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sas$: J: ogé:qp: (MATERIALYS)

J© PRESTRESSING STEEL AND ANCHORAGE

@[méaso:@éoéeqpé: (Prestressing reinforcement) oaé high-strength seven-wire

strand, high-strength steel wire o%eo?orc) oSecu%saaocfoaoS@oSqlcﬁ (grade) §<§

saq‘j[:ssm:(r‘% mq_llf)qp:ogé ew%[c:) ooo:ooé high-strength alloy bars gp: @5q@éu @uD:
C O Q¢ O oc¢ <

J-0-0 &G @O J.0- ) PO 9@@:()?:()00:%003@"

Table 2.1-1 Applicable Standards for Strength of Prestressing Steel (ASTM- A416/A416M (USA)

Breaking Strength Requirements

Strand Designation Diameter of Strand, Minimum Breaking Steel Area of Strand, Weight of Strand
No. mm Strength of Strand, kN mm? kg/1000 m
Grade 1725
6 6.4 40 23.2 182
8 7.9 64.5 37.4 294
9 9.5 89 51.6 405
11 11.1 120.1 69.7 548
13 12.7 160.1 92.9 730
15 15.2 240.2 139.4 1094
Grade 1800
9 9.53 102.3 54.8 432
11 11.11 137.9 74.2 582
13 12.7 183.7 98.7 775
13a 13.2 200.2 107.7 844
14 14.29 230 123.9 970
15 15.24 260.7 140 1102
18 17.78 353.2 189.7 1487
Table 2.1-2 Specifications for Highway Bridge (Japan Road Association
Mechanical properties, nominal cross-sectional area and unit mass of steel wires and steel strands for prestressed concrete
Loading at Relaxation Nominal
Nominal 0.2% Tensile load | Elongation value (%) - N Unit mass
Symbol diameter permanent (kN) (%) N L cr:::asze:‘tr:zr;al (kg/m)
elongation (kN)
9.3mm 75.5 or over 88.8 or over 8or | 250r
7 strands (1.45 or over) (1.7 or over) 3.5 or over less less SR s
10.8mm 102 or over 120 or over 8or | 250r
SWPR7AN 7 strands (1.45 or over) | (1.7 or over) 3.5 or over less less 69.68 0.546
SWPR7AL 12.4mm 136 or over 160 or over 8or | 2.50r
7 strands (1.45 or over) | (1.7 or over) 3.5 or over less less 929 0.729
15.2mm 204 or over 240 or over 8or | 250r
7 strands (1.45 or over) (1.7 or over) 3.5 or over less less et L1101
9.5mm 86.8 or over 102 or over 8or | 250r
7 strands (1.45 or over) | (1.7 or over) 3.5 or over less less 54.84 0.432
11.1mm 118 or over 138 or over 8or | 2.50r
SWPR7BN 7 strands (1.45 or over) | (1.7 or over) 3.5 orover less less 74.19 0.58
SWPR7BL 12.7mm 156 or over 183 or over 8or | 2.50r
7 strands (1.45 or over) (1.7 or over) 3.5 or over less less 98.71 0.774
15.2mm 222 or over 261 or over 8or | 2.50r
7 strands (1.45 or over) | (1.7 or over) 3.5 or over less less 138.7 1.101

N: Normal products

PC-7

L: Low-relaxation products
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Point of sharp tendon curvature

/.

Figure 2.2-1 Point of Sharp Tendon Curvature
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Tendon: 12- 7*12.7mm

Figure 2.2-2 Typical Anchorage in Myanmar
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BEARING
PLATE

FRESTRESSING
STEEL

DUCT

Grout Injection Port

Wedge Plate

Duct

\ Trumpet of Galvanized

Sheet Metal or Plastic

Bearing Plate
(Grade A36)

Basic Bearing Plate Anchorage System

Multi-Plane Anchorage System (Courtesy of VSL)

1
i
cn " renl]
wl @ w E
L
|
2] K
ANCHORAGE . .
TYPE a C = f Og | ©@h i j k
4 K13 = 104 45 45 11 85 158 | 147 | 147 75
7 K13 4 K15 103 50 62 2 | 120 | 184 | 160 | 160 | 85
12K13 | 7K 15 180 55 a4 100 | 140 | 254 | 220 | 235 | 20
19 K13 | 12 K 15 190 60 95 105 | 160 | 190 | 244 | 244 a5
27 K13 | 19 K15 | 270 70 127 | 136 | 200 | 234 | 275 | 293 | 105
37K 13 | 27 K15 | 3585 78 171 | 190 | 252 25 | 365 | 385 | 115
- 37 K15 | 467 85 178 | 206 | 270 | 495 | 425 | 425 | 125

Figure 2.2-3 Examples of Anchorage
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298:9. OQod¢p:  (DUCTS) STEEL ¢ ANCHOURAGE
HARDWAREqp:o% anqul[ééz

ol §cr3q|o: (DUCTS) o§ anqu@é:

Q0.0 2EOREOY
C N C (N O ¢ o¢ [o] < N
og§mqoecooc:oa§3aeﬂ ducts (QOOCQC:) g2 G AYYLY B]EPE§TORM Formwork qp:
39085:085 oafgecqﬁoaée.§6p 33(?)539@039&%(75 (‘éo&{po% m:@éobeqpé:qp:gfz o@sj
C N . N (N C (N o ¢ C C C C
g|oogc:  (ties) @g COFPPY  JIPOGKICCONQEN QOGS G@oqe@oqmc?:ooc?:
[o] < C Q C < C C < < O o <
§IEOE$3OR00 CRI0IVPY CHEPQMIORC CCODMM$CO:ERY FQAd6yPC: (supplementary
support bars) qp:orcg’ ma?:[;)[qeéu cg$mqo§ saqé (Fluid concrete) obog&i co» ducts
qp:sﬁ ew?qcug (buoyancy) ooé m:@éobeqpé:qp: (reinforcement bar) 3202
oémé%éemo%oaé sae[§sae§eﬁlzog§§(ﬂm e@o&%:ooo:eéf aicgéqu: (hold-down ties)
o C N C < < . . (¢} C
op formwork gp:&¢ 0geond00:6epon Flange qp:zaoyc: longitudinal )ge0od transverse
Post-tension c?5q$3aogos) Polyethylene @08 §.<§ oagg[f?org qp:o% ooo°>§§\<§ 00039@30:035
0B 8om oocﬁeecqﬁeoqor\) ooaeoéqeéu 0:339[5)3 web qp:saogé: Post-tension
c ¢ N o ¢ C o ¢ (o] C C . C
Q0q$32000  Polyethylene Qod  &C  20QQodgp:op  §|oogc:  (stirrup)  qp:&c
< < < Cre C C C < [~} <
qlgec;ocqe@@o)@:l ooobst’.}gooo)?@y): FPOPOIEOIV  O.] 6070 FOPIIIEOI0M

G(%GOG].OI]II

805 00698¢ 0069 2005005 Joint 03¢ copSogadozo:[ge: efeoqssci Boodeamsdapd
(cement paste) gp: oSeapade 6§eoqs 30500568 qpgp:03 Positive connections qp:gé
QUSeorrqepdn  Godqpri  aoifspiodeqpliqpigé  Qdgodqp:  (forms)  qpio?
cgepq(S:eooomsl Godqp: qodd:ig [38§Sean egepqpio? edesoiqupSi Godopd
meoloSqp: veordomso (sdeulesdlont ;§mad vecon:aé [3EsolaepSi BBE mgmad
cconSies03maps: esepegeagrieaqs Grout openings qpig vents gpicd  JoSgp:
Gdgosqp: Gecpod si(sppadeqps: qpilse qlodconiqepdi QdgosgPiE 0260c(S:
c000m5| 6 0360708 BGoSep: oSeepady edeoqs SmEclm Sodgpiel 303 (3

1))

Q <
I

8058(%@0:61@@
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2.0.) 2@0E3058¢ ogaddandqp: (DUCTS INLETS AND OUTLETS)

. < Q _C < Q _C oc Q¢ <
Continuous structures Q_IOSS’BUg('D (B('Dq_P:OgCI (B('D@ﬁ §QGOJO33(BC:§Q

[Q}CfGQ)OZD(??é:G{IO:?CEI Gmocﬁcqéeq:o$@:80§ cr":m:c}o?cg $08$39 eeooorgo?f)eq:
c?50§:§5 3303(75 93$[c230:ooo:eoao macﬁmooé:qp: o%eo?org m$oo§cr§mq|l5qp:ogc°:
a)ogg;ogooozoaé ooéo%:egpqo:o%ogé (cécrsogcﬁeo']cﬁq_p: ooo:%’leo:qeéu Continuous

N _O oc < C N < < [o] < Q <
slab M) 38! 39@(; e@oc:mﬁ §PO:GO00 structures 0xCe 002:QC04§ ecqs'aoo']n

< <

sagécoec:g; ogooeo]o@qp: (Low-point outlets) (¢ 9.0-0 point F) O‘% grounting ecgﬁeaﬂéz

gc?ooo:qeéu @00 <§cf Qo) qp:cr% (ﬁ:m:qlcﬁeaef?@cf @o@:@lfﬁéoaéu

Diaphragm
splice

Figure 3.1-1 Example of Low-Point Outlet

Exomples : )

ff\\““‘--—-—"”"ffi Simply

Supported Beon

= Direction of Grouting

2

1 1,,———""""""-~\\\\\~__—’//,,~”"” Continuous Beon

Direction Of Grouting

1:Inlet 2: Qutlet

Figure 3.1-2 Example of Setting Inlet and Outlet
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oo POST-TENSIONING §0§qpo$ oogeaozaaooé@[@&
pSonaSecond:[BaopSaaslogs Post-tensioning Duct §oSqpraspd cgoSegoSm&:an:
fosld opSoopd woomiweSi Boefgr cBRodgy ofe@pEicd oofeofodonng
cooheosfgeadn sawmo3dl 333058 co3emnioopd gabieodioos weopnd BeSeemnty
8 waiiegerrn GodqprodenBl: goSicobiGBaogdn ofeood qoigecyly

o)§pS:006:03 0g€apaqudaqud sad:6(0]0> 3(8E[EE o odeso:(03a00S!
2.0.6 TORPEDO o8a20:[)¢) o6es0:[gé:

(%ogqusgogéz Torpedo o?f [(jsorgoog:ogo:c;o@é:@c 052200 oooangﬁeﬁop‘) qégu%

. . O C o N o¢ <
con:eox Post-tensioning tendons QP mooaoogog :&CGOOII

orcg> Torpedo a)é @0585 [gsorgféé:(??cf oqep_goaé (Boa%gﬁ ﬁq@é@é@:l aaqlf::?o

C C C < . . . C 0 00 < < <
cgoosﬁ 0RC:N0 F2§|C: (clear nominal dimension) e300 G 00060788 COIQERI

o]

Q

Qa%qp:oqo%cqé@é@cf: méaoé@é:qp:ogé gf;@looo:eooo g3pUogpP:  (tolerance)
[o] < C ﬁ < < C ocC . . . o
§120p232000 Torpedo & Mg m§[§9m 320pC:307  (section dimension) QP

ec\gtqu@&qp: e@LC\?sqcﬂn me@ocfmé:@o%eoao (céogquogél 39§é:a<°?: Go oSo38om
sgeﬂé?poé Torpedo 093 s:;of?:[;)lqeéu (3(7339@(73:5“0:038@ Torpedo & 3996’?:(?5:7)(7303@

(305435 39@)5030599@610% ogeoooaraaﬂogf: Torpedo oop_S Eédﬁsﬁ 39035:00(739(’3: §Q§5 G
88807  godeseoend 324503 :(godeo:qepd  mmadg) Torpedo  20pd
Sodondeagpad ®(0pdmo  6[eodans:8Sclmi Jadad [9§copd(oCanaepdi mmudy)

<

C c.o¢ < c Co oC < (o] < < cOoC O

TOI'pCdO E:9UDOD§Z§CG$OCI G?CQJC@O)’) OU)O?C:O’{]QD@G?CDI @§C\)8@@C&)C CO’](DI (I?
(¢]

<

0

member  320: ou%ql.%éooéu @@ clo:o oop_%sgeﬂogcu Torpedo 320: ccéos)ob )

