DAFTAR NOTASI

DAFTAR NOTASI

Struktur Atas:

Ag = |uas penampang balok pratekan

A'e = luas penampang komposit'

Ay = luas penampang beton

Av = luas penampang sengkang "
Ay = luas tulangan

Dar = jarak efektif antar gelagar

ba = lebar bidang kontak anlara balok prategang dengan plat beton

CR = kehilangan gaya prategang akibat rangkak beton

A = lendutan balok )
e = eksentrisitas

E; = nodulus elastisitas beton

E, = modulus elastisitas baja tulangan -t
d = jarak serat tertekan (pada plat lantai) ke tulangan tank

D = paya geser

DDT = daya dukung tanah

F = gaya prategang

Fao = paya prategang efektif i
fc' = kuat tekan beton

Iy = tegangan leleh tulangan baja

Iy = momen inersia tiap penampang

{ komp = momen inersia penampang komposit

ITP = Indeks Tebal Perkerasan

K = beban kejut

K, = jarak kemn dan titik berat untuk serat atas

Ky = jarak kern dari titik berat untuk serat bawah

K. = jarak kern dari titik berat untuk scrat atas setelah komposit

Ky' = jarak kem dari titik berat untuk serat bawah setelah komposit
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DAFTAR NQOTAS]

P,
Py
RH
SH
SR
Tm
Van
Yo
Yo
Y,
Yy'

Lintas Eki.valen Awal

Lintas Ekivalen Permulaan

Lintas Ekivalen Rencana

Lintas Ekivalen Tengah

momen yang bekerja pada penampang komposit
momen akibat beban mah

moinen akibat beban hidup

momen akibat gelagar

momen ultimit

momen akibat beban total

ratio modulus _penampang dan. bagian pracetak
penampang komposit untuk serat bawah

ratio modulus { E; / E; )

gaya-gaya pada waktu pelaksanaan

beban hidup terpusat

kelembaban relatif

kehilangan gaya prategang akibat susut beton
gaya akibat susut dan rangkak

gaya akibat perubahan subu ( selain susut dan rangkak )
tegangan geser honsontal

jarak titik berat terhadap serat atas

jarak titik berat terhadap serar bawah

terhadap

Jarak titik berat terhadap serat atas pada penampang komposit

jarak titik berat terhadap serat bawah pada penampang komposil

Struktur Bawah :

A beban angin

Ah gaya akibat aliran dan hanyutan

Ahg gaya akibat aliran dan hanyutan pada waktu gempa

A, lnas penampang sengkang -
¢ nilai kohesi tanah

LAPORAN TUGAS AKHIR

PERENCANAAN JEMBATAN PUCANGGADING BS-02




DAFTAR NOTASI

e = eksentrisitas

E = koefisien gempa

f = total friction e
fs = koefisien gesek
7 = tegangan leleh baja tulangan baja

T = berat jenis tanzh

Gy = gaya gesek antara tumpuan dengan balok

Gy = gaya akibat gempa ‘
G = beban hidup konstruksi atas

{(H+K) = beban hidup dengan kejut

Hew = beban angin -
M = beban mati

n = jumlah tendon

q = nilai copus

Rm = gayarem

Ta = tekanan tanagh aktif h
Tag = tekanan aktif akibat gempa

Tb = gaya tumbuk

Tu = gaya angkat ( buo yancy )

Wp = beban mati

WL = beban hidup

Quit = daya dukung keseimbangan (u/timate bearing capacity )

N, Ng, Ny = faktor daya dukung tanah yang tergantung pada besarnya sudut

perlawanan geser (@)

LAPORAN TUGAS AKHIR
PERENCANAAN JEMBATAN PUCANGGADING B5-02
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Wbgl 1

welisien-loefisien untule menghitung tegangan tanah.

0,9

1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8

- 1,9

. 2,0.
2,1
2,2
2,3

2,4

2,5
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e 2

0,000
0,030
0,062
0,099
0,140
0,187
0,241
0,302
0,375
0,460
0,562
0,680
0,409
0,950
1,102
1,264
1,439
1,624
1,821
2,029
2,248

2,478
2,720

2,973
3,237
3,512

0,053
0,111
0,176
0,250
0,333
0,129

' 0,530

0,667
0,818
1,000
1,210,
1,440
1,690
1,960
2,250
2,560
2,890
3,240
3,610
4,000
4,410
4,840
5,250
5,760
6,250
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entukan jarok garis nectral,

erantukan pat D neiad,

L

4

s ity
E

Zo-

lsimpulken, malka brosodur pérhitungan adalah sebagal beriluti. Tentulan

guren blok pondaa} dengan memperhatikan keadean tanah setempat kemudi-

g.beban vertikal totsl Mo ( termasuk berat scndiri blok pondasi )

& alas.'nitung homhn akibat beban luar di titik,putag_yT.'

Bnri pors.

Mopat e. Hitung tegangen rufa-rate pvr dan phr menurut pers. (27) dan

- eae
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©.2.12 Modulug of Blasticity of Conerete**™ The

nsGutneans modulus ol elasticity of noomal-weight
conerele B ab any dime L shall Do colewlsted from

ceristic Compressive Strength of Concrele.

leristic  compressive strenglh of conerede
Fio a5 specificd by the designer fon prestressed
memthers and determined Teamy standard cy-

vediall v he tess thans T ] -
l'.‘..! = h.",(lﬂ \f " of

L for prclcnsm.nctl membess. o7 Pig 0.4 may be of assisiatice in estharating the vilue of
-lensioned 1 TS, .. . . )
i for post-tensioned menibers 7 at any timie up b 28 doy'.

the Toemuly:

ils shs { spresiressed poes . e e
s Sh'!” ol ""1’15’_“’ the norprestressed p The instantancous moduius of elasticy of concrefe
amposile consiroelion, 2, at an e of 2R Jays oty e taken a8

wlerishic u‘mmprusm strenpth F. shall T {:,.=h.?l)l)\f.f- 4t
autt e draaings. !
For varions design considerations e specified vahues

smum Compressive Streapth of Conerefe @ ol madubns of elasticity in Tahle 6.1 shall be nsed.

- The compressive strength al trimsfee, £,
uificd nol less than: 6713 Modulus of Rigidity of Conerete. The nudulus

P, For prefensivied members, or g diflingaof concrely (;," m;.‘y h".: laken a8 04 H""
i L N which carfespouds o a Poisaon’s rafio uf aylpraximately
P Tar posi-tensioned menibers. 0.2
inmy compressive strenplh seygired ol fomsler
adicabed nin e drawings, G2 04 Coeflicient of "Uhermal Bxpansion of Conerete.
Ulless spevifle Tesl dabi dadicides atherwlse, the en.
haracleristic Indireet Vengile Strenpth of Can- efficient af thenmml expamsion for dormal-weight con.
el teristie indivoet leosile sirenyd I EsplitGog vre e sy e faken as 11 s 1005 o "OU)
trenpth) ol concicte M sheuld prelembly ) A 3
mied hy tesi *® Tt Par fest procedures refereace should be omade (o
) A5 ID1Y Part 1, Method for sampling Tresh con-
al esulls are nob o oavailable, o vidue ol (a0 vrele, Part R Metlad for making and curing enn-
3 b assumed, erele  compression,  fudireet fensile amd fhexure
testspecimens and Parl 11, Method for the de-
tharacteristic  Flexueal  Tensile  Strenpth - of twermimdion ol fhe Hexural strenplh of coperele
v The characierislic flusural tensile strenpth Mextre (st siecimens. i
m of cupture} of conerele f7o. should preler-
rdelermined hy lest.** F Lgr lesl procedures refervuce shauld be made
AS 170, Part 17, Metlcd Tor Thy delerminUon of
et vesulls gre aat gvailable, @ valoe ol o0 e static chard modulis of clastlcity nn.d Poisson’s
Ty he assumed, vt al conerele spreimens, Fy, for Yightweight

conerele may he determined frou the Tarmada:

les) procedures reference should v made 1o {7y = O \/1'1"‘-“}':"-.;
1012, Part 1, Method Tor spmnling Tresh ennerele,
2 3, Method e waking and curing conerele
pression, Indireet lensile wl (lexure (esl speci-
s andd Part U, Melhad lar the delerminglion of
compressive  slrenglh  of concrele  spechnens. 1t
tance criterin I'or concrele shall be specificd

the road nutharity.

