DIST < !) •  SP A N — HPT
i0406 1F (X )S,9,9

1041 0 8 YES (1 aEC C—CVM— yE).~ /NpT
1.04~ 0 GO 10 11
10430 9 YES (I)ZECC
10440 11 CON T IN UE

~.0450 GO TO 4
10460 3 P1~~~ABOX* ((FBI0 T (1>.FTENB).qB+(rTENT .rTBt,,T(l),,p.ST)
i0~~ C P1 a PI/(ST • SB)
10480 XS’.55
10490 ECC2 ((FTRWT (1)+F1E NT)*R LFBT OTCt )_ F TE~ 8).SB.ST#(SB.ST)/P11050 0 !F (ECC+E?I I N_ Y B)18.1a,19
10510 18 GO TO 22
10526 19 ECC a V B E M IN
10536 PI:~ ABOX .(FBTOTC1 ),~ TENR).SP,(SB.ABOX .ECC)
IO SA O 22 YM *V B— ECC

YE1 a V 0 — SI/AR OX
~0560 yE2 • V~ — C S~~ AB oX0 .4.PCuL1—SB p I / < AB0X p 1)
10570 Ir(YE1—YE2)300,301,8(11.
10580 300 ~E • y F2 • 1.
10590 GO 10 303
(0600 301 YE 1 YEI • 1.
10610 303 00 12 : 1.NSEC

~0620 X= ,5— DIc T CI~~~/•5
1063 0 12 ~~~~~~~~~~~~~~~~~~~~~~~~~
10646 4 ST R MN •pT/A 5/F$ULT/O$/p
10650 00 13 !R1.NSEC
10660 IF !I))PST—2 ) 16.16.15
10 670 1~ F~;P!,R/A 8OX
10680 X P !,ReY ES( l )
10690 00 TO 17
10708 16 F:PI.ESP /R/ABD~C
tO7i.6 XSPI.ESR ~R*yEScI)10 y20 1.~ FTP ICI :r...X,sT
10736 FBPI (1):F.X/Ss
10740 FiT !, >:FTPT (~ ).FTd~ T( ttOTSS
10760 F21 (I 1P!,ABOX— P1.YFS (I4,ST .FTB IT (I),,TSnL())
10770
(0780 IFCI COMP —100 ) 61.60.61
10796 6j FT COL (I) 0.0
10800 FBCD (I) ü.O

I
— 10810 60 F3T (~~) a F21 < !) •VTC OL (!) •FTLL(!)

1082$ V3B (I) • F28 (I) •FBb OL )) •FBLL (I)
•08~ It0840 !F(F1 B (I) XS.FCI)PO.20 .60 1
10898 20 KLa2
10860 IF C F3 T C 1 )_ .4+FCULT ,99~ 99,60510870 99 KLa3
10850 !F(F3 ij(I)+FIEN~~J 604~~13 ,t3
10890 1.3 CONT IWU E
t0900 Y5E$Y-5 !1)
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Fortran Listing (Continued)

t0910 IFCI O T P T 1 I7O,160,1.66
iO~ 20 ~~~ 

RETURN
I0~ 30 601 WR ITE (6 .701 )t ,V 1.6 (14,XS

~0940 GO T3 650
10950 634 WR!TE (6.704)I ,F39’I)
10960 GO T° 65~10970 6~ 5 WRITE!6.705)I.F 311I )GO TO 65 fl
i099ø 650 GO 10 12n .99,13),ML
11000 1.60 W R ! i E (6 ,5 0 >sTR M N ,VM YE
11010 W R IT E !6.500)
ttOPO 500 FORM AT (’STRESSES ~uF T~ EXTERN A L LO ADS AN D PR0 ST R E$S — )

~IpS’1.10304 ‘PER 90. IN. ’>
11040 24 W~~ITE 6,251)U ,I ,i,NSEC$

WRITE ! 6’ 75p ) (DI STC I ~~, I 41 NSFC)
1.1060 WRITE (6,253)(FTPI (1),I:!,NSFC )
11070 WR!IE (6, ’57)(FBPI(I) ,I f,NSFC)
11090 WP!TE!6s25 4)(F1T c 3)~~I~~1iNSEc~)11099 W~~1TE C6,258)(F1B(1)~~Ia1 ?NSEC)
11100 WRITE(A ,2~ s)(F2T(!)~~Ia17NSEC)
11110 WR)TE!6,2SO) F2RU~~~j 1,NSEC )
11120 WRITE (6,256)(F3T(!)’ 1a1.!~iSEC)111.30 W R1TE~ 6,26O)~ F3R 1 1),I 9.tNSEc)
11146 ~~ 

FORMA T( ’M INIMUM STRANDS = ‘;F/ ,3, ’ Y~i = ‘,F7.3 ,’ IN .
111504 ‘ YE = ‘,F7.3, ’ IN . ‘ ,/ / / )
11166 250 FORMAT (//. ”CASEt” .I~~,/
11170 4..N0. oF STRANDS •
1118 1 ,5i FOR MAT !”NSEC “ ,17~ ’I 3(O X , I 1)
1.1190 ~52 FORM A T(”DIST — “ .14~~,F~~.3.”~ ”.~S (4X.F5 .3, ”L”i)
(1200 2~ 3 F OR M A T C * I N !T ! A L PHE STB E~ S”./
il2tO I “ TOP.”BX?F7,3,3 3X .F 7.3))
11.220 2~

7 FOR MAT !” B0TTOM0~ 6X,F 7.S,3(3X .F7,3))
11230 254 FORMA T(”BEAM WI •“ ,)
11240 4 “IN IT I A L PR~ ST R8SS” ,/
11290 8 “ ,OP.”S X?F 7,3,3(3 X .F7.3))
11266 258 FOR M Ar .. BOTY0M~ 16x ,F1.3,3 3X ,F7 ,3 > >
11270 p95 FOR MAT (”HEA M WI • SO L •I,.
11280 8 “FIN AL PRESIIESS ,/
11290 4 “
11308 ~59 F0gMAT (” 801t0M”V 6x ’F7,3,3C3X ,F7 ,3))

• 1131.0 256 FORM4T~ ”AL L LOADS •‘. . /

11.320 8 ~FINAL PRES1RESS.,,
11330 & TOP;.,8X1F7,3,3(3X,F1 ,3))
113 40 ~o0 FOR MAT !” 80T~ 0M”? 6X ,F7.1,3(3X ,F7.3 ),//i’)
11350 ~~~ FORMA I (/,”....•OVERSTRESS.•..+O,,
1.1360 4 “ FC 1 !ON N )jM8E “P I l,/
11370 ..~ E AM WI • !NI~~r AL PPES1RESS (,..F7.3,’.3a BO 1TO M~~,/
jj389 4 “E XCEEDS “.F4.p ,’FCI” ,4
11390 ~O4 FORMAT (/ .”.o... OVERST~ ESS...•.”,,
11400 4 “SE C TION NUM OFR”~~!1,/i1410 I “ALL LOAD S • r INA L PREST RESS !”.F7,3,P)9OTT OM” ,/
11.420 4 ,IEXCEEDS FTEf .dT .’,/)
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Fortran Listing (Continued)

ii~ 3o 705 FO RMA T ( ,,”•*.•.OVERSTRESS....•”,,
i1~~~0 4 “SECTION NUM 13E~ ”fl1,/tta5o 8 “A LL L040S 4  FIN A L PPE 518E5S

~~
’’F7 3’~~~

TO~ ” ’11460 8 “~~X CEE D S 0.4 FC UL T ’~./)11470 RETURN
END

(1490 SUBROUT INE SR5A ,U~ R .UMP >
11500 CHARACTER 1ITLE .7~COMMON D I S T ( 4 ) ,RM LLI4) ,BM DL.T! 4 )  ,R MDLV 4 )  ,FTRW T )4),
ti59 04 FBBWT(4),FTSOL (4),FbSD L~ 4),V1CDL(4),F~ CDL (4),i15~ o& FSC0L!4),FScLL (4),FTLL (4),FRLL !4),F1TQT(4),
115408 rBT0T !4),Y(4).VIL (24,rSToT !4),AC5), ’

~’A(5).B IO (b),
115504 CONLL !8>,Mc4 ),F TP!c~~),r8p Ic4 ),F1,C4 ),F1oc 4),115608 F2T!4).F2R(4 ).F3T!4~~,

F39(4);XP !1t ),XL (17),VDLc2 ),
i i57~~t 

DV (2).TG !2),SPACE (24, V u~ 2),yES !4),BMCI3L (4),
,I58C~ L~~4> ,TtTLE ,IDC ,S1RMS ,V M1YE ,1DB0X ,IflL(1,1CC MP~
(1~ oo& TOSEC . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
116008 DB.TTSIIB S.TSW ,T M W.bH.DE L TA DSEC T.ASECT7SECTI , YT,
116108 yB,WTS,B(3,DI LOC,D2ApH, HO~ T,AS ,FSUL1.R5,R ,FCULT ,rC!,
~i62e~ 90X 1, SB.ST,0,ACMP ,CMP! ,YTC,YBC ,Y1SC,STC,SBC?STSC .

0TSC,IDPST ,FCPC ,FTE~JT,FVENB ;FN PS ,FV ,AV,N SEC, WCS,TCS,
116408 XMCS,A 8OX,PSLS2 .NE9L,L !NFS;UM ,UMD, STRMN, YSE ,AV J ,
116508 VRLL ,DFLG.EM IN ,ESR
(1660 IF (IDL~ —10 ) ? . 1 . s~~
i1670 1
(1680 UML~ 2.5
11690 G~ To ~
11700 2 Ir~~IDLD —2 0 )20~ 3.2Ot t 7t f l  2~ WRITE (bI 50~
11720 STO P
11730 3 UNLa2.3
1174$ IFCSP 4N—iO O , )6,4,4
11750 4 uMD I..6
11769 00 10 5
11770 6 UMD :2.*O.O0 4eSPAN
tt7R~ 5 UMR:UMD* (RM0LT(1)4B1.DLFI).> ).UML*BMLL (l )
i1~ q0 IF ( IC OM P—i 00)300,303.300
1.1800 301 UMR :UMR+UMD*BNcDIjj~

• 1181.0 300 !FCIOTpT>3O2,303,305
11820 303 W R ITE 6.15o > UMR
jj83~ 302 ISYRN = ST R MN
11840 TFCSIH?4 N —!sTnM)loo ;1O 1;too
11850 j~~i SYRNS a STRMN

— 11860 Go TO 28
11879 tOO STR NS = IS’TRN • 1
11880 2~ IF! IC OMP —100 )4O,60~ 60

~~
891 40 D USECT •DELTA 2.— ,R •y5E

1190$ A ST • 6S~ STR NS
11910 P = AsT/WTS,’fl
¶1920 F~~j • F51j 3 y 0(j, .5.P F51J LT/rC~ LT )
11930 DrLG :1.~~.b.P•FSU/F~ ULT
1j949 ITS a ITS • DELTa/I.