0)(7339(7&39880103I 39(\8@39(78] GQOCI?(T)O)ST)GC\%U)I C\)(D@C 33C\3(DCDOR ooéog %é
618&"

0|33 Torpedo 3293:(0|g) ©6e80:(5¢:03 qos&EEa¢ opéapagudagiud @ad:6(g|cl
2.0.6) 305 8320:03 condeog 06:000(8¢:
203¢:a¢ ®[0¢ tendons qp:a3 [0Bondan:(spdfalis grout godcopd(aé: (grouting)
o[g0pSacagé groutsad: (caps) gp:i oceolodgp: (inlets) & agadecladqp: (outlets) qp:
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RJ

?J O

° C C < (o] ¢ O ¢ C . [0} c ¢ Q Q
320:00¢ 0200CEEPOIl QG QDF000 (duct connection) gpP:) @l@)ceﬁ Q! 6y
00¢C ¢ < (o] o] . C C < C [N
O0&CE§I0M tendon o) emwm:co:sj (compressed air) ©0:200§e0l sgcqlcc?oooo;ﬁ
c;cnc;?o(rgogé tendon 093 0.09) N/mm? @5 839’.):@0:@“ @éoem oé%éooé c;c?epqp:o%
o ¢ < o ¢ oc¢ cC O o o [0} < <
003000:68R01Il O B§0 IY|$ I0RC: 63 39:q:¢ (Pressure loss) 0 903202:000:60p01
Q C c O < C o} o o 2 C
PdAYP: 9@ 007 &G6300m Qaopy Tendon gp:opc e 99:q:¢ ©.09 N/mm*~ comd
o} C C < C Q C < C 2 C
©QOQYIC EODCOPS:EOMCE FPP: 9@ 6070&¢ 2000 tendon  gp:opc 0.0 N/mm~ cood

Q__Q e __.Q, <, °°Coc Q cj 0 ... ¢ 0 Q
G([)(\V?JC GOD’.)C\)@.,G(DOC»I 390?. OI.§CQD&II 3200006 Gsao,a?,ﬂ.ﬁooa (IE 8]>plainleolep)

c;oqr%cxg.§c;§01m cx%o%ée.?em 33005 (connection) qp:or% 39§Q|<°:$ooo o%eo?org

emﬁcx?5eq:<>$@:go§ 8éc>8§:e$e§q|o (Project manager) ¢ gcj‘[(:)looo:eoao
< C C < C(e < < < <

§g:me:qp:[§q @C@C[(J):I @s?c\)e ©0G30: 66RO

PRESTRESSING STEEL seoze§qu|om:[§§:

PRE-TENSIONING m20305¢8 65000z [8¢:

Tendons qp:03 ddgadgp: 30p¢:5 030qg0 005508 qepS(8do0pSt 008 gloSqp: (anchor)i
stressing jack qro3 oG epepopt [3Bg> §esemod coSqepdt §Semorqgedoops
tendons qp:30305 QaB§:00p8 pS:gp:i B§uoogqp:  (Hold-down device) gp:od
20:[gqepSt Tendon & §8a:(6¢ (slope) e[oot:ada0pd esepgp: m0rdrons
on&z0fepd 9308§:00p303§ 000 qpra0pS §&(0|000:ea0 YoS0305¢ §p5:20p8 (low-friction)
s s000: §qepS:

Prestressing steel qp: 03 Form o30gé 008208181 apganad cconl:sld: mglsoe
RSGraoi00y 302030305 B:TROgPi0} vaSqpiqepdi gEevond(Biaxn s0pie(g|
quovienr obeqpliqpicioopSin omageSooniaf GheopsBasoomqupdi gSaorqoops
me[gaesoptoond: adeqpliqpiaen: odeqionad8E: o 0omuSas SoSesonégadoon:

Gl@éll
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2.J-) POST-TENSIONING m0305646pg]002:(8¢:
Sodadogé (3|orEordaocannieonn prestressing steel gp:ae:ad:od ;REmMad vecont:ad
o e .S, Q. & ¢ e ¢ < .08 ¢ __¢. .
oBoyiea0qpge 0p393¢: 0388000 qepda(0S1 ;R§MaS cad:qjsaEpS: egornionm
§egcoqs 03§:qScrdeannooniqendi

< < c.[Q . 0 Y c_ ¢ . _c 0
Og:?(bQOGC\)OC:E):?CDO Prestressmg steel QJOO? oogogc: OOOSOCG@&?O](DI

le]

< o _¢C N < < cre Q. OC < .
DSOFAO00 6500M06e: 0(03:g0s BoMs: wsesqp (Project manager) &G
c Co O . < < N o¢ c O ¢ < Q c ¢
2CQIC§Uo00R30:1 Prestressing steel 00080Ce0206p0 323)$03C! QOOGPIORC IPROVKE
[o] < < N QO ¢ N_O < < < < < <
eqqpieqelozac: mooeog@ooqegu QOOC00Y COPIOYC: OI0R0CEPRC copd:i Tendon

< < N

ooo%qogé ﬁwé @Lz (Strand) qp: sso:cf?:orof ooo%oi_)oocc)a)g:oogz agcj coo%mé:cmoéu

cC. O ¢ ~N_O

ooo%eqpé:qlézg agcjeoogmé:emézl og$:sjea>8mé:cmoc: QOO0 ooéogé:qoéu
sga%eﬂo (Anchorage devices) 0%90?05 ssac%qp:ssogo% block-out templates qp:cﬁ) tendon
&\ axis §c§ ooooéooé:cqlessoé m59056§qu|wo:[§>:| anchor plates eﬂo::)ogc tendon
qP:§G 6000G9s0esq0p0N

Prestressing steel gp: ooé:spogél Girder stem mo‘iqqlé:o%ogé a0 (force) qp:
oaé%mxﬁ §eoooéqeéu Q%GLQOSOTOO caoochcx?ﬁcq:<>$@:go§ QO‘?O’SSO‘?é?
c\?(gccgrzgéa% 93$@o:ooozooé ma(ﬁooméquzsao%éz @éem m$oo§(73mq|léo']
cjaadqpodqp:aacis: [sdeo copdqepdt ¢ 201 & Ry @ RUR 8¢ ¢ QUG o0}
cfﬁzmo:seo%:[g)meéu

Figure 3.2-1 Steel Wire Sock for Installing Multi-strand Tendon
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NO!

1B
T

Tape joint

NO!

/

Butt fit &

tape joint

NO! Lip

3 NO!
/

Angle break Wrong profile

Figure 3.2-2 Unacceptable Duct Connections and Mistakes

Anchor recess

Correct position of anchor will
be achieved when bolted to form
and form has been correctly set

Projection of
profile onto
soffit

Check offsets at main
points of curvature and
at no more than 3 ft. max.
centers

(Sometimes, it is necessary to check an alignment in three-dimension from a fixed surface or reference line.)

Figure 3.2-3 Anchor Recess and Checking of Duct Alignment
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[SPECIAL JOINTING DUCT]

EXAMPLE OF MYANMAR RECOMMENDATION

(In case of the example usually practiced in Myanmar, there is possibility of hardening the tendons by cutting the duct.)

Figure 3.2-4 Duct Setting to Anchor

0)0850&(8:6000 steel gp:af aroogudads:036:(gé:
can050gdend(goonioopd  grout [(epdeepd 2005¢0Sql§  03&:amonomay:  grout

e@éq@m:wé Post-tensioned concrete member qp:sﬁ Prestressing steel qp:sgogos)

° < . . Lt O O C < C < < C
206y 0OMRVSED: (corrosion inhibitor) QPO QOICO0RC GAOCOPIeOC:! steel ogc

o _COo _C C < < < c. <
U?(D%OO Q? C\)G: SC [§C G&)OQ)@:GOOOC:I QDGQJ:GU)OOGOQ@?Q 39@0:6030
Qo _¢ < < < N < < . (o]
CROOOJO:@C:QJOZ G@‘DGOGI-? 39[90360 (')OOO’O)(D(I)OZGIG&II PI'CStI'CSSlI’lg steel qp:(')?
N C N < < < . < N ° NN Q _¢C <
ogq?ooqoooogc QCD@S].GQ):GQJC:I grouting G(\?OQGODSGQJC: QDGQJ:CD(T)@C:I OROOOO:@C:
< < < N < c.[Q Q < < N O
ssgepoog; (DO(Tg(D(I)O: qe@u (78@00610) GC\)OCZ[S): GQQDO:GODGO[S)Z(? 08@(7)610) member (I)O%

c0pd0g&:00890E(8:  tension cvSoonioopd prestressing steel gp:aeo: c3o05605(00
2293¢ : QOCO203 P g Qpe:320:

0]

NE0058S 303¢:3073NE: grout @ Scon:0lon1 2des): 0m0Sesoiap: 3 [§ S
? §l¢ 320pC: 0g¢: & 2202¢ ] 03 2qQP: 3PRN:QI9%
o [N N C C N N

ec\c?’ss Soli o?sg@c Tendon ) copdagC:00080C0 sgaﬁ§§g grouting cx?éooésgefﬁ

Q ° cogQ N < < < (9] S S 2. N < <
@ozmocosgogc: OOGQJ:OOOO?CG:D’JC\)&:I qc:oog steel 0’1) QOO0 CND 000@]61038

9] coQ ']
398@39&?3900 eeepompo I
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R

< < N oc_¢ . < < oc¢ ° < ° N\
Tendon 0>0s0Co0p0 @2g|§&¢ grouting C\?owae@qﬁ[@o:l 2deg: OMRPUOEEIE D

00:§Ea020 0305 qpiaa0: qpoBpop selgaegqpicacod emdogd cudlgooniopd
* ®g§8g0de0n scocp ofeupod eqef megmey §eddieo >qo%) - 9q03
* @¢BnGerords: Befgmes §o§l:e go ¢ qo%) -0gq>
* @ogielgoodecgeancrocomelgaes (§godg<go%) - Joqed

Q < < S .S.[Q [o) < < < Q < <
([)ooqp::ogc tendons - OO@OQC:&):GOOOS&& :-DQEGOOO occ;epooﬁ eﬂemqﬁ,s’aogm

(?)ogqp:o;ﬁ 39953:00059 sgeo']orc)qpm% 805009:qeéu (ro)$ch§<7$ c;qc;g:c;gp?:sj
002 6A06IE [(}Lc\?éeé (steam curing) a%o%m anchorage system &\ C\%saf)suogsgq

c ¢ (*] < N

. . < N (o] (o] < < [e]
post-tensioning cpoepy steel qp:op @loocoooaoceﬁ Q300 396@396‘?"1][:? 30

. Q < (o] < < O N _O 00 ¢ O <
steam curing e@:eqlc: steel gz eoooaocqoml 00036000 tendon qpP:0p QM5 VYOS

< ° < < ° NN < N (] <
steel ogC 2deg): moogweao:oo@sj ooesn:oom@c:@ ORI NEVYOS steam
. C(Q < N (o] ’] (o] . - NS <
curing c\?o@: () qodz0pC: 3Ol tendons qpE:0p tensioning cxp[éc:@c° grout
NS < <
qo@c:qp: [c}tc\?oqe@u

ANCHORAGE HARDWARE o3 eg6pgooo:(s€:

< [o] N . S 00 ¢C < < N .
§00q00p0 Engineer-of-Record &l 3@c:3ag/0dac0mqp:4¢ anchorage device

6030882 LOD [g)gogzooo:eoao ODOS?USGZI(TQ)({PZSQO%ESI ogé:qp:sgo:c@:(r% G?OC)’JZU)O?J

0§MS$Y ooéeoéqeéu m$oo§(f)ooooaé anchorage (Bsoloy)qpu reinforcement
C N 0O e ¢ [N [N [N N C O . .

