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Unit 1 Reinforced Concrete and
Prestressed Concrete

1.Reinforced concrete

Concrete and reinforced concrete are used as building materials in every country.In many,
including the United States and Canada, reinforced concrete is a dominant structural material in
engineered construction. The universal nature of reinforced concrete construction stems from the
wide availability of reinforcing bars and the constituents of concrete, gravel, sand, and cement,
the relatively simple skills required in concrete construction, and the economy of reinforced
concrete compared to other forms of construction. Concrete and reinforced concrete are used in
bridges, buildings of all sorts, underground structures, water tanks, television towers, offshore
oil exploration and production structures, dams, and even in ships.

Reinforced concrete structures may be cast-in-place concrete, constructed in their final
location, or they may be precast concrete produced in a factory and erected at the construction
site. Concrete structures may be severe and functional in design, or the shape and layout can be
whimsical and artistic. Few other building materials offer the architect and engineer such
versatility and scope.

Concrete is strong in compression but weak in tension. As a result, cracks develop whenever
loads, or restrained shrinkage or temperature changes, give rise to tensile stresses in excess of the
tensile strength of the concrete. In the plain concrete beam, the moments about the neutral axis
due to applied loads are resisted by an internal tension-compression couple involving tension in the
concrete. Such a beam {fails very suddenly and completely when the first crack forms. In a
reinforced concrete beam, steel bars are embedded in the concrete in such a way that the tension
forces needed for moment equilibrium after the concrete cracks can be developed in the bars.

The construction of a reinforced concrete member involves building a form or mold in the
shape of the member being built. The form must be strong enough to support both the weight and
hydrostatic pressure of the wet concrete, and any forces applied to it by workers, concrete
buggies, wind, and so on. The reinforcement is placed in this form and held in place during the
concreting operation. After the concrete has hardened, the forms are removed. As the forms are
removed, props or shores are installed to support the weight of the concrete until it has reached
sufficient strength to support the loads by itself.

The designer must proportion a concrete member for adequate strength to resist the loads,
and adequate stiffness to prevent excessive deflections. In addition, the beam must be
proportioned so that it can be constructed. For example, the reinforcement must be detailed so
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that it can be assembled in the field, and since the concrete is placed in the form after the
reinforcement is in place, the concrete must be able to flow around, between, and past the
reinforcement to fill all parts of the form completely.

Reinforced concrete structures consist of a series of individual “members” that interact to
support the loads placed on the structure. Although these are considered separately in developing
the design theory and in the design process, their interaction must also be taken into account.
This is done in the overall analysis of the structure and in the design of joints and connections.

Precast concrete buildings generally follow one of two patterns: frames composed of precast
beams and columns with channel elements for floor members are widely used for offices, schools,
and similar buildings; for apartment and hotel structures, one-way precast floor slabs supported
by precast walls are frequently used.

The choice of whether a structure should be built of concrete, steel, masonry, or timber
depends on the availability of materials and on a number of value decisions. The choice of
structural system is made by the architect or engineer early in the design, based on the following
considerations:

(1) Economy.Frequently, the foremost consideration is the overall cost of the structure.
This is, of course, a function of the costs of the materials and the labor necessary to erect them.
Frequently, however, the overall cost is affected as much or more by the overall construction time
since the contractor and owner must borrow or otherwise allocate money to carry out the
construction and will not receive a return on this investment until the building is ready for
occupancy. In a large typical apartment or commercial project, the cost of construction financing
will be a significant fraction of the total cost. As a result, financing savings due to rapid
construction may more than offset increased material costs. For this reason, any measures the
designer can take to standardize the design and forming will generally pay off in reduced overall
costs.

(2) Suitability of material for architectural and structural function. A reinforced concrete
system frequently allows the designer to combine the architectural and structural functions.
Concrete has the advantage that it is placed in plastic condition and is given the desired shape and
texture by means of the forms and the finishing techniques. This allows such elements as flat
plates or other types of slabs to serve as load-bearing elements while providing the finished floor
and/or ceiling surfaces. Similarly, reinforced concrete walls can provide architecturally attractive
surfaces in addition to having the ability to resist gravity, wind, or seismic loads. Finally, the
choice of size or shape is governed by the designer and not by the availability of standard
manufactured members.