(Continued)

E33



_ 
-

Fortran Listing (Continued)

jF~~ID gEC ~)42’41’4~
i1 960 ~i. ITS • DFLG
11 970 42 IFC DV LG — TTS I1 ,11’;43
i19~ 0 43 IF C I D SEC~ 

8)45,45,44
11990 44 BR 2 .~~T5~ + 1MW
12000 45 ASF .85 • FCUL 1 •1 WTS— BB)ØTTS/rSU
12010 ASP = AST — ASF
12020 PCR a AS~ • FSU /R9 / D / F~ ULT
12030 GO 70 12
12040 lj P~ R a P* FSU / FC ULT
t2056 12 IF !pCp .3)14.14.13
i20~ 0 13 IF !DF LG—ITS)1.6,16,15
t2070 15 UMP = 0.25.RB*D*D*FOULT • O.85.FCULT.(WIS BB)*ITS. (D—D.5 .TTS)
12080 GO 10 32
12090 16 UMP a .25 •WI S,~~~~~p0ULY
t2100 32 UMP a UMP/l2.
12110 IFCUMP — UMR) 33.27.~~7i212G 33 WRITE (6.152)
i243~ i~~2 

FOR MAI (//.’P.FSu/FC~,L1 MORE THAN .3 0. UMP INADE QUATE ‘ ,/ / )
12i40 GO TO 30
12*50 14 Ir (DFLG —TIS )17,17,~~812160 17 UM P = A ST •F5U • 0 •(1.— .6.p.Fsu/FCULT )
12170 GO TO 19
¶21130 18 UMP - ASP •FSU.I) .!L— .6*ASP.FSU,B8,D,FCLLT> •.85.FCUL T *
i,.90& (WTS—BB)eTTS. !P— .5.~~1S)
i22oe 19 LiMP = UM~ /1.2.
t2210 IF 1UNP L!MR)26,27,)7
12220 26 SIRNS = STRNS+ 1.
12230 00 10 40
t2240 27 IFCIO T PT) 2QO,227,22~
i225~ 227 WR !TE !6,151 )FCULT,SYR ’3S;UMP
12268 GO TO 30
i2270 p0j  ir( j O T p T ) ? 0 O . 2 O 2 , 2 0 ~1.2280 202 WR ITE (6,t55)FC pC.S1’~ N S,UMp
12290 1 5  !QRMA T~~!FOR FCPC • 3 , F5;~3, , PSI AND .,F3.O, ’ STIA NDS ‘,

t2300& /,‘UL TIMA TE MOMENT PR~ V IDED • ‘,F8 .Q, ’ F T .K!PS ‘ >
12316 3~ CONTI NUE
(2329 ~~ 

FOR MAT(/.14H WRONG IL C11DE .,>

~~338 450 FOP MAT(,/ ,’ULT!MA TE MO MENT REQUIRED • ‘1F~~,0 ,’ F1 .KIPS ‘ )
t2350 ~~1. FOR M A T(’FOR FC UL T = ‘ ‘F 5 3

~~’ 
PS~ A ND ‘‘F3’0’’ STR A NDS ‘~

123604 / ‘ UL T! M ATE MOM EN T PROV IDED a ~~~~~~~~~~~~~ FT.K1 p5 ‘ )

12379 WR ITE (6,49~
i2380 49 FORMA T ClH1
9390 200 RET URN

~4QI 6
~ 0 ~ D9EC

T —YR •TcS
i2410 AST = AS •
1242 6 P = A q~ /WC q/b
12430 FSU a F~ U~ To~ 1.

_ .5.P*FSULI/rCPC >
12448 

- (1FLG 1.4*D.P.FSU/F~ PC
12430 !F (DF L G~ 1’CS)61,6t ,67
1246$ 62 IFCIOSEC S)64’63.64
t 2 4 76 63 IF CDF LG— T CS—IT 5)61.,~~i~ 66
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Fortran Listing (Continued)

1.2480 66 ASF :.85*VC PC .!WCS_b8 )OITCS+TTS /FSU
1.2490 AS P = AS~ — A~ F
125 09 PCR a A SRaFSU /BH/~i/FC

PC
t25t0 )F (PCH — .3)67,67,69

~~~~~ 67 UMP ASPW FSU*L ;*(1 . 6 GA S1~*FS!J/BB/D/FCPC). 8S*FCPC.(WCS..~ B).
!TCS.TTS).(D — f l .S• T~~~~~T T 5 ~

12546 UMP LiMp /i2.
i2550 IF(uMp UMR)óS.201.201
12560 69 SYRNS; STRNS.1
t2576 GO TQ 60
t 2580 69 U M P = 0.25*RR*D,D*FCPC •.85.FCPC.(WCS_DB)• (TTb ,TCS)
~~5908 a~ D— ,5.cTCS .TTS~~(~ 609 LiMP a UMP/12.
t2610 IF(uM p~ uMp)33 ,2oh,2©l
1,2629 64 IF !DFLG —T Cs— rTs )61 ’;61 ,81
12636 øj tF(IOT PT 8O .400,400
12640 400 WRITE(6 ,160
12650 160 FORM A T(/. DE PTH OF ~OMP R LO C I( MOR E THA N TCS+ ITS , LiMP c4L~ 

‘ ‘

126611 ‘ApPR OX IM ATE ‘.1)
12676 8~ ASF 0.45•FCPC*!wdCs_ 4TS)•ICS/FSU
j2681 ASP a AST — ASF

PCR = ASRoFSU/WTS/D?FCPC
12709 IF (PCR — .30)8~~,85,87
j~~ i 4 A  87 LiMP a0.25*WTS*D*D*~ tPC 4.85~ FCPC .(WCS—WTS > TC~ .(D.0.5+TCS)(~~7~~ UMP • UMP/12.
t2 736 IF( U Mp~ UM p )3 3 , 2o1,2o1
t2740 85 LiMP = ASP •FSU*D.c t~

-..0.6.ASR .F5U/WTS/D/FCPC ) •0.85.FCPC* I~~CS.~ TS> .
127504 TCS+(D—o .5.ICS)
12760 UMP a UMP/12,
t27 ’O 1F (UMP UNR)6$.2011201
12780 61 pCp p *F Su/FCPC
12790 IF~ PCR—0.3)70,7O,75

~~ LiMP = AST* FSU • 0 ~ — .6 •P •F~ U,FCPC )-i,~ 10 LiMP = UPIP/12.
i~ 820 IF (1JM P UMR )6b, ?Ot,201
12839 75 LiM P a 0.25 •~ C

~ •t2’~ 0 • 0 • FC pC
12840 UMP = (JMP/12.
i2850 IF(LIMP— UMRJ 3J ,201,201

END
12OlO CC C CC C CC CCCC C C CC CCCC C CCCC t C C C ~ CC CCCCCC C CCCCCCCCCC t C C CCC CC CC CCCCCCC C CC

• t2880 SUbROUT INE MA KEF IL
t289G CHARA CTER FILN*8,FIIN AM4IO,FILNAME.26
12900 CHARA CTER SI0~ 1
i29j0 COMMON L .LC
12920 DATA 10K / O4OOO00O~ t)0O0 /
12930 DATA INA FT / O4~ 370fl11 Jø(1Qu /
i2940 5 PRINT,,. “

i2950 PRINT ,,.IS DA TA TO BE IN~ Ll1 FROM~t2960 PRINI ,~~E~~I S T T N G  F1LF(~ OR N7 
~~i2 9

~~n REA 0 ( ~~,999 7’ ST O
,98~ I F ( ST 0 ,E~~.”Y” G O TO 20

129~~o IF (STD.E ~~
.”N”) GO T~ 36
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Fortran Listing (Continued)

1.30110 PR INT, ”
P R j N T .~~.*,.,co RREC T R~ S PON C F IS V FOR Y ES OR N FOR N O - R ETR Y,,

t3020 GO TQ 5
t 3030 2~ PRjNT. , ,
i3040 PRINT ,,.NOTE# 13 RET L~R I  TO PREV IOUS Q U E S T I O N  E N TER THE,,
i3058 PRINT ,” LETTER P AS ~ OUE STION RESPCNC E.~130A 0 2j PRINT ,”
t30~ 0 PR IN T.”E N T ER NAM E O~ IN PUT FILE ”
13080 P RI NT, ”!’IA X,  8 CHA R~~)
13090 READ 5,9~ 95 FILN
1.3100 Ir( FILN,~~O , ”R “ >  GO TO ~1 31t0 ENCODE(FT LN A M~ 

9996)F 1 LN
13120 27 C A LL A TT ICH!02, F! LNA M P3 IQ ,I5 1A F)
13130 IF (ISTA 1 .FO .IN AV T) 80 10 28
1~ 140 IF (IS TA 1 .NE .!u>< 03 13 50 2
13150 RE TURN
13160 29 CALL 0~~TA CH (02.,)t3179 GO T~ 

27
~3180 36 PRINT , ” •‘

13190 PR INT ,,,NL3 T E, T O RET ~,RN TO P R EV I O US QU ESTION ENT ER 1HE~i3200 PRINT. ” L ETTER R A S A DIJESTIOM RESPCNCE .’
13210 37 PRI NT .”
13220 PR IN T, ”tS DATA FNT E~ E) AT TERM I NA L TO HE”
t 3230 P R IN T,”S4VED 1F 9 PE pMENAN y FILE !V O p P4)1”
13240 LCs1
1325 0 P EA D~ 5,9~ 97 > Sin
13260 IF (StO.E0.,,Y,,) GO 111 38

IF!STO .E0 .”N”) oo It
132139 IF (STO,EO .”R” GO 10 9
i32~ 0 

PRI NT ,”....+CUR RECT RESPONCF IS V FOR VES,N FOp NO .40+’ ”
t3300 PRINT ,”
t33t0 G0 TO 36
13320 38 PRI NT , ”ENTER NA ME 0; 0A YA FIL E Ta”
1.3330 PRINT , ”PE CRE ATED !~~

A X . ~13340 READ !’j,9995)FILN
l335~ 

IF( FTL N ,EQ ,”R “ )  00 Trl .36
13360
13370 CA LL £CCE S5( FT 1 N A ME.SSO0)
13380 ENeOD~~c Fn.NAM,~~996)FILN
13390 CALL aTi4Ck(o/. 11LN *M~ 3/o .IcT A . )
134110 IF(I STA T .NE .1OX) GO TO 

~~~1341 0 GO TO 4 00
~342o 

4j CA LL cREA TE !02,320,O,IST A T)
t343$ C:2
j344$ 400 EALL FILDA T A
(3450 R E W I N U  2
(3460 IFILC .FO.?) RI~TIiR N

~47O IF(LC .E0. .1.) 00 TO
IF( L .E0.1 GO 10 415

1349$ 
~~13506 415 ENC0D~~ F I LNAME,9 998~ FI L N

t35t0 CALL A C CE SS( FI LNA M E ,V~O~~>
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Fortran Listing (Continued)

13520 IF(STO.E0 .”Y”) GO Tn 38
13~ 3O GO TO 37
13540 506 PR INT 507.FILN
t3550 ~O7 FOR PI A T ( ” * +4 4 * U N AB L E TJ RE L EAS E FI L E N A M EE “ ; A $ )
13560 IF (ST~~,EQ .”y”) GO TO 3~
135 70 GO TO 36
135130 500 PR1 NT ,~~.* .’eUN4R LE T O CREA1’ F FILE —

1359o GO TO 38
t36o0 303. PRINT ,,,.....UNABLE 70 ACCESS NEWLY CREATED FILE — RETPY...1*~
136to GO 10 38
13620 502 PRINT 503,FILN
13630 503 FORMA I (~~...o.LJNABLE T~ 4CCE qS FILE NAME D ,,,A8)