0R§ 080G ooae§spauwo:@c:§g anchorage zone FPORC: RGO consolidation
C

C\?O@é:(’f% GODGUO OGI]O’DOOE(YS [(:)LC\?(SGlGéII

Qo _¢

@L: (strand) qp:cr% C\c?’sgf)ooé 03 e@s@o: eo:cx?oo@:l Jackcrc?> [g)e%cgorg 305 20
0

<

s'aa'h
< 0 Q

206 (wedge) gp:on strand qp:cr% Gooqpecﬂors p_;f)goa@ssoo woqp:o%

[N < < . g < < Q 99 Q Q Q@0
@@agqe@n OQOO?O‘)OOOQJ(Y)SQQ anchor set oeomm OO@ G(,‘ Q00D $C -9 Q000

sa@o:ogé ﬁq@éll
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Wedge Plate Bearing Plate

Retainer

Wedge ——

|

«— Wedge Set

Strand J

I

Figure 3.3-1 Anchor Set or Wedge Set
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288: 6.  J[gr:005905[gS:4¢ 0©6:000[e¢: (IDENTIFICATION AND
TESTING)
038c§igsod §qupd wires qpu swands qpi SfeopoS bars qpiod iseepS
3(3:88q$30305 lot doloSqp: 2005005¢) ee:adic00:qepSi Anchorage assemblies
qpicfoops: BapSiopgo YBrreqcianorqupd
Wire 0360705 bar gp:03 lot 0695/6:8 &¢ strand gd09:00895)C:8 0303 05¢05q105¢p:
3203¢:  poScadoonie(mne: cpoScpdanel ccxndden (Manufacture Certificate of
Compliance) 1 005§ &l coonads 0o (mill certificate) §¢ ©6:008¢ 38 Cd@n (test report) o3
JI§qepSt 005qeN coo0058008¢ 08:205638qE8000303¢ samadiloddloéaepS
o e00p0gp5:gp: c0lC:068005:0 (Strand 3303056c30])

o m%m%@cﬁ@é:eﬁm (cross-sectional area)

e yield ?Cf ultimate strength
C < co < [o] C Q < < < .
. @mogmgsae@s@e:?gﬂoo@ $0C0M QPOCIOGINREN! 330§ (elongation at
rupture)

e modulus of elasticity §§

. @o@:@[q$qégosooo:ooé prestressing steel 390305 stress strain curve qps
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398: 5. PRESTRESSING STEEL @20:0000305(8¢:

. ° o N C < oc¢ . C < oc¢ [0}
Prestressing steel qp: 320:00:0) 000000000p032]|$9  grouting cpOPY  3]|$I20

° C C 00 ¢ C o < N Qo ¢ N < < N
O.)GQ_I:O’D(TJ@ H CD?O’DQ_IO’DO)Z@C:?Q 3’3[§OZGOOO CROOOO:@C:G{P: ? O’JC:GOSGOQ§ 39[90’)@0)

¢ O0¢ _0o¢ < . < N9 Q < < <
('DO('TO)(D G)-?:&)G:G)O:Gl@@ll PI'CStI'CSSll’lg steel OD@ 320301 30| OGODOC:?COZ G30: ®OD£

@(%SPQS%)]_OD&T Ogé:%:?é‘: oGCf&S{?C\)é: O’)é:GO:Gl@éII GCVSCPGCUSQ_I(’TSQ_P: §G§O~Dé

< <

. o oc¢ [y [o] ° . C N
prestressing steel qp:0p ©pd0PIF][$0RCH ago?:e[g)tqo'lu Rust Strain ©0p05031
O C [y [ [y (o] [N o _¢ [o] . o]
egqjlqsgeo']mqlo: [c}o:eoT@c: 9960700 3a[§o: Qelepl e Tat eogoglcﬂoo prestressing steel o3
OB ooSs;_lqeéu

< <

. (o] < Q < < Q < < 00 Q <
Prestressing  steel 03  20000RQGR0OCEPEE  QEOPICEPORC oosgooqlooo):@c:§

On

°

ﬁeq:mcﬁ@é:o%cf crncro)(ﬁq&raogcﬁ coogyqp:  (container) oféeu?org ooéféq;ogé

(*] <

068:0005 Odqp:(eS (shipping forms) co58:8ea008qunS adegron0dfes: Beurod
:?(enie000 REden:ga3e momRuSen:a0py adeg) 000R056s0: (MIL-P-3420F-87 o
G3r00:q0p5) 0 s20pSmiqpicacy: §epos form og coplogSicon: qopS Bevyos
odegj:ommgudeso: cpdogs:) (ojapSooniearn 9S8:00gnS: (corrosion inhibitor type
packaging material) qp:03 3903:(gjooSo0pS adeuroSclo mEqé8umel gdfojged(es

° (o] O o < O CO _¢C c oc o¢ < O o N
fov]~as] (steel) GOT('Y? ODGGZI: ('DOOgQ)GSO: O?(TJ%(T) 0?0)(\)@:%003&" Q OC)GQ_I: O’)OOgODGSD:

< < < < < < N < < N < o O
20p0 steel 1 0p§meo1 steel ¢ (ro>§mq®s§ 090053221 steel §¢ grout & CpleloaliczaHeslos
00 ¢ oc < o o < [o] ’] CQ < < <
C0900608C0PY FOY:30FOCHP: ©§606ONI COOG:000:04P:  36(0C:6E(030C:6(020¢
CQ < < < NP NS NP <
QO3d:a90:0l0 %mage[ésge.?ecpmeagoc @c?mg@caoc Clel mwm@g?mg

c . ¢

8(?)‘.’@8:({]02 QJODQJC: @chéqeéu

8

< c <

3200F?Q:qP:0pccopo:  high-strength prestressing  steel qp: sgorgézé Of]OéGC(DO(S:I

{o]

C N

epéooé oSGqI: mocgcﬁeao:araqj’ps@oom% sraof?:@[oooze@oé:f?é o?&cé:ooé: Nlea) o%cr%
ﬂé:m&«go cw%@)ooo: qeén

opSc§: (8:ad:qi§0p¢ Anchorage seo:cd:i end fittingsi couplers &¢ opsanqdopé
§O§[€:§|_(S@G§GQ)O o%eo?org grout cx?éeooo:eanl eoTog<YSG§wé tendon qp:sm:o?:o%

° C C Y < <
ODGGHZO‘)(D@C:? 39@0’)60) oooogwooo: q@&ll
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320§:6.  §odqp: (DUCTS)

Go oagglctécﬁqp:
a%:@o:a)ors?ogooozwéqu e§°10100 (3(73"1]0:3908‘73 :393?& 3020 (sheathing) 00&3 elonl}
(666051 B3adgp:o0pS a366p588conieon adoogy) (galvanized ferous metal) (sS6epS

N N Q < coc ¢ O ¢ < < <
@@@H (e]~10s] (weld) GI0DC0D: 620D QBGU?O‘) 9[;)[@%063300 QICD&)(D(I)O:GQDO aoooe@oc:

qP:(s€ [Gropdoomrqeps

0GUIER0S002: 60D aoche@aé:qp:cPa
ogf)qégésﬁ oa%cﬂu Rigid (oecrgqp:crgé '
3ORC:Q|0§0 @coap_o el Te el o tes) ”w’mmmmwﬂmwwmw,m

@5@: ezﬂ(ﬁ@é:l 005[58: (crirrping)i

[02:(g€: (flattening) gp: 6§od coGeagp 7 R

G200 33&?33(03:0% G(Q:Pgdgs%égét

Q Q .. .1 Q¢ Q < Figure 6.1-1 Corrugated Metal Duct from the
Qe Semi-rigid QodgPiop PORG
USA

G@Sm:q@é @GQ)[(;):I (78$(D€1§) GC\)O(%:@:

© tendon qp:o% ooé::xgé:eé ar%o']oo qé:cr%sﬁ r;,q @@é:a@:a@ogwé- 33q|c°:: GQ

QQ < c o Q _c < Q Q@ < < G Q Q99 cC O
CD@O)O?C' G320 SIGODO (Booq_p:ogc @] 93 Q00D ?QI SDQJC: QGCDGO)O 320000 SIGODO

co

(qur.):dgé O G 8(\%80)’.) ﬁq@éll

~Co

6. ocooS00n8303qp: (PLASTIC DUCTS)

cqc§§eomn aewrod eqdeudqp:
20py  enopogpdigp:  (Deicing
chemicals) &¢ dBeoz&Seomn
e§ePqP:Rc  0LE50063054p:

?é: ODGUDOUIE GCI)’J(TSéCI)’JZODé

co o ° o ° o 2 o
0QRO: Q|G 390?.[;)[
‘ﬁ Qé:m:qeé@ggwé‘" Qlog%gé Figure 6.2-1 Corrugated Plastic Ducts from the USA

C < cO ¢ ° < < C N < < C <
0RC  OCVOIPBM qp:o% @o?:qu@oagu RSOV RC a'a[c}asgo @[oooo:eg
3903%016030 omorc)oooogcoe(ﬁqp:o% polyethylene :1%@0?05 polypropylene or%[g»c:;
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< < Q ¢ N < < < < . C <
@)Lc\?oooo:qe@u Qooqp:o;ﬁ 39@0 qjm§o@>cogc @@ucepc coating  2905002: 600
(*] < < N < N < < : 1 °
QEVI0D aqe:cxgqm;epc[ég ¢ 00guo00pY ultraviolet stabilizer sao?:E)looo:cm
2|eeps GoSmdiimon: [G8SoopSt Tendon o3 cpSonaSops [§SeconionnSaasls
oﬁ?:ooé rigid smooth black polyethylene §0§ qp:ooé 200 eps%éﬁﬁz polyethylene resin
o>o§o>o§@ocf (IBUSC\?(Q)G)O:GODO rigid pipe @o%qeéu 66,0 §cf 6 6. - j1 @0z 6. -0 §c§ @uD:

c. O o

GJ -J U%O% $[§6:O?:(’DO:§.EO’]QD§II

50~110

RUIFLVEY—IA TER

HU=ZE 35 38 45 50 ity 65 70 75 80 85 95 105 110
D (mm) 425 455 52.0 62.0 67.0 780 83.0 885 940 985 | 1155 | 1255 | 130.0
d(mm) 35.0 380 45.0 500 55.0 65.0 70.0 75.0 80.0 85.0 95.0 1050 | 1100
PCSBHERY 1 X
HUE 35 38 45 50 55 65 70 75 80 85 95 105 110
= Ei?g e 78127 les12.7 125152 |128157
P C#itt - cor 1851562 278152
wEess) - 5T YGae | - | o |eser| - |ise
Figure 6.2-2 Plastic Ducts (Polyethylene Ducts) in Japan
Table 6.2-1 Plastic Duct Thickness (AASHOTO)
Duct Diameter Duct Thickness
Duct Shape mm mm
Flat any size 2.032
Round 22.86 2.032
Round 60.325 2.032
Round 76.2 2.54
Round 85.09 2.54
Round 101.6 3.048
Round 114.3 3.556
Round 130.175 4.064
Round 145.034 4.064
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Table 6.2-2 Quality of PE Ducts: Construction Manual for Structure

(Nippon Expressway Company Limited in Japan)

Test Item

Required Quality

Test Method

1. Resistance against uniform external
pressure

Buckling pressure shall be over
0.075MPa

JPCI-A001-2015

2. Resistance against local external | No damage in appearance, and | jSCE-E 704
pressure No water leak

3. Flexibility No water leak JSCE-E 706

4. Check of connection parts No water leak JSCE-E 707

5. Characteristic of bending

Calculated supporting span shall
be over designated span

JPCI-A002-2015

6. Resistance against abrasion

Residual thickness shall be over
1.5mm

JPCI-AQ003-2015

7. Adhesiveness

Adhesive strength shall be over
4.0N/mm?