(3) Fire resistance. The structure in a building must withstand the effects of a fire and
remain standing while the building is evacuated and the fire is extinguished. A concrete building
inherently has a 1-to-3-hour rating without special fireproofing or other details. Structural steel or
timber building must be fireproofed to attain similar fire ratings.

(4) Low maintenance. Concrete members inherently require less maintenance than do
structural steel or timber members. This is particularly true if dense, air-entrained concrete has

2.



been used for surfaces exposed to the atmosphere, and if care has been taken in the design to
provide adequate drainage off and away from the structure. Special precautions must be taken for
concrete exposed to salts such as deicing chemicals.

(5) Availability of materials. Sand, gravel, cement, and concrete mixing facilities are very
widely available, and reinforcing steel can be transported to most job sites easily than structural

steel. As a result, reinforced concrete is frequently used in remote areas.

2. Prestressed concrete

Methods of inducing compression in a concrete member before it is loaded, known as
prestressing, are used to great advantage for precast concrete beams of long span in which the
dead load forms a high proportion of the total load.The use of high-strength concrete and
hightensile steel is the most effective way of reducing the dead load, and consequently the bending
moment, of a beam, but high-tensile steel cannot be used at a high working stress without
excessive cracking of the concrete and deflection of the beam unless the concrete is prestressed.
When a load is applied to a prestressed beam a greater increase in the compressive stress in the
concrete can take place before failure, so that when failure is due to crushing of the concrete a
prestressed beam can resist a higher bending moment than an ordinary beam of the same size and
concrete strength. The effect of prestressing may be regarded as increasing the ultimate moment of
resistance of the concrete by lowering the neutral-axis for the stresses produced by bending after
cracking has occurred. Prestressing also increases the resistance to shearing forces, and in some
cases reduces the amount of reinforcement required to resist shear.

Prestressing is more reliably carried out and high-strength concrete is best made in factories.
Prestressed concrete is therefore becoming increasingly used for precast members which might
otherwise develop serious cracks during handling or under load, especially if they are designed for
high stresses in order to reduce the weight.Prestressing is being successfully used in the
manufacture of concrete sleepers.Ordinary reinforced concrete sleepers quickly fail in service due
to the rapid opening and closing of cracks when loads are applied and removed in rapid succession.
It has been found that some prestressed sleepers do not crack, and disintegration due to the
opening and closing of cracks is therefore avoided. Hollow beams for bridges and concrete piles
constructed of precast blocks are other examples of the use of prestressed members. It is not often
possible to predict the length required for a pile, and it is a great convenience to be able to extend
a pile during driving by adding blocks; the handling of long piles is avoided and, provided the
lateral support of the ground is adequate, the prestressing cables can be removed upon completion
of driving and used again.Other examples of the application of prestressed concrete are dams,
caissons, and runways. Prestressing is also used in the construction of tanks, the elimination of
ring tension and shrinkage stress in the wall of a cylindrical tank preventing cracks and ensuring
liquid-tightness. Prestressed concrete thin-slab shell roofs have also been constructed. Steel-lined
prestressed concrete nuclear pressure-vessels are now widely used.The uncracked concrete
provides biological shielding and, when subjected to overloading, the vessels lose pressure without
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the risk of explosion which is possible with steel-plate construction.The design must permit an
adequate rate of leakage at the ultimate limit-state.

Another advantage of prestressed concrete is that the concrete and the steel are severely
tested during the prestressing operation, and a lower factor of safety is justified. The permissible
working stress in the concrete is generally one-third of the compressive strength, thus allowing a
margin to cover the risk of poor concrete at a critical section. The risk is reduced by prestressing,
because the stress induced in the concrete during the prestressing operation may be 50 percent to
75 percent of its compressive strength.