364 0 PRINT 504
t3659 504 VORH 4T (” CHE C K YOUR (~A

TA L°G~ E 
QR DEC CDE “~ E”~13660 PRINT 505,ISTaT

(3670 505 FORMAT !,, F0LLOW~ M G OCIA L ERROR MESSAGE ,a,3X ,316)
1368 0 GO 10 21
13690 9994 FORMAT (nCF,/,,.A8,.s ,R/J. ,~~~O/,R,4g,,)
(3701 9995 FOR MAT(A $)
t37t 0 99~ 6 FO RM A T(”/” .A 8.” ;”)
13720 9997 FOR MA TC A I)
13730 9993 FO RMAT (”R V . /“ ,A IL , “4”)
1.3740 9999 RETURN
j3759 END
i376$
1377 0 C
t3meCCcCCCCcCCCCCc CCCcCCCtCcCeCCCsCcCrCCCCcCCCCcC~ CCCcCCcCcccCCcCCCcCcccC
13790 SUBRO UTINE FILDA TA
13800 CHARAC tER X .15,V01466.Vd1.Z.2,w*3
1381.
t3820 DI MFN~~ION ~~~~~~~~~~~~~13430 COMM O~ L.LC
13840 PR !NI 900
t3850 PR !NT .,,.. ...OPT IONAL R~ SprjN r.~ S TO FOLL OWING QUESTIONS 4....n

• 1.3860 PRINT, ”
t3~ ,O PRINT ,” .ENIFR LETT ER H rOR HELP IN A N S W E R I N G  0UE ST 1O !~.”13880 pR INT 958
t 3800 pR IN T.” •E P4TER LPT T E4  

~ T~ pE~ U~~ TO PREV IOUS OUEST 1ON ”
1.3900 PR INT , ”
t39i0 PRINT ~~~
13928 900 FORMAT(///)
13~ 3~ ~~~ 

FORMA T (A j,65X )
1.3940 902 FOR M A T(A~~.14X)13930 903 FQRM AI (jx ,Aj)
13960 911 FOR~lAt(” ...e. CORREC$ RE~ PONCE ISH” ,//l
t3970 93j FORMA TCA 66)

~~~~~ ~32 FUR MAT( A 1 )
1,3990 9~ 4 FORM 4T(42)
1.4006 936 FORMA T (A 3 )
14010 948 FORMAT (12)
i4029 9~ O FOR MAT !11 )

-

• (4030 °~ 2 
FOR MAI!I 3)

(Continued)
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Fortran Listing (Continued)

14040 944 FORMAT( A 5)
14050 946 FORM A I (V
14060 9~ 1 

FDR MA T (.I.a.e.NO1E4PR~ CA ST SFCIION IS THE NONCOM PO SITE SECTIUI: .’ )
t407o 9~ 2 

FORMAT ( , , ,..*,NO TE ~ PREC A S T SF CUO~ IS TH E HEA ~ POPT I~1N C F A~C11MPOS LIE REAM _ SLA R SF~ T IO 4V )
14090 ~~~ 

FO RM4T (” _ N O TEWI F N~ HFLP I~IV EN ,cHECt ( OPE~~A 1I NG” ,/
(4108 4 “ INS 1RU CT f 0 I ~ MAN UA L.”,//)
t4118 Q6j FORMA 7(” N01E#~ 1~ ~FC 11ON q OT HER 1kAN y 4Q~ F A BO VE .Lict” ./
14120 4 ,~ NU’1~ E~ or TH~ COMPO S IT E OR N~ NCnMP3sLTE,,
t4 130 4 /,,, SY~1Ij i~ W I4 ICH MOST CL C SELY RFS~ MRLES TM E,,
14 140 4 / ‘ “ S~~C T T N J  IJND t- R C ES I G r ~.” ,// )
141~ O LaO
i41~ 0 5 PRINT . ”
14170 PRI NT . ”T I T  E”
141130 PR INT , ”FNT~ R T IT L E ( PIA X . 6e. C H A R . )  — “

14190 READ(~~,931) Voj
14 2110 DEC 0DE (V~,1, g01 )Y

42 0 I F ( Y ,FO ,” R” )  GO TO 0
1 423o IF (Y .E 0.”N”) GO TO
t4230 G~ T~ 

30
14240 10 IFCLC.EO.2) 00 ID 12
14250 L~ 1
14 260 RE TURN
1.4270 12 L C 3
14286 RET URN
14290 2o PRINT , ” .‘
1.43 00 PR INT, ”..*..TITL E !~ 

IRE HEAO E R FOR PEL OC,RAM OUTPUT ,,.
1431.0 PRINT. , ,  IT CA4 INCLU0~. 5UCH I NFORMATION AS.,
14320 PRINT .., PROJECT NAME, DAT E ,13A f4 BV ,CHECKEO RV ,ETC .~
14330 GO ro s
1434 0 3o PRINT, ’. ..
1.4350 PRINT.~~tD I D,,
t43 6 0 PRINT. , ,FNT EP L I V E  L11~~D Cfl i) E L IO F3R N W V ; 2 c L  FOP RR) —

(4370 R EAD ( 5,q 34 ) Z
(4380 IF (7.E Q .”R “ )  

~
0 ID ~t4 390 IF(7 . E 0 . ”H “ 0 0 ~~ 

4~1
14400 D E C C ) D E ( Z , 9 3 8 ) 1 V 0 2
14410 I F ! 1V j 2 . F U ,j O )  GO TO ~‘QI F(IVO2 .F0 ,2 0 GD 10 S~~
14 430 ~o PRINT ,”
14440 PR INT 911
14450 PR INT .” 10 FOR H1 H4A ~ L0ADI ’~~”
144 6 0  PRINT. ” 20 FOR P~~I L ROA D LO A O I N G ”
(4 4 ~~0 G O TO 3 3
¶ 4 4 1 3 0  5o P~~INI, ” “

1449 0 ppl~~T, ”!DsEC”(4 5110 PL~IPIT, ”ENT CR SECTION 1UMPL- R ~1— 10 -

t45t0 RE AD(’~,9~ 4) ~
IF !7.EO .”H “ )  GO ro ~n

i45~ 0 Ir!7.~eO. ”R “) GO T~ 3~
14540 DEC ODJ~!Z,946)IVo3

• 14550 IF ( IV n3 ) e~n ,6 f l . 55

(Continued)
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Fortran Listing (Continued)

14 560 5 5 I F C I V 0 3 — 1 n ) 7 Q , 7 0 .6 0
1 .4 570  6 0 P R I N T . ”

PRINT 911
14590 PR IN T . ”
14600 PRI N T.” (ST A NDARD SECTI ON S W ITH A C~~.P0SITE DECK)”
14610  P R I N T . ”
1462$ PR INT .” 1 FOR S~ REA 0 BOx ”
14 ö~~0 PR INT ,” 2 FOR BOX ”
14640 PR7NI , ” 3 rOR A A S HQ 3 PC I  TYP ES V I V ”
1.46 30 PR IM 1.” 4 FOR AA qHOJ PC I T YP E S v v 1”
(4660 PRINT, ,’ 5 FOR TEE”
146 70 PR INT. ,, ..
i46130 PRINI,~
1489. PRINT.,, (NONCOMPOSITE— SIANDA RD SEcT!CNS)’.
,4700 PRINT. ”
~471e PRINT. ” 6 FDR CH A NNEL”147 20 PRI NT . ” 7 FOR SL A Rn
t4 730  PRINT .” 8 FOR V OI J E D SLA P”
14~~4t 

PRINT, ”
1.47cC PRINT .”
14769 PR 1P4T ,” CNONCOMiOS I TE BOX BEAMS )”14770 PR INT . ”
14 780 PR INt, ,, 9 SING LE ~~~~PRINT .” 10 DOUbLE B~ *”
l4~ 09 PRI NT ,”
144( 0 PR INT 961.
148 29 GO 10 50
14830 ~o PR INT. ” ~‘

14840 PPINT.,.1OTPT,,
14850 PR !NT,,,FNTER OUTPUTSTYPE CODE ( j FOR M IN ;o FO~ TOT)
14860 P E A 0 ( 5 ,9 ~ 4 ) 7
14870 DEC0DE (Z

~ 9 3 2 ) Y
148130 I F ( Z . E~~.”p “ )  G~ T~ 

50
t4 890 IF (z . P0.~~

_ 1n)  GO TO ~a
i49~~0 IF (Y ,PO , ,.o .,) GO TO 08
(49 10 PR INT .”
14920 PRINT 9ij
(49 30 P R T N T ’ ” 1 F

~~
R MI NT RU M O UT PU T ”

14940 PRINT , ” 0 ~7ERO~ FO4 TOTAL OUTPUT”
14930 GO T O 70
1.4960 B~ D E C O D E ( 2 , 9 3 8 ) I V O 4

497 $ GO T O 90
~4980 88 DEC O D E ( Z . 9 4 0 ) I V 0 4
t499 0 

~0 To 90
1.5000 ~0 PR~ N~~,”
15010 PRINT ,,,IOPST ,,
15020 PP1NI .”ENTER GEOMETRY OF PRFSIRESSING”
15 030 PR INT . ”ST R A NDS (1,2 0R 3)
15040 R EA D(5 . 9 32 ) .~15050 IF(Y .EQ ...R’.I GO TO ~n
15060 IF(Y ,E0 .”H”) GO TO ~Ofl
(5070 DECOOE (Y.940)IVOS

(Continued)
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Fortran Listing (Continued)

15080 !F (Iv05) 100,1.00,95
tSQQo 9~ IFuV o5— 3 110,lio,100

~5100 100 PRINT ,”
15110 PRINT 9ii
151.20 PR IN T.” 1 F0p STRA OHT PARA LL EL ST R AN DS
1513 0 PRINT, ” 2 FOR DFPR~ SSFD ST RANL lS”
15146 PRINT .,, 3 FOR PA RA BOLIC POSTTENSIONEC STRANDS,,
15158 GO TO ~~151,60 110 PRINT, , ,
15170 PRINT. ,,FLOA D~
151.80 PR IPJ T ,,,FPJTER L IVE LOA~ COLE C KjPS) —

READ (5,944) x
15 200 1F (X.~~O,”R “ v’.O TO 90
15210 IF X . F Q . ”H “ )  GO TO 120
15220 O EC 0 D E 1x .94~~,v Q6
t 523o GO TO 13o
t 524 0 i2 O P R INT . , ,
t5250 PRINT ,,,.....STAMID A R?~ LOADS 4P E AS FOLLOW 5 4,,
t5260 PRINT. ” “
Iç2~ O PRINT ,” (HI0HWA ~ LO A DING )”
15280 PRINT. ” 20 FOR h~

0 — 4 4 ”
15290 pRI N T. ” 30 F0p w 15-44 ”
i5300 P R I N T . ” 40 FOR P47~~— 4 4 ”
i5 3i9 PRINT.,, 54 FOR HS15~ 44,,
15320 PRINT ,~ 72 FOR ~S20444,,15330 PRINT. ,, 90 FOR ~~~.~54 4 4 , ,
15340 PRINT. ,,
15350 P3IP4T.~ (RAtL WO~ 0 LO ADINGS)”
j5369 PRINT ,” ~O FOR ~OPPER S E—~ 0 LO A DING”
15370 PRINT. ” 7 . FOR eD~ PER 5 E 7 2  LOADI N G ”
t5380 pRI NT’” 80 F3p eOPPER ~ 

E— BO LØATU P4G”
15390 GO TO 1111
15400 3.30 PRINT. ”
15410 PRINT .”SPAN ”
1.5420 PRINT, ,,ENTER SPAN LFNGTH (Fr) —

1.5430 READ !5,944) X
15440 IF (X,o O.”R • ‘ )  cO TO 11 0
t5450 IF (X.FQ .”l4 “ )  00 TO 1.40

• 15460 IF CX .EO.” H” ) ~O 10 1401547 o DECODF.(X. 946,v07

~5480 I F ( 1V 0 3 , L F ,5 )  0(1 10 j 60
15490 00 13 150
(5500 i~ O PR NI.” “
15510 pRLI.”..... SpA ,~ E 0TH IS DIsT A NCE ~RO CE N T9 R”
1.5520 PRINT, ” TO ~E~ 7~ R OF BE ARI NG S IN
1.5530 GO TO 133
15346 iSO pRINT,0 .,
t555o PRLNT,,.SDL ,,
15369 PRIMT .,,ENTER EXTERNAL DEAD LOA DS (KIPS ,IFT) 4

• j557~ REAO!5,944) X
IF(X .EQ .”R “ )  ~O 10 13 0

15590 IF (X.EO .”H “ )  GO TO 15~

(Continued)
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Fortran Listing (Continued)

156O0 DEC 0DE (X.946) VOB
156j0 GO TO 19(1
15626 i~~5 PRI NT. , ,  ..
15630 PR INT .,..oo.,iSI)L IS THE DEA D LOAD A PPL IED TO A NO NCO MP OS ITE , ,
15640 PRINT .,, SECT !ON E’C CL’JSIvE ~F BE AM W E IGHT ,,,
t5650 GO 10 151
15660 I~~O PRINT.,, .~
15670 pRINI,,.S0[ ,,
156130 PRINT .,,ENTER EX TERN~ L DEAD LO A DCKIP S/FT ) —

i.569fl READ (5,944 ) X
IV ( X .ED.”R “) GO TO 130

iS7 iG !F(X.EC, ”H “ )  ~Q TO 165
15720 DEC 0DE (X,946) V08
15730 GO TO 17t)
15740 j65 PRINT. ,, ,,
t5750 PRINT .,,.o..OSDL IS THE DEAD LOAD APP LIED TO THE PRECAS T~
15760 PRINT ,,, SECTION OF COMPOSITE SECIION.EXCL LSLV F OF,,

PRINT, ” WE I GHT Cr PRECA ST SECTION ”
1.5780 00 10 1611
15790 i 70 PRINI .”
15808 pRI N T.”CO , “
15810 PRINT . ”F NTER E TEWN A L DEAD LOAD”
15820 PRINT,,,FOH COM~ OS ITr SEC TION (K/FT) —

15830 READ(5,944) X
15840 IF (X .E 0,”R “ )  

~O 
TO 160

1.5859 IF (x.E0.”H “) G~ 7Q 180
13860 DECO0E (.~,946)VO8k
15870 GO TO i~~o15880 1~ O PRINT ,,,
t5890 PRINT.,,..~ .,CDL IS niE EXTERNA L DEAD LOAC A PPLIED TO cOM P0SLTE~jS9

~~ 
PRINT ,” SECTION ’ EXCLUS IvE ~F PREC AST SECTION WEIGHT AND SDL”

• 1ç910 00 10 1~~fl15920 i~ o PRI NT. ”
15930 PRI NT .”A I
15940 PRINT .”ERTER FRACTI rN OF TRUCK OR TRACK
j595~ 

PRI NT.~~LO AD TO RE AF PL IR D To SECTION —

15960 REAO(5,944) X
• j5979 IF (X ,EQ .”P “ )  ~O 10 

~95
13980 IF (X .E0. ”N “ )  co TO 200
15990 DEC ODE!X,946) v09
16000 v1O A:0 .
t601.0 IF (1 vD2,E Q ,20) GO IC 2 i0
1602 0 GO 10 230
16030 1~~5 

IF (IV ~ 3,LE,5) GO TQ i~ O• 
16040 00 TO iSO
16050 230 pR INT. ” “

16060 PRI NT.”Ø’••*FNTFR 1 0  F(~p ONE TRU CK 0AD pEp ~ EA M ( T W ü  L INES”
16070 PRINT . ” OF WHEE~ S),0.5 F’OR ONE— HALF TRUCK LOAD PER BEA ” ,E TC”
160 8C GO 10 190
1609 6 p10 PRINT,0  ,.
161.00 PRIN I ,nF IMP ,,
1613.6 PRINT .,,ENTEP iMPACT FR AC T IOM —

(Continued)
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Fortran Listing (Continued)

16 1.20 R E A D ( 5 , c 4 4 )  x
IF (X ,r0 .”R “ )  GO TO j90

161.40 I F ( X . E C . ”k “ )  
~O TO 220

161.50 DEC 0DE (X,946)V1OA
16160 00 TO 230
1617o 220 PR INT ,,,
t618C PR !NT .,......FIMP IS THE I M P A C T  F R A C T I O r .. TO BE JS ED FOR HP,.
16191’ PRINT ,,, LOAD ING ENT ER AS DECIMAL  F~~AC T ~~~M , I . E , ,O . 3  F CP,,
t62o0 PRINT .,, 3u PE W C FN T .~
16210 GO I~ 210
t622 0 P~~O PR INT,,.
1.6230 PP INT ,,,FLL,,
16240 PRIN T .,,FNTER FRAC TI( ’N OF AL~ FR —

16250 R E A D ( 5 , 9 4 4 )  X
IF ( X .EO .”R “I GO TO 235
IF ( X .EO. ”H “ )  GO TO 240

(6280 DEC 0DI~( x , 9 4 6 ) ~~11
16290 GO TO 2511
16300 2~ 5 ! F ( IV U2 , E O ,2 0)  GO 10 2 10

63~~ 
GO TO 90

,4Q PR 1NT)’I,....FLL Is F R AC TI ON OF ALLF~ 
TO ACC OU N T FOR”

t6330 PRI NT. ” FCCE N TR 1C ITY A Nn CE NTR IF UGA L F0pCE ,”
1634!’ 00 TO 230
16350 2~~O I F ( 1 V 0 3 . G T . 8 )  GO TO 41.~16360 PRINT. ” “

~ A 3 7 0 PR!NT .”DSECT”
i6380 PRINT .”FNT ER DE PIN ~‘F 

PR EC AST SEC T ION ! I~~~HE
S) —

16390 pEaD(~~.~~44) x
16400 IF (x .EO. ”P “) GO TO 230
16410 IF(X .~~D.,,H , .)  (‘0 TO 260
16420 flECDD~~(y. 946)v12
16430 00 Ic’ 2711
16440 260 PRINT. ”
3 . 6 4 5 0  PRI N T