where w is the densily of concrete und ey, s U
averiape compressive steenplh ol concrele al Lime 1,

Thiz expression shiall slso be used for the moduins
of elastleity of vonerele nf un age grenler (han 28
days, The ‘cluslic maodulus olMnined from this
o lest procedures relereee shonld be wade (o cxnr_csslon is the stalie vord mn:hflus ot o slress of
5 1002, Part 1. Method for sampling Fresh con- 40 percent of the averape enmpressive strenplh,

le, Part 8, Melliod [or making and curing con- # The -coclficient of thermal cxpanslon is largely
wle compression, indirecl lensile and [lexure influenced by :llw type of apgregale wsed in the
{4 speclmens and Parl 10, Method for the deler- conerte, For normnl-weight concrele it can vary
dnslion of fndirect leasile slrenglh of concrele fram 7 x 10°% per "0 (far limeslone sggregates)
Jlindeors. 1o b2 % 107 per "C (Toc guarlzite aggregales).



Streshes Tor Abnormal Vebicle Loading shall he
limited 10 the values.piven below,

Maximim comspressive stress . .. ... 0060 F
Maxinam lensile siress:

(it For monplithic members in which

-- prelensioned  {omdons  are well  distri.
buted tirnughout the lensil: z2nae, ur

posth-lengioned  bomled tendons are sup-
plemented by nominal non-presiress
cd reiulvreemeant located near the (ension
T .50 \ﬂ-' A

fi} For sepmwntal mombers al ungeinlmved
Jueinds Lo A0

i) For  monolithic members in which cal-

culated non-prestressed  reinfnicemen! s

provided (n contiol  cracking, allowable
stresees in excess of (LS80 V’IF, shall e
approved byl owvd _aothorily consider-
ing the aceeplable crack widll.

Principal lensile stress, . .. .. ... A RREV/ 0

Sresses ohwring Hmdling,  Transpert aond  Evee-
tin. Steesses during haoeling,  leansport
trection alter sllowing Tar Imniedisile sl line-
depenlent loases {Articls 6.5 up (o (he time ol
wlevierl vperitiom, shall nol exceedl ose given
in Article 04,1 (a), provided it Tor £, the
axioal strengih of the concrete ai the line ol
Tandling, tansport or eretion B substiluled in
the ahusve expressions,

Ancherage  ewring Stresses, Beariugy sfresses
my comerele surlaces behind the jendon anchur
plates should ot exceed 1w Tesser ol the valoes
gven Dy '

0608 op \Ah‘ oF :"(-p

Nigher bearing steesses shall only be used when
they have heen proved by lests (o be salislae-
ory.

e unbonded (endons ire nsed  comsiderilion
i be piven (o reducing fhis srrximu lensile
.

2n unhonded tendons afe used in segmental
embers  willl unreinloreed joi|1l§. considrrdlion
0 be piven Io ensure o gvsidoal compressive

The above hearing stresses shal) be culeulaled
 using Lhe jacking loree P (1ig. 6.9). .
() Heaving Stresses other i at Auchaorages, Aver- !

age hearing stresses on conerete surluees ofher
Ahan thase specified in () shall nol exceed the
vulues given belnw,

() With non-prestressed ielnfurcement designed
in aecordimse with Arlicle 6.6.9 4:

~nol anhjected [0 high edge Toading by
the beaving plate © L L2 DS,

- wubjected 0 high edge loading by the
beuringe plate ... ... e 0250,

Gy Withenl ngnepresteessed  reinforeement or
willi nominal won-prestressed reinlorcement
plaved  adjacenl 4o the comtact  surluce,
only fweethirds of e values piven in (f)
shallhe wed.

The ahove allawable hearlng siresses may be
nanllipiied by VEALSA R}, bt el mare than 2.

6.4.2 Lightweight Conecrete " Stresses [or tightwelght
conceele shall be specilied by the rowd authority con-
vernesd,

6.4.3 Presiressing Tendonst, The jacking siress fr In
8 prestiessing (endwi, due fo jucking foree Py {Fig. 601,
slibuar exceed the faflowing values,

{a} Wire or strimul, shess-relicved. either normat or
low-relaxation. Alloy steel hars,

Poslaqensioned mewher, © L. ... (LRSHY

Pretensioned member L Lo, (.80
(1) Stiamd, not stiess-relicved.

Post-ensiamed memben. L., 0., CALTTEY

Pretensioned member .. ... ... . D80

The maxiowm value ol tle siress fo (Fig, 0.4) in @ pre-

steersing temcdon imnediately alter 1ransler {fe, aft -

allowing Tor innnedinte Josses, Arlicle 6,511, sha'y nol
excred e valnes glven helow,

{c) Wire or strand. stressrelicved. eltler normal

o1 low-relaxation. Alluy steel hars, | ... 0.75F%

1 {eference Is made o Appendix 68 reparding the
Lypes nf tendon nsed For prestressing, s

< |
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Laol stress-relieved ... ... . N £ T A
dressed Reinforeement.. Maximuam coo-

k leasile  stresses- in non-presiressed  rein-
fall not exceed thuse specified in Scelion

PRESTRESS

L Allowanee shall be made for loss of
i the following, where applicahle:

¥ deformalion of the concrele.
tape of 1he congrele.

paul the conerele,

stinn of the preslressing lendons,

fon in the jick. the aochorage, and cither
2duel or al any ofber fendan suppaort.

inrinn,

W) and [vi} ocene up o gnd including the
msfer sndd are referresd tooas e fimmedinle
hle losses (i), (iii) and {iv) oceur aflTer (e
mier or cnsling miwd are refeered 1o s the
et Josses, The st ol these munediale mul
dnl lossex may give ao estimated  valne
e actual. For s more precise sssessienl,
o e Juss on e oilers and e slage al
occurs should he considered.

somentil members. lmmedinie amd  lHme.
ksses alse aevnr e W cliasliv delonmnating,
nd ceeep ol the casl-in-plice conerete juinds,

aed members an o additional Toss of prestress
die 1o chanpes i ambicnt teperalure he-
ore af stressing the tendou amd the Uine
he conereie,

ical values piven herein for caleulating (he
ecommeiled for e design of prestressel
wmbers under pormal conditiuns. I should
diat seme adjustment ol these values oy
gy in estimating the (otal loss, ol prestress
candilions of exposure or where new pro.
alerials are introdueed,

inacy design, the Tnllowing percentape loss
: force ab warking load. excluding friction,
med: -

wosioned memhers The relaxation foss (i)
22 prior o lransfer, Arlicle 6.5.5 (M) {ii}, is
sediale Tnss.

Prefensioned work - W) pereent,
Past-tensioned work 25 pereent,

6.5.2 Loss of Prestress due to Elastic Deformation of
the Concrete. Caleulation of the immedisle loss of
stress in presiressing tendans thie to clustic deformation
of the concrele al lrunsler shafl be hased on:

{i) the instantanenus madulus of clasticily of won-
grete a1 [he lime of siressing Kgy obluined by
substituting /gy, the transler sleenpth, for
7, 0 the Tormula ol Article 6.2,12. amd

(i1 the mndulns of ehisticity £ ol feuduns given in
Arlicle 0.2.16, Table 6.2,

Foupactensimed mcmbers the Joss of stress may be

tuken as the praduct af the modular vtio, Feflie,. and
the shiess in e eonereie zdjncent o the lendons al
= N - PRI R T I Telere

tramsler £, pat the sectio: considered.

