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TECANTCAL MEMORANDUM (BRIDGES) BE 2/73
PRESTRESSED CONCRETE FOR HIGHWAY STRUCTURES

AT DED

Te INTRODUCTION

The Department ie at present assisting the British Standards Institution in drafting
a document for bridge design znd construction which in addition to bringing BS 153
up to date will deal with reinforced and prestressed concrete bridges. Until this
document is publiched smd adopted by the Department, the concrete grades sid design
criteria for prestressed concrete shall be as under.

CF 110, The Structural Use of Concrete, must not be used with the Department's current
loading requirements for the design of highway structures.

This Memorandum supersedes Technical Memorandum BE 20 and Interim Memoranda IM23 and 8
and is intended to be used in conjunction with the 1969 Edition of the Specificaticn for
Road and Bridge Works as amended by Technicel Memoranda BE 6/72, &/72 and 9/72 with
Technical Memorsndum H 5/71, Metric Addendum to the Specification. It should also be
read in conjunction with Technical Memorandum BE 5/13 , Standard Highway Loadings.

This Memorandum, including the relevant clauses of CP 115: Part 2 and CPF 116; Part 2 as
listed in Appendix III, is mandatory for all prestressed concrete highway structures for
motorway and trunk road projects. It is recommended for use where appropriate on other
roads.

2. CLASSES OF CONCRETE

Prestressed concrete for Highway Structures should normally be Class 52.5 or Class Lg,
Higher grades should only be used where shown to be economically justifiable and
aceount should be taken of the possible difficulty in maintaining the strength, the
nead to use high cement contenta with consequent shrinkage probleme and the possible
extra cost of specinl aggregates which may be ncessary.

3, PERMTS®IBLE STRESSES INPRESTRESSED CONCRETE

%,1 Basi¢ permissible stresses in prestressed concrete shall be as follows:

Bamic Permissible Stresa

Etress Type
At Transfer At Working Load

tniform compression 0.40 ug 0.25 H

Flexural compression 0.50 ug 0.33 U, **

Uniform or flexural tenaion 3 H/nm2 ‘0, except that tension neot
exceeding 1 N/ due teo
prestress combined with dead
load may be ignored

u ie the spec. min. cube strength at transfer
u, is the spec. min. worke cube strength at 28 days

** pge Clause [ for composite instructionm.
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. 1.2 Iwcreases in basic permissible stresscs.

¥or the two combinations of forces given in Technical Memorandum BE 5713 Standard

Highway Loadings $Seotomporasy-Appemtix—I¥), the basic permissible stresses in
presiressed concrete may be increased by the appropriate percentage given belows

Combination of Incressa in basic pertmissible atresses

forcen
HA except the two HB loading or the two
112 kN wheels 112 kN wheels of HA or

accidental vwheel loading
on footways and verges,

R L SR T TR

parcant percent
1 0 ed
2 15 0
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4, PERMISSIBLE STRESS IN PRESTRESSING TENDONS

Immedintely after snchoring, the stress in the prestressing tendons should not exceed
70% of the ultimste tensile strength. During stressing, this value may be exceeded
at the diacretien of the Engineer but it shall not exceed 80%.

5.  PRESTRELSS LOSSES

The assescment of prestress losses shall be based on the follewing criteria:-

5.1 Young's Modulus of tendons:

i. for wire and 7 wire atranda: 200 x 100 N/mm® (Maxiwum dismeter 15mm)
ii. for bars and 19 wire strandas: 175 x 10° N/mm?

iii, or the experimental values if these are availsble.

S.2 Relexalion of =teel

The loss assumed shall be that established by the manufacturer for an initial lownd
equivalent to 70% of the specified cheracteristic load and 1000 hours, at 209,




e

. 5+3 Young's Modulus of concrete may be taken from the following table:

Cube airength at stage comsidered N/mm? Eggﬁg&iﬂfgguiﬂijﬁggzfﬂmﬂh
30 28,0
37,5 30,25
4 32,5
52.5 3h.5
60 36.0

The table above gives, approximately, the value of elastic modulus which would be
obtained from measurements of stress and strain in accordance with BS 1881 and will
generally be correct within # 6.0 kN/mw®. If a more accurate figure is required for
part%gular materials and a particular mix, tests should be made in accordance with
BS 1881,

5*4 Creap of concrete:-

The loss of prestress in the tendons due to creep of the concrete should be
calculated on the assumptian that creep is proportional to the stress in the concrete.
The loes of prestress is obtained from the product of the modulue of elasticity of
the tendon (Clause 5.1} and the creep of the concrete adjacent to the tendons.

Usually it is sufficient to assume, in calculating this loss, that the tendons are
located at their centroid.

Where the maximum coacrete stress at Eransfer anywhers in the crosa section does not
exceed Y /3 the creep strain per N/mm“ shall be taken as follows:-

-6 «6 x 40  whichever is
for pretensioning : W8 x 10 or 48 x 10 5, ereater
for post-tensioning t 36 x 10 -6 or 36 x 10'6 x ég whichever is
t greater

u, is the min. spec. cube strength at transfer.

Where the maximum concrete stress at transfer anywhere in the cross section
exceeds u@/3 the etrain calculated above shall be increased by an amount which
varies iinerly from zero at w/3 to 25% at u, /2.