~~~~ 1~ T0T& , DI p IH (~F pREC AST S E C T I C N ”
1646 (1 IF ( ! V 0 3 , L ~~.5)  PRINT 952
j647u IF ( - V ~ 3.GT .5) PRINT 95~
1648w GO TO 250
($49 1) 2’Q PR INT .”
t6~~00 PR INI, ”A S F CT ”
16510 PR~ NT .”ENTER ARFA ( T N C H ~ S. .2)  —
16521) R E A D ( 5 , 9 4 4 )  X

!F( X ,E O ,”R “ )  GD T O 25 0
16540 T F ( X .E 0. ”H “ )  r~O T O 28 0
16550 DEC 0DE X . 9 4 6 ,~~1316560 00 tO 29 11
16 57o p8~ PRINT , , ,
1658u PRINr ,~~.....TuTAL AU F.A OF PPEC&ST SeCTI0’~1659 11 I F ( IV n 3 , L F . 5 )  PRINT 95 p
1661)0 ! F ( 1 V 0 3 , GT .5 P R I N T  95

~16610 GO 10 270
16620 ~9o PR INT. ” “
16630 P R T NT , ” S E CI I ”
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Fortran Listing (Continued)

16640 PRINT ,”F NTFR MOM E ’~T I ’
~EPTI& (INCHES..4) —

R E A D ( 5 ,94 4 )  X
t666o IF X . F Q. ”R “~~ r.O T O 270
1.6670 IF (X .E 0.”H “I G~ TO 3QC
166131) DECOD1~(X.946)V14
16690 GO TO 3io
t6700 IJO PRINT,,, ,.
16710 PRINT, ”c....T OTAL MIIM ENT OF INE R T IA OF PRECAST SECTIONs
1672u IFUVO3.LF,5 ) PRIN T 

~~~
16730 IV( 1V 03 .GT,5 ) PRINT
(6740 00 TO 290
16750 31.0 PR INT ,”
1676o PRI NT.,,YT,.
1677,, PRINT ,”DIS IANCE BETIIEEN CENTRO IDAL AXIS £ND~PRI NT ,”TOP OF PRECA:~T SeCTION C INCHES I —

i679a READ (5’94~~
) X

16800 I F ( X . E Q . ”N “ )  G~ TO ~9U
168111 IF~ X ,h0 .”k “ )  GO 10 32C
1682’) DE000E!X.946) V15
16839 00 TO 3~ O
16840 320 PRINT. ”
16850 IF (!V 03.L F.5) p R I .~T 952
i6~ 6O IF (1V 03 .GT.5) PR INT 05j

~687o GO TO 310
16880 330 PR INT. ,,
1689o PRINT. .,’qB ,,
16900 PRINI ,”DI STANCE BETWEEN CENTROIP A L AXIS AN D~PRI NT .”ROTTOM Or PR~~~A~ T SEcTION (I NCHES ) —

~~92o READ (’s.c44) X
1.6930 IF(X.E 0.”p “ )  G 0 TO 3j6
16940 IF(X .~~Q.”H “) 00 10 340
j695,~ DEC ODE(~~.946) V i 6
(6960 GD 10 35~(6970 i~ o PRI NT.,,
1698u IF(IV O 3.LE .5 PRINT 9~ 2
1699 11 I F ( IV 03.GI ,5) PRINT
~7 OO 8 GO TO 13 11
(7010 350 PRINT. ” “

170211 PRI NT .”WI S ”
170311 PRINT, ”FNTER ,11DT U ‘IF TTW SLAB Ofl FLANGE”
17040 PR INI ,”OF PRECAS T SF~C T I D ~ (INC WES) —

t7 O c ’) PEAD ( b .c ,44) X
I 1 ( X . c Q . ”R “ )  

~O 10 330
t707o IF(X .~~Q.”H “ )  G~ TO 360
170811 DECODF (X.946 , Vi7
17090 50 TO 370
l7ioa 360 PRINT .,,
1711 0 IF (IVQ 3 .LE .5) PRINT 9~ 2
i~~i2~ 

IF (Iv 03,GT ,5 PRINT 
~
5i

17130 50 TO 350
17140 3~ 0 PRINT. ”
t7tSO pRI HT’”IT S”

(Continued)
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Fortran Listing (Continued)

171.60 PRINT , ”FNTEP MINIMUM THtC~ NESS Or TOP SLAP ”
171 70 PRINT ,”op FLA NGE OF PRECA ST SECTION (~~N~ HES~ —
17180 RE*D (~~

’944) X
17190 IF (X ,E Q.”R “ )  (~ TO 350
17200 IF (X ,E0. ”H “ cO T O .~8(’
172i0 DECODE(y,946, VjB

7 0 GO TO 3Q11
38Q PRINT. ”

t 724 11 I F I V O 3 . , E, 5) PR INT ~~~17250 !F ( Ivo 3 . O T ,5) PR I NT °5i
t 7260 GO TO ~~~17270 390 IF( I VU3 .EG.7) V19,O.
1 72130 1F(1 V 0 3.FD ,7) GO To 550
(729 0 PRINT , ” “

17300 PRLT ’ ”PR”
17 310 PR IHT. ”ENT ER MINI) 1U,4 ‘~IDTH OF W EB”
17320 PRI NT .”OF PRECAST SUCT1cft~ (INCkES) - “17330 R E A D 5,944 X
t~ 34Q tc (x .,0, ”R “ )  r-O TO .70
1.7350 IF (X ,~~Q.”H “ >  

~O 10 
4 00

17360 DECO0E~ X.946~ Vj9
17370 GO 10 57o
i7380 400 PRINT.,, ,,
173~~ IF (1V 03,LE.5) PRINT 