For pos)-tensioned memhers with jendons nol stressed
simulineonsly, there is a progicssive Joss ol prestress
turing bansley due 1o e segvential application of
prestressing Toree, For menibers inowhich (the tendons
are jdentical the average Toss of stess fn each lendon
nav be laken as (V- 120 times the producl of the
ulalue matio Ko/b ., and Ihe siress due o all the ten-
duns in e conerete wdjacent Lo tie tendens al tamsler
Jeor wveraged alony the lengly of Hhe member. The [nss
in ndividual temlons may be compuled more exacliy
by comsidering (he gequence of tensioning,

[u-calentlating the abuve Joss far pretensioned i pos-
tensioned members it is usually sufficient w consider
e conerete stress al (lie centroid of e fendon oo,

6.5.0 Loss of Prestress due 1o Shrinkape of the Con-
crele® ",

(a} Ceperal, In sios times Tor whicl an aceurste
assessinent ol the shrinkope s eequlred 11 will
e pecessary 1o test™ the nuierials [0 he used,

For peneral destpn purpasey shonkape shall Tye
estiniled using e (otlowing methed, provided
fhar apgregdes having chireledstics Teinding (o
high shrinkage are excluded? and ihe concrele
s snzde From Poctland cement, 1 s also assamed
that the average ambicn) lemperature during he
period upder comsideralion is hetween 07C und
4540, Temperaluee pesks of short durition me
assumed To he within the range of » 20°C (o
+60°C :

! @

T Far tesi procedure relercnce shonbkd e made Ly
AS 1042, Parl 13, ddethad Tar the delerminalion of
Jrying shrinkape of concrete



The stk stain Cer s l-cned ) nonpad TABLLE 6.1
weighl conerele al constant humidily Tar any ' .
time 7, is determined by (he ollwing fommuala: ~ VALUES OF COEFFICIENT ¢y,
€ =€) Ky Ko Ky ke
Avernge Basic

The ultiminte shrinkage strain cg, al 1he el al Clluntic condition relative humidity | shrinkage
Ume-dependent deformatlon may he expressed ns A percentape®®® | stmin ay
hy:”

Dry air < 5 600 x LO®
o = € kp ko &y '

Generally lu the open
The shrinkage strain far any time inlerval, /; Lo air, and not subject Lo
I s equivalent 1o: perlads of prolonged

high temperature or .
€t Sepkpkpky Ry — ki) low Lumidity 501075 400 10°€
For a pretensioned member The subscript £ ves [n very humid air.,
presenls the time of costing and is-therelore .. yverwaler =75 200 x 107
rero, while fur o post-lensioned member f; repre-
senls the time ol transter measured from casting, In water 100 0

For bl prelensivned and post-iensioned mem-
bers £, represenis the time at which (he shrink.

- . **  Yor delermining asic shiinkage striin € e
age struin is 1o he estimated. For delermining Lhe hasiv kage striain ¢p, the

“oaverape index of wean relative humidily™ given

. L : in the relercnee shall be nsed.
The time-dependent diss of stvess in presiressing e

tendons doe o slrinkape is caleulated s the values Tor low pressure stresmecured or light-
prduct ol the mmdihis ol elasticity B ol the weipht coereles shall be specilied by the road
lendons given i Article 6,206, Table 6.2 and amthority concerned o the hasis of lests, Gen- -
the sheimKage shain €', _ erilly the basic shrinkage siraln ¢ Tur low

pressure slean-cuied concrede is 10 1o 30 per-
cent fower, while cp for molsi-cured, light-

1 Coefficicnt ep. The coelficient g, - lhe basic weighl- concrete dx ubout 20 o 40 pereent
shrinkage strain - depends on Climatic comdi- higher, than thai of moist-cured, normal-weight,
tiens aud is siven in Table 0.0 concrete ¢l equal gompressive strength,

The walues given T egoare vilid [or woist () Ceffieiom -A';,. The coelTiclenl &y depends on
cured, normal-aweight conerele. The appropriate the waler-cemend ratio and the cement contenl
20
1-8 ..
Cernent cont
1-6
£ 14
X
- 112
c
2 10
L=
2 08 //
T 06 ] /
3] 7
Y04 4
0-2
0

o7 03 04 05 06 07 08
waler-cement ratio

FIGURE 6.1 VALLIES OF COLEFFICIENT &y,




e concrete. FFor the vswal highestrength, ()
mabaveight, moistoured  conerete wsed o
t:tcascd cancrefe struclires willh o water.
ot ritics of about G40 ad cemenl conlenl
00 to_450 kefm, i average valie of 0.090
v e nsed. More aecimate values o kp Tor the
kol vintpee oF variables are piven in Fip, 601,

Q2
0-80
IR 05\ oo
0:55 L\Wu-so

fc)

100 200 300 LCO 500
theoretical thickness in mm, ;
(1

hﬁIGURE 6.2 VALUES OF COEPFICIENT k&,

15

Coefficient kg The values off the _ ¢acllicient
ke are given in Fig, 0.2, This coellictent, wihich
ix related (o the atin ol eoncrete volume Lo the
Aeying swrfiee area, Is given o terms ol the
thcoretical thivkaess ol the mewher g, being
gl o bwlee the mea ol iy crossaseeiion,
divided by its perimeler, For any member the
petimeter shall be tnken as the sum of Ihe
perineler exposel dhieelly o the atinesphere
plus onehadl of the permerers of any voids
vimGined  within the section (e sivgheced]
ot multi-cell hax girders).

The wpprapeinte values of ¢, Tor shandanl
pecist e seclions are given i Fig, 6,20
of  Appendix A0 H0 the cross-seetion is not
Casbimt alomg the member an wverlipge hea.
relieal Mickness shall e ealenbaled nsing an
appropriate. number ol seelions, Wlen ey,
exceeds SO0 &L shall e taken as 1,50,

Coeffieivnt fp. The voellicient &y expresses
the restraining efTeet ol the bmgitmding non.
presteessed  reinlorcenend an e shrinkuage

ol a prestressed nemher and shall be coleul-

ated wsing e Pelloswing forowda:

. mo
:’” NG+ 20p

Cueffieicat &, The eoelliclent &, s the math of

e shrfokupe strain gg, a1 Hime £, Woole nilinate
shrinkage straln ¢g,. Varluus &, curves Vor g runge
of theoretiesl thickmssesare plven in Fig, 6.3,

10
e 2
Y19 09 /Ar/
; /
= 3
w‘“‘w”' 06 .
I k- o e e
I L —
:..,.E_-_" 0'27‘ - —
a
g - 1 . -
° 2
1 3 57
S % 21 29}\_2_3\, 6 '?;i 2 5 W X 3g[log scale)
days menths yr.rurs
time
o



{ Loss of Prestress due to Creep of the Con-
$.6.8 10
B0,

) Genvral. In siructures for which an acenrile ax.
sessient of creep is required Howill he nece-
ssary {0 leslf the materials wo be use.

For peneral design purposes creep shall be esti-
maled using the following method, provided that
for aggregate type *+'? cement (ype and ambiens
temperature e same restriclions apply as for
shrinkage in Arficie 6.5.3(n).

(¢} Cucfficicrt k.. The ceelficlenl & dr:pc'nds an

-

() Cocfficient ny. The values of ceefficient &y are

given In Arlicle 6.5 {e).

climatic condilions and is given In Table 6.5. '

TABLE 6.5

VALULS O COEFFICIENT &,

: Avenape relative
The creep suain, €., al way lime 7, after appli- Climatie condilion humidity asa ke
cationr af (he initial sustained Toad g determined percen{aget?
by the Following lonnul assuming thal, in the o
deslgn stress range. weeep siv prapactions o the Py aic <50 30
stress in fhe conciele '
Je Cranerally in the open .
fop B ;_" ky ke kg ke by air, and nol syhjeet (o
periods al prafongl

In ilic abave formla, Fo is the instanteons ::ttﬂ‘l:::::::;irl;'l.um“r 5010 75 3..5
madulus of chslicity ol couercie a1 an ape ol
1 e H " 1y - ¥ M B HTIT

e "R aver wiler > 75 .5
The wltimaie creep stiain ¢, at te emd of the Ty, AT 100 10
timeadepemlent deformation may he expresseil :

by the Inllewing Tormula

/PP T
Cone 7% hp ke &y Rp 1L T Fen
" 0,

where (he ultimale creep FGielnr ¥y is cquivalent
ley

The abwve vulues lor k., are valid for muist
cired, norimalweipht concretle. The apprepriate
koo vabres  (or lightweight concreles shall e
specificd by he 1oud authority coneerned on
the basis of (ests. %