JSCE-E 710

8. Leak of Coupler Segment

No water leak in test of testing
piece

JPCI-AQ004-2015

6o

3oSxa3é1 msondqp: (DUCT FITTING)

<73$mq§em§:a)ésaq°|$

<

Q <

O%GU?CD

tendon qp:orc?’ grout C\B(Sooé: 39q°|$og§ duct gp:
G§GPGQE[§§:I ano%@é: e@oeoTeosﬁ» cf?ecooagoopj é%és@oz (strength) mé:cﬁq@éu

Sheathing cqéooo:oopj @cﬁqp:aaogcﬁ coupling §.<§ 3903:39@@735: 35000 (transition

fitting) qp:ooé 0360050160 coQqp: (ferrous metal) 1 polyolefin (polyethylene or

polypropylene) [goo%qeé@o%@:l COOPEOCD @&péu

o ¢ (¢] N : C . C(Q <

QD qpP:QeVRO>  anchorage assemblies qp:opci Prestressing C\?O@:G:?’.)(T) grout

¢ ¢ < o ¢ ° N : (*] < < N

905§$3203m1 Qo> (duct) qp:sﬁ P2IQIgPIg  Pipe qP: QOVPOD  VCEOYPEIND
< [o] < oc¢ 3 co ¢ ¢ cOo ¢ s C N <

F0MIGHEPQP: 000t EEROI BQC: 2.0, |  FOCQMEE IOIMIQMGP: I e@o@ooo:oag

srao%éu
c ¢ s < "I < [o] <

cq0Q004)$ (draining) 320305 3260105 (ports) gz 00o:qEV: e

Q _c (o] coc < . < . < oc Qc <
QOGP 39@9(30:030 venting &¢ grouting 32000 @o:s@:;@eaqc:ogc

co ¢ ¢ c o ¢ < < C. < Q Q0 [o] <
COOCROIQMIEEG G§)SOC:QMOQP:00 strand 30900 32§p0:80: 3JC: OF SO0 §§ep
@5@: single-bar tendon §c°; strand 29:9 o%eu?og cC0:3 o']ooéf flat duct tendon qp:sgogcﬁ
C. < Q Q00 [o] c. 0O < C N < N (*] < C C
F2§p0:808 FJ|C: 0 6COL0M Q80P Il QADGPI&EE 0PIOMEORC Q| NOVICD VAOCOOOO®

Q<

o@eomogé: (structural fasteners) qps of?:qeén emo?o3§o§qp:§f: quoézccéogqp:ooé
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mechanical q,é:@cf: aoorgooo:@é: (bolt, screw, pin oooé[;scf aochooo:@é:) 3%00?08
shrink wrap (saaochGOTogé polymer omoﬁoooo%@é @Ssj aoog[é&)qu E:sé aoogooo:@&
Ec e .9 _Q < . Q 8380 0Q . (MQ o3 S . <
©O§epOII oomoc;@:raq@qp. ©0QMGO4)Il API00IM oooqp,[;sq c\?@lgo 0050023600l
cOo ¢ < c O ¢ < cOo ¢ < < .
OMQMGPIEE  GHROCIQMGPIRC  GAOROIOMQP:  OIOGCYPOD  grouting

ce

o fogé:%éq°§§| grout qps 33@)50% géogoo 3C:0 oooogoSsﬁ §é:c\>§:q|o: ooo:gomeéu

Post-set female screw After-set male screw Post-set female screw

Connected

Figure 6.3-1 Example of connection duct

TAPING

CONNECTING POINT

ogoTTD——mm— m m

NORMAL TYPE IN MYANMAR

CONNECTING POINT

RECOMMENDED TYPE

Figure 6.3-2 Recommendation for connection of duct
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sas$: Q- GROUT

. . < oc C C < C o}
Post-tensioning grout 20pd> 32QC: Q.9 03¢ ewo@ooo:oae grout &\ q_]oocso Q9P ?

<

dRodpSqepan  Grout gpioos  cdesoncepy 86033:30305 wcpioncops  8§S:

[GlogdoooraspSqjcopds  [sdgEo0cd  grout cgosepdop  (manufactures) ¢ (03102
068:000:600 (prebagged form) ¢oes ooCogl:[gc:copS: §8Eo0pSi manioncopd
3§C:[010pSenre000 grout o m0p:(gjoopd shegiéi GE: grout 30305 62033941038 §¢4°
08:005eqP0d0qp:  [Ojopdodm  3203:[g30pS Bodels (cement) & wespaeso
(admixture) qlo:or%ooo mcﬁeogpgéc& C\?&r%&pogé mo@:@lqeéu 03:[§o:ooor§gao§
G@S@ooo:ooé sae@saec?qp:? 0l 08m5e[§ (Cement) @ cuorgeoorgﬁoaé AASHTO
M85 (ASTM C 150) a360p05 JIS R5210 s¢ada5p3qepdi Grout & eszonbeed(0ol

cC O (o] < g c ¢ ¢c o __¢c___¢

(I?GDOD%?QIOZU? G%Oa ®G:&)O®®G&)Zﬂ§ C\?GDO&)@II

o fluidity

<

o 2§78 §oopS bleeding §¢

. g@)é: (o?ooée@oéch)@é:)
39&%01 C\?50$:gc°:ogc°: @)la?éqeé: o)(S:oof)ﬁqusgm: @@o:@é:coé:mog?ss@og
o?ogcqéaﬁqp: oocozogcozzooé gé@lqjcﬁq@wém: prebagged grout qp:(f_) s'aof?:[g)l
.%éooéu 39&%01 grout qlo:o% VOO C\%&?é éooo:oopé o%eo?ors 0OO5OHI:

<

G?OCD’) QD& (1) (contalner) Q{IOEC L[U)C Q?O(L) Hoonk q@&@@[&})l Q?U)C\?O:D@G%gl

39(1?()‘?0’]@?(.} GGTDO)O(B G&T)@O@&:({P 6?]08$(3®0 616[’3_,3" Grout 33(:”'_ :3200: O?GU?CD grout
q%&)é G§6T)qp: G@Dé:(\\)ﬁﬁo miI O(S:&)(SQJOOQ_]OZ (I)OG [;)LC\?OE‘)ZI grout Gﬁ q]O(BGDODCQ

cx%ssﬁqcﬁqp:.?cf cﬁcﬁégﬁeﬁcﬁ @%mé oo%eao:sraooé@[ qep_gu Grout eo:ogé:oioaé lot
number ooo%qqé:&}cf: 035(:%:350% (‘éepé shipment 39@91080%5: 390305 s'aqés'aeog:

aB5:9)09adCep @ogad®oos: (Quality control data sheet) 026$03 m§c§ad00 883
c0:8q0083[38 caonScrdeqiof[Bigos 86038: Sesqp (Project manager) s3eunoS
BEqfoonsdofeogl 838 onSapSiqepSn cpoSepSaupiedd 48 wanfGooes
2qi§(020: 0ogrrqls 6 o003 eoqbesonpy ogpdiqpio} ayielgacogs oaSapSiopy
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@$mé®5:wéeo:[§:l 39033:@)@61@@08: Gooocf)éqlcf)mé: Go:qeén o%eul)ogo']m
oc%ogé:qp:(ﬁcx?éc&gé ¢ 33@):0()5319:[53: @$mé39m:o§:qeéu

Q Q@ <o < < "I N _O
J000 Q00D 33[&:)(;51&& JQOC3 ooo?.

GQGODGBQP G(.?_I’SG)(S (I)’J:Q)é grout e()()

Bleed  8c88070§G Seven Wire Strand o3
Water °

<

OOéGjI grout ) q_|05§o[<:)é GoTogc
(bleeding) o3 o3&:0mepdi Go§ we0§:
asgesﬁ% 20 C é el «?O(?IEDO[(JO):G?O(YS bleed
0.0 % [595070’) aaoﬁ?:@l.géoaéu

900 mm of grout Insert 100mm of

80 ither13 15 Measured bleed
in80mm el_t erl3mmor15mm o up to 3 hours
diameter cylinder diameter strand

Figure 7-1 Wick-Induced Bleed Test

oq00(8:(8:q/C: Efflux time o ¢ ogpge jo o4 303¢:
[sdqupSn grout m0: cpdepigelo|od 84 Qo (030 con:(S:
0§ 20 [ BieopS eglBioops wlgfoops Efflux time
253 0gp§ 20 0005 gaSiqopSy

Efflux 1 Liter
Container

Modified Test for
Thixotropic Grout

Q.O

Figure 7-2 Flow Cone Testing (Modified ASTM C939)

30p5(019103 (§¢(01q103)

. . C C < C o QC < <
Post—tensmmng grout Gﬁ CXPO)C\?OOR({P:OD& S’BOOGS‘OZO§CGODOI CgODC\)OODa

N

N

Bobe(a/mp§mad 096008 6205385:0000560:0008 0gpS: (grout) 20pS ew3(Gol§oopd

005005g|00qp:4¢ 030586(30E:1 30332905(0| 386 Ede203 cnE(gaepdi
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J

™

espc;‘?o@ce:: (MIXING)

Grout 0% (IBOSQPS%@S m§93$q|(r3qp:330$5: GGp‘D(Sq@éII Grout 038 G’DO;?SELGOJOGQ
O.)é GCD’D(TSO:’?Z‘%CQ:GQ)O GQ_S’.)Q{)"_:GBOO:[(}OS[?)): OD%ﬂéq@éG’D[(:)él G%Gq@gé Portland cement

O?@U?CD LO’DCG’Q’J @& ODGS?_PC Q{IO ('7? 3’3(%61003 @@GO%CGOJO OQOGDOOD f Ogé QJO

90108610’]" Grout Ogé 3’33?2[(:)'_6000 GSlOOé ‘(78$m610§ 39@@00(7539@0305@’ Cfo)é GG’S[(:)

cQc . _o¢ < (o] c O ¢ o

o0n:e000 @8E:a§Sap QaaaBepia¢ ofodp3qepdi

GROUT &) qﬁ@é:a@é qaqcﬁoogsqp:
Grout qp:ooé Bleeding e@éq&u Grout 035 39(\23%05399% (ﬂoé@)é: @%’mo']u o?e[(:)é

o _C coc <

O?(TJGSO-]QICI mg§?cemmags§c GU&O(DGDQICG’DU)G% O?(va %(Dﬂ@@&)g 39@[:39@:?@3[2

o] O < < [0} sel < < C
eﬂqo']u oomoe@ Qana0Qqea0n Grout (Cementitious grout) 20pd Qﬁogc e@o@ooo.eoao
o C C (o] ¢ O ¢ 9 < O

903S:a8Sap Qudo0giqpied 0303p3qepd ofeupod ancgaepd

Grout & sgaoc?;sgoo$:qp:§é: ch%wo%qp:cx% @LD: Q.Q-01 @UODE Q.- I @OID: )Y §<§

@Q00: (??_9 U%Ugé G(SS[;)(I)O:OD@QII

Table 7.3-1 Grout Physical Properties (AASHTO)

Constituent Materials
- Water/ |High-Range .
Fly Ash Silica Cementitiou %Nater g Calcium Require
Class Exposure [Cement (T Slag , | Fume Material Red Nitrit Other d
k ype % (dry) s Materia educer 1 .e’ Admixtures |Testing
£ P, % ? (yy ’ ratio (Type For kg/m?
’ Wictm)] | G), glkg
Nonaggressi
ve:
Indoor or
A |honaggressi | 998 0 0 0 | 0.45max. 0 0 _ 3.7.3
ve outdoor
Aggressive:
Subject to Omin | 0 min [0 min 0 min 0 min As per
wet/dry Manufacturer's
B cycles,marin| 99.8 .| 3.7.3
recommendati
e 25max. | 55max. [16max.| 0.45max. 28.8max. 27.2 max. on
environment
,deicing
C 0; - _ _ _ _ 0.45 max. _ B B
Prepackag |honageressi
D 3.7.3
Special Determined by the Specifying Designer o
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Table 7.3-2 Grout Physical Properties (AASHTO)

Property Test Value Test Method
Total Chloride irons Max. 0.08% by weight of cementitious ASTM
material C1152/C1152M
Fine Aggregate (if utilized) Max. Size <No. 50 Sieve ASTM C33
Volume Change at 28 days 0.0 % to+ 0.2 % at 24h and 28 days ASTM C1090
Expansion <2.0% for up to 3h ASTM C940
Compressive Strength > a1
28day (average of 3 cubes) 241 Mpa ASTM (942
Initial Set of Grout Min. 3h ASTM C953
Max. 12h
Fluidity Test** .
Efflux Time from Flow Cone Min.11s ASTM C939
. . . Max.30s or
a)Immediately after Mixing Min. 9s
Max' 208 ASTM C939***
b) 30 min after Mixing with Remixing MaX‘ 305 ASTM C939
for 30s ’ ASTM C939***
Max. 30s
Bleeding at 3h Max. 0.0% ASTM C940****
AASHTO T277
Premeability at 28 days Mazx. 2500 coulombs at 30 volts for 6h (ASTM C1202)