~~~
~74O0 IF(IV O 3.GT .5 ) PRINT
(7410 ~0 TO 390
174211 410 PR INT. ” “
17430 pRI NT .”WR”
17446 PRINT . ’.ENTER TOTAL ~I~

)TH oF BOX REAM (FEE T )
READ!5.944) X

i146~ 
IF (x .EO. ”P “~~ GO TO 23 0

17476 IF (X.E0 .”H “) r,O TO 4i0
j7480 DEC 0DF (X,946)V124
17490 430 PRINT. ” “

175oo
1.7510 PRINT .,,FNTCR TOTAL nE~~1’I OF BOx Q EA N CT EE T) •‘ n
17526 REA0(5,944) X
j 7530 IF (X ,EQ.”p “ )  GO TO
(7540 IF(X,~~0,”H “ )  (‘.0 10 440
t7550 DEC 0DE (X.946)V3.~ A
17560 GO TO 45tD
17570 44Q PRINT ,,,

PRlr (T .~~..... N(’1E,USD DEPTH Al LOWER EDGE WHEN,,
17590 PRINT, ” TOP SURF ACE IS SLOPED,”

GO TO 430
1~~~1’3 450 PR INT, ”
17620 PRI N T.”TTS ”
(7630 PRINI . ”FNTER M IN IM U~ THTCKNFSS Or TOP”
17640 PRINT .,,SLAQ OF BOX BEAM (INGRES ) —

17650 READ h~,944 X
17660 I F ( X . F Q . ”R “I ~Q 10 430
17670 IF (X ,F Q . ”H “ )  0~ ~O 450

(Continued)
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Fortran Listing (Continued)

1761311 DECDDE(X.946 )V14A
j769~ 47fl PRINT. ” “

17700 PRI NT ,”TRS”
177 10 P!~INT ,”1NTER THICK ~JI:SS OF BOTTO M”
17720 PRINT .”SL AB O~ ~OX IIEAM (IN CHES) —

17730 R EAD (5.944) X
17740 IF X .EQ .”R “ oo ~.Q 450
i775o IF (X .B0.,,H .‘ ) oo tO 47Q

17760 DEC ODE(X .946 V154
17770 490 PRINT ,” “

17700 pRIN T. ”TS W”
3.7790 PRINT. ”ENIER IHIC 4NPSS OF SIDEWALLS”

PRINT, ”OF BOX BEA M IINCHES) —

17616 RSAD (5,944) X
1762$ i~~(X .~~O.”R “~ ~~ 10 47017830 IF(X ,~~Q.”H “I 

~~ 
10 490

17840 DECODE(X ,946 V 166
VI7A ZO ,

178A 0 510 IF (IVO 3 .E 0.g) GO TO 530
1787$ P~ I NI.”
17880 ~~ I ’ ”? W ”
1789$ ~8I~~T;~ F~ TER IHICKNBSS OF GENTE0 WALL OF”
17906 PRINT . ”1,00BLE—cELLEO Bol BE AM (INCHES)

READ( 5,944) X
17926 I F ( X .E0.”R “~~ 00 10 4901793 6 I F (X , EQ . ”H “ )  0~ 10 5j 0
17940 DECODE (x . 94 6 )  v1 7A
(7~ 5~ ~~~ 

PR INT. ”
P*INI ,”DH”

(7978 PRINT. ”~ NI~ R DEPTH AND W I D TH Or FILLE’ £ IN CWE O) U

17960 RE A D ( 5 . ~~44 Y X
(7990 IF (X ,PQ, ”R “ oo TO 535
1600 0 IF (X,EQ,,,H ~) GO TO 54Q

DECODE (X ,946) V 113A
1802$ GO TO ~~ O
i60~ o 535 IF( IV 03 . E0 .9 )  ~o To ~~~ - •1804 0 G~ Tn 510
18050 540 PR INT. ” “

£8060 P~ INT ,,,.....N0IE4rIL~LE1 IS THE T R IAN G ULAR AIE* THAT FQRMS~
18070 PRINT.,, IMP CORNER OF A CELL IN A 000 BE~ M.M
1608 0 GO TO 53o

~609o ~~~ 
PRINI J~16100 PRIPdT.”DELTA”
PRI I

~
1T A ”ENTER INCREA IE II TMTCKNUSS 0~ ~~~

1$~28 P~ INT .”0~ 8oX B0A ~ $U8 ~0 SLOPIW . 4I N 0Hp S)
(8~~ 0 pEAD ( ! ,944 )  X
16140 IF ( X , 00, MR “ )  GO TO 530
lets. !F(X ,EO ,~ W ~

) oO TI “a
1116 DGC 000 (X. 946 )  V 196
f6~~7I sb PRINT. ”

PR INT, ”DhoC”
1619$ PRIMT , ”FNT ER DIO PMROM L O CAY T O N AS”

(Continued)
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Fortran Listing (Continued)

1.8200 PRINT. ”A FRACTION O~ SPON LENGT H -

18210 RPAO( ; ,94 4 ) X
16220 I r(x ,~~Q. ”R “1 ~O 10 513
18 230 I F (X , EQ . ”H “ )  G~ TO 580
1824 0 DEcnDI~ x; 946) vpO
1.6256 GO Y~ 5~o
18260 ~~~ !P(IV Q3TEO. 7 ) On TO 37~
1.8276 I~~(IV O 3 tG ? .8) 06 70 550
1.8280 GO tO 390
16290 S8O P9INT.~PRI N1 ,,.....NOTp,~~~j DI*PH*AMS At TNIRD PO~ NTU Es~EN o.33.”
16316 Pø1~~T ,,, Ir NO OIA PWRAM $ ARE US$0 ERTIp ZIRO ,,,
1632$ GO ~Q SV n -

~$3jg 59~ IF (V 2 b , EO ,O. )  on 70 605

~e~~I PRINT ,”
(8330 PRINT. ”OI 4PM ”

P8I wT,”FwTEp WEIGHy p0p DIA PHRAM (KIps) —
16370 R0A D~ 3 .f44~ X
(6360 I F ( X . I O , ”R “ )  no TI 510
18390 IF (X ,!O ,”M “ )  ~0 Ta ~9O

o~CODI
I
~~

94é) V2t
t 84i1 G~ To 6t0
t6420 605
16430 vaO ’0 .5
18440 610 IF(I V OSI N E ,2) 

~t to 630
t8450 PR INT. ” “

PRINT;~ w DPT,
P8!4l ,~ EN’T ER OIITANbE ~~ OM MIISPAN TQ H O LD— G O O N , ,

1846 0 PR!NT ;”po!MT FOR OEO RES$ED STRA NDS IP’IE?)
R$LD (S.944) K

£6500 !~~ X , $0,4p “) On TO 6t5
16310 IF (x , !Gl ’~H ~) G~ TO oil
i8320 D~ COD l(x.946)v22
(8330 09 TO 430
18540 61.5 IP’(V2 1,~ O . O , )  GO ~0 57 o
1.8556 G~ T~ 300163,,, 630 PRINT S ”
185,0 PR INT. ,,A S ,,
lass o PRINT .~~ENTER AREA O~ A IINSCE PREST RESS INGs

PRINT ., ,STRAND OR CA 8LE IINCWES.’2)
1660$ RPA O ( ; ,944 )  K
1861.0 IF (X,pO. ”R “ )  ~O T O 635
(6420 !F(x,0Q ~”N ~~ r~ 63016630 D0CO DIc~~ 946) V23
1.6640 GO 10 630
leese 635 IF (IV OS,E 0 ,2 ) GO TO 610
j866~ IF( V 21 .F O .0,) GO TO 570
t66~0 00 TQ 390
18660 650 PRINt , ”
18690 PRINTIWF SUL Tn
i8loI PR!N1 .~ Ep4T5R ULTIMAtE S*RE~ GTB IF”
£87i0 PRINY .~ PP8STReSS!NG STEIL IKS I ) —

(Continued)
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Fortran Listing (Continued)

187 20 R EA D ( 5 , 9 4 4 )  K
i873~ 

!F(X ,E0 .”R “) 00 TO 630
1137 48 I F (x  EO ,”k “ )  GO TO 650
t8756 

~
jCo DE (X.946 V24

18760 6~ 0 ~R IN 1.” “
18770 PR!NT.aPS,,
18780 PRINT .,,ENTER RATIO OF SVEEL STRESS AT YtM E OF STRAND5
16790 PRIN T .,,RELEA SE OR ANC HORAGE TO UL T IM AT E PRESTRESSING,,
188110 PRINT ,~~STEEL STRENGtH,.R~ AO(3,944) K
18820 IF (X ,E0 .”R “ )  ~O TO 65 0
18830 IF (X ,E O .”H “ )  ~Ø TO 670
18840 DEC0DE (x;946) V25
18850 690 PR INY. ” “
3.8860 PR INI’ ,”R”
18870 PR,N T,”EW TER RA T 1O j~F STEEL STRESS AF TER LOSS 

~
F”

18880 PR ?NT .”PpF $TRESS TO ST EEL STRESS AT ANC HC RA G E —
18890 READ(5.944) X
3.8900 Ir(X ,EQ, 0R “ )  00 TO 670
18910 IF (X ,EO .”H “) r 0  T O 690
1.8920 DEC 0DE (X .946) V26
18938 710 pR INT , ” “
j894Ø PP!NT,~~EM!N~
18950 PRIN T .,,EP4TER M INI M UM FEASI BLE ECCEN TR ICI TY OF CE NTER OF,’
18960 PRINT ,”GR AVI T Y ~~ PR~ ST R~ SSyNG TE NDONS FROM BOT TOM OF B EAM ”
1897 0 PRINT ,” (INCWFS)”
18980 REA D (S~ 9 4 A )  K
i89 Q 0 I F ( X . E Q . ”p “ )  0~ TO 690
19000 1r ( x ,E0 .”H “) 50 TO 720
t96IO DECO0€ (X.946) V27