= “err Ay ke ko k For low pressure steam-cured, normal-weishe
LU L .
"ooe, Ve Rl R conerele Whe nhove &ovalugs mny ke used,

Similarly the erecp Taelur ¢, al any time £, s
given by

ef
'f’r'_"cfl'{": ky ke kg ko kpy

The tume-dependent loss af siress in prestressing
lewelons due 1o creep ol mepist-cured, normals
weipht concrele is calenlated as the producl
of the modulus of clisticity ol the tendon £
given in Article 6.2.1, Tuble 6.2 and the ereep

)y Cacfficiear kg, ‘The coefNelent k.- depends on

the sge nr depree ol hardesing of concrete
FopdFp al lhe time ol application of (e sus-
tined load (e.g. prestress) and s shown In Fig.
G for concreles made of vormal and high carly
strengtl Porthand cemenl,

(i) Moist-cured member, For an average curing
tleaperature of 20°C helween casling and

strain ol the eonercte adipcent 1o the fendons ' For delermining e coeflleient &k, e “average
fep compnted Tom the 1ormola above, N is index of menn relative homidity™ givc:', in the
cusgally csufficient to work with the conerete reference shall be used.
stress ab the centrold of the tendon group,
LY ]

Ay 0 pulde, the ullhmale ereep shiain 6oy for 1lght-

welpht conercle ls aboul 25 (o 35 percent higher
than thid of moeisl-cured, normal-weigh] concrele

‘ar leal procedure reference should be made Lo
'8 1012, Parl 16, Method for the defermiinatlion al

Teep of concrele eylinders in compression., of cqual eompressive stresgl .



of the ennerete, &y is piven in
the age of ¢concrele Af at Lhe fime
. while [or yn average curing lem-
T other than 20°C il is given in
the theoretical age Ar'. The Intter
dion of the average curing lempera-
i well as the age of the conerele
e ol loading Af, and ‘ean be con-
ing Ahe Followlng forowla

.3,-=_Af_tz_"..;ag_t!21

tugc curing lemperalure higher iitn
il resull in a stronper conerele
plication of sustained lowd, with »a
mdingly  reduced  value Tor &y,
ower temperalure will increasc this
e,

resure sleant-cured  memberf.

frultimate crecp siruln €., Toc low
ared concrete is 20 (o 40 percent
I of moist-cured, normal-weighl
il compressive strength,

35 0-46 0-610-70

Ifor -

(©) Cuefficient k,

(n

0-88 09 1-:00

steam-cured conerete e &y cocflicient is
also obtalied from Fig. 6.4 wsing the appro-
pri'nc depree ol hardening of  conerele

FeplFp which the steam- cured concrele
Ins oblalned at the time of application of
the sustzined load.

. Values ol the coefficient &, arc
given in Arlicle 6.5.3(d}.

Coefficient kg, The coclficient &, iz the ratio
al the creep strainy €., L time £; o the ullimate
creep strain €. Virious &; curves, which are the
satie as lor shrinkage, ure given i Fig, 6.3,

When an additionnl sustained load is applied o
the structure al lme £, from e application of
the initial transfer load and couses a stress in-
erement or decrenni of o0 the additional
clue)n strain gy WP Lo Line 7, shall be separal-
ely calealuled using the &, and &g, coclTicients
delenmined. from. the .||1|:rnpri.1|-:' At and 1,
valves respectlvely. The &y, k.. ko mud kg,
coclTicients are the sime as for the itlal sus-
tiined losid. Therelure:

normal

Degree of
®8 059 C72080 092097100  high carly hardening, —‘.'L
. iy e W, |
L 1 ™ N—
1 ' H [ i 1 1
=i - : Tl [T y
Nt | I
N ] —
ol ] ﬁlr
: ;\v.rr }
] RS
&l k\_’_\r_(_ﬂ\L 1
i )
_ —J e, —]
e T
{
[ PO e | n.d) — ‘\:“- \0.5 I
- BN
= 0 ¥

! 3 5 7 1421 28 60 90 180 270 360days (log scale)

At or At

FIGURE 6.4 VALULS OF COEUFICIENT kg



il not excecd the Allowable siresses
Article 6 4.1,

of nepative moment, siresses in
shall be computed using section
Bs amitting the arca of Ihe casl-in-
merete, bt including the trans.
nea ol the non-prestressed reine

aqlace concrele,
. Ay
Leep due 1o sustained logds™ "

deals with the clfect of residual
che S Cs i compnsify mepshe
feah load and prestress only. Creep
the siresses due to diflerenlial
d-this case is dealt willh in Apbele

de member, vieep aceurring i the
results itr g redistribation of siresses
bemmny amd the eaxlinsplice conceie.
of (hese siresses depeneds o the
weast beam when composite hehav-
e, 1T a large proportion of the
heam bas 1aken place by the tiome
al, thea the offeet of sihseguent
wiall. :

apporicd weathers.

o of stresses dne 1o sustained Tuds
based on (he assnmiplion that the
1any crosssection lie between [wo
siiess distribwtions, (1) amd {27,
)

sress distribution due (o dead load
il cast-in-place concreke) amil
presiress after all Tosses, acting an
precitst bieam, aud

sress  distribnlion due o ded
btheam and castbiv-place concrele}
prestress aften b losees, acting on
annprosile sectiom. The menher s
considered o b monolithie, and
cccentricity vl (he preslressing
x is mensured o the ceniraid of
omposile secticae,

esin Lhe composile seelion, cavsed

ep is 1hal portion of creep which
e precasl beam after esfaflishing

{ within the ellective widih of

1_

tt

{ way aeed Lo be wsed In calenlalion o creep and,

© aaly hy resklual crecp In the precast-heam,

are caleuialed as:

(F— ¢ )X |stresses in (2) — stresses {1,
where pp is Lhe residual creep Mctort

which depends on the amount ol ereep
strtin fhal will occur alter the beam and
casl-in<phuce  conerele are mude composite

{Table 6.11).

The final stresses in the ¢omposite sectiun
due o dead load (Bram apd cast-in-place
conerele), prestress and creep are (he sum

stresses Fram (1) ahove, and

slresses due ba residwil ereepy

(it} Conlinmaeus members|

Slresses in o confinuous conposite member
due (o dead toad, prestress aller all losses
il ereep may be calenlaied by considering
the  eonlinupus  member  separaled
simply supparied spans, and then restoring
centlinnily by applying restraint mamenls al
the supporis. The funl siresses 91 any sce-

Lo are (s af the following:

{1y thase aecurring in cach simply suppor.
Tl span,eabenbifed as in (1) above,

s

(D) those causcd by (1 - ¢ "¥F) times the
cattiinuily restraint monenls reswlling
Froms application of both (e dead boad
and prestress (o the vonlinuous coni-
pusite meber us e {§) (2) ahove.

The resiraint moments miy be ealeuliied. by

any methol using elistiv theary 74

The resicdual oreep faclor may bhe ealenlated in

aceordunee with Article 6,5.4 as:

whete &gy is Lhe £, Metor eideulpted with Lhe Line

I

eslahlishing composite aufion, and & relales lo the

=K Rp kg kptl A

which vhipsud Defween stressing (e beam aml

ape of (e beansal Ui Gowe of stressing,

The restreint momenl calculation is hased on he
assumplion Ihal conlinwily awl composite netion
are established in afl spans simaliwncously al time ¢,

J\

miniimm g g omak i estimales] value ol

slirinkage effecls,

~d



TARLL 611

FACTORS USED FOR RESITTUAL CRELP AND DIFFERENTIAL SHIRINKAGE 0
CALCULATIONS IN COMPOSITE MEMDERS

! n 0.5 1.0 20 30 4.0 50
r i) 0.393 0.632 D.865 0.950 0.982 0.99.3
Vr

— 4.000 07137 h6l2 0432 0.7 0.245 0.199
Hicer  of  differential  shrinkage, Dilferenlial & 5 eorresponding compressive Toree of P

hrinkage helween the precast bemn and 1he easl-
i-place conerele produces stresses and delvima-
tians in Doth simply-supporled and comtinunous
gembers, Modificalion of these stresses ue (o
lhe effect af residual creep in the preeist heam is
melugded in ihis Arlicle.