Table 7.3-3 Grout Physical Properties

(Construction Manual for Structure (Nippon Expressway Company Limited in Japan)

1. Grout shall be non-bleeding and non-expansion type.

2. Cement shall be non-weathered one suitable to JIS R 5210.

3. Water shall be suitable to JIS A 5308.

4. Admixture or premix material shall be suitable to Test Method 419.

5. Water-binder ratio shall be under 45%.

6. Volume of chloride ion in non-hardened grout shall be under 0.08% of cement volume (kg/m?3).

7. Compressive strength 28 days of grout shall be over 30N/mm?.

8. Quality control method shall be confirmed.
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Table 7.3-4 Comparison between AASHTO and Japanese Manual

Properties AASHTO Japanese Manual Purpose
Water/Cementitious 0.45 max 0.45 max
Materials Ratio
Fluidity Test Efflux Time Depend on factory Workability
0 Min: Min 9s High-viscosity: Min 14s
Max 20s Low-viscosity :6~14s
30 Min: Max 30s Super low-viscosity
3.5~6
Bleeding Max 0.0% (At 3hr) Max 0.3% Beginning To avoid the cause
0.0% Final of air remaining
Volume Change 0.2%(28days) +0.5% To avoid shrinkage
of wvolume, then
avoid air remaining
Compressive Strength >41N/mm?2 >30N/mm?2

Total Chloride lons

cementitious mater

<0.08 by weight of

<0.08 by weight
cementitious materials

ials

of

Table 7.3-5 Examples of Grout Materials in Myanmar

Unit 9 Belu Chaung | Saing Du Br. Saing Du Br.
Bridge First Stage Second Stage
Materials for Grout Sika214-11 Mortar Mortar Mortar
+Non-Shrink + Expandfluid + Intraplast
Grout ZX(Sika)
+ Intraplast | 1 + 2%
ZX(Sika) 1+2%
1:2+1~2%
Water/Cementitious 0.45 0.45 0.45 0.45
Materials Ratio
Compressive Strength

Table 7.3-6 Examples of Testing by Material Company in Myanmar

Cement 10kg + Sika INTRAPLAST ZX 100g (1%), W/C ratio =0.44

— - - B 12800 - R - -—

1 i

1080 — -

P S
[

e B0

100 /

I
/'/ j
i
EXPANSION, %

\ 20 | —

{

i

|

[

!f et A

aon -k
0 i 2 3 4 3 6 0 3 L 15 20 )

ELAPSED TIME ,HOURS ELAPSED TIME, HOURS

Expansion 9% at 3 Hours

Bleeding 1.63% at 3 Hours
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90a0ls:  mc3§oSS  BEgs
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[~}

< N o) ¢ ¢ Q Q
0@:000?0? (‘fo)éf(‘f)qm 39680000:398(\)

C N
REt)

How to use a Quantabs..

Fill'a small contail " B

nas = .“’

with-an inch of
River water. Place - -
one Qucn'l'ab's'l'r'iﬁ'\\‘ ‘
into water. Do not

allow water to

touch the yellow

band near the

of the strip.

Find your Quantab unit value

When yellow
band turns
completely
black after

a few minutes

Quantab S‘h‘ip\

is ready 16

on the

chart. Read across to find the concen-

unit value
(each line

tration

of Chlorides [CI7] in mg/L.

Note: Each bottle of Quantabs has a different chart.

Use the chart that comes with your Quantabs.

Figure 7.3-1 Example of Method for Checking Chloride lons
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2s8: 0. TENSIONING

.0 TENSIONING §c§oor§oac7§a>p_§ Gwd?uglcf?’saﬁqlcﬁqu

Prestressing steel q_lo:(r?? oosmé@ [(:90§G®I @mé@l@:ooo: working drawings qp:é@ogeo
O.)OS?OSGO%[(:)OOO:OD@? a0:  (forces) qp:agor%& qﬁeoqgsac\‘égm e?ﬂﬁ (losses)
qp:sgogcrg oacf:ecqﬁoaé allowance oo$<%: ooé:og(rg@:l hydraulic jacks qp:[c}cf: a@q@éu
Post-tensioned 390305 s0:q:¢9 (loss) ogcﬁcpogf:ﬁl saa"?:@leé anchorage system §<§
cﬁxﬁé’em anchor set loss (730'] ooéogé:q@éu

Pre-tensioned member qp:sfaogog araon%éeqlaé (Jacking stress e@[cx?(c)aé) strand ogé
gpaé stress oaé qé: strand @ Minium ultimate strength & moepf?’c(ii%;: 0005 eeoqrgq(ﬂu

Post-tensioned member qp:saogas sgon%éeqleé (jacking stress e@lcxgﬁoé) §cf

lo]

39&%8%@:@:%82 088 strand Ugé %’poé stress qp:oaé gCS[g)l_Q)O:GCDO oo$§:qp:oooo
GGO?J’SC\g$€10']II

. . (o] . . . . < C C (o] N < C O
Tensioning o) pretensioningl post-tensioning §pd5:C00:&C  QP§PO:CG:§04)2
(*]

h o

< N N

G(ﬂé:@é&?:&)é ﬁ)éﬁ(\)é:qp:@ﬁ)(fc)l OJOGHLOO’O)C ooooe?orSooo:ooé:c?é:mé: 0%@0?@

N < - : < C < N < (*] < c _co
Cfaoog@poo:oag worklng drawmg 080 GOO[(:)@O:OD@ «?@:Q?G:I O%GLYI?U) SQC('?.IC«?OO’J

oféeo?org 6900(73@?8361: <>$@:80§ 86(3$:e°e§qp (Project manager) ¢ m@cf: 6000z
sraooé@[ooo:oaé c?é:mé:o%@cf eaooég(f)%c?oaéu

< <

Strand orc?’ @[mésgo:@é@& (stressing) cpoepopCi strand 059 wire qp: cﬂcﬁgzﬁﬁé
C C < < < (o] C o < . C < [o} C (¢} C

ooooooo@ ©poc0pY strand 0xCEQ QIOID:00PY WIre 01090000 QYA CI ROLIOD
C o . [o] < Cc O . ° C o

Q|O90:@000 wire qp:sﬁ €6)02020p0 member 303C:q) prestressing steel sgo:cx?:eo’]c: €600

Q < < < (e Qe OC
(600) Q?GU?OD GSOO('DC\?OGSI: ()§@28’)§ o:eoo§:

-0

Sﬁ J m%éﬁ%:m(ﬁ G(T)?OQOC\\}_]EI @é(ué

O < (o] < <

e$c;§qp (Project manager) oop_S QQIOQM)D mcﬁé%ow&u

D]

9.0.0 REMaSEN S§EqpSa20:
C N [N LR . [N C N « OC c o [o]
R§qdo0pS Initial stressing 320905 2059050001600 $8EqpSa20:03 wa§eooiooey
. c c O [N N N N [N [N [0 ] [N OC ~
prestressing force qp: 0380593 avadeqpod(as:1 ae(0nd:[5¢: 6§qull Bae(o¢ 323E:34)
c C ° C N . [ .
02p5680005000: 60 090201 4P: 303056 cd¢) Cast-in-place concrete gp:03¢1 post-tension
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< < C o < < C (@ < ° < < ]
0p0ep) member 332t C§IM: ogq?ooqoc;cooc:@:l 3§D0:80: SOVIEMD [239[9:9 post-
tension [;)lcx?éqeéu
Table 8.1-1 Concrete Strength for Initial Stressing (N/mm?) [Construction Manual for Structure

(Nippon Expressway Company Limited in Japan)]
Concrete design strength 36 40 50

Concrete strength for initial stressing 30 325 36

©.0.) PRESTRESSING ogp5:03§uooqp:
Tendons qp:o% a@s@o:eo:eé hydraulic jack qp:oaé 0%335@:173 30: (force) oPl) c;o:[§:
oc¢ C o oc¢ < or¢ - . < 000¢C ¢
saqﬁ[czya@o COIGHO0ECEOOII ona@c jacking stress 330: ©0680:00&C€)§ pressure

gauge o%eo?ors load cell ooéaocc:ooo:qeéu Jacking system ooé tendon &\

le]

N < O (o3 Y oc < Q N < < <
ﬂeogoomog(rf Uec:m%c&)g 03‘.’@02 ®§®O’)®?C\)8: O’]GIGEII Pressure gauge 038

()]

B2§05:80: 000 88807 30|C:§000S 203C:BOOVWIM 0303 oloond 8Egad
M{AR SN PR IPpc: OYROIR - 3°3

(*] cC o _ ¢ coc¢C NP < O C - C c o _ ¢ c. O o _ ¢ O
QEVIOD G(HOU)()O:?C%)(D@OG‘[Q&II ocg:ra@c Jack 0009g|C:0&¢ 90:0?,85 00> (gauge) o
eq,O(f)ac}: jacking force ogc°: @95eé a§9§:ooo:oaé cylinder extension @95 calibrate

< < (o] < < < : : O < [o] N
QO8OOI CQGEIM 3900@[(:)[000:03@ calibration chart o) guage opC 002:q)§epdlI

Load cell orc?’ calibration Qgéooo:qeé@og[@: tendon e\ prestressing force (')rc?> oS%éeé

indicator cﬂﬁq@éu Jacking stress 091’) load cell ¢ a@:@cgspogé 09050?5339
oooggaogooo:wé: load cell e rated capacity e3o0d 00 sp%éjﬁ: 33(%5:39@0:(‘)%
o ’] c Co < ’] o O C OC O .
saa?:e@mo Il 3CQICHOOM gq[g)Lo o load cell gp:302: ©0P0O]|§p2002:6a00 proving

. (o] o oc¢ <

rings qpP:0)p ssa?:@ﬁcoo@u

Gauge qp:o;’f sra§>@°:a€?: 0303?0300035] recalibration @%Qéqeéu Gauge pressure §cf

. co ¢ 0.0 < oC < <

elongation g:326) Stress 03§ ®:gP:20p0 A2 @o::;o:oog 395]0?0:030(\)@: gauge
qp:03 calibration [0§cpSeepSu

Stressing c\?é@:c;@oors o%eu?og member qp:cf_) 035905@:&?006 strand qp:on

C < N (*] < N < . . . 0

@memmepogc oxygen flame 200005 @ooooo (mechanical cutting device) qp:0p000
° < . (o] ° ¢ ¢ N N N < <
op:qepon Electric arc welders qpzop ssogze@lqo']n OPOC§:YCORC 0QRODCPOEID VPPO:
(site product) @&Dé Pretension Girder qp:ogéﬁ End Anchorage beam ooé mo%a’]ooogéj
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<

coS:eTns: aagonSognionoSoopdi By [B8aSepiops [B§copS GBS eeemns

o o < <

QOQOIVRC:HQY: @5%503@?390805 End Anchorage beam 099 osnooo%o% co0]PY

Figure 8.1-1 Prestressing Equipment for Pre- Figure 8.1-2 Prestressing Equipment (Strut
tension Girder (At the Factory) Beam) for Post-Tension Girder (At the Site)

Pressure Gauge and Jack

Figure 8.1-3 Prestressing Equipment for Post-Tension Girder
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Pressure Gauge

Hydraulic fluid
from high pressure pump

Elongation———

RSN i UL
Clamp-on
elongation
marker

(optional) :E.

= r it

Stressing head /

and wedges

NOTE: Jack and gauge should be Anchor head and wed
? : ges
calibrated and remain together (wedges are usually retained by
springs or neoprene bushings
inside jack while strands are pulled).