90,0 GO TO 7~ 0
720 PRINT 97t

19040 PR 1NT 972
19050 GO To 710
19060 730 PRINT. ”
19 070 PRIN T ,”ESR”
3.9080 PRINT .”ENTER FA C TOR TO 4 LLOW FOR STR A ND R ELA X A T IO N A ND MEMBE R”
19090 PRI N T.”SW ORTE NTNG pR IOR ~~ COMPUTI N

G STAGE f ~i’qESSES —
19100 REA D (3I~~44) X

IF (X ,E0.”R “ )  50 TO 7j0
191.20 IF (X ,EO .”k “ )  oo ¶0 740
19130 fl~ COfl$(X.946 V28
19140 00 T0 150
3.91.50 7~ O PRINT 971
19160 PRINT 972
i9t70 GO 10 730
i918ø 75Q PR INT ,,,
19190 PRINT .,,FCULT,,
¶9200 PRINT ,,,FNTER COMPRESS IVE STRENGTH Of CONCREtE IN ,,
19210 PR !NT ,”PRPSTRESSED MEMBER A~ 28 DAYS (KIPS PER So IN)
19220 REAO(3 ,944) K
19230 IF (X..Q.”R “ )  

~~ TO 730

(Continued)
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Fortran Listing (Continued)

19240 IF (X ,EO, ”H “1 50 TO 73Q
I~ 25O OECODE (X,946) V29
j 9~AI 770 PRINT, ”

PR IN ! , “F’CI ”
19280 pRI N1~ ”E NTER COMPRESS IVE SIRENOTH 01 CON CRETE IN ”
19290 P8!NT ,”PRFSTRES~ EO MEMBER AT TIM ! ~r ANC~ 0R*G0,,
i93o0 PRIN 1 .,,OR STRAND NEL’EA SV C~~TPS P$R SO. (s.) —

RGAD(51944) K
19328 IF (X ,IO, ”R “ )  ~0 TO 750
i9336 I ! (X.5 0, SH “ )  00 T5 770
19340 DECODE~ X.946~ V30

V3 IA ZO ,
19~*~ 790 IF(1V 03 ,LE ,5) GO TO •1.Ot9370 GO TO 830
19380 810 PR TNT. ”
19398 PRT NT .”FC PC”
i94o0 POINT .”ENTER CO MPRESSIV E STRENGTH OF tONCREYE ~
t94~~ P8INT .”IN COMPOSITE DECM SLAB (NIPS PpP SO , I N )
1~ 428 R~ AD( 3,944) K

IFtX. p 0,”13 “) ~0 10 770
19440 !F (X .IO. ”H “ )  00 ¶0 8~ Q
jOA5 Ø DEC000 (X,946) V3IA
t946~ 83~ PRI NT,” “
1 4 0  PRINT ,”FTFN V”
i;4~0 PR IwT ,”~ N T cR ALLOWA ILE ‘~ NSTL c STR ESS IN TOP F I BEAS”19490 PR INT . MDF DR ESTR ESS ED MERGE R ~~~~ 

P~ 13 ~0. TN, )
1.9500 READ(5.944~ K

~~~~~ 
I F (X ,E0 .”R “ )  GO TI 8j5

19520 IF (X ,00,”H “I ~O TO 830
DECO DE X.946 V32

19540 C.0 T~ 850
19556 835 IF (1V03,LE.5) Go TO 8~ O
19560 GO TO h o
19570 850 PRINT,0
19580 PPINT.,,FTENB,,
19590 PRINT .OE~NTER ALLO WAII LE TENSILE STRESS IN B0IIGM FIBERSO
19~ O0 PRINT. ”PR FSIRESSED MEMBER (~<IPS PER So . IN , )  —

1.9610 READ (5,944) K
19620 !F(X ,;O,”R “ )  ( O  TO 830
19630 IFCX ,ro , ”H “~ ~O TO 850
(9640 DECODE (X,946) V33
19650 13~ 0 PR INT. ”
¶9660 PRIN T.”FNPS”
19670 PRINT ,”FNTER ALL OWAI~LE STEEL STRESS Or NCNPRESTRESSED”
19680 PRINT . ”PE INFO RCEMEN r (IUPS PER S~~. IN ,) —

READ( ,ç, 4 4 )  K
t01ÔO IF~~~’E0’ ”~ 

“ )  ~O IC bSO
19710 IF x,~~0.”H “) C~ TQ 870
19720 DECODE (X.946) V34
1.9730 ~~~ PRINT ,”
19740 PR !NT .”Fv ”
19750 PR !N T .”FN T ER U LT I M A T E S’FEL STR ES S Q

~ 
ST 1RRUP’

(Continued)
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Fortran Listing (Continued)

19760 PR!NT .NRE,N FQNCEMENj (KTPS pER S~~, IN ) —

19770 READ(5.944) K

t978 IF (X ,EO .”R “ )  GO ‘T O 870
19790 Ir (X .E O.”k “~ ~o TO 890i9806 DEC 0DE(X,946) V35
19810 910 PRIN .“

19820
19830 PR IN T.”EN TER A p E A O~ AL ( LESS OF ST 1RRU’S Ay ”
19040 PR INT, ’,ONF SECTION I N THE MEMBE R ($0 , IN ,)  ~ 0

RE A D ( 5 , 9 4 4 )  X
4 986 IF( X .EO ,”R “ )  GO TO 890
!917o Ir(X.EO.”H “ )  

~O TO 
9j0

(9080 DEC000(X.946 v36

~989d 930 PRINT. ” “
19900 pR IMT , , ,NSEC ~

PRI NT ,,,ENTER NUMBER OF SECTYONS A T W~:jCw BE AM IS TO”
19920 PR INT .”RE ANALYZED FOR MOM ENT (M A XIMUM OF 4) —

1.9930 READI~~,932) y19040 IF (Y,p O ,”R ”) ~O 10 910
19950 IF (Y .EQ , ”H”) GO To 930
19960 DECODE ( .940) 1v37
19970 950 v39 1.~~ ?~.5
1998 0 00 9~3 T:7,IV3~
19990 953 V39(j)~~0.
20000 Do 954 I:1,1V3 7
20010 954 V40(I):O.
20020 PRINT 2000
20030 IV(1V02 .EO.20) GO T t ~65
20035 955 IF(IVJY.E ().1 ) GO TO 97~
20040 00 960 I:7, 1V 3 7
20 05 0 J 1
20060 PRINT 2 1 0 1 ,1
2 0070 PRINT 20 02 .1
20080 READ (5.044) X
20090 IF (X .1~O .”R “) GO TO 930
2 01116 !F(X ,E O ” I-4 “‘) so TO 95~201.10 960 D E C ODE (X .946) V391j1
201.20 Go TQ Q70
20130 965 PR INT 2004
201.4’) .1:1
20150 PRINT 21106.J,V39 (t)
20161) READ (5,044) K

C 1’) IF (X ,EQ ,”R “1 110 TI) 95 3..
Ir (X,~~O.”k “~~ 50 TO 965

20190 DEC 0DE (k,946) V40(1)
20195 TF C I v37 ,EO .1) GO TO ‘p70
2020’) 00 068 I”2,Iv3 7
2021’) Jx I
2022’; P R I N T  2 0 0 1 , 1
2023’) PRINT 2 102 , 1
20240 REA D (5 ,944 ) K
30250 Ir (X .FO .”R “)  so 10 930

(Continued)
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Fortran Listing (Continued)

20260 IF (X .EQ. ”~-I “) G~ ~a 9~ 5
20270 DECODEO,946) V3 9t .i1
20280 PRINT 2 0 0 6 ,J ,V 3 9 ( . f l
20290 P E A D C 5 , c . 4 4 ) K
20300 IF (X .EO . ”R “) sO 70 965
203 10 IF(x, E~~.”H “~~ ~o TO 965
20320 DECOOE (X.946) V40 (J~
20330 968 CONT INUE
20340 ~~~ PRINT ,,, ~
20350 PR INT , NP~ETRL,,
2036 0 PRIN T. 01 5 MUMG ER A NO L O C A T I O N  ~F PRESTRESSING,,
20370 PRINT, , ,~~TRA Nf lS  TO 81~ INPUT O A T A ~‘Y OR N~
20380 REAO(5 .932) Y
203911 I F ( Y ,PQ. ”R” GO TO 950
2O~ O0 IF (Y .EQ .”W’) GO TO 1)70
20410 IF t

~~•E O’
”
~
”
~ ~O T~ ‘)73

20420 I F ( Y . E Q . ” N”) ~o T~ ‘fl4
2 04 30 P~~!NT , ”c.i.o.CORP ECT RES PONC F IS ,,. 

FOR ~FS A ND N FOR NO”’..”’
20440 GO ¶0 970
20450 973 I V 3 8_ i
20460 GO T~ 99o
2O~ 70 974 1V3 8 _ — 1
20480 GO To lc70
20490 9~~0 PRINT ,, ,
20500 PRINT.,,IDc,,
20~~10 PRINT, , ,ENT ER A NUH8I~R TO IDF NT !F’ Y TH E CASE ~j  O IG I T  M A X )  —

20~ 20 READ (5.~~32) V
2053 0 IF (Y .EQ . ”R”) ~O TO 1)70
2 0 M4 0 I F (Y . E 0 , ” H” )  G 0 T~ ‘)90
20550 DEC 0flE (.~, ,94O) IV4 1A
20560 1.010 PRINT, ”
2O~~ fl PRINT ,“STPNS”
20580 PRI NT, ”ENTER NUMBER OF PRESTRESS ING STRA ~IDS —

20590 REAO( 5,o44) X
20600 IF (X.E O.”R “ )  ~,O TO 990
20610 IF(X ,EQ .”N “ ‘ i 

~o TO 
101,0

20620 DECODE (X,946) V42A
20630 1o~ o PRINT. ” ”
0& 40 PR INT . ”VM ”

2065 0 PR I NT .”F N T ER UIST A N L’E F ROM RO T IOM O~ H E A P T o e E NT IOIO O F ’S
20660 PR IN T.”PRE ST RE SS ING STR ~~ID S A T M!I)SPA N £INC II E ç )”
20610 READ (5,944) K
20 (48 0 !F(x.EQ. ”R “ )  110 TO j Oj O
~O(49O IF (X.E fl.”H “)  r,O TO 1.030
20700 DECoDE~~

(,946) V43A
2071 0 1~ 5~ PR INT. ”
20 7 20 I F t I VO5.E0,1) V44A~~,43A

2073 0 Ir (IV O 5 . EO ,1 ) Go ~O ~0~ i
20740 PR INT .”YE ”
20150 PRI N T , ”F N T E R IJISTA N1~E FRO M PoTTO~i 0

F BE A M T~ C E N T R O ID ”
20760 PRINT .”OF PRESTRESSING STRANDS A’f EP~I~ OF BEAM (INCHES ) —

20 77 0 PEAD (5.944) K

(Continued)
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Fortran Listing (Continued)

20 780 IF ( X .10 . ”R “ )  r~j rU 1030
20790 IF(X ,FQ ,”H “ )  ~O TO 10 50
20~~110 DEC 00 (X.946) V44A
20810 i~~

7
~ IF (I v03.G’r.S) GO TO 113~?0820 1n 75 PR INT ,.. ,,

2 0 830 PR 1NT .,,~~Cs,,
20840 PRINT .”EP4TER WIDT H ~iF COMPR FSSIVE SLAB (INCHEs ; —
2O8~ O RE AO( 5,o44) K
20860 IF (X ,F 0.”R “ )  oo 10 1080
20870 II (x.~~0.”H “ )  r,~ TO 1075
20880 DECODF (~~,946) V45A
20890 GO TO 1(90
20 9 00 10 80 IF (IV 38 ~7o,~~7o,tO ’45
209 0 1085 IF(1V 05 .EO ,1 ) GO TO 10302 O9~ O GO TO 1050
2 0930 1Ii~~ O PR INT. ”
20940 pR !NT ,”TCc”
20950 PGIHT ,”E-NTER TMI C P~N;:SS 01- COMPOS ITE DECK SLAB (INCHES) —

20960 PEAD( ’J,944) K
p 0970 IF(X ,E0.”R “ )  GO TO i075
~01)8O IF (X .E O.”H “ )  ~O TO 1090209011 DEC 0D~~C Y . 9 4 6 )  V46 1
210011 1110 PRINT. ”
21010 PRINT .,,XNcS,,
21020 PR INT ,”FNT ER R A T I O  ~F M~it)ULUS or ELAST ICI TY or COM~ OS ITE”
21030 PRIN T ,”DEcK TO HO i1LJi ~US or ELA STI C IT Y oF PRECAE T MEMBER —

21040 REA D IS,944) K
21.050 Ir cx. p .“

~~ 
“ )  110 T ° 1090

21060 IF (X.E8. ”H ‘
~~~ 