(it Simply-supported members?? - 212

Stresses and delormations in the composile
nitber dne Lo dilferentind shrinkage ouy e
evithialed  assiming a tmilom dilTerential
shrimkage loree P alomp the member, whete:

kY ¥
P‘ = f"..‘.“r .‘l(._“ Af‘\-” . S 'n-.\ o
k 3 =,

- P T ;
I'e term -T—- accounly for the in-
.

fluence of residual creep in the heam, and

same wilues of this Taclor are piven in Table
CRRN

The stresses in the campoxite seclion are ol
tained frony the sum of e following ¢[Teels:

aeting af the
cust-in.plice  concrele

» g direet lensile force ol fY
centroid of (e
- anly. and

E:lll‘ﬁ'rvnll:ﬂ shdnkuape straln miy e calendaded
geordanee with Article 6,5, as:
g = Cp Ry KWk

epkpkekytl Ky

a¢ the primed laciors refer 1o the easl-in=place

icle, amd Ay, ds the A, foetor calculaled w:lll
Ume #,, which elasped berween casling the lu-.lm
lestablishing composile acllon,

(i} Continuons memhbers”

Stresses

at Lhe cenlroid of the cust-in-pluce con:
crele, and aeting on the composile sec-
Liuti,

20 A0

and deforation i & continuous

campusite member due 1o differential shrink-
age may he caleulaled by considering the
ganfinimus member as sepavated info simply
supportetl spang, and then restoring cou

- finuity by applying resteaint moments al the

suppocts. The final stresses a1 o cross-scclion
me Lthe sum of the Toltowing:

lhose vceurving il (he section in he
sitnply supported span, caleulided os o
(i} abwwve, auel

those ciused by the continuity restraint
nunneiHs.

I fhe cast-in-place concrele directly over
Piers, siresses ire prokluced only by the con-
limiity restrinl moments.

6i.6.7.4 Designt for Ultimate Load

fu] Ceneral, Desipn af g composile member for

ultimale

{i} Aniches n 4,

Tosd sl be ine aceowdanee  with:

0.0. and 6.6.7.4 b} Tor

benmding awd shear, Arlicle 08230 Tor re-

distribation ol

bending  mwments,  and

The deslruiul

monwnl edenfalion s bsed on fhe

asstmption that eontluully nnd compastie wetion ore
eslabllshed In nl] spans simullanconsly ot tlme 1, A
minimum aml a maxhionm estimuled value of §,, may
weed Lo be used I ealeulatlnn of ereep and shrinkape

cllects.



4 in aceordimer with Article 6.6,2 {1

duesses, The minimum ibickuess of
dtomn Manspes shall be 130 i fod-
tin Type 1 mulli-box systems (Fip.
kmininmm thickness shall Tie 145 mun.

Kis an haanches shall be provided
P\\‘Iiuns of all surfaves within the eells
grder. I torsivi is importast in the
¢ dimension ul’ fillels should be pul
the teasl thickpess of the members
Fihe Juint. ’

borsscd Reinforcement Derails, Delails
TeeinTarcenwent shall conlorm with the
el

Ui, Cover Jooandd spacing ol rein.
all be provided in aceordunee with

Cheinfereenen . Cransverse feinforee.
¢ by ol the top Tange siull be
eyoudd the faces ol wehs bt

wee rednforeeniest, T Mininman ceia-
Fof 005 per cent ol the Mange cross:
wea shall be placed af cach Tave ol (he
aape. in both the rransverse and lougi-
fircctions, The spacings of hars shall
H cither 200 mm, or twice (he Mange

it ferrevment, 1 Web fuces sliall he
by benpitudingl horbzoniad Bars 1o
frinkige and lemiperature erweking.
dadl contain nol Tess than 500 mm?
ol height of the web, The spacing of
snl exeecd 250w,

i forcemend. Considention shall he
poviding additional reinloregimen! in
s on diaphragms 1o conleol craching
ouccur us o result af resirainl (@
ariving  from the cansiruction  se-
H (hermal movements dJuring consirue.

Flr." Drainage, Considendion shall he

Pttt e e,

dock not necessurlly anply o Type 1o

ms (1¥lp 6.16}) In which the web and
is less Ihan L0 mm and the appro-
reinforcement reguircment i proes

Jayer. ’

given o praviding wanholes or siher apenings 1o allow
sveess Tur Foam removal, ingpeetion, dudnage, aatinle.
nimnee. efg,

6.6.8.7 Waterpronfing of Deck. Cousiderativn shall be
given to providing adequale waterprooling 1o prevent
1he penciiation of the box pirder By zurfuce wuter which
cin eawise corrosion of (e reinfareoment. This is parti-
culinly inyactunt Tor fendoas pliced i 2ones of Dogging
amwmen! in conlinuons box girders, especially those con-
posed of precast sepmenls,

6.6.9 Desipn of Ancliorage Zanes *!

6.6.0.8 Genvered, The anclosape aone of g presiressed
conerele member is hat porton of the member witliin
which flw Tocal stresses peothuced by the concenleted
prestressing Forees disperse Jaea linear streas distrifsution.,

Ly prefensionimgg. systems. the Gansmission of the pre.
stressing. faree {rom the tendon o 1he eonerele is
achivved mainly by boad along (he transmission Tength
ol the lendm, Artiele 6.68.3 (h),

Iy posiaceosionivg syslems, the - presiressing forge ix
tramsunilied By the conciete mainly hy direel bearing of
i steel anehoiee plate on ihe coneree »r alheér ait-
able auchope devices embedsbed in e gongrete. S
systems use ribhed anchors embwdded i the comerele
whose objeel is fo disteibude the pestress foree alung
e axis of the lemdon,

Twao types ol Irnsverse ensile stress develop in poat-
tensionen) imchorage zones, nnely:

fa} Bursting stresses, Primiry haisting siresses oecur
e zomes hmmedintely hehiod individaad anclior-
igeseand develop wlong the lomyitadinl axis of
the [emdon acling tramsversely in planes o
Wining the axis of (he fendon, The distrilation
al the primaary bursting stress is ziven in Article
b0 d {h) (i),

bl mdtiple anchivrage systems where graups of
anchorages  wre  sulficiemly  close  lugether,
seeondary burstlng stresses iy also oceur deeper
in the anchorige Zoue.

{hl Spalling stréwses, Spalling slresses develnp araund
ot behween anehorapes, and ael tansversely
phanes paraflel to, hat uot conlalning, the axls ol
the tendon. These stresses reach a nlaxinmmm

- vilne al the faee of the unchorage and are es-

pecially  Tuportiant when aschorages are very
cecenhie oo widely spaced.

-



12 e Rlocks.*t In order 1or svcompdale an-
¢ and (o reduce congeslivie of anclimage zone

pecemend  in prestressed  coucrete members, el
may be uscd.® .

tend Mocks are used they should be o Jeast as
s the narrower Mange of the beam amd have a
i fenpth 1o ddepth rafio of (L75.

1} Precensioned Amcliorage Zones

Hldur.'hnrugc one reinfurcement. Borsling rein-
forcemenl is ool penerally requiresd in prefen-
o sinmed memters.