There are three principal ways in which concrete is prestressed, namely, by tensioned wires
fixed at their ends, by tensioned wires gripped by the concrete, and by applying an external load;
experiments are also being made with expanding-cement concrete.

End-anchored wires are used in long-span concrete beams.The reinforcement is separated
from the surrounding concrete by a sheath or other wrapping which allows the wires to move
freely during stressing. The wires are anchored at the ends of the beam either by fixing to an
anchor plate, or other devices such as wedging with concrete cones. Since the steel is stressed
after the concrete is cast and hardened this method of prestressing is known as post-tensioning . A
disadvantage of this method is that the wires must be protected against corrosion by forcing
cement grout into the sheath. The grout provides protection against corrosion and also provides a
bond between the wires and the sheath and thus with the concrete; it also supplements the
resistance of the wires to slip, without which the security of the wires would depend entirely on
the permanence of the end anchorages. With proper care these disadvantages do not involve serious
risk. The object of allowing the wires to move while the prestress is being established is to make it
possible to prestress the beam after most of the shrinkage of the concrete has taken place, and so
reduce the loss of prestress due to shrinkage and to eliminate loss of prestress due to elastic
contraction of the concrete.In some cases it is possible to increase the prestress when the beam
begins to carry its own weight, the prestress thus relieving the member of a considerable
proportion of compressive stresses due to its weight.

In the concrete-gripped type of prestressed concrete, the wires are stretched before
concreting; the method is consequently referred to as pretensioning. When it .\has hardened the
concrete grips the wires as in reinforced concrete, except that the grip may be increased slightly
when the wires are released from the stretching device on account of a slight shortening and
swelling of the wires that occur as the concrete member shortens under compression.The
shortening of the concrete member is also a slight disadvantage of this method of prestressing,
since the consequent shortening of the tensioned wires is accompanied by a reduction in the
prestress. On the other hand it is not necessary to provide anti-corrosion treatment, the wires are
gripped throughout their length, and the security of the beam is not dependent upon anchorage of
the wires at the ends. Prestressing may increase the ultimate moment of resistance of the concrete
in a beam; failure generally occurs by the yielding of the wires. If, therefore, sufficient prestress
can be induced by this method to eliminate cracking under a small overload, it is probably better
than the post-tensioning method, since there are no anchorages to fail. The application of the
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post-tensioning method when prestressing by compressing together precast blocks is often simpler
to carry out on site than pretensioning. It is important to use a strong concrete with pretensioning
since the wires have been known to slip in concrete of average strength.

An example of a concrete member being prestressed by the application of an external load is
the jacking of an arch during construction.Otherwise there are few opportunities of adopting this
method, which entails prestressing an arch slab or arch rib spanning between two unyielding
abutments. A loaded column can be regarded as being prestressed against stresses due to bending
moments, as also can an arch if it is uniformly compressed by a large dead load.

The use of expanding-cement concrete for inducing a prestress was introduced by M. Lossier
and is still in experimental stage.The prestress is caused by the concrete swelling instead of
shrinkage during setting and hardening.If this process can be developed so that the initial
prestresses are sufficiently high to prevent cracking occurring under load, it may become a useful

method of construction.
New Words and Expressions

abutment i &, HtEE margin  HsR (&)

anchor plate & E#R masonry R AER,IFT
arch #tIE &1, LR moment JI%E

artistic AR, ELK one-way EE[A] (R

blocks B,¥,4H,E overload #E%k

buggy FHE/NE

cable %, R

caissons ULAE (BF R L)
cast-in-place  BEFER)
cement JKE

channel ¥&iH

concreting %k

couple 1118

dead load [EE 7y

deice B IEZ5UK, B
detail F4HIHEA

end anchorage Yo% & , dmslis

erect ¥ KA

fire ratings B KR
form ik

frame HEZE

gravel BRA BRA
grout 3

jacking FKHL

post-tensioning & 5K
precast TR

press JEJ]

prestressing BN /7
pretensioning oIk

prop P, K

proportion  FEVEEA , (# BE LE 5]
reinforced concrete #NEHIBEET
runways HliE

security 4,4, BE
setting B4, B

sheath 4%, &BEH

shell roofs HFTEN

shore &}

stretching device HifHI%EE
supplement #M3E,, 158
texture JGUHY, 549, H 1
whimsical ZFAE AT



Analysis of Difficult Sentences

1. Reinforced concrete structures may be cast-in-place concrete, constructed in their final
location, or they may be precast concrete produced in a factory and erected at the construction
site.