Figure 8.1-4 Typical Multi-Strand, Center Hole, Stressing Jack

»

| —
: .
o =
j

A

spesssssanapa

- —

\

BT T =, o R R T i ) B et
f R Bt <43 R V| SRR T P
e

K-RANGE JACKS

The table below can be referred for the selection of the Jack for Prestressing of

Cables:-
f'r’:,g: ANCHORAGE TYPE | e f g h i j K I
‘100 |_2K13 B 635 | 200 | 185 | 275 | 785 | 190 | 126 | 192
7K13 | 4K15 | 635 | 200 | 185 | 275 | 785 | 190 | 126 | 197
< 200 |ZK13 | aKis | 720 | 200 | 220 | 350 | 675 | 230 | 228 | 274
12K13 | 7K15 | 726 | 200 | 220 | 350 | 875 | 230 | 231 | 274
w350 | 12K13 | 7K15 | 820 | 250 | 267 | 440 | 970 | 270 | 235 | 324
19K13 | 12K 15 | 820 | 250 | 267 | 440 | 970 | 270 | 230 | 324
« sop | 19K13 | 12K15 | 940 [ 250 | 267 | 515 | 1090 310 | 230 | 410
27K13 | 19K15 | 933 | 250 | 267 | 515 | 1090 | 310 | 222 | 410
« 700 | 27K13 [ 19K15 | 881 | 260 | 350 | 610 | 1030 | 360 | 142 | 478
37K13 | 27K15 | 973 | 260 | 350 | 610 | 1125 360 | 104 | 478
« 1000 | 37 K13 | 27K 15 | 1062 | 220 | 400 | 710 | 1220 | 410 | 268 | 535
55K13 | 37 K15 | 1171 | 220 | 400 | 710 | 1320 | 410 | 279 | 535

Figure 8.1-5 K-RANGE JACK TYPES (Used in Myanmar)
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©.0.9 JACK $03034$03(8S: (JACK CALIBRATION)
Jack Calibration 093 ogé:ooéogé:oi oféeo?ors c;sooogé: :330339905@{ eoo%éa%:

000362?0’35 @)lcx?éqeéu 0?50&35035@ 09050?8039 GL:E20D master gauge (f’fo?sj

< < o N s O C OC Oe O < . C <
@)Lc\?oqegu Q 0.0-6 ogc Jack 0055|9007 @ooooo:oo@n Stressing cQO&pPORC
s O ¢ O0C O ¢ C o C < < < < (o] Co < C <
OOPMNYY$P§$I20RM Q9$0200CH 39[§C| 33@0: 0gRd: (J) M) CO0S COPIAC:C0DT ORI
¢ O : N C O < ¢ O ¢ <
Gc:0pen jack &¢ anchorage @o:ogc §leo0 load cell &¢ pressure gauge &¢ §]05000:2009
master guage [gsogoaéu Q?$sm:[§cf load cell cf’f c}cgé@ooo:wésgo%& jack «sﬁs@ceﬂh 035
o] < < : C C < < (o]
ooo:eapqoopol Load cell g prestressing tendon og¢ aomdespdegoop) 320: (force) op

<

080?]99 (903%8 0()8 I

L™ L ;
W Pressure release -) Master Gauge

High pressure valve

oil inflow

Pressure Gauge A

Low pressure — .
oil return

- Pressure Gauge B

Strands Duct

\

\ Trumpet

Bearing Plate

S

<+——— Concrete bridge face

Piston

Indicator
readout —

Note: Jack and gauge should be
calibrated and remain together.

Figure 8.1-6 Jack Calibration
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Table 8.1-2 Timing of Calibration for Jacks and Gauges
Construction Manual for Structure (Nippon Expressway Company Limited in Japan)

Jacks §¢ gauges gp:0d d03054j§p3qpS 32q]§¢0 ea0n50la03E: (86205
5. 00063%: tendon o3 initial prestressing [0|cpSs18:

Q

J-tendon §o e% prestressing 0?5@:5%

N

2-Jacks 936005 pumps gp:03 (0§ 0pS[0Es0E(3: 4]
9.0{‘;0(73390.'2:@){@@00&3 Jacks §c§ pump 330@093 &o?(ﬁssof?:@lcmsgapl

5.Control Chart 3¢ cable tension strength Q@$eo@o§eooo 39@@39&?

<
@QCDOGQ)OGQS’]

GPrestressing  coSciqpiod  w5onBley  qSR&wnBie  B§eop

S y
[hleplef~ o0l IS

©.0.g STRESS gp:0303&:07(s¢:

Tensioning q@@é:mé @looéarao:@é og@ooqé (PO) oéom:qp:sraog(ﬁ cxgégo
N < < < < c O C : : < < .
Cfaeq:o']c;oao QOC§:0009 @owgn :;aoooge@oga?eoao tensioning 00pS vome (Grider)

O < o < <

Gﬁ GO)USQJGIﬁ@GOT O?(YS%(’D SQ(QILSOD(DGGP(DGQ)OG[:(T])CQE [(:MSODéII GODU?(AZISQ’JZ@CT

< C < N ¢ ©0¢ N < < . <
6390036(90[;)01 SQG@OCSSQGIC:({P:G@OQ S?C:ogcogmaumooo:eoao prestressmg ?C’
O

399$000005 [g)la?éoof prestressing 0?39@0 ogo@o:ﬁqp: (39@:39&35:4{;9:)
GSeoT8E 005

¢ o ¢

Tendon §cf duct [zy):ogé QOD0PDIN:QA: @%Oﬂeﬁ@@@é:

¢ o ¢

Jack a%eu?org anchorage & Qo003 QY: @%cﬁlﬁec?@é:

Tendon & Elastic modulus oo$(c§: eooé@é ac:

Jack qp:ogcc: sa?ozsaogé:@o%eoT@&
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< C C < [o XY C < C N . <
@mmogce@o[g)ooo:ooﬁsgo?c: Tendon 0RC QVMEEPADEID QIF0: (tension force) 20p0
Q00¢C C < < < < o ¢ [o XY C
S@C:0C  0RMNYIMD00:EOD arae@sgeq?emm 0QeOP:C0aG  NQOIPMD oosf:ql[osj
. . Q <
tensioning [;)lcx?oqegu
N Cco o C C C cr-oe Q. OC C .
FPCICSUID WOLPOD  GIOMOYOGE:0§|03:G0§ OOM§:esesqP (Project manager)

< C <

< oc N < < C C C Q C
[c}?m@ 0OCIIRCO$EC agoog[c:)[qrwgogm tendon oooa?auc:oeﬁ gauge pressure qP:§¢
< C < < C CcC 0 < o ¢ C < ¢ O
tendon &\ feSiesloal-lc=E o - Wr oHczloplo sl Menloal:Hea Noal Yo slylonleanl ooc@qe@u 230§}
o C N (o] < Q Q00 O [o] < : N < (o]
0pCIONEPORC  OOMYYAOPD  D.§) BQOBOMI0  QEepdll  Stressing  ©03008:q:0p
mcﬁé@mé@[@:gm post-tensioned tendon &\ stressing tails q_p:o% @orgeoooorgqeén
N . < < < c o (o] (o] <
8g320: (Tension) co:e§0D 0o0eyPOS tendon 0pcq e stress 0p gauge pewpod load cell
E(‘ < N ocC < C < O ¢ o¢c ¢ <
oC ogooanoo[gzl 0)C1020000:6000 350§ qp:@qm@: 0PNV Cooes0:60p01 Tendon
elongation o%ogorgqlogepogé tension c\?éooo:ooé steel lot 0003?390305 oceorgcx?éo]?oo
ooé@ooo:ooé nominal area eoTsrae@éooé modulus of elasticity cﬁ@o%em C\?50$:§c°:ogc°:
oé:oaéooo:oaé: strands qp:csﬁ bench test gp:o og(f)qlcrgqﬁc\neoy) modulus of

electricity (Y??@OSGG) arao;?:@[qeéu

eﬂéogorSﬁ oo$<c§:qp:<7c3’ ee@%@oél tensioning system ogé sgecqpsaooéz crgo@o:ﬁqp:
eeﬁeo)eﬁsaogcﬁ tendon qp: 390&30% ($laisl?) sso:ooo%q (preliminary force) ooo%q@cf
a@ooo:qeén occé 06 30: ooé final jacking force & 9% ¢ J§% @o: ﬁqeéu Initial
force orc?’ dynometer oféeo?ors :ra@o: cocrgésaoop_g[g)looo:eooo q?é:cué: ooo%qqcﬁ) o?sj
or%ézoooqeéu qc°:: sgo:oeomo% og(f)qlcﬁooo:ewo o%eo?ors o%é:omooo:eooo sraeoé
(elongation) 09]_) oo%eao:epogé oé:%éeé@ogooéu Anchor wedges qp:o% aéoégéoql
ooc'iaoéooo:@& eﬁ/eeﬁ eooqpe@cﬁ@é eﬂéogor%ﬁcfg’ o%é:ooo%éq% e@oo%a(?: stressing

NP < cC 0 0 < < <
GC\?O@CO’O)C strand U)O)?O)O’l) 39(?03393)93 0?0@0261@8"

Jack gauge pressure © G0 stress §cf elongation © ogog%qﬁeoao stress qp:ss@n:
[o o X N o N c O N O C
ogo@o:ﬁ ﬂ@ce@ygcz @Looceog:eoooo:qe@u QOGN a@s@s@e@ogc pressure guage
© GWSE:)ODéSDO%é: load 091? 390.’3:@[0100 under-stress @8@8:000’3 over stress ssa]sé:cos
coC (N (N N . c o

E:m.%coo@n Gauge pressure © GO:00P) Stress &¢ elongation © cO:00p) stress 0?,39@0:

(N c Q N C C C (N ’] N
[éo:.?o:ﬁoo@ P 069 00M&¢ 630 tendon qpiopc Q% eoyP 0PIIPBIRC
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C (N N (N [~ [N N C N ’] [N
GOOOCOPIIEMNC: QRO 0.9 GO0 FOOM tendon qp2oR¢ 3% coyP oPRF!BIRC
C (N N ¢ _C [N [N ° < [N [N
GOOCOPIIGOMNCH  CQOC§IOPODOPOPITI:  CGAOFPPO @qamgm)eao:ej FPENIDOYC:
C N C o [~] c _C C N N co N N < N (N
@oeoeooo :39@@30:33610:0? gpeg@: QQOC§:GHIMNOIOIE ©OOICO @caocooaeooqe@u
oéiameoigC:apbe§iof  (Tensioning  operation)  @0g0d  @(03(0|c00:0008

§é:m§:qp:0$ Appendix A 038 G@%E;)ooo:ooéu

-

Figure 8.1-7 Measurement of Elongation Figure 8.1-8 Measurement of Camber

<

0. [BlooEamn:[3oSBS:map05 SamdaoSep: (©0343 cooSerdEs:
ooé:aao:eo:[éé: (Stressing) [;)lcqf)spogé strand méeqpé:g a@@é: (Single Strand

Stressing) o%eo?ors ooogqooorg (‘5@030 strand qp:30: ooog@léoogz a@@éz (multi-strand

stressing) §é:m§:qp:o% 33&'3:@1$503é|| Strand mo%eqpé:o%ogé ooéogé:eé: 320:
< ¢ O < N < . - C < <
02RO DIF||O VLD sraoog[g)looo:oo@ working drawings qp:og¢ eoo[gooo:oag
(o3 Y < <
320)C: @@q@@u
39033930:39(\%05 ooé:sgozeo:eé: strand qp:322:c9: (Multiple-strand stressing) 093 pre-
. . < ¢ ¢ C Q Q < . N C N <
tensioning 39@@390 ©0POSCORC 0PPOGID M§P: 32 009 (tension) @q POCRYOEII
o < oc 3 o oC C 9 < < < <
0Q 30O PQC: ©.0.G Stress gz o?c:ooo[éc: 0RC  Q03902000:20)
oC c ¢ [o] < o e c Co (*] N < C Cr-e
320)C:32070 F0RCIQAN Q§opdll ocg[g)c FPCQCHOID WOV GIIXMPOCK: "‘?@38”?
8éc3$:e$s§qpoo a)o&forgeo:ooo:oopé sgor%é:l tendon  qy:320:09: ecq_pcq,@&
[o] [N Q < C OC o (¢] C < N < C
0QCOq$&C! Stress qp: OREG§@GQQ§33OQm F2§030: QYI00P) VW @oq@gu gc:
320: oeomooé casting bed & ssqp:§c§| tension eo:qep_f) group o<3§ tendon orcétsﬁ