To contral horzontal cracking sufficient ver-
ticul stirrups shall be provided 1o resist af leasl
d per cent of the total presiressing foree
transfer. Tov conlrol verlical cracking the same
arci ol sleed shull be provided as horizontal
girrups, Jhis steel shall be in addition o Lhe
veelicab stiriups il ¢onlrol ol holh Trorizontl
and vertical cracking is required. These stirmips
shall he placed as spalling einforeciment in a
leapth af 0.25 limes the depth (width) of the
member Crom flie end Gee. with the last stircup
placed as close 1o e cnd Giee as peclcahle.
Reinfureement stull be desipned Mo an allowable
sleess af” [ 25 %,

teneloms are widely spaced i e verlical (o
harizamtal} dirgetion the cids ol w member,
wlditiopal  winlforeement  determined i the
manacr given in Article o680 (e shall e
wldend 1o control horizontl o verlival) crack:
ing i e member 2?57

Reinforcenment shall he adeguately anchoped 1o
develop the desipn stress ol 128 MI% in (he
reutlopcememt al any crilwal section riticad
sevtions are likely i be niidway between groups
of tendons. or where there is an abrapt redue.
liom in cross section, or belween The fendon

the ¢ross seclio.

il Transnrission leagth af  prerensioned fendeons,
Transmission length is delined as (he lenpth
the cnd of o prelensioned lendon which is re-
quircel o Lrinsmit the ol presiressing Toree in
the tendon fo the surronnding conerete throuph
hond.

y end block dimensions of slandind precast pre-

'm:m!ix aA.

This teansmissinn lengtht shall be delermined by
lests simulating site conlitions, but in the ab-
sence of lest data they shall not be less than the +
vilues piven in Table 6.12. .
The minimum transmission Jengths shatl oaly be
used when eonsideralion has heen piven to the

Where foimdons are grouped or where proups ol

grops ikl the rensining temdan Tree aren of

- Tl B
kel conercle beim seclions, referenee i mpde 1o

fultowing facturs:

(iy The valnes given in Table 6,12 are Tor grad-
ual release of Lhe presiressing loree when
the minimum compressive: strength ol cone

crete al fransfer &7

i 30 M,

op 18 el to or grealer

[y The sodden release af lendons leads ooy
preal increase o the hansmissiom lewdi in
the_nietmber near the relensing o' o ol the

e

-

(i) The Aepmmission Jeapil of Wedons wear
the 1op ol a4 hewn may well be greater than
Mt For identical tendens pleced lower in

TABLE 6.12

MINIMUM TTRANSMISSION LENGTHS OF TENDONMS

Type of tendon

Minimum tramsaiission
lengih

Pl wire (AS 1310
Ihudented wire (AS 130
Crimped wire (AS 1.31E)
Jwite stressorelievedd
steed strd ¢AS 1AL

{ut Repularand swper grade
2% mm Jia,
9.3 i
145 nnn dia,
125 i ddia,
15.2 mun dis,
18.0 i dia,

thy Compacl pridde
13.0 mm dis.
15,2 punia,

1R.0 nym dia

100 ¥ din.
100 X din.
70 X diu.

2 mm
2ok i
Al mm
R TRTH
510 mm
635 m

S¥5 mm
nds mm
310 mm

T The teansmission lunpth depends on many Maclors

such as:

« lhe size and Lype of (endon,
. the degree af compaction of {he cancrete,
e strenpth ol {he conerete, nml

- the delarmalion, o,

erimp of  Lhe  lendon,



feam, since (he eonciete near the fop
likely to be as well enmpaeted.

dhs may be as much as lwo limes i
sgiven in Tuble 6.12,

alenlition purposes it may be assumed
e tendon forge varies lincardy [rom
il the end nee ol the member, Lo ilg
mum walue at Lthe end ol the trans-
on Jenglh.

tendons are intentionally prevenled
banding 1a the conceete neir the cnds
imember by the use of sleeves wr de-
fing tape, the values given in Tuhle
may DBe used For transmission lenglh,
ing that the (rausmission zone cune
s ol the point where dchonding has
topped.

ated Auchorage Zaties

Non-prestressed reinforcement shalf be
o U anchorige zone ol post-lensioned
o snslain the concentrated presiressing
the anchorages,

Forcentenl shall he desipned (o resist
nd spulling locees wnd ghall be des
weordance with the requirements of
beluw,

mp stress vnder (he mchoape plile
Imited 1o the valies given in Arlicle

ment for hrsting fovees™ 3

Bhursling (ensile foces.

ksign bursting Leusile Toree Py, inoa
anln prism suhjecied (o9 singh: Toree,
¢ wa principal alircclions, & aml b,
b calenbited Crimne 1he Tollnwing, -

Fpe=033010 0y,

118 the relevant virlue of:
b 30120, Vig. 618,
e 7,y shall be taken as:

hngled members, e maximom jick.
force !’),- or,

(ii)

jocking foree #; or e lendon foree al
wiimate strenglh {ie. f, A, where fo,
is culeululed in aceurdance with Article
600130, whiclwver is Lhe prealer.

For “citeular anchiorages or anchor plales
Qag = 2h = 0.89 af the dinmeter.

Where wmulliple anchorages with individual
anchor plales oceur, the cwd block shall be
considered as subdivided into o series ol
symmetrically loaded prisms in accurdance
with Fig 6,08 (b)Y and wach prism designed
individually.

The veinlorcement ul adjacent prisns shall
he interconnected and the complete mulii
mnchiorige system tied topether, '

When ealeulsating.the bursling tensile forees,
aecount shall be taken of the lempaocary con-
ditivns oceuning during stressing amd e
|1|isn{ size shufl he propotiovned in aceor.
dance willl the proposed stressing sequencee,
aiel suilulle reinlorcemenl shall be desipned.

Zones ol seeondary usting ax deseribed in
Arlicle ¢.6.9.1 (a) can ovenr i the anchorages
are clusely aranged in gienps. The bursting
Fonees g be caleulated using e above ex-
pression Ter Pr,. in which the appropriate
pronp Faree aund porinlio vabues are inserfed
in Lhe Foamuta ahove:

Amuaunt ol reinforeenienl

The design bursting tensile Torce Py, in dieh
ul the [y principal directions o aned b, shall
be _entirely resistedd by reinlorcement, A,
anded g, *

Where this bursting steel is nol nem [he con-
erele surlace and thewe s surliee rebiforee
menl ather than the ansting stee], e
tlestan slress in lhe Borstingy steel shall e
limited 1o 83 g but nar preater than
00 M.

Where the bursting steel Torms the suelace
frver ol reinforcement onoany fiee other
than (e auchorge face. (he design stiess
e this surluee reinlupeement shiall e Tini-
ted to 2000/ but not greater tian 125 M

Allowance may be made Tor the tensite strenpth of
the concrete In the dexlgn of reinlforcement Tor hear-

surfiices  other Than  prestressiop  anchorpes.

1
|

. - - - —_— |
o Tor unbonded members, the maximum | a

g

=]



e = ————

I conlonl cracking. Reimlareement il be (iti} Position of reinfireement in prism

mlequutiely anchored 1 develap this alress.
In the ubave formuoly « is the diameter of
the reinforcing har i o,

The reinforcement Ay, (Ag) required ty
resisi e hursting tensile Torees, shall be

2
2b

Anchar plate

2a 201

Loaded pri_-_;_;11_/ 8

(a) Prism for Single Anchorage

et D& | B
2b

Anchor plales—|
nehor pPlage ‘]\ 2b

# A g
- s \\\ 7 2 /
_13— \\&ik‘\‘\\t‘ Za |2a r
Y

Ll etlrr e sa

1
\&9995‘&1 prism
(b) Prism for Multiple Anchorages
Mote: 2a = lesser dimension of 2A or €
\ 2b= lesser dimension of 2B or D

FIGURE 6.18 DESIGNOF POST-TENSIONED END BLOCKS
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AGURE 6.19 POSITIONING OF REINFORCEMENT IN POST-TENSIONELD 1£Nl) BLOCKS

A in o regiem extending [ram (L3a 1o regirement specilicd above W plice il
LMy 1o 2f) ensured Trom the miside adequately compaet concrele in e anchor
of the anchor plate as shown in Fig, age Zone.

L The maxinnim hursting fensile siresses

al a o distimee  approximaiely 0,52 {iv) Arrangement of reinlureement
il from the inside Tace of the anchor
Cand the  hursting  reinforcemend The bursting reinfurcenient may cansist ol

be more closely spaced in this re- . any. or a combinglion, of the following
types of relnforcement placed perpendicular
te the uxls of lhe tendon and wdequately

forcement in anchorige zones can often anchored:

Lmuull o geconunadate and it is impaor- . .