so TO 1111)
21070 DE C O O E ( X , 9 4 6 )  V 4 7 A
~~~~~~ ),j30 P R I N T . ” “

~~~~~ 07j V0RM A T(///.20X .”T AB I ’F 1.’.//;
21100 4” SE C T I ON TY p F ~F AppR ox. A PpRO X, ”./
21110 8” NU MBER SEc ’ r IO~ VALU E OF VA LU E” ,,,
21121) 8” EM I N ( I N )  OF’ E SR ” ,,’//.
2113’) A ” 1 CO MPOSITE SPREAD pOX 2,0
211.40 A” 2 CO MPOS IT E AA 5~.IO.’p r I ”,//,
211.50 ~~~~ 3 STANDA RD SE C T ION S~ ,/,
2116 0 1” TYPE I 30 FT SPAN 2.0 o .9t5” ./,
21170 8” TYPE 1 ~5 F T SPA N 3.0
21180 A” TYp E II 4’$ V T SP A N 2.5 0.915” ./,
211,911 A ” TYPE II 6fl FT SPAN 3.5 0.88”,’,
21200 TYPE II! !~5 F? SPAN
21.210 ~ “ TYPE III RO VT SPAN 4iO 0.88” .,,
2122 0 A” TYPE IV 7 f~ F T SPAN 3 .~ O .91ç”,/,
21230 8” TypE V too 

~
T SPAN 4,5

21.240 8” 4 TYPE V ~0 FT  5PAN 4.5 0.905” ,/.
21250 8’, TYPE V t2 ’~ 

F~ SPA !~ 5.0 0.88”,,,
21260 ~~“ TYPE V I 

~~~ r~ SPAN 5’O Q .905” ’/.
212 70 4” TyPE V I 140 FT SPAN 5.5
21280 9~ 2 f0RMAT (3X.”5’~

.5X .”CflMPOSI TE TEE ”./.
21290 4” 40 F~ SPAN: 4.5 0.905” .,,

(Continued)
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Fortran Listing (Continued)

713110 & “ 
~o 

F T SpA)4 5.~
21310 A ” 60 FT SPAN 6.~ 

O .905” ,//.
21320 4” 6 ~M A U N E L ”./,
21330 8” 20 N ~P4N 3.0 O ,905” ,/.
21341) ~~“ 30 rr SPAN 4.0
21.350 5” 4Q FT SpA N 5.0
21360 k” ~ SOL I D  5LAP 2.0 u. 935” ,/i.
21370 8” 8 V Ot U~ fl SLAB 2.0
21.380 4” 9 SINGLI : ‘30* 2•0
21.390 8” 10 DOUBLI- RO* 2,1) (3 92~ ”~ ////)214Ot~ 2000 VO PMAT /.”***•*NOT EIaSE C T I ON 1 ‘iOST BE AT M ID S~ AN; T HE R EF 0R k ” ,/,
2141,) 4 “ DI q~~(1) ~E 1 EG LJ AL T° ~,5 By P~ QQ~ AM ” .//)
21420 2002 VORMAT (,,ENTER DTS T~ NCE ¶~ SFCTt0~ “~~I1../.
21430 4 “FRO M SUPPORT AS A FPACT ION OF SPAN P )
21440 2004 FORMAT (,,”,, ... NOTE*~M3MENTS FOR COOPER’S E— i ~R LOADING MA V” ,/,
2 1450 8 “ 8E ~NT E0~ D W IT H Ap PR~ P IA T ~

j FLOA O A I~0” ./,
21460 4 “ A LL P B VA CUE S,Op j. MA y BE E N 1E~ ED F0~ ” ,/,
214711 4 ., FLOA D A~’D AL LFP W ITH THE kMLL VA LUES ” ,f,
2j480 A “ ENTERED AS A C TUA L MOMENTS TO GE AP PLI~~D ” ,1,
214g0 4 “ TO SFCTION ,” ,/// )
21500 2 ü 0 i F OR MAT (/.”nIS T (”,IlV”)”)
2151ii 2ü06 ~‘O 8MA 7,/.”BMLL ( ,11, ”)”v/.
21520 8 ,,ENTER LIVE 1040 MOM EN T S FUR RAIL RO AD LOADIN G A ’T ”./.
21.530 4 “ Po I NT  C0R REI~PO ND IN G TO SECTION DISTANC E OF “ ,F 7 ,4,”L ” ,/,— 
21540 & “ (FT KIPS)”)
21550 LN *1
21.560 PRINT 5500’LN
21570 PRI N T 550?,v01

U 21580 LN:2
21.590 PRINT 5501.LN
21608 PRINT 5504 ,1V 02,IVO 4, IVC4 ,Iv05 .VO6 ,V 07,V0 8 ,V OOA, V09 ,V 1OA ,Vj 1 ,
21.610 LN U 3
21620 PRINT ç501 , L N
218311 IF ( IV0 3 .G T,8) GO To 3000
21640 PRINT 5506, V12 . v13, ~ij4. V1~

),v16 ,Vi7 , Vlb.v19
21680 GO TO 302o
2166 0 3ü 00 PRINT 55~ 8, V124,VI3A , V 14A,Vl5A .~~16A,V1 7A ,V 18A ,V 19A
21670 3~ 2O LN ’4
21688 PRINT ~~ O 1 ,LN
21690 PR INT 551 O,V20,V21,u22 , V23,v24 ,V25 .V26,v27,V2 8
21700 LN ’5
21710 PRiNT SSOl.LN
21720 pRI NT 551 2, V29, V 3 0,v31 A 1 v32 v33 , V 34 .v 35yV 3 6
2173 0 LN .6
21740 PRINT 55O1.LN
21751’ PRINT 55i4,Iv37 .IV3i4, (v39(J7,v40 (J),J i~~IV37)
91760 LN.7
21770 Ir cIv o 3 .GT ,5) ~n To 3050
21.780 PRINT SSflh,L )~4
21100 PRINT 5516,V45A ,V46A , V 4YA
21600 IV(IV38)3n 6U,~~O6O,3,,4O
2 1810 3fl 41) LN1 8
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Fortran Listing (Continued)

21.820 PR INT !55~ 1 .LM
21.830 PRINT 5518,IV4 1A,V4 ;’A .V43A ,V44A
21840 GO TO 366u
21.850 3O~~O IF( 1 V 38 ) 3 0 6 0 ,3 0 6 O . 3 0 5 5
21~860 31155 

PRINT 552 fl ,I V41A , V 41,A.V43A ,V44 4
2(870 3060 LN:1
21880 WR ITE (02~

5S22)LN .V 0~21800 LN .2
2t9~ 0 W RITE ,02.5524~ LN ,IV ,i2 .10O3 ,TV O 4eIV 0 5 ,VO6 .V O Y. V O 8.V O 8A .VO9~ V 10 A ,V11
21910 LN:3
21920 IF (IV 03 .GT, 8 GO To 3~ 8O
21~ 30 W R I T E (02. 5525 )L N .V1.p .V 13 ,V 1 4 ,V 1 5.Vj 6 .V17.V 18.V 1 9
21940 GO TO 3joo
21.~ 5B 31180 W RITE C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,V 1$A ,V 1 ,9A

960 ~~0o LNs 4
W R IT E (O?.5528)L N .V2 P,V2f.V2 7,V23 , V 2 4,V25 .V26.~v 2 7 ,V28

21980
21.998 W I~ITE ,O2 .553O) LN. V 2 9 ,V 3l.V3 iA .v3Z .V 33 .V3 4 .V35.v 3 6
220 Q0 LN*6
22010 W 8 I T E O2 ,55 32 LN, IV ~~7 1I~~38 ,(~~3 94 J) ,V 4 Q ( J ,Js1,~~V3 7 )
22020 L~ i7
22038 I I ’

~
h h 13 .G T.S ) G0 ~~ 

320(1
22040 w RITEC02. 5534)L11

~.v 4~ t~~v
46A ,v 47~22 050 IFCIV 38) 32 3O ,32 3O ,3~ 9O

,,060 
~~~~ 

LN .8
2207 0 W RIT E O2 .5536)LN.!v~ 1A s9 42 (4;V 43 A .V44 A
22080 G0 To 323 0
22090 3701) IF (IV 3O ,323o ,3230 ,3h0
2210 (3 371.1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
22i1 0 ~~~~ FOR MAT( ” LINE NUMBER “.11./ ,
22(20 & “INPUT SVM B ~ L VAL UJ E”,/ /)
2213(3 5502 F OR M AT (” 1 T I~~LE “A 6 6 , / / )
22140 ~5Oi FO pMA 1(” LINE N0MHE~ “.11./ ,
22150 A ~ tN PUT SY MBP~L VAL U E CCMMENT~~.,/~
221.60 5904 FORMAT(” 2 IDt D “.12.
221.0 8 / ,“ 3 IDSEC “.12 ,
22 1A0 8 /, “ 4 iOT ~~1 “4 1 2.
22190 4 / . “ 5 IO p~~r22200  8 / , “ 6 FLO ID
22210 4 ,,n 7 SPA~ a,Fio .3,
22220 & / . ‘ .  8 SOL e, Fj 0, 3,
22230 8 ii,. 9 CDt ., Fj 0 ,3 ,3X .,, S ET EQUAL T O ZE RO FOR ,.
2224 0 4 / ‘ “ NONCOHPOS7T~ SECTION ”
222 8 8 I .” 10 ALL~ R 0 X - r  ~~,222~~C 8 .‘~~~“ 11 F’I lIP ‘.~~X~ r~~ 3,