2+5 Reference should be made to the appropriate clause of CP 115: Part 2p 1969
for the amssesement of prestress loeses caused by the following factors:-

Pactor CP 115t Part 21 1969
Clause
Shrinkage of the Concrete 30kd
Anchoring 30T
Steam Curing Zokg
Frictien 205 a to %05 e




AFFENDIX A

v BE 21/5/022
L yrn— (BRIDGES) BE2/73
@  RisrRESSED CONCRETE FOR HIGHWAY STRUCTURES

AMENDMENT LIST NO 3

CLAUSE 6 SPACING AND GOVER
6.1 Spacing
6.1.1 Bonded tendona and other stesl reinforcement

The distances shsll be in accordance with Clauses 308 and 309 of
CP 116 Part 2: The structural use of precast concrete.

6.1.2 Tendona in ducts

6.1.2.1 Clear distance between ducte or between ducts and other tendons
shall be not leas than the greatest of the following:-

. (i) ¢ + 5 om, where C is the nominal maximum size of the
coarse aggregate.

(ii) in the vertical direction: the varticsl internal dimension
of the duct.

(iii) in the horizontal direction: the horizontal internal
dimension of the duot. Wwhere internal vibrators are usged,
sufficient apace ahall be provided between ducts to enable
the vibrator to be insertied.

6.1.2,2 Curved ducts. In order to prevent crushing of the concrete betwesn
ducts minimum spacing shall be:-

(i) in the plane of curvature: the values given in Table I
or the value required by 6.1.2.1 if greater,

. (i1) perpendicular to the plane of curvature: the requirements
of 6,1.2.1

where tendon profilers or spacers are provided in the ducts, and
these are of a type which will concentrate the radisl foree, the
valuea given in Tabie I will need to be increased because of the
higher local stresses induced by the point - load effect, If
necassary additional reinforcement should be provided hatween the
ducts.,

For a given combination of duct internal diasmeter and radius of
curvature the digtance botween ducts shown in Table I may be reduced
pro rata with the tenden force whenh this ia leas than the value
tabulated, subject to the reguirements of 6.1.2.1.

sxceptionally to achieve minimum spacing it may be peoasible to

tension and grout first the tendon having the least radius of

curvature, and to allow an interval of 48 hours tc elapae before

tensioning the next tenden, In thias casze the spacing requirementa
. given in 6,1.2.1 apply.




6.1.2.3

6.2

6.2.1

6.2.1.1

6.2.2

6.2.2.1

6.2.2.2

6.2.2.3

6.2.3

Two or more rows of ducta. The horizontal gaps between the ducts ' e
should be vertically in line wherever poaalble, for eass of
conatruction. .

Cover .

Bonded tendons and other steel reinforcement

Minimum ¢over, The cover shall be in accordance with Clause 2.4 of
Tecsinical Memorandum BE 1/73% (lst Revision) Aeinforced Goncrete for
Highway 3tructures., The ends of individual pre-tenaioned tendons do
not normallyrequire concrete cover and should be cut off flush with
tha end of the concrete membar.

Tendens in ducts
Minimum cover., The cover to any duct shall! be not less than 50 mm.

Precautions should be taken to ensure a denge concrete cover,
particularly with large or wide ducts.

Curved duots. In order to prevent bursting of the cover:-
(1) perpendicular to the plane of curvature, .

(i1) in the plane of curvature eg, where the tendons run close
to and approximately parsellel teo the surface of a member,

the cover shall be in accordance with the walues given in Table II.

Where tendon profilers or spacers are provided in the ducts, and
these are of & type which will concentrate the radial force, the
values given in Table II will need to be increased because of the
higher local stresses induced by the point-load effect.

The cover for a given combination of duct internal dlameter and
radius of curvature shown in Table IT may be reduced pro rata with
the square root of the tendon force when this 1s leas than the
value tagbulated, subject to the requirements of 6,2.2.1.

Additional reinforcement. \Where 6.2.2.2 (ii) applies and the tendon
develops radial rorces perpendicular to the exposed surface of the
conerete, the duct shall be restrained by stirmup reinforcement

anchored into the member, .

External tendons

A tendon is conaidered to be external when, immediastely after stresaing,
it is outside the concrete section. ¥here protection is provided by dense
concrate added subssquently the thickness of cover to these tendons

ahall be not less than that required for tendons inside the structural
concrete under similar conditions,

The protective conerete shull be anchored by reinforcement to the

presiressed member and shall be checked for the control of cracks

in gecordance with Clause 2.3 of Technical Memorandum BE 1/73 (lat
Reviglion) deinforced Concrete for Highway Structures,
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7. ULTIMATE LOAD FACTORE

Factors for calculating ultimete losds shall be taken as follows:

7.1 Dead Load and Live Load

1.5 (dead load) + 2.5 (Live load) or

HA loading 2 (dead lead + live load)
except the two 112kN
wheals whichever ie the lesser,

HB Losding or
the two 112kN wheels of HA or

the accidental wheel loading 1.5 (dead load) + 2.0 (live load)
on footways and verges **

Note 1: The global factore tabulated above contain partial safety
factore for both loads snd materials,

2: where the effects of dead and live loads are of opposite

eign the case of a dead load fac*or of un1ty¥§$nuld b?%
et e cen bt B e o D S
in

ey i Vo & FAg_ pend Ct L. L’
.» dé‘scrﬁaha Tn ?I“a?h. Mem (\?ﬂ'gﬁd ]""’ > Standa ?‘ﬁ}i&:q e h;;s. reee

ad qu.'kt(i f‘ﬁ-ﬂh:' >

7+2 Prestress

A load factor of unity should be applied to the

sacondary (parasitic) effects of prestress (after lomses) unless the se
effects are reduced by the formation of plastic hinges in

which case this ahould be consideved. Further information is given
in Apyendix IT.