Hsumclimcs fo modily the position -+ & Muls consisting of sets o parallel bars in




{wa yperpondivutar diteclions cilher wel-
ded (opgetlier or hent in o continbous
hair-pin form.

e Welded meslh.
@ Scls of closcd tics.

e |lclices.*

Whichever [vpe of reinfarcement is used. (he
aim should be (o eass (e planes of poten.
tial cracking with as many bars us reasunahly
pussible, particulavly near the axis of (he
tendon,

e} Reinforeement for spalling fivees

(i} Desipn  sputling  tenslle forees helwedn
anclwrages

Spalling Forgzs ocengring bebween anchor.
apes shall he dederminel using a recounised
oeihod  of  analysis.?®*' 0 Qoe  suitable
method is Lo treal e anchar block us 2
Beamt which is loadel on onge side by the
anchorage forces md oo the apposite side
by the lorces due 1o a linear stress disie-
CDhutiom, The spadling Turee is then valenly
ted as the maxivima heam moment divided
by leall the depth of the member.

(i) Amaunl ol reinforeement

The design spalling wensite. stresses shall he
culitely  resisted by reinlorcement, The
design steess for this relnforeepient shall be
fimiledl (o 2000/ Dul not greater than
125 MPu (o contrad cracking. Reioforeemennt
shalt be adequatelv anchared to Jevelop this
siress, In the above formula o s Lhe dinmeler
ol the rimToreing bur inomm.

{iii ) Mosilion of reinlorcemenl

The end Gaee of (he anchorage zone shall be
cuntinuously  reinforeed  to prevenl edge
spulling. Reinforcement shall be placed

close 1o lhe end Face as possible, snd in uny
case between the end Towee and 3 plane al

The helices oflen provided wilh patent anchorages
shall nol by comsbbdered to form parel af e end bluck
seinforgement  for ealewlalion  purposes,  However,
assuming ey can be installed without detrimend to
e placing and compaclion of mm.ru.lt' hwliees
should be pravided,

- L

0.25 X ﬂn. t.'luplh of the mc:nhm (raun the
e face.

(rU Special  reinforcentent  details in - anchorage
zones.?? In odditlon Lo the reinforeeiment’ re-
quired Lo resisl bursting and spnllmg tensile
forees, consideration shull also be given Lo the
reinforcenient requited in ather Jocal zones of
tensile stresses thit may exist in the region of
anclioruges. :

(i)

{ii}

Linsiressed eorners

Corners  which  remain  unstressed  afler
stressing due (o the pradual dispersion of
the enncentrated presiressing force from the
auchor plite shall he udegrutely anclivred Lo
the prestressed wrember. These upslressed
corners include  hose repions beyond the
aclnr phakes around anchorage recesses, and
Lhe onter comers of cantilever slabs at Lhe
ends ol post-tensioned members, Nominal
longitudingl _or disgonal reinforeement de-
tailal 1o eross the planes of poiertisl crack-
ing shall be provided (o secure hese corners
o the nember, .

Inleinal anchorapes

Where intersal wnchoravas {either dead end
ur stressing eid} are casl inlo & member
iermedinte lTocatlons (Ui, 0,.20), lensile
zones Alevelup helind {he anchorupe with
tensile  stresses o parallel (o0 the endons,
These stresses depend o

e e mapgnitude ol (he anchored prestress
foree,

® (he magnilude of the compressive stress
i the tongilwdingl dicection,

o (hic raliv ol the arex of the anchorage 1w
the [otal cross-sectionas) arca of the pre-
siressed member,

As u penerat rule, special reinlorcement de-
xl;,nul o resist frome 20 1 SO per cent of
the presiress [oree i the tenden, Jdepending
un Lhe inlluence of e three Fielors above,
should Be provided I veecordapee with Fig,
020, Such reinfurcement shall exiemt ot
least over a lengih uf 2d,, us shown in Fig.
6.20 aud have sufficient length Lo develop
the yiekd stress fo of e reinforcing bir,
an specilied in Article 6.2.6.01 the anchorage.



il anchorages

e external anchorages (i, anchorages
on a protruding bracket on the memn.
ne used, relnfurcement in addilion Lo
pravided to resist the bursling lensile
shall be designed. where applicahle to:

al tension caused by curvature ol len-
L S y

wide shear conunection lo the i
mher and cater for the distribution ol
¢ prestress foree into the main member,

il the forces as described in (il abuove,

st tension cansed by local cecentricity
frestress foree.,

6.6.10 Design of Stepped Joints*

6.6.10.1 Pastronsined Menthery

specnl reinforcement

fa} Generel, The following provisions apply [o the
lype ol joint shawn in Fig. 6.21 for a pust-

ensioncd member.

When delermining the values of Ly and gy, the
ultimate vertical and horizonal reactinns, con-
sideration shall he piven (o the methad ol ¢rece-
tion and the Torces develeped during (he vurious

stages of coustruction,

{h) Design for Applied Lowds. The stresses in a
- stepped juinl due to applicd loads shidl not ex-
vecsd the valiues in Article 601,

bursting reinforcement

dead end anchor
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&URE 6.20 TYPICAL REINFORCEMENT DETAILS AT INTERNAL DEAD END ANCHORAGE
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ONEN SISTEM VSL _ - . %
v -

-HIDUP VSL TIPE Se. .

. ‘-__=th_:-__ " e
Y C . i =

5 s

¢ Ukuran {mm) ' _ Beban
. : ' Tlpe v : karaktoristik
p VSL tipe Sc sangat populer, Aeeteell, | C { DPELELIG T jon)
guknya yang sederhana seria ter- : i
{ia-cor. Sejak 1973, arigker fipe o1 7Se 185 | 60 |410 | 100| 60 851125 1312
enggantikan sejumish besar pe- “ 1 125¢ 215 601501980 | 90| 117)150 - 2250
ker-hidup VSL tipe S. Tulangan - , :
angker ini harus dff dncanakalt 19Se_ _255_ _751180 ;210§ 110 | 141 | 200 .-_355.2
na mengatasi gaya “bursling”. 31Sc [ 315|105 }230 * 300 | 1604175 } 250 581,2
. 2 ., [ .
; TABEL Il-4, ANGXER-IIDUP VSL TIPE Sc
TMVSLTIPE P. : A
e E S == RFYEa b E
i VSL tipe .P dipakai bila la-
i yang tersedia sangat terbatas A
smakaian angker-mati tips U .
dilaksanakan. Plat dukung ang- ‘ -
Ban oleh sistem jepit-lingkar ==y
pada ujung kawat unlaian. Ba. j——2——s
uaian yang tidak terbungkus
g bisa bekerja secara lekatan - -
v tanpa lekatan {unbonded). Ukuran {mm} varaktaristik
an gaya-prategangan segera o Tipe A 0 , ¥arakiensh
alal-dukung, maka bagian ka- i {ron}
"Rersebut dilaksanakan tanpa le- : — ' 187
) blok-ujung angker ini harus ' jP ., 60 60 :
tersendiri. , oP 100 100 56,2
i
. : - 150 225 131,2
dukung standard di stas bar- ' 7P -
sangkar. Bila dipériukan ben-. ‘ - 12P 1200 350 225,0
segi panja;sthubungffah De- l 19p 250 475 156.2
neanaan vt i 1 e | s | 700 581,2

TADELILZ, ANGKER-MATIVSLTIPE ?