3980%390)0&?(3 sacqsraogcrseoTogé ﬁmé&)é I

PC-39



tendon (draped pretensioning tendon) @eczg:qp:o% ooé:erao:eo:epog& onC:30:
mo%o%orgooogcsooor% casting bed &) 399$:§ jacking 0?5[53“ cq|.§oo§80rsoo§esoaor°f tendons
QP32 © oof:[éé: (uplifting) 1 8000:@8: (depressing) C\?f)qeéu o%eu?or()\oplm tendons
qp:o% ara@ésao jacking 038@8: @)ch?éqeén Jacking operation 33035: occé tendon qp:oro?
roller gqp:1 pin qp: o%eo?ors 39[§o: gcf@tooo:oaé: §é:co§:qp:[§c§ c;oro):ooé c;c?epogé
N (o Xy <
@@go 00§:C0:6)0p0 I
Strand sgecg:qp:cr‘% mé:m:eo:cpél eéwé ooé:sao:eo:oaé s?é:mé:cr%ea%
egoéz[c:)[eomoggl tendon mé:e@oé: ooogeqvgpors slope e[c}oé:cx‘)ooé cepPqP: ago:c{’?:ogél
©05d gé:[glooo:eom low-friction device (hold-down ties qp: ooop_S) ('rcg’wo aaof?:@[qeéu
Strand 390308 s'aeo"% (elongation) (fooogaoé: ogorgqjog qﬁcooewo load oo$§:ooé jack
N co < C < c O < (o] (o]
gauge qp:opC E:)GOJO load 00§ 3:63005 § % coqp caqR§PO:6§EPONAICI 0 strand o) bed
< C e N < < < < C o N < < < <
& PP | VOOCP:Q YIID:C0:6)00 @ooo@n PPS: | VOO0 eg[g:e‘?ooo fesieslealeNtes)
< C < < co N < co O
320§ ogogecﬂc:(f ogmsjqoa@ load 0§6:4¢ jack gauge g;[;)w@ load omw:ogsﬁ

<

agelgriqIod0ps 9 % ogS:g flqep
Pre-tensioned og§ce® member 03¢ 98:(g0:8 onC:a0:60:36000 strand qpieN @0z
iqeqqps (prestress loss) of edesoiqgt 228qc§or Sfeuras esmandeeden:oddgos
86038:0§e8qp (Project manager) o p§[030:o0p3asl 00§ 008050590008 member gp:o3
Rimeecant:al ogrdmaps: (05980005 6eercood) G&:03 oSesorqeaSESooaS
Prestress cpdoonioopy aoiqp: i} 08esie00 §p5:c06:4¢ A3fuongpradpd
28q88an §e0roS ceonoSaSeeio§Bigos 8608§:6esqp (Project manager) o
2060007 g&[GjaopS 203E: [G8quaS  Prestress loss 9% cooSeoqSogdesarp strand
qpr Fredicd ogoSqoSaonions wco Jacking stress wcS ajemr(Gieorqend (re-
tensioning cpSeepd )i

N < < < N (o] Co0O0C © (*] < < O < 0C <
0R$ 0260200 cra:s@nc:cooe@ Stress g COMIECHS CPIOVDY  B3IDS&KC O
(compressive strength) eqeoo:eqlézl Strand qp:obeﬁ stress c:tp::orc?> anchorages qp:[gsc:;

88 :c00:qupS[aSaspS
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Bearing Plate - Prestressing Frase Anchorapes and Shims
/ —— Pipe _End Form—
— - /] L
o - - N - . . ' ’ = - ' .

Draping Saddle l

Stiffening Beam

Longltudinal Section

e Prestresasing Frame:

@ R @.‘-— Bearing Plate
5 o

%% Extrn Heavy Pipe
CA 12" Channel Side Form
Draping 8addle
Stlffening Beam:

Q 18" by 3/8" Plate

&

\ 10" by 1/2" Stiffening Flate
L2

———

15" Channel

Transverze Section

Figure 8.2-1 Draped Pretensioned Tendons
. . N : C o _C < occ O < o¢
Pre-tensioning opc prestressing steel 330: 05C:330:60:000000p) 32949 IO F2Q]|$4°

< C . .- . N < oc¢ c o < < c ¢ . O oc¢
R$000 initial setting @@oo&sgs”@ogc SIoR2 CR§ 06|04 prestressing steel orlgsﬁ 20])$

<

(a§9$:ogc75q|c73 ooo:oopé) 6300 32§00 4°C eo:trs ccqrgq?p_gzc;@o']ml Prestressing steel =)

C < < < < co O oc¢ C N < < ° o
0R00|0002: 0 §POCYONE 0O§B:0D IPOJS c@oc:coge@»og @oeoTcoao 30: 99:§):9
(o] [o] < O (o] C < (¢] < < < < o - .
letlep M eaallchiorroviceles) o?:@gqegu eel=ebs) ep_ow&sge@:ne@ogcea? jacking stress
:ngc prestressing steel &\ 39$§a? ultimate tensile strength &\ ©0 %0005 eeoqﬁcxﬁqo']n

[P < <

Strand Q_]O:O‘% oocYSsﬁ;:;aogch SQCQIC (000) O%G(XEO) Gm@(\?é@@lﬁ()$@:8’)§ OODé(ToJc%:

<

e$e§qpoo 005 sfaooé@[ooo:oag §é:m§: (Strand splicing method) que}é

< < O N < <

ﬁglmqpcﬁooo o?:qepéu Strand ooox?al]c:o%o? Qo0PR§p0: (Single-Strand jacking) o%

< <

sraa?:@to']m strand ooogeauoézqé 0D0G§EPOPOD somgcf @m@éu Multiple-Strand

o]

jacking §p8:03 ad:0lon strand 330:09: 036005 strand gp:el 00 % 630503 8003&EPSI
s00500pd strand (Spliced strands) qp:o0pS  oppSeon e Cimgd © quacon:(B:
co¢ (o XY C o Q (N o C N o o N Q (N
888:a88ep qanoogdqp: oppdeepdi Strand o3 ogdconioopd ddopd: opSeepdi

N . ° (N N N [o Y C N C [0} <
F2s0mqpP: (Splice) 32:09:20p5 07C:32:60: 0D sacl)c:q_p:sﬁ sa@coomogc 00 §§ell

=)
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920q$q05038:[8¢: o(edeolcnqs B§:aonieomn Odgadep: (side and flange form)
4108 on&ramnic01 00010008 ddeqpSiqp: 6egoSedogs waSqpraoniquasi

00qS0pé  Bonionond  0005e0ScuSGooniBEieglont  pretension  [GjapSooniearn
prestressing strand qpia0icdiod member of wgdiad oodelG:aSonad: [GSeseod
[GoSeomaSeepS (88(8:1 [oSconteons strand &f sagdiqpias SoSegeonn p§mad Jag
0808807 5§ 26go8:03 00§oSeand (5| cavro005qenSt 0§qS:eqirSapogs cogy!
RPABY34o[0ScR] eoqp ge0desseon (pEimoys gpis¢  spadame(rd:
qpr320:03:08 wire brush 88 SSoSB&:1 2861708 eo[dS40Se] eSqpreonnsnS: (abrasive
blasting) ¢pb:o3s¢ ogqtieq: opdaupdn dRqodseloSepiad zine vlocglegoops
opodemifg; edopapoddegy 2podqERdI 630:QAdYFORE QOG0  Wee§EIN
cgaoniqepS (888 strand qprogS:§ medlod (void) qpizavicdiancgiod 408emod
290590081

0.0 PRE-TENSIONING o%saoqlmqp (C\?OC$ :9Cg E:)lcxgﬁ ac:

090 2609609
eq[Brea waGmaoSqpien 288: . ‘00545 c0oScrdES: (Factory Product)” op
c63Bconionnl  wcBS:08BSoopd Beood  aBBcySedigiond  pdcSeaopsaasl
0034ogS: 9803qoops cpdodiomefgmasqpiors] c02:g§00pS(8SRE: offapd

o

o¢c O¢ < <

390ng ssq@sgeog 00§:206:4 (quality control) crg (Bcfoaooﬂgo FCOCII0ROE

o]

Qo < [\

csaoocaooqegu o?[;)c sraq@araeag §c ooocﬂgaﬁ (durability) crg oooqjogooo?@og@ o%
aq?,?e?:ogmqlmcj eqcﬂn qc:sﬁ 39‘1@39938:0? post-tension  girder qp:sgo%&ooo
a%;ﬁ:qeén
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Figure 8.3-1 Tensioning of Pre-tensioning Material (Site Product)
©.9.) Wde 32g4&: o3 cocgudeé: (PROTECTION OF END OF GIRDER)

(} ©.9-) 0% $@§:o$:mo:$§oaéll

End of Girder
’—/—E‘uﬂingPﬂimnFTcndun
I
| o o o k]
kl Fill with Moetar
| e o o o vjr/ {Mon-Shrinkage Tvpe is Better)

[J

3 mm

Figure 8.3-2 Example of Girder End Protection

DX POST-TENSIONING 390305 cx"esaéqlogqp:

I o . . [N [ . . c c (N
©poooQ member 0% ©30 post-tensioning ecpOsCopC!  tensioning cpoepy steel 20pd

coecﬁasogézé o@aoorgﬁ eeﬁobl cgorc)coégo §G§G@9§:o$ m%ooéﬁﬁooowé Gaoocrga?ﬁeq:
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[N Qo OC < . (*] < c Co Ca0C < O
<>§@:go§ 00 ¢§: 0§65qP (Project manager) 930005 I2CICSAIM COMIECIOPIZ]I0

< <
Qelenlcion) @ooqe@u
Strands em:eq_pé:ooog ec%eooo (%(73[(}0 (flat ducts) 9c§§| tendon ooo%egqlézogéé’leooo
strands 390(\3(73 multi-strand jack [c}é ooo°>[§[§ooé: e@q@éu Tensioning @lc\?f)epogé
AASHTO M204M/M203 ogé GO%[(:)OOO:GOOO a0: (Force) q_p:§c§ :ms:oc%° (elongation)
[o XY o _ ¢ C N <
FP0)C: Q416§ CQPOGIOICHEII
C N ¢ O < < : . C < N N
©0§||0000RC ANQOVYOD @me@looo:cooo working drawings qp:o¢ oomcfooc;m@ooo:
< [o] < C c. 0o : (o]
ovTey) @e@@e@qu:@ssm 0200146000 post-tensioned member qp:sﬁ tendon g0
399$: J cmgcf?:? jacking (\?(Q)QI ooé:sao:eo:qeén e[(:yxf:oo$:e§ewo tendon (straight
tendons) qjo:§§| o:oqlléogé one stressing o e@%[(:)ooo:eoaoaraaqquogél tensioning
NS g, & ¢ M¢ <, Q ., Q ¢ _0¢
c\Bo@c,o? tendon @& 33%«?.0)@(9([)?@90)6@ PP§:  JODP:Q [c:weom m.§ooenooooocsﬁ
< C coC <
og:q>g(s¢ [S1oe0§So0pS
Jack q_pmc?’ calibration C\35@5:| a@qeé mé:s@o:oeocnocr% ogcrgqlcrggézl ooé:sao:eo:eé

. . NP c.C < < < (o] C C Qe < Q _ Co (o]
(Tensmmng) Q?OC?:O)B‘?Q 00)680:@& G?Q_I(')O(:?_P.O? GOO@CDOZOD& OGQIO’)G’BODQCO‘DOCY?