6 OHEAR IN PRESTRESSED CONCKETE

The requirements shall be based on the ultimate load using the factors sypecified
in Clauge 7,

8.1 Reinforcement for monolithic conetruction:

Rainforcement ahall be provided in accordance with the equations given

in the flow chart, F{gure 1. For further background information relerence
should be made to Appendix I. Raquirements for compomite construction are
glven 1n Clause |n.

8.2 Requirements for Stirrups

1. 4 stirrup should extend as close to the tension and compression
faces as posaible, with dus regard to cover. The stirrups
provided at a croass section nust beiween them enclose all the
tendons and additional tensile reinforcement and must bve
adequately anchored.

ii. At all corners a stirrup must sither pass round a longitudinal
bar, a tendon or group of tendona* having a diameter noct laesa
than the atirrup diameter. Where it passes round a duct =
atirrup should not be considered as fully effective until the
duct has been grouted.

11i. The spacing of stirrups slong a member shall not exceed 0.75%a e fo
fives Hy webr Fhickness 1%m“ ﬁhmﬁayd ricdkes, When @ excoedse §.20° the
maximum spacing shall be reduced to 0.5 d,. The lateral apacing of
the Individual legs of stirrups provided &t & cross seetion shall
not exceed 0.75 d2.

9. ULTTIMATE MOMENT OF RESISTANCE

The ultimate moment of resistance calculated as below shall be not less than the
moment due to the loads prescribed in Clause 7,

when 3nalysing sections uuder ultimate loads the following assumptions should
be made:

i. The atrain distribution in the concrete in ampreasion ia derlved
from the asesumption that plane sections remain plane.

11, The stresses in the concrete in compression are either derived from the
gstress - strain curve given in figure 2, or, where the compression zone is
of rectangular section above the neutral axis at failure, may be taken to
be 0.4%, over the whole zone with the resultant acting at a depth of O.h

S Al msnibwnl e o Tm her+l . ‘oAb

5 Tha
£ = O Uy [141-20@ E )ﬂ for 0 € £  YUuw'®
w 5000

where f = Stress and £ = Strain

The two tangent points to the perabola therefore occur at the origin and

at £ = _ /U’ respectively,

- -——— 5000 B 1y
tenaionsd ST untensioned, and in additional feinforcemant wre— -
derived from the appropriate streas-strain curves augg}iad by the manufacturer,

In the c¢ase of & rectmngular compression zone above the neuntral axis at failure
5 n b %geming endons may be obtained from Table 7, Clause 313

strecases in bonded pree
of -€P 115.

vi. in post~tensioned members, where the tendons are unbonded, the Btress in the

terdons is based on Table &, Clause 313 of CP 115 unless a higher stress can
be Justified by tests. !

* Ses Appendix IT for further information. Y
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@0 CHART FOR SHEAR REINFORCEMENT IN PRESTRESSED CONCRETE BEAMS

AT SECTION UNDER CONSIDERATION
CALCULATE: Q gy

Y

SHEAR RESISTANCE OF THE COKCRETE

15 INADEQUATE: ADCPT NEW SECTICN

YES
I8 ngxn.gz bdg v’ﬁ'; ? T—
NO
CALCULATE @ AWD W
Qew = 0.67 bd [
£+ £f, + 0
Qem = 0.045 bd, TN 2 me

BUT Qem § 0.12 bd,

M

THAT (Q-0.8 GQcm) IS A MAXIMUM.

(4

o
W

(0.45#‘&:’ + £ )&

P ¥

SEVERAL LOADING CONFIGURATIONS MAY HAVE TO BE CONSIDERED IN
ORDER TO FIND THEVALUE OF 9 IN THE EXPRESSION FOR Qem SUCH
M

Y

-

Qe = LESSER OF Qew AND OQcm

Y

YES

1S Q < 0.5 Qe ?

+No

Y

PROVIDE NOMINAL SHEAR REINFORCEMENT

I5 0.5 Qo € Q < 0.8Qz 7

‘r NO

ROVIDE SHEAR RETINFORCEMENT
TN THE FORM OF STIRRUPS SUCH
THAT ;-

0.4 bs sin « ¢ £ | 0.
. Yq_.Aaq‘3 (0.8

Qc)sﬁslnﬁ
2

PROVIDE MINTMUM SHEAR REINFORCEMENT
IN THE FORM OF STIRRUPS SUCH THAT
1 o
fyq'Asq » 0.4 bz, =in
EXCEPT THAT SHEAR REINFORCEMENT NEED
NOT BE PROVIDED IN SLABS, FOOTINGS, PILE
CAPS, WALLS AND MEMBERS OF MINOR
IMPORTANCE




1
r

NOTATION TOR FLGURD 1

@...
o

oW

Mc
Qem

Qp

£
¥4

A
sq

the maximom shear force due to the loads prescribed in Clause 7 (N)

the shear force due to the loads prescribed in Clause 7 where Q may be less than
aat {see flow chart: caleuwlation of Qcm).