AK “VSL MULTISTRAND SYSTEM” , : %-'%

vdrolik dua-arah VSL digerakkan old1.pon1pa¢ﬁdroﬁk listrik yang menghasilkan tekanan -
58 MPA. Dongkrak beserta alat ukur-lekanan ditera di Balai Penelitian 8ahan-Bahan, Depar-
nduslrian, Bandung. /
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TABEL 11-8, DONGKRAK VSL
; Langkah ' . .
| o £ BN | O —l Kerja | Berar | fopasitas
"I (mm} - {mm] {mm} fmm} ! {mm]} Torak Akg)
L ; (mm} {ton)
— 280 200 800 ' 1300 160 140 105
230 350 200 670 ;1300 100 130 © 180
270 . 390 250 850 ! 1500 100 280. - 285
{| 300 - 430 300 700 | 1500 100 425 . 460




HDUP VSL TIpE 5 ' | L.

a0 normal pemakajzn angker-hidup VSL (ipe S telah digant; i . i
Secara rakitan, angker-hidup'lipe Splebih n? divougant olch Do temrena o e lipe

: A udah disesyaikan den e
tlok-ujung angker Ini harys direncanakan e fl, 9an tempal yong tersedia,

rsendi

——

" Ukuran fmim} ] x Boban
Tipa . S T karakteristik

. A T 4%] nh—elig {ton)
1S | 750,45 12 (150 | 45| — 18,7

35 1125 | 80| 16 0175 90| 50 56,2

: 7S 1200 | 60°["20 |'225 11071 74 131,2.
2125 {250 | 6 | 32| 250 150 I'vod | - 225,0,

; 1951325 | 75| 60 |25 1m0 | 135 | 3509
i | as | 400 105 64 1350 1230 | 174 - seiz

TABELI1-7, ANGKER-MIDUP VS NPES

a




OPLING TIPE €

ing menghubungkan suatu lendon yang lelah ditarik den
ala angker khusus. Tendon baru ditahan oleh sistem
)9 dipasang sebelumnya di lapangan.

gan tendon baru yang disambung.
jepit-lingkar pada Ujung-ujung kawal-

D

; ] 30
3 r_
;F‘-\Y_ -—“ F 1 ——:E' ---—-.- -J.H;.TE_'.-’_":'.-,"{_\- ’ “ “ .-_“r 6 c
‘ . \‘j‘_J . - B -
3 : .
] ANGKER-KOPLING VSL TIPE C
1
1 _ Ukuran [mm) Boban

Tipa ; : karakioristik
1 i .B C D {ron)
= ¢ ftio | as0 165 56,2
i 7C 110 185 200 131,2
' 128 110 225 330 225,0

15C 110 225 565 356,2

3c 140 350 1010 681,2
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é]cndan@ « 2 + Tendon @

: Tipa 22 4z 62 |- 122
E A 130 180 200 260
; ok '-k"k ) ig - 60 70 90 140

naan tidak memungxkinkan ka.

‘ujung-ujung, dapat diguna- e Ll ] ey o
fup tengah VSL tipe Z, Salah - DY 560 720 |- B30 | 1440
ainnya adalah seperti pada- E Parpenjangantondon 2 :
wongan yang tidak dapat di- - .
jan fuar dan tidak diizinkan F 170 200 240 4 320
bagian dalam. Ukuran-ukuran G 60 65. BS . 90
fiberikan dapat digunakan se- - .

t, ukuran laln dapal ditentu- He 140 150 190 200

Nl

gan keparluan.

- .

11 Ukwranwkuranuniok permukaan belan yang melanghung dibarikan atas pore
minlazn,
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it ¥voL JIFE 1

'YSL tipe H bekerja tanpa plat-
g masing-masing kawat-unltai-
igkan dengan alat khusus, se-
ntuk gelembung. Gaya' pra-
sebagian ditahan oleh gelem-
bagian oleh lekatan antara ka-
fan betonnya. Angker. mati tipe
skai pada konstruksi jembatan
Pada penggunaan angker ini
wtve beton minimum K300 pa-
hari.

NVSL TIPE U -

¥SL tipe U meneruskan gaya
n pada plat-dukung gelung
lawat-untaian dengan belon.
emnya dipakai untuk panjang
dari 30 m, mengingat tempat

isedia untuk melengkungkan-

Tulangan blok-ujung haru
lersendiri.” '

L9
-]
_.J<><_1_n F
oy :
= A
— = | l
== >0 v '
¢ |1 |
<RI
T a
3
R 7-0 |
I i
z Ukuran {mm) B\_:bﬁn
Tipe karakteristik
A 8 ¢ fton)
T 70 70 || 830 18,7
3H 230 . 70 930 56,2
7H 190 170 1280 1312
1 1M 310 270 1280 " 2250
“aH 390 30 | 1200 356.2
' 3tH 470 430 1200 581,2
TABEL Y, AHGKER-MATIVSLTIPEY
Ukuran {mm) Beban
Tipe karaktoristik
A 8 D (ton)
| U T et 600 18,7
.3y 225 78 50O 56,2
: 'k 225 175 500 -|. 13,2
120 225 275 700 225,0
19U 225 400 800 355,2
226 640 1300 581,2..

S TABELIA, ANGKER-MATIVELTIPEU
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SIFAT TENDON VSL -}‘5-
1 e o purs, |Beban Batas | Perpaniangan | Melaxasi ||
i Tampang Oorat Min Rogang | Min, Sttelah -lModulu:-Elnslik
: Nominal | {kg/1000 m} I[Tonl} 0,2% Sampal Putus | 1000 Jam Pada |}  {kg/cm’)
1 fmm?) {Ton} ; PadaB60em 0,7 Deban Putus !
1087 775 18,75 153 1 5% 25% | 1,83—1.98
I l ' I X Q¢
TABEL [I-8, SIFAT-SIFAT TENDON VSL
-—T ----------- - — .
. .  Gaya Prapencgangan S
pnlah | Luas Diameter .
: Borat . Terhadap Beban-Putus Tipe
it T an Selub ) P
t’:hni ’[:;,]g [kg/1000 m] __"_I” '”:9 mm) _DalamTon - Dongkeak
o | tdeai | Min | 0% 0% -Bo%w ! to0% k
1§ 987 75 | 36 -f 36 W2 . 130 | 15 i 187 ' TUNGGAL |
T 1 : ' - :
11197 1550 38 36 » DSl ] 30 5 el i
3 296 2325 6 36 337 1 394 45 56,2 | ;
{ 1 395 3100 33 39 450 V1525 |60 750 !
5 495 3875 39 39 |. 862 i 656 75 83,7 . VL7 |
§ £92 4650 45. 45 615 - 787 |- 90 N25 '
1| sl 5425 51 a5 87 ; 919 105 | 1312 _ ;
} 790 . 6200 51 51 80,0 | 1050 } 120 i 1500 ; ‘
1 888 6980 57 54 012 o 1181 - 135 1687 ° 1
] ag? 17750 60 54 125 {1312 101500 | 18%5 3 VSL12 l
L | 1086 8530 60 60° | 1237 | 1444 ¢ 165 2062 @ - ¢ .
1 11184 9300 69 60 135,00 § 1575 1 180 225.0 i
1 | 1283 [ 10100 6. 1 63 | 1462 | 106 | 195 i 2437 | }
| . 1382 .} 10800 59 63 1515 1837 ¢ 210 2625 |
| 1481 11600 78 * 69 1687 , 1969 | 225 2012 ! |
i | 1578 | 12400 78 69 80,0 | 2100 | 2d4¢ 300,0 VSL 19
1| 1678 13200 5 ) @B 194,27 | 2231} 255 87 ;-
1777 14000 78 78 202, 2362 | 270 3375 1 !
1875 14700 84 78 | 2137 . 2434 | 285 356.2 | !
1874 15500 84 Bl | 2250 | 2625 300 3750 1
2073 16300 84 81 i |. 2362 1 2956 4. 315 3937
2171 17100 90 8l 2475 | 28087 | 330 412,
2270 17800 80 81 258,7 | 3018 | 345 4312
2369 18600 90 g7 |-2700 | 3150 | 360 450,0
2468 19400 - 93 50 - | 2817 | 3831 | 375 4687 1 ysiar-
2566 120200 93 90 2925 ' 3412 | 390 415 |
2665 | 20300 96 ' 90 | 3037 | 3544 | 405 50,2
.2764 21700 96 90 350 | 36725 | 4200 |.5250 |
2862 22400 102 95 3262 '} 3806 | 4350 | 6432
2961 23200 102 95 3317,5 . 3937 | d50,0-| S625 i
3060 - 24000 102 95 - | 348,7 | doGs ! 4650 | 5812 ! C

erangan untuk tendon n'pel 37, 42 dan 55 dapat diperoleh di bagian perencanaan VSL.
fon digunakan untaian tujuh-kawat (seven wire strand), mutu super.
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