X HER or” HEKNFFNE S A, I %45rF % E “ constructed in their final
location” . “produced in a factory” F1“erected at the construction site” fEf5 B EE , HHPHE—1
47T E B “ cast-in-place concrete” , JG BN 1A BB 1 “precast concrete” . 28] A] BlliF
K RBRELEHNTURERAIGE T HRBREL WAl RET &/ ERET
RGEEN T RE L.

2. In the plain concrete beam, the moments about the neutral axis due to applied loads are
resisted by an internal tension-compression couple involving tension in the concrete.

XM EIES KA A, EIEMIEIE S 5128 “moments” # “are resisted” . MM A IE
“about the neutral axis”#1“due to applied loads” #E £ & “moments” B E &, M HEIE “in the
plain concrete beam” ,“by an internal tension-compression couple” flBL7E 7317 1% “ involving
tension in the concrete” fERIE, A AT BIER  ERIBE LR MEARF L HHX T+
YR H N NSRBI -FE S B ET P4, WATEIREE L3R T,

3. The reinforcement must be detailed so that it can be assembled in the field, and since the
concrete is placed in the form after the reinforcement is in place, the concrete must be able to
flow around, between, and past the reinforcement to fill all parts of the form completely.

XE—N=BEESH,F—EHHiER and” EH, B _EH55 5 HE 1 “so that” 1 “since”
B E=E & after” E . AT BIEN LA WA ECE FOETER G, LIER
BEMAEL. R, BT RAERBEBFUEARBEER T RIBE L, Hit, 4 RE L
TR T4, IR E T AR ST e B 2 181 L 3h , REAS 2 9 A 89 5 T
*o

4. The overall cost is affected as much or more by the overall construction time since the
contractor and owner must borrow or otherwise allocate money to carry out the construction
and will not receive a return on this investment until the building is ready for occupancy.

XE—AN=EEEH,F—EHER ‘since” B8, F _EHEA and”ER,F -HHH
i “until"EH . 2AFHIFEN: ERAZAE TN EREREFEFER(ZEELR),BHAX
AR ELFERR UM R EE RS A BHITH L, R, @R RFE LR LA
SEAMEALUS , i 1A 6B a8 15 BB M 14 .

Exercises

1. Fill in the blanks with the words or phrases given in the bracket.
(after, that , due to, As a result, in)
Concrete is strong (1) compression but weak in tension. (2), cracks develop whenever
loads, or restrained shrinkage or temperature changes, give rise to tensile stresses in excess of the
tensile strength of the concrete. In the plain concrete beam, the moments about the neutral axis
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(3) applied loads are resisted by an internal tension-compression couple involving tension in
the concrete. Such a beam fails very suddenly and completely when the first crack forms. In a
reinforced concrete beam, steel bars are embedded in the concrete in such a way  (4) the
tension forces needed for moment equilibrium _ (5) the concrete cracks can be developed in the
bars.