the bending moment corresponding to @ {N.mm}

the shear capacity of the plain concrete section uncracked in flexure (N}.
The expression given in the flow chart is based on the shear capacity of

a rectangular section buxd and applies to all cross sectional shapes in
which the centroidal axis occurs within the web. In flanged members in
which the centroidal axis ocours within the Fflange, the principal tenszile
stress should be limited to D.QQH“E; at the intersaction of the flange and

the web using expressions based on elastic theory.
the moment just sufFicient to ecause a flexural crack. (N.mm)
the ghear capacity of the plain concrete section cracked in flexure. (N)

the vertical component of the prestressing force after losses. The sign of this term
is pesitlve where the shear capacity of the section is increased. (W)

the breadth of the member at the centroid of the section 1.,e. for flanged

and box beams ¢ - o d o =y P T T
kg Vf e CeusY \,,:1\& QY”\AS\EQ.{!LM ]ﬁ\f‘d{ d et eaan Conmbnadvee L‘H‘l:’_c“ldﬂ\.‘f
the overall depth of the member. (mm)

the 28 day cube stremgth (N/mm®)

the maximum DPlncipdl tengile stress at the centroid of the sectlmn. It
is to be taken as EguJuw and positive in evaluating Qow. {N/mm?)

the compressive stress taken as positive, due to prestress, at the centroid
of the section. {(N/mm2) (1) (2)

the compressive stress taken as positive, due solely to prestress, at the extreme
fibre at which spplied loading-causes tensile cracks , this fibre being at adistance
y from the centroid of the section. (N/mm?) (l) (2).

the second mement of area of the section (mm )

the effective depth, for calculating Qcm’ is the distance from the extreme

. compression fibre to the centreid of all tendons. (mm)

g.2ino

the effactive depth in the expressions 0.92 bd, / and (Q - 0. BQ ) 2

and in {lause 8,2.1iii. shall be ﬁaken &5 the depth from the extreme
ﬂ‘i’ i"’(n.-

compreasion flbre either ththe longitudinnl bars or tendons enclosed by
the stirrups referrad to in Clause .2 1i. or to the centrold of all
tendons, whichever ls the greater. {mm)

the specified characterisitic strength of the stirrup reinforcement, but
not greater than 425 N/mm?.

the cross sectional area of the two legs of a stirrup. (mm?)

the stirrup spacing along the length of the member. {mm)

the inclination of the stirrup to the lengitudinal axis of the member, to
be not leass than 4% ,

?




‘te 1 Raefen 1o Appendix IT for further detailis,

Note 2 In & pretensioned prestressed member the reduced prestress in <he
conerete at sections falling within the transaission zone shouls b
congidered when calculating the shear capacity of the plain concrete.
See Clause 1.

Note 3 b should be veduced if ducts {(grouted or ungrouted) or tendons haw:
diameter ¢ greater than 4 actual web thickness. The reduction sinould
10
be 2 L¢ (as proposed by I' Leonhardt, FIP, Pramue, 1970} unless evidence
3
is available to show this is unnecessary.

Crgess
N/hwa

O by Yoy

Pacasovnie CurvEe
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Fiauae 2., SWORT TERM DESIGH STREAS-STRAGM
CuURvE FUQ CONCRETE
See. CLavge ©




1C. COMPOGITE CONSTRUCTION
1C.1 Dafinition
A composite section consiats of two parts affaativelj"joined together:

i. The precast element taken to be the primary concrete member;
it is generally prestressed and forms the sole support for
the infill concrete.

ii. the insitu concrete cast at a later stage of construction and
after the prestressing operation. Where second-etage prestressing
18 applied to {he composite seotion further conaideration will be
required.

10.2 Seotion properties

Where the strength of the subsequent infill concrete differm from that
of the precaat alement, the saction propartiea of the former shall ba
multiplied by the modular ratio.

In-zitu concrate in which the flexural tensile atress under any loading
axcaede ihe following values shall be ignored:

Gube atrength Limiting flezural tensile stress
N /o N'/'mm2

22.5 3.0

30 3.6

37.5 4.2

4% and over 4.7

Where the in-situ concrete is not included in the composite section tha
fiezural tenriie atreas in it need not be salculated.

10.3 Pamissible flexural compressive stress in precast element

when tha compreasen flanse of Tha
precast element is'completely encased in . in-situ concrete the compreasive
siresses under working load may be increased by 5% above the values given-
in clause 3,1. Thias increase shall not apply where the in-situ conorete

- is only in contact witk the compression face and does not encase the whole

Pl = 7 — —

* "Effectively joined" rizans that provision iz made for transfer of shear acrocs the
surface of contact by the use of adequate shesr connectorrs
{See Clause 10.5) or as otherwise established by tests to
failure.




10e Vert.cal shuar

.Reintorcamunt. shall be provided in accordance with the equationsand notation
given in the flow chart, Figure 1 with the following exceptions:

i, Equations
Qow = Q +@ +Qp .
Qom = 0.045 biy /&, + Qp + [Hﬂ Mo
but Gom < 0.12 bdy fi,

ii. Notaticm

Qq the ipitial shear force due to loeding, excluding the vertical
component of the prestreseing force @, carried by the precast
elemant prier to sny composite sction. (N) =

Q:  the shear forece due to additional loading which may be applied to
the composite section such that the principal temsiie siross £
at the centroid of the composite section does not exceed 0.2%4 /uy.
Gz may have to be reduced in certailn cmses mo that for example, the
prineipal tensile stress at the junction of the flange and the web
of the precast element does not exceed O.ZGuriy, . (N) *

When calculating the value of Q> using an elastic analyeis areas of
plain in situ cgnczate which develop principel tensile stresses in

excess of 0,72 1] be i u ; in. .
cﬁbe strengfﬁg esgﬁsitgpcé cgggg.where lw is the min. spec. 28 day

b the breadth of the composite section at its centroid, but for Llanged
members snd box beame, the breadth of the web, See also Clause 10,72
and Note % of notation for figure 1, (mm}.

dy  the effective depth, for calculating Q.,, ie the distance from the
extrems compreasion fibre of the composite section to the centroid of
all tendons, (mm).

dp  the effective depth in the expressions 0.92 bd, /8 and (g - O-BQc}EégiE“

and in Clause £,2,iij shall be taken as the depth from the. gxtreme
compression fibre of the composite section either Ebfeﬁefﬁg'é¥{udinnl
bers or tendona enclosed by the stirrupe referred to in Clause 5.2.1ii
or to the centroid of all temdons, whichever is the greater. (mm}.