3Xi, ”ScT E001L TO Z ERO pQR” .
2227 0 8 ,‘ .“ HIGB~,Ay LOAD ” .
22280 8 I.” 12 FLI s .5X,F5 .3.// /~
22290 55 06 F O R M A T ( ”  13 DSE~~T I,F j,0,3,
7230 0 4 / ,“ 14 ASE~ T “,Ftn ,3 ,
~23iC .‘ . “ 15 SE C T I  “1 F11.3
22320 4 I. ” 16 VT ‘,F1 O , 3 ,

— 22330 4 / . “ 17 yB •,Fj~~,3,
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Fortran Listing (Continued)

22346 & / . “ 18 ~T S “ .Fln, 3 ,
22 350 -

~ / . “ 19 fT~ ‘.F~~0,3, H
22360 8 I.” 20 BE ‘,F111 3.3X ,”SEY EC UAL. T o ZERO FOR” ,
22376 8/;” 1D S EC P OD A L Y~ 7 ( S LA B )” ,/ / / )
22380 55 08 FO~ MA 8(” 1.3 w 8 .V1n ,3,
22390 A /,“ 14 OF 0,110 ,3 ,
22400 A ~~ , “ 15 T T~ ‘.110,3.
22410 4 .‘... 16 T8( ..,Fj~~,3,
22420 & / .,. 17 TSI 0.11.0,3,
22430 8 ,‘ . “ 18 7Mb ‘.110.3 ,
22440 4 / ,“ 1c~ D~ “,F10 .3 .
22450 8 I. ” 20 ;L tA ‘.F lfl.3 ./ / / )
22460 5910 FO R MA T (~ 21. BILOC “ ,4 x , F 5 , 3 p 3 X ,~~wNEN ~E 8O 0~ BLAN$~.S E T ~O”
22470 8 /,., 0.5”
22480 4 /.“ 22 D IA pH ~,F1n. 3 ,3x ,~~wH E w C I LO C EQUA L ZER 0 ,S ET”
22490 8 /. “ EQUA L 711 7EPO’.
22500 & i. ” 23 HDFT “ ,F11),3 .3X , ”WH F N IDPST NOT EQUAL 2 , 5E7”
22~iC A ,.“ EQUAL TC ZERO”
22,20 4 / , “ 24 aS ‘,Fio 3 ,
22530 8 / . ‘ 25 1SUL T 0 ,1 10,3 ,
22540 8 I.” 26 P! “.4y, F5 ,3.
22550 A .‘. “ 27 P “.4~~,F5.3.
22560 8 ,... 28 EM~~N ,,.4x,F5,3,
22570 8 ,.“ 29 ESP “ ,4x, F5 ,3.1/,)
22880 55 12 FOR MAT (” 3o ICUI T “,Fj~~,3,
22590 4 I,” 31 F~~I “‘~~l0.

3.
22600 8 /.“ 32 F C~ C •.110,3,3X.”SET EQUA , T0 Z6RO F OR ”
22610 8 1.” NONCOMPOS !T~ SECTIO N”
22620 8 /,n 33 FTEN T n .110 ,3 ,
22630 ,.,. 34 FTEKB .,F1~~,3,22640 A ,,,. 35 ~

‘NPS 0.110,3.
22650 8 /~~ H 36 Fv ~~~~~~~~
22660 8 ,‘“ 37 AV ‘.Fj0 ,3,1,~~)
22610 5~ 14 FOP MAT (” 3R NSFC “.12 ,
22680 A / . “ ~~ N~~TR(. “,12, JK, ” SET E O U A L TO 1 sr ”’
22690 8 I.” STR A ND tA T A INP UT IO T H E R W I S E” .
22700 8 I.” SET EQ UA L TO —1” .
22710 4 i ,” 4Q DIST ,BMLL “ ,F9,3,F 8,3,/,3(16X ,15,3,F8,3,/),///)
22720 551.6 FOR MAYC” 41 WC~ “ .cio . 3.
22730 8 /,“ 42 TC~ ‘,Fjr~,3,
22740 4 / , “ 43 ~N~ S “ .Fj 0,3 ,/,/)
22750 5518 FORMAT(,, 44 1~~C 0.ox;~~2 ,
22760 4 i’ ” 45 STRN S ~

,F lo ,3 ,
22,,0 4 I ,” 4,, YPi 0,110 ,3,
22~ 80 8 /,“ 47 Y~ “.~~1O, 3 ,///)
22790 5~~2o F’OR M AT (” 4j IOC “.ox;!2./.
7281)0 * “ 42 SIRNS ‘.110.3 ,/ ,
22810 8 a 43 Y~ ,,.Fj~~.3,/,
22820 4 “ 44 YE •
22~ 3O ~~22 F O P M A T ( ! t .1X .466 )
22846 552 4 FO R M A T( I1 .3 (1X , I2 ).IX ’ If .4( 1X ’1 7 ,3)’3 (1X.F ’5 .3))
22850 5925 FO R MA T (I 1 ,2 (1K .F8.3) , 1x ;1it .3 ’~~(1x .

17 .3) I
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Fortran Listing (Concluded)

22860 ~‘52 6 FORMATU 1. ,8(jX,F 7 ,3~~)
,,8~ 0 ~529 

FORMAT ( T~ .I K ,F5.3,4t 1 X ,17.3 1, 4(1X,Fb ,3)22880 5~ 3o FOR MAy( !(.8(jx ,F7.3~~
22890 ~c32 1ORM A1’ (2( I 1,IX). I 2.411K r5.~~.1K,,

7.3))
22900 ~~34 FORMA 7(I l.3(1X,F7,3))
229 j0 5536 F0RMA 7(1 1.lX~~tl.3(t~~.V 7.3))
22~ 28 32~ 0 PR INT. ”
22930 IF(LC .EO ,2) GO TO 3231.
22940 PRINT. ”NO T E#EX IT PROG R AM TO COR R EC T ERRORS IN D474 FILE ”
22950 PRINT .”
229 60 J7~~1, PPINt, ”DO YOU WI SH 70 EX I T  P R O Q RA M ( Y  OR I ) ~
22~ 7o READ(5,932)Y

IF (Y .EQ ,”V” ) STOP
2299o IF (Y.FO .”N”) oO TO 32~ 0 H23000 pRIt,T ” “ .
23010 PRIIJT,”..,.,CORRECT RESPONCE IS .

,, 
FOR yES AND 14 FOR NO’.’..”

23020 GO TO 323n
23030 ~2~ 0 RET URN
2304* END
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General Requirements

1. A typical concrete precast facility comprises the following

elements:

a. Cement and aggregates storage areas.

b. Reinforcing steel and prestressing strand storage areas
and fabricating facility .

c. Forms.

d.. Concrete casting and curing area.

e. Concrete placing and consolidation equipment .

f. Means of accelerated curing .

~~ ,. Lifting and handling equipment.

h. Stressing means (usually hydraulic jacking equipment ,
etc.).

1. Storage area for finished products.

~~~. Transportation equipment , e.g. trucks.

Ic. Equipment for testing and inspection.

1. Facilities for maintenance and. repair.

in. Utilities (water, power , fuel supply, compressed air ,
etc.).

n. Storage and fabrication of inserts, voids , picking loops,
etc.

0. Burning and welding equipment .

j~,. Shop engineering for shop and working drawings and corn-
putations .

~~~. Plant management and administration office.

Obviously some of the items above may be performed offsite , or by out-

side agencies . However, the coordination of all of these items into a

manufacturing system requires extremely careful planning and management .

Some principles and general requirements for the concrete precasting

facility are given below.6

Materials flow

2. The flow of the materials must be laid out so as to minimize

F3
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distance of movement and prevent congestion .
Proper roads and drainage

3. In all work areas and in the storage area, proper road and H

drainage must be provided. It is extremely important to eliminate ruts

or holes that might cause a crane or forklift truck to tip, possibly

injuring a worker or damaging product or equipment . —

Utilities

4 •  The outlets for the utilities must be conveniently located in

the work area. Boxes or guards should be installed to keep outlets and

receptacles d’~y and clean and to protect them from accidental impact.

Adequate lighting should be provided for night work.

Communications

5. Particularly from point of concrete placement in forms to

batch and mixing plant , communications , such as a two—way voice radio ,

should be provided.

Casting beds

6. These beds must be designed to remain level and true despite

repeated loading and frequent wetting of ground. Height of bed should

be set at the best working level, particularly where considerable hand—

work is required.

Proper storage

T. Prestressing steel, mild reinforcing steel, and inserts must

be stored where they will be kept clean and dry .

Hydraulic jacks
and strand vises

8. Stressing equipment must be properly maintained , cleaned,

and lubricated in accordance with the manufacturer ’s recommendations.

Quality control

9. It is important to have quality control for the achievement of

economy , schedules , and performance. Definite inspection , checking , and

testing procedures must be provided to ensure that the product is cor-

rectly produced , not only for strength, but also for dimensional ac-

curacy (within prescribed tolerance).

Fb 
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Suggested Concrete Precasting Facility

10. The suggested concrete precasting facility (Figure Fl) for

producing prestressed channel elements and pile bents for the recom-

mended precast concrete military bridges (Appendix D) is composed of

the following:

a. Two parallel concrete casting and curing areas, 20 by
200 ft each.

b. Two stockpile areas for coarse aggregates and one stock—
pile area for fine aggregate.

c. One cement silo.

d. One 66—cu yd, l00—ton
3
standard Corps of Engineers aggre—

grate batching plant.

e. One 200—barrel standard Corps of Engineers cement
batching plant .3

f. Four truck mixers.

£• One temporary storage and prestressing area.

h. One storage area for finished product.

i. One reinforcement and equipment shop for fabrication and
storage of reinforcing bars, prestressing steel , forms,
inserts , picking loops, placing and consolidation equip-
ment , etc.

~~ . One administration building for administration office ,
shop engineering office, and quality control laboratory.

— 

- -

~~~ 

— - - ~~~~~~~~~~~~ — - 
sJo ~ - - ______________________

CE~~N1 SILO , ~ (ouIp rTI

0 ~~~~~“°“ ~~~~~~ I TE~~c.A:YsTo0. Gt

CE~~!T MTCHING PLANT PRUTR(SSI ~ C AR(A

L 1~ 1
CO~C~ET( CA STING ANO CURING ARG A

_________________

~ ~~ J_.__—AGGREGRATE MTC RING PLANT P AN(D ?R~~GCT

f AOONISTRA TIUR NU IL UOG 1 ___________

Figure Fl. General plan of concrete precasting facility
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~mi~pact rej i~ / ont -etre,,g ,’h 

~~~ I 
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r or ,’ a ‘r or ,~ 
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APPENDIX I: TYPICAL DESIGN REQUIREMENTS FOR REINFORCED

CONCRETE LOW-HEAD PRESSURE PIPE

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - n-~
n--’* -
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1. The typical design requirements (e.g. diameter , wall thickness ,

compressive strength of the concrete , and the amount of circumferential
reinforcement ) for reinforced concrete low—head pressure pipes 6

~ are

given in Table Ii. The class of pipe given in this table for combined

external and hydrostatic head is based on a field installation procedur e
at least comparable to one of those described in ASTM C 36l_76.65 

~1-iere

the designer does not expect to attain such an installation, a detailed

design analysis of the pipe should be made taking int o cons~der at ion the
anticipated external loading , hydrostatic head, and installation
procedure .

‘3 
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