2. Translate the following into English.

(1) Biw 132 (2)FERL T
(3)HHH ()R
(5)B%E (6)EEE L
(7) 38 (8)HRRETN
(9)HEZR (10)$5T
(11)Feakek (12) Jaskes
(13 ) ¥R i [ (14) k3%
3.Translate the following into Chinese.
(1) prestress (2)abutment
(3) opportunity (4) sheath
(5) tensioned wire (6) thin-slab

(8)high-tensile steel
(10)liquid-tightness

(7) ring tension

(9) plain concrete
B BiR S HIERS: (—) DRI

HEMAARHZLAO, FEANTEMARGES . Kb, EAABRENE SRR
DUEMZEE. R EERKNERPEZMBERKNRZERNE FES WS- IEMIIE,
R R—-FHERAANERBEREST. Bk, NERBESELRARTRPEFEE,
BIUEMZBEMRERE MRZAL, REARR Z 4, TEE A E M IE S A 2 BT
BEINE , BT RPFME S ERE T ERN SRR T ERKITSIUEMIGE PRk R 44
FHERFRE . HoAl 5 T 85 5 R S B L SR

1. RAFExTEE

DUBHE R 11 28, 3B RN 10 26, DUBRA 1A, BB BRIAMBNA . HXtR
KEWE 1,
R1 NERAR

WiF A R 5| FEIE AL R 4B

21 (K#) noun (cement)
i ar] (EmH) adjective (beautiful)
A €13 pronoun (we, us)

% 1] 3hid (B) verb (drive)
BiF (18) adverb (very)
ﬁuﬁ (E) numeral (three)
fi7 “™ —




g &

MIEES RS HER2 R 2B
rid] (78) preposition (at,in)
e30) (fER) conjunction (but)
M 1 3] (W) interjection (aha)
BA(T) —
— article (the, a, an)
YeEH 35 AR BIliE) <~ ST RLIE F PR iR

PUBAR KO8 — 2, F A BR, — R R, B, “IRE" —AENERE
AT LAMESh A, AT LMER R, EER AR FZE—ALE, MEATLRME =8 UREE
FhE. B, FERE LT CH, FE B “round” 7T LIS B FRAVEIE 2097 B8] 2 38 A~ 13 #0
Zhid], srmlFEsEE BREET AR IR BRI RTT” R ST RO R S R

22|

/Lo

DURHI— A RE R MR T RS , — AR, LITHE"—iA N6

(DHENTTE T XA E&E (HIB)

()VTHeFE T, (FiF)

)X KEENITL, (EiF)

(DB ETHEHNE, (ZE1E)

R, FE—MARR T YK A F R, YA F RSB — BT ERBREL, Fan.
(1)She got a fright. (£ 17 “fright”YEEIE)

(2) The noise frightened me. (3hia]“frightened”fE1H &)

(3)It was a frightful storm. (2R “frightful " fEE 18 )

(4)It was frightfully dangerous.  (BIi#)“frightfully” YE4R1E )

2. E&AIxttL

NERSANAREGRERN WERN SERAMEREN . BREETdEm M EHS
EHRR, F0 MBI HAR-FEN, RS EN, BN 0ERE L ERERA S 2 81E
o R\SAIZIEBIARR R, Bea Z A Ll 50 A 5184 R EE ) GE A M #E 5 )
Mk, RBEEAXEERLES REDHREG =, KSEANEIAEA .

(DABBEFEDUE, U RIE, (FHE R))

Q)BEA—BIEAITE, HEHEEKT (RERA])

XFBFAEIEAME, T EEHEE, (GBAKA))

(4) 5HEIE, AR K. GEFER T RERER)

WIER WA AARFERE, MRAEAN, TENF AR SAWIERRE, MIEF.
MRS AR R R LA RBIE, WAE, MR A, MIERTX A ERE A RRE T,
FUEA FEA P EA  ANKAMENE G, FRE A REE RGN
PR, A ) LRI R A7) ME— SRR R AR =F T LB B A R
‘) BIRH . A IE & A B B

(DREIRSIAG, FFUBRMBERIL, (HRZAFHHERA)
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Q)MBRSGF, BATHEELL (L A])

() RERE N, M—EREFIF IR (R R R AR
(HRERSRE, THERTH{L T 5T, (FHREAPHERT)
(S b B ARARS , RIS R A o GEFEA)

(6) M RIEMRR, IR E St /e, (BRER)

() —FEIEBLT 23855 7 2 ] RBTler . (EBIE M)

— BRI ERER T AR R, MRS MAGXEHE AWK, EERTEZER .
Bilan .