B, the min. spec. works cube strength at 28 days of the precast ?;;::Eg'

M, the initial bending moment correspomding to Q..  (N.,mm)

M, the bending momer® due to superimposed loading which may be applied
to the composite section such that the tensile stress in the extreme
fibre of the precast element is rajised from the value attained under
My to & limiting value of 0,45 \/ﬁh (N.wmx)

Symbols d, fp, I, M, not used

Section properties are those of the precast element or the couposite
section as appropriate.*

* Sea Appendix II




1G5 Lei.itudinal shear

This problem is dealt with in Clause 345 of CF i16 but the solution given
does not apecifically cover the case of repes’ad and dynamic loading, nor
was the work on which it was based much concerned with the case of the
conerete being in tension (eg the case of a continuous concrete/concrete
somposite beam over a support). Clause 10 of CP 117 Part 2 contains
recommendations which relate specifically to ateel/concrete compoeite bridge
conetruction and it has been decided to adapt these rules. They are based
on working loada and provide an interim solution until the new Bridge Code
becomes available,

Notation
q the longitudinal shear force at working load on any ahear plane

through the concrete of the composite beam, eg at the interface
of the precast and in-situ concrete. (N/mm run of beam)

Lu length of the shear plane under consideration, eg the interface
between precast and in-situ concrete. (mm)

U' the lesser of the cube strengths of 5ha precast and in-situ
conerete and not more than 17.5 N/mm'

& the total ecrose seotional area of reinforcement transverse to the

beam intersected by the shear plane under consideration excluding
the area 05 reinforcement required to resist momente in the deck
slab. (wm /hm run of beam)

f the permiseible tensile stresa in sheay reinforcement ie:

175 for high yield bars
140 for mild steel bara not exceeding 40 mm diameter >
125 for mild steel bars exceeding 40 mm diameter (N/mn“)

8y the cross pectional area of bottom reinforoement transverse to the
beam excluding the ared of reinforcement required to resist moments
in the deck slab. (m“/mm run of beam)

by the spacified charactgriﬂtic atrangth of the steel reinforgement, but
not mora than 425N/mm

ftc the waximum tensile atress at the top surface of the alab in the
longitudinal direction of the beag calculated on the asaumption that
the conorete is unoracked. (N/mm®)

Rulaa

Q shall not exceed any of the following by more than the appropriate
percentage given in Table 1 of CP 117 part 2 3o

i. 32 Ls Ju (for conorete alone)
12
ii. Qatfy (for strength of in-situ slab reinforcement)

iii. 1in the region of longitudinal sagging moment

u
%% Vo, o+ af, (for uncracked seotion)

iv. in the region of longitudinal hogglng moment, the firat temm
being ignored if negative.

£, 7
m
o Lg . +af (for cracked

] 12 section)




0.6 Differential Shrinkage

The effects of differential shrinkage need not be considered in the case of
pretensioned beams with solid insitu infilling. In other cases, the strains
given in Clause 3Chd of CPF 115 should be used,

14« END BLOCK DESIGN FOR POST-TENSIONED MEMBERS

End blocks may be designed by the method described in Research Reports No. 9 and 13
published by the Cement and Concrete Association or in accordance with the provisions
of the British Standard Code of Practice (Pl The Structural Use of Concrete,

In the abeance of more exact information the cylinder splitting tenseile etrength of the
songrete may be taken from the following table:

GRADE CYLINDER SPLITTING
(8 day cubezntrangth) Tﬁ?iiLgBSTﬁmggrﬂ

N/mm Hfﬁmgay

22.5 -

30 2.1

315 2.4

45 2.6

52.5 2.9

60 341

675 3.2

Note 1: The above valuea are for concrete made with smooth

gravel aggregate, Other aggregates may give higher
values.

Nota 2: The cylinder ap%itting tenalle strength shall not
exoeed 3.2 N/mm“ for 28 day cube strengths exceeding
67.5 N/mm" .

Note 3¢ The permlasible tenslle stress in the concrete is to
be taken as the cylinder 8plitiing tensile strength
divided by a factor of }.25 ‘

12




.12- TRANSMIGELON LENGTH TN PRE-TENSTONED MEMBRRS

The tranemission length is defined as being the length of bondad tendon, required to
transmit the initial prestressing force in the tendon to the conorate.

e o the large number of variabies, the transmisaion langth should be based on
experimental evidence for known factory cr site econditions. However in the absence of
more exact information the following general recomnendstions, hased on research work

carried out on facto roduc ts, may be used where the concrete cube strength
at transfer is not 1gﬁspthan %% ﬁ?%m%: 4

Typical crimping
Pyoe Tendon details Tendon Transmission
yP details force length
offaet | piteh
i mm A

plain 100 160 gdiameters
Wire indented 0.% Lo 20 1 70 diameters
or mlain 100 100 dimmeters
indented 1.0 40 80 gl  diameiersg
100 65 diameters

Strand 9.3mm dig. 100 200 + 25 mm

12.5 100 330 + 25 mm

LR 2 fod e MG 35 mm

17.8 100 500 *+ 50 mm

Note: the transmission lengths are likely to be greater whare

(a) the conorete strength at transfer is lees than 35H/hn2
(b) the tendone lie at the top of the beam as cast

() the tendon force is releassed suddenly (see Clauase 1714 of
Specification)

(d) compacted strand is used,

KeiGaS

K ERISKANDAN

Aspistant Chief Engineer

Bridges Engineering Design Standerde Divieion
Department of the Environment

St Christophar House

Southwark Street

London SE 1

30 January 1973
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APPENDIX I

The design for shear in prestressed beams, which bas until now been hased on the
provisions of CP 115 has been changed to take account of the work reported in

TRA 432 published by the Cement & Concrete Assoclation. It has been decided for
the present to maintain the global factors given im Clause 77 and because these
already contain partial safety factors for steel and concrete the design equations
in thiz memorandum omit these factors and therefore do not correspond numerically
with those given in the TRA.

If 2z beam i1z cracked in flexure, the parameter L op shear span is of considerabhlie
significance in estimating its shear resiﬁtanceQat ultimate load. Numerous Tests
have shown that before the flexural crack develops into an inclined shear crack,

the lower bound solution for the shear which the unreinforced section will carry

ig given by:

Q= 0.045 bd JE; t M;Q

It will be noticed that the first term represents the capacity of the section
regardless of the loading while the second term takes account of the relative
magnitude of the shear force and bending moment.

If the concrete does not crack flexurally, diagonal shear cracks will occur in the
web when the principal tensile stress exceeds that which the concrete can carry-
The lower bound formula, based on elastic theory and proved by tests, for the
shear resistance of a simplified rectangular section is:

9, = 0.67 bd f 2 i
W t + P

The shear capacity of the concrete at any section is therefore the lesser value of
Q and Q

cm oW
Provided that the applied shear does not exceed 0.92 bd; vﬁw , the limit for web

crushing, the shear capacity of the concrete may be augmented by the capacity
of shear reinforcement. From the review of experimental results given in the
TRA the vertical component of the prestressing force in beams with inclined

tendons can be added to ch but not to Qcm' This applies even if the applied

ultimate moment M is less than the eritical moment MC at the section conzsidered.




. APPENDIX II

1. Note on Prestressing Effects

a. Regardless of the method of supporting a prestressed memher the tendon
force is able to create axial, vertical and transverse direct stresses,
and also longitudinal and transverse bending and shear stresses depending
on the position and orientation of the tendon. These effects influence
direetly the capacity of the member to support dead, live and =econdary
{(or parasitic) moments and shears. The tendon force after all losses
therefore, provides values for Qp, fp, fep which are defined iu the
text above. Because prestressing iz a closely controlled operation and
losses can be estimated with some confidence, a Factor of unity is
applied to these quantities.

b. Secondary (or parasitic) moments and shears arise where a continuous
gtructure is stressed and the tendon profile is non-concordant.
Support reactions are changed and =zo shears, moments and in some cases
axial forces are developed in the member. These effects are considered
to be part of the loading applied to the structure, a factor of unity
being applied to them.

2. The diameter of a group of tendonsa.

For the purposes of Clause 8.2 ii the group of tendens (wires or strands)
local to the bend in the stirrup means thosze tendons within the circle
of the hending mandrel for the stirrup. If their total cross sectional

area is A, the diameter of this group of tendons is d= i
m

3. Shear capacity of the concretre alone in a composite section assuming that
it is uneracked in flexure

Q =0Q; + 0y + 0

oW ’ *)

a. Conalder the flrst term Qg. The shear stress in the precast element,
» should be ealeulated at the level of the centreid of the compdsite
1
section. Elastic theory gives:

o 2
. - Q} ALY, (N/mm*)

=R ] Il Bl

where A, y, is the first moment of area of that part of the precast
element above the level being considered (mm?)

B, is the breadth of the precast web at this level (mm)

I, is the second moment of area of the precast element (mm*)

Also the longitudinal stress, £, (compression positive) should be
1

calculated at the level of the centroid of the composite section. (N/mm?)
£, will consist of:-
1

(i) bending stress due to loads supported solely by the precast Deam

(ii) axial and bending stresses due to the prestressinrg force.

15




. In addition, at this stage, check that the pripcipal tensile stress at
critical points in the section coused by the loads supported solely by
the precast elemenland prestress, does not exceed O.?Q#,/Uw.

b, New copsider the composite section. Qp may be obtained from the
following expression which is based on elastic theory:
] ) ()
= = b f £ -
A, y"-Jtz ( v toN) T T

where A, ;2 iz the first moment of area of the part of the composite
section above its centrold

Bz iz the breadth of the compesite section at the centroid (mm)

I, iz the zecond moment of avea of the composite section (mm®)

ft the maximum principal tensile stress at the centroid of the
2

composite section. It 15 te he taken as 0,294 ﬁiw and positive.

4, Shear capacity of the concrete alone in a composite section assuming that it
is cracked in flexure

Q”Q1
Qem = 0,045 * : —_— M
jom = 0.045b d4 F.w toQ T .

a. If we consider the seccond term @ 43 this is derived from the
\ 1
eXpression: -~

M M
1 . 1

Shear span for
this type of loading

The longitudinal hending stress should be calculated at the
extreme fibre at which loads first cause tensile cracks to
appear in the precast slement. Taking the stress to be tensile
and positive

£ My vy £
ey = ——— =~ ep
I

where y1 iz the distance of the extreme fibhre from the
centroid of the precast element. (wm)

b. We now conaider the third term invelving Mz. After the
member has become a3 composzite sectlon superimpozed loading
is applied. This produces a bending mement Mz. Let the
extreme fibre stress due solely to this loading be fE2

(tensile positive),
The maximum flexural tensile stress which plain concrete can
sustain prior to cracking iz assumed to be 0.45 Y N/mm?

w

f
; s YA -
ez % O0.45 . fel

16




leading to an expression for the limiting value of:-

‘ . Y1 f 12
- I - i —_
Ma 0. 45 Uw M, T + Tep 72

where ya is the distance of the extreme fibre of the precast
clement from the centroid »f the composite section, (mm)

In the third term the waximum value of the shear span for the
superimposed loading iz derived by considering the various
loading ¢enfigurations at the 1imit state of callapsc.