MRBEHE, HAS; REBAEL, DAL HAEIERK.

ﬁ% ...... ”%ﬁ%g@’%zg“ ...... ?ﬁﬁ‘ﬁ’/ﬂ\ﬁg ...... ”}%‘“ ...... &ﬁﬁ’;{ﬁﬁ ...... ”%#ﬁlj
H A,
RO AR )P B IR B iR e, ) R flun, BT dR R
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(1)1t has been found that some prestressed sleepers do not crack. ( Fi& M 4))
(CERAFALRELHIATTR,)
(2)The computers can only do what they are told to do. (&M A])
GHREYLR AL EMKE.)
(3)One of the most important facts about light is that it travels in straight line. (FEiEM )
(tRBEENRHEZ R EREHE.)
(4)The question whether there is life on Mars is still disputable. ( [&]{3 18 M 4])
(KB FRER A X N8 $ie.)
(5) Any measures the designer can take to standardize the design will generally pay off in re-
duced overall costs. (FR#I14EETEMNH])
CIBETF U R BB G5 T T v A B 4 AT 4 1 — A 4 7= A BRI R 0 B RT3 0 )
(6) The most familiar ferrous alloy is steel, which contains iron and a very small proportion
of carbon. (FRPRHME:E BN E])
(MEANBERENROEE, TSR EIREHK.)

(7)The risk is reduced by prestressing, because the stress induced in the concrete during the

prestressing operation may be 50 percent to 75 percent of its compressive strength. ( J§i[A
RiFENA])
(TIOR3 {58 JRURS: R AV, DL Ay it o 1 7 3t 7 A TR 2+ P S R B0 57 T BE X B R
THUEERBER) 50~75% )

(8)Where pipelines cross swamps, rivers, or lakes they must be encased in concrete. (M

RIBNH])




(EEBEEE TR SEER , WURRE L mEk.)
(9)1f two separate forces are applied in the same direction, it is easy to find out the
resultant. (FKFRIFENE])
(IR B N ERER— DM L B AEHKRERTT.)
(10) After the concrete has hardened, the forms are removed. (B [ELRIE M A))
(GRE LA , B BRI,
(11)The beam must be proportioned so that it can be constructed. ( B 8RB M H])
(R LA ERE S T)
(12) The inside of the earth is so hot that the rock has melted like ice. (ZEFRRIEMNA])
(HLER BB AL Z B, U2 T A A RKk—HEE L T o)

(13) Although these are considered separately in developing the design theory and in the

design process, their interaction must also be taken into account. (1E354R#E M A])
(REERBETESHEGT I E R X WA R RS EN, X FEMMHEIEIER
WA I LA )

(14)Concrete members inherently require less maintenance than do structural steel or timber
members. ( ELHBORE M F))
(BBt HENEEERRE T EEENEEELSEHANSANGTENEGRE
/o)

(15)Solids expand and contract as liquids do. (7 =UIRIE M A))
(ERARR R — BRI Il e )

- 10 -



Unit 2 The Railway Cross Section

The railway cross section of today is the result of more than a century of evolutionary
change . In the early days of railroading, both the longitudinal-tie-track and the crosstie-track were
used.For the U.S. intercity railroad system, the crosstie-track has prevailed and,
predominantly, wood crossties have been used.

The cross-sectional area of the rail has been increased continuously, and the tie spacing has
been decreased to accommodate increasing wheel loads. However, the spacing of the ties cannot be
reduced indefinitely , nor can the rail section be increased without limit. For these reasons, some
thought now is being given to eliminating the tie spaces altogether by using instead a continuous
reinforced concrete slab. In this design, the rails would be secured by fasteners that are anchored
in the slab.

The paragraphs that follow describe the various components of a railroad cross section.
Looking to the future, it should be remembered that other design concepts and approaches to
track design may be needed to serve heavier loads and increased traffic and to adapt to
technological change.