Values of M; and Q; are deducted from M and § respectively
since their effects have alveady been accounted for in the
second teprm.




@:ooix 11

The following clauses of BSCPs 115 and 116 are particularly relevant to the design of
prestreseed concrete highway structures,

CP 115: PART 23 THE STRUCTURAL USE OF PRESTEESSED CONCRETE IN BUILDINGS
GENERAL
01 Basic assumpticons.
302 Ioadings;
2nd and Trd paragraphs only,
303 Permissible stresses;

(a) Genersl;
Znd paragraph only.

(¢) Permiesible stresses in Prestressing steel;
(ii) Alloy steel bars;
first sentence only.

(d) Seguence of prestressing;
Cmit the words "by this clsuse" in first sentence,

304 Loss of prestress;

(¢) Elmstic deformmtion of the Concrete;
last 3 paragraphs only.

(d) &hrinkages of the concrete;
for Clause 3ZChc subetitute Clause 5.1 of this Mamorandum.

(e) Creep of the concrete;
last paragraph only
omitting the words "in the preceeding paragraphs" in first sentence.

(£) Anchoring.

(g) Stesam curing:
omit the reference to Clause 501 g.

305 Loanes due to friction.

306 Spacing of tendonaj
Bee alsc Clowse € D',t Haa M emoroeidoam.

307 Bond;
the recommendations given in Clause 701 have been incorporated in
Clause 12 of this Memorandum

BEAMS (AND OTHER MEMBERS) IN BENDING

310 Effective spun.

18
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33

31
25

316

317
%18

20

Design for working loads except:-

1. read Clsuse 304 with Clguse 5 of this Memorandum

2 for Clause 303 substitute Clauses 3, 8 and 10 of this Memorandum.

3. for Clause 309 (i) substitute Clauses 3, 8 snd 10 of this Memorandum,
Ultimete strength of beams;
(a) General.

(b) Assumptions in beam design;
superseded by Clause 9 of thie Memorandum

(c) &Stressee in tendons at failure;
uae wheére appropriate and only in the absence of special test results.

(d) Allowance for steel reinforcement. ) )
where fy ie the yield or proof stress of the reinforcement in accordance

with B.S hhhy o B.5 hLivef-

{e) &Strength of beams with steel in tensile zone only;
but the general method described in Clause 9 of this Memorandum
is preferred.

Proportion of prestressing steel in beams.

Reinforcement in beams;
omit last parapraph.
Also read in conjunction with this Memorandum and BE 1/72, Reinforced Concrete
for Highway Structures which prevail over CP 114.

Slender Beame;
for Clause 303 substitute Clauses 3,8 and 10 of this Memorandum.

Beam and slab conatruction,

Composite bepms;
b4th paragraph only. See also Clause 10 of this Memorandum.

Daflection;
for Table % asubstitute Clause 5.3 of thisz Memorandum
for Clause 304e, substitute Clause 5.4 of this Memorandum.
omit lamt twoe sentences,

COMPRESS1ICN MEMBERS

321

322

323

General.

Basis of design of compression members;
for Clause 303 substitute Clauses 3, & and 10 of this Memorandum.

Reinforcement in compression members,

OTHER STRUCTURES

32k

Statically indeterminate structures.

19
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. CP  116: PART 2@ THE STRUCTURAL USE OF FPRECAST CONCRETE
GENERAL

301 General considerations in the design of precast structures;
Paras. a, and b. omitting the reference to Clause 413,

305 Permissible stresses in prestressing steel;
(c) Alloy steel bars; first sentence only,
(d) Sequence of prestressing.
206 Loss of prestress;
Use Clause 5 of this Memorandum which invokes parts of Clsuse %04 and
also Clause 305 of CP 15,
308 Minimum distance between bars, including tendons,
309 Maximum distance between bars, including tendons, in slabs,
PRESTRESSED MEMBERS IN BENDING

327 Effective span.
The same as Clause 310 of CP 115.

329 Design for working load;
The same as Clazuse 312 of CF 115.

350 Calculation of ultimate strength of besms;
The same as Clauwse 313 of CPF 115.

331 Proportion of prestressing steel in beamss
The same as Clause 314 of CP 115,

332 Reinforcement in beams;
Substantially the same as Clause 315 of CP 115.

3%3% Slender Beams:
The same as Clauase 316 of CP 115,

334 peflection;
The same as Clause 320 of CP 115,

PRESTRESEFRD COMPRESSION MEMBERS

535 Basis of Design;
The same as Clauses 321 and 322 of CE 115.

336 Reinforcement in compression members;
The same as Clause 323 of CF 115,

OTHER PRESTRESSED STRUCTURES

337 Staticaily indeterminate structures;
The same as Clause 324 of CF 115,

20




.TMM]J‘JGS AND BEARINGE FOR PRESTRESSED SLABS

239 Trimmings to cpenings;
omit the reference to floors or roofs,

340 Bearings for precast units;
subatitute the following: FPrecast units should have & besring of at least 75mm.

COMPOSITE PRECAST AND IN-SITU CONSTRUCTICN

341 Composite beams;
The same as Clause 318 of CP 115,

342 Beam and siab construction;
The same as Clause 317 of CF 115,

34l Special design considerations.

345 Shear Connections;
Substitute Clause 10 of this Memorandum.

CONNECT ICNS

zh&  Connectionas
exceopt:

Ta Substitute "structure” for "building"

2a Subetitute the following for all after the first sentence
of:a (iii) 1w
These detmils should allow for deviations from correct
dimensions and ¢learances during srection,

APFENDIX C MOVEMENT JOINT:S

To be used in conjunction with Technical Memorandum BE 3/72;
Expansion Joints for Use in Highway Bridge Decks.

C1l. General.

C2. Nead for movement joints;
First paragraph only.

C3. Types of wovement joints.
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TEMPORARY ALFFENDIX IV
1. FORCES TO BE TAKEN INTO ACCOUNT

For the purpose of calculatlng Etreﬁsea the following items shall, where applicable,
be taken into account:

s Dead load

2+ Live leoad -

6. Centrifugal force

7. Longitudinal force

B. Wind pressure effect

9, Temperature effect

10. Resistance of expansion bearings to movement

11. Forces on parapets

12. Erection forces and effects

1%. Forces and effects due to aubaidencﬁﬂgndwotﬁﬁr“Qimilar causes

14, Shrinkage and creep effects
Note: the numbering 1 to 13 inclusive hae been takan from B.S.15%: Part 2A: 1972
2. COMBINATION COF FORCES

2.1 Steel girder bridges: as Clouse 16 of B.5. 15%: Part 3A: 1972

2.2 Bteel box girder bridges: in accordance with the Interim Design and Workmanship
Rules for steel Box Girder Bridges

2.3 Composite construction in Structural steel and concrete: as Clause 5 of
B.5.C.P. 117: Part 2: 1967

2.4 Reinforced, prestrassed and composite concrete bridges
The following combinations of forces at working load shall be considered:
Ta The worst combination possible of dead load and live load.

2. The worst comblnation of any” or all of items (1) to (1) in
Clausea 1<E -

In addition the effects of factored values of dead load and live load shall
be combined as desacribed in Clause 7 of Tech. Mema, BE 2/73, Prestresced

. Concrete for Highway Structures; to chgck the adequacy of ther-ultimate

" moment of resistance snd the cshear capacity of prestressed concrete super-
structures.
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. 3. ACCIDENTAL WHEEL LOADING ON FOOTWAYS AND VERGES

3+1 The single 40 kN wheel load specified in Clause 4 of BS 1531 1972 is
less severe than loading that can occur in practice,

3.2 Pending revision of the Standard, footways and verges on highway bridges
shall be checked for the wheel load arrangement shown in Figure 1 of this

Appendix, This applies to local effects and ehall not be taken into account
in determining global effects on the deck.

| i 20kl i 50KH .. i LOKN
— g g

Birection of 5
{ravel -

QP

L. . . i | 1-5m
‘ Im f I

250mm
diameter

ﬂp’_qaz 1

3+3 Bach wheal load shall be deemed tnwiﬁéiude impect and to bhe’ distributed
over a contact area 250mm diameter.  Stresses may be increased by 25 per cent
when accidental 1oad{?g is”gnnsidered in combination with parapet forces and
other loading. e :

k, CONTACT AREA OF HA OR HB WHEEL LOADS

HA or HB wheel loads shall be as=zumed to bdinnifufﬁi}wﬁistributed over a
circular or squat# arés assiuling an effective pressure of 1.4 N/mma.
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BE 21/5/022

FECHNICAL MEMOHBMDUM (BRIDCES) BE 2/73
PHESTRESSED CONCRETE FOR HIGHWAY STRUCTURES

AMENDMENT LIST NC 1

Flgure 2. 3hort term deaign stress-—strain curve for
concrete; peak value of stresa.

"Substitute O0.44 u, for 0.67% "

‘;: 41"\ eV k -

L.
i ‘\ (‘»
K SHRISKANDAN

Apsistant Chief Engineer

Bridges Engineering Design Standards Diviajon
Departsent of the Eovironment

St Christepher House

Southwark Street

LONDOR 8B4

/2 Pebruary 1973




BE 21/5/022

TECHNTCAL MEMORANDUM (RRIDGES) BE 2/73
PRESTRESSED CONCRETE FOR HICHWAY STRUCTURES
AMENDMENT LIST NO, 2.

Page 1, Amend footnote to read:
"ERSee Clause 10 for composite construction.”

Page &, Clause 8,1 Delete the reference to "Clause 9" and substitute
"Clause 10",

Pape 8. Note 2, Delete the refeorence to "Clause 11" and substitute
"Clauze 12".

Page 10, (lause 20,4 1i., Notation.
3, last sentence., Delete "0G.294 Uy,

and substitute ”O.Egﬁlulw "
d, Delete "7.2.ii" and substitute "8.2.11".

Page 12, Note 3. Delete "1.5" and substitute "1.275".

Page 19. APPENDTX IIl. Clause 313 (d)
Delete "RS 7B5 ar BR 110u"
and =substitute "BS U44S or BS LUs1M,

K SRISKANDAN

Assistant Chief Engineer

Bridges Engineering Design Standards Division
Department of the Environment

2t Christopher louse

southwark Street

LONDON SEL OTE

/5 ume 1973
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