Standards for the width of the subgrade are determined for mainline, secondary line, and
light traffic branch lines and spurs.Many railroads have adopted 20 ft as the width of single-lane
main lines. This width will also vary according to the height of fill. A width of 22 ft has been used
for fills under 20ft; 24 ft for fills 20 to 50 ft; and 26 ft for fills over 50 ft.Standard width in cuts
including side ditches is 30 ft.In some locations 40 ft is used to permit the use of off-track
equipment for maintenance purposes. Common widths of rights-of-way in open country are 50,
60, 80, 100, and sometimes 200 and 400 ft.

There are seven main clements of a railroad cross section: (1) ballast, (2) crossties, (3)
rails, (4) tie plates, (5) fastenings, (6) rail anchors, and (7) rail joints. In the following

sections, they will be discussed in order.

1. Ballast

Ballast is a key structural element of the railroad permanent way. Its prime function is to
transmit and distribute the wheel loadings from the base of the crossties to the subgrade at
pressures that will not cause subgrade failure.In addition, ballast serves to anchor the track,
preventing longitudinal and transverse track movements under dynamic train loading, to provide
immediate drainage of the permanent way under the ties, and to provide a road material that
inhibits vegetation growth and minimizes dust.

Open graded materials that can perform satisfactorily the required functions of ballast are
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crushed stones, washed river or pit run gravel, and furnace slags. Typically, material varies in
grain size from 1.5 to 1.75 in. Where ballast material is expensive or in short supply, or where
subgrade strength is sufficiently low that excessive depth of ballast would be required, a layer of
sub-ballast {requently is used. Material for the sub-ballast layer of the permanent way can be a less
openly graded material meeting less stringent quality requirements.

The depth of the ballast may vary from 6 to 30 in. or more depending on wheel loads, traffic
density and speed, and the type and condition of the foundation. The thickness of the sub-ballast
may also vary, but excellent results have been obtained with a thickness of about 12 in.

The AREA has set quality standards on ballast with reference to the following criteria:

(1)Wear resistance. Under the Los Angeles abrasion test, percentage of wear of any ballast
material is limited normally to 40 percent.

(2)Cleanliness. Deleterious substances are limited in prepared ballasts to the following amounts:

soft and friable pieces 5 percent
material finer than No. 200 Sieve 1 percent
clay lumps 0.5 percent

(3)Frost resistance. Ballast must be capable of resisting freeze-thaw cycles. AREA requires
an average weight loss of not more than 7 percent after 5 cycles of the sodium sulfate soundness
test.

(4)Unit weight . Specifications require compacted weights of not less than 70 and 100 lb/{t’
for blast furnace and open hearth slags, respectively.

2. Crossties or sleepers

The crosstie serves several functions, including (1) spreading horizontal and vertical loadings
to the ballast; (2) maintaining the correct gage between the rails; (3) providing, in conjunction
with the ballast, a means of anchoring the track against longitudinal and lateral movements; and
(4) providing a convenient means for making needed adjustments of the vertical profile of the
track.

Vertical loadings are applied to the ties by the train weight.Horizontal longitudinal loadings
occur as trains accelerate or decelerate, while transverse loadings are applied as the vehicles
transverse curved sections. Additional transverse loads are present due to the“barreling” effect of
locomotives at high speed. To permit the horizontal transfer of forces from the tie, the ballast is
tamped mechanically between the ties.

Typically, ties are made of wood which is treated with both preservatives and coating
materials for protection against weathering and splitting while in service. Tie sections vary from 6
in. thick X6 in. wide to 7 in. thick X9 in. wide. Tie lengths also vary.Standard sizes are 8,
8.5, and 9 ft long. Tie replacement, which averages 3 percent of all ties yearly, accounts for a
large proportion of total track maintenance.

Many railroads have had satisfactory experience with concrete crossties (or sleepers as they
are sometimes called) . It is reported that there are more than 3 000 million sleepers in the world of
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