. . ¢ ¢ [\ c Co (*] C < < Cr-e Qo OC
tensioning cQOC§: ©CROSCI FPCCSUID NOVYOD Geoomcxgoeq:c>§@:go§ 006M§:
< . (*] N <
escsqp (Project manager) o9 ooc@qe@n
mé:s@o:eo:@éz (Tensioning) 091’) ogjézoqjésgécﬂéq%wosﬁ @:@Sﬁemogé C\?ﬁeeooé
C < (o]

qeén Q%@émég(.m&)é tensioning system U)O&)CG@GTDQJ?O? OéG@:%mé@tq@éll

. (o] < N . O¢C < <
Inspection sheet gp:0p copds @@we:m@:m:qegu

PC-44



Tendons shall be
protected  until
tensioning work

Avoid ends for safety

Figure 8.4-1 Protection for Tendons Figure 8.4-2 Post-tensioning Work

- l.“&.
—

Figure 8.4-3 Insertion of Bearing Plate Figure 8.4-4 Setting of Jack

0.9 STRESSING cqﬁeaooé@é:goﬁoo St

Tendon ooo%squézgssogcﬁ ca@o(ﬁe@%@& Post-tensioning 0?5c$:®éqp:eﬁ 9050043:
Qo OC < ¢ _C
* 060M§:3ERI OO
o 00$oo§05000 (Contractor) §é: ooo%aoéé m$oo§o§ooo (Sub-contractor)
e Tendon &\ csep! sagogssm:§c§ saefll:agoo:
o ¢ < ° < C C < < <
e Q0 (Ducts) qp:og¢ tendon 30: 000e8H: COPIYC:OP00CIOPEM

e Strands a%eo?org wires qp:s@ogcrg qo%dé:a@@og (reel no.) §c§ bars qp:§cf wire
qp::raorgcrs heat number
< < cocC o < < c O < < co¢C [o]
* 0PIOCODEON mﬁzco%[(:soocgc: E[SvarYofc-T'} {oplontel) ﬂe§emm§m§[§9mgc: 86)00

(Assumed and actual cross-sectional area)

e 0p30000:602 Modulus of elasticity @cf 399%000005 §e§eow Modulus of elasticity
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0.6

< C N\
* Stress 0:000 §00Q
< co . < ° <
e Tendon q_pzsﬁ 329§:09Cq e jack &¢ gauge c?o']ooq_p:
o cx%sgcgeoao Jacking force
e guage pressure

. [E_ijoée%@&qp%cf 399$0>mc5[§o°>eonoeoao 3390% (anticipated and actual
Elongations)
e Anchor sets (a%@%»:ooo:oaé §cf: m(ﬁeogﬂsrao;?:@lwé)
e Stressing @méeés@gcﬁwé
e Stressing [(}Lc\?éeé(?é (00605 §<§(9cr3| ooo°>@ﬁ:§05)
. < < < < c . C < NN < < o ¢ N
* Stressing cOG302CEPORC G%Q@&@@G@O:G@ qloo[g;coooosoo (§00QO00&¢
oogeao:oﬁ)
. C < C N : < < . C < O N <
¢ Grouting QORI OOQ! SIrEssINg CROVPOQ Zrouting aQO§OPOIC0 @om@qom
o . o c . . .
@o?:@looo:eoao grouting 6322 (pressure) &¢ injection end

< c o¢ < c O < <
Pour back 390’]39()0 U)@O:QDCDS(?CGT) GQQJ(DSDC\)(DUBGﬁ (?CDODGS

@é@éo‘eo‘e e@S@ooo:oaé m:@é@é: (Stressing) C\?(Sc%:oéqp: @o:cx?:‘?cf: jack

calibration (‘;_)o")orcésﬁ 8%2“0050:_)0% :;acc:qlégooo o%eo?ors G@’J(YSC\?(SGQ:O$@:SO§ 8é0‘3§:
e . e Q e

ogesqp (Project manager) 00oQ 60:3206001

TENDON 3za0: 08.$::33§:[§§:

mé:s@o:eo:@:eq?oos S §06°133085:I tendon qp:n% ssa:%qp@é 03003805009:[§§:|

39@0']03qu| vent qp:o% (}:s?éooozgézl a)qgm(ﬁ@o@éqp: (grout cap @8 (}:a?éogo:eé)
Q 059qu§§ 39690:@030 39§0’3q|0:o$ oo%aé:eq:qé@ézl tendon 0% grout eo.?f)eqjéz

wedge plate eoTogé seal oleoxo grout cap 093 ooéaof:ooo:@é: 0% 3 eaooégcﬁﬁ

S5q:0008[BE: 2360705 208 [G5e0gEec0n ogaS:apias BeogESie mgaSaepSi
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sas$: - GROUTING

@0 3pe0geay
Post-tensioning §é:m5:cf’f araof?:@Lc;ooosgaﬂ prestressing  steel oPl) 39@005:
39(7303909054{[9: [g)lcx?ﬁeo:ooo:qeé E:MQ)GjI (?)08§c°: tendon @0301 c;.§epc\305 (voids) qp::oro?
< N C (@ < CMC < N (o] < <
grout [;99 Go0]PYo @@ooc:[g: ogc?mqo)@oq 0R30006§60q eI Grout 0 vVent oooeaRPMd
oc c O < N N
3P$00CH 39@93% Q033C: el
. N ° [0} cOo < N C ©° OC N . [e]
Grouting 0p0C$:qP:30:C:M) COMOQEIICHMODY DOMS:&C grouting Iq)||:3200:!
. NP Q C Q. OC < NP 9 S, [\
grouting cpOC§:0e2aM 0PPOVRY OEM§:QP0RC C\?OC§23’DG(T&39@|_ POt Q §OKC
wém$:%eog°@@lmé:§wé sgcx?éoaeo:eaqézeeooéqp::?cf @:@Saaqp: m C\Bf)eaooé
q@én
. [\ Q < O c Co (] < < < e Qo OC
Grouting 0pOC§:32030P0) 3COICHUD QLD eaoomc\?oeq:<>§@:go§ 00M§:
e$e§<7p (Project manager) o craooé@teo:qeéu Grouting C\?60$:39839®§’3903
sséq_légow o%eo?ors 8éc>8$: @$G§(ZP (Project manager) &\ gcf:@poé oaocf’f qﬁ@:@o&o
Permanent Tendons qp:ogé grouting cpéc%qp:c?e c\?éeeooéqeéu

. [ Qo N [N C C [N N c ° [N c
Grouting CQOC§:320IPOPORC esraoooe(y)@o'] F29|0FCOMG|P: I§PO:Y: o']ocqe§n
. Ny . c N c o N C C N
e Grouting sagosﬁ SUpervisor &g sggoocqp:sﬁ aseog'a@@[?ooooezl splepl=lnelon
c N c c C N o ° C C C C Q
0023 0DY DDCON§IFIEPIGPIEE FPGO0OMIZCOD: QP DIV QPSS IO
C N
G@o[g)qe@n
e Groutin & = °°[§e S 00059 0938336251 B> e0:1 BOSFTIEA: &S
g R R:OOXR OFR:qpP: X! 329 sl FQPOZICOY&KG
(o] C Co [N ..
QQ3206000 coonMSg| (certificate) qp:
[ (*] C c C c _¢C C cC O¢C N C cocCc ¢
* QQOC§: CYIOJIMV&ES C\?ocr?:a@e@:raeq??q Q0MCEON ome 90:6800C&CQ6:
C o]

Q ° < Q < o ¢__ Q¢ Q
39()’]3900 390?@)[@8 0)00:39(:”[:390)’3:! ODCDOQ@: GDODOOSD(BC:GQ(BQIO:

¢ Grouting cx?éeaooéeé sa@équé: 398330)@

Q ¢ c o < ¢ ¢ < N N Q < .
* QOO IPORMD B3N PBV0OOEVIREE @caoccq:sao:s@oa gp: (repair procedures)
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cJ

B

¢c.. O o N <

* Qodqp:32038:§] grout 8:a0S:g4:03 B§:q|0q$ Po:(|epdspdicos:
o 8384 grout cponSag0SqSBE:

e Mixing §¢ pumping 32805

« Grouting co8ep$ co8:eo308:

e Inlets §é: outlet c‘éd‘iq_pz 390?:@[9@5 ea@@cﬁs@gsaoé

o 86523 N T S S S on g S XN t i P S - S S
OU)&B‘,?Q{PJ’Q ﬂC.&\)C.qﬁ?Cﬁ E:D‘DC\)’)?CGOD’.) post grouting @)C&)Cqu 390)39@&({]0.

Grouting c?5c$:q|o: eoooéaéogé m$oo§(73000| grouting cx?éepésa{géé aaéqlée’wo
(*] < < C Cr-e Qo OC < . (o] o 0O0C
ROV G&DOUDC\?OGQZO§@:8’)§ 06m&:086sqP (Project manager) 03 6op90D0C:
< ° < : < < NS < (*] < < < <
C8Q:C§26)0pOIl GOR 30GIYIESEP0RC Zrouting COERY CPOCS:OD! (RO ©S:00QQ:!

(o] < (o] N

@éeoéooéeogooé C\?(SC%GDO%G’DO&?E 39@00008&%8@ mgqoqprr? G@g:G%:Q@@II
305 (DUCT) gp:af [oEsoé[aé:

< <

Q_¢C c..Q . ] Q_C C .9 °
qup:saogc:ag prestressing steel qp: GCD@QSCZGI (BOOO‘)O?QIC:CDGﬁ GC\)C\B&E

< c Q0

(o] [o] < < < < < < < O 00C (o]
39G[§39G§0? GQ)GGQO:GO:Gj 0)6:&)061@&" OGZ&)OG@O&U&)C O?O)@ﬁ @OGOTOI]OO Q?Q?OQ&E

3

oSS Fooncs  38SeclmiEsecToonnnd  mofeoodqpiad  5p5:88w

§l&_'§:G®Q$39%08 (T)('TS(Y% [5)&?0)@@590561@&3"

03

Q < ° < ¢ <. . < S L(Q . < .S, < <
qup:sso:c\?:oog wéﬂczwc@wcs@qe@@w[g:l grouting C\?OC§:®83’90: 396?0(;390?00
N S < .9

@5@0%@00@? a%ecrl)og (Splealélcort (bonding) 03 08$meo§éooé ogé:qp: mé:eﬂ&qeén

33#0’] O%)é:(—.ﬂ’):ﬁ% G(ﬁﬁp:q‘? (\0339501(73 03%3)[(?_)(73({[’)339’32 Gq@(f: eao:e@y)qeéu

Q ¢ o ¢ < ° o o “l N < < N :
G@:GE:)O k}):@ﬁf)m (B(TJ({P:GQOB)C:? GQQ{PSSQO:C\?Z(Y.B 300 OCﬁ (TJCZOCOD& Compressed air

le]

[6¢ goSanadqepdi
[ c 00
LYo RleT TovHo sl [Evaltot
30d:(gepd Grout Pump 05 positive displacement type [s66ep5(9d(8:1 a4p5:80: 0.06

kN/mm2 §oopd 320305 pressure co:8Sqepdi Grout ado3 81 ecweé g (g
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PEPOYP|QPR: eoécqacﬁ%éeoq§§c§ grout o%eu?org e a?ﬂﬁcrof mongoS%éq czlep)
Pump oro? 39cf38o§ooo:qeén

35

Pump 390305 §cf (%(75 & :doC @o:ogéoeoao grout line & ooo°>cs§sp§ J-09 N/mm?
C (2 o} (o] cOoC < o <
oome@:eooo 630z (pressure) ) GOI&CIOPY Pressure gauge cozq) §epoll

c..9 < < < (o] < c ¢ < C 99
Grout pump 3203C:3Q grout ©copa9CiacC! grout 0 OOCQOd§$3ORM 0.2 | ®COO607D

< Q < < < (o] . : C < <
oome@:eoao ageo']ooqp:o']ooa @ONoDOR0Y grouting equipment 03¢ 0d2030C00:
N N < - . < ° < N
el saooooej grout ogC thixotropic 0Qpo: a?:ooozo']oo @moeoqmq_p:oo@ 0.G®
0cod380m 5019030 sraaoée@oaéu on%@cry)cﬁ? 39(\3050’)09 o>o°>eao:%c°:| oaéﬂézeq:
coC <
QQO&CEOII
o . < . . CQe OC c. 0 Q o Q0 _ ¢
cg@éfsaegegec?qp:ogc grouting equipment 2000 ®em§:ogc:§139@:e?: tendon 03 6§06 Jo
¢ O N < < : co¢C <
000D BYEOEQID GONMECYPN grouting CRO&CHLRI
GROUT egbodgé: (MIXING OF GROUT)
Mixer 050% eqo% sraqéooé:@:? cement grout ooéqeéu eooocc::go Q066§EID
. o] < C . . O o < <
3cePa6sn (homogeneous mixture) §)§c0a$ czloplen) colloidal mixer o?o?:§| Solealavioleh)
) mé:gg§q|0§qp:§cfzsgé eepo)(c)qeéu Grout ﬁorgogésooé Q?(Sc%:oé (Injection
process) eoonéad| grout 32 fluidity test @lcx?éqeéu e:;o?:[g)loaé mixer 39({)”:3900:
< [\ < o¢ o ¢ [N < < c 9 N < O
&G 0050§:MYC sgﬁeqﬁorg@q 9§9§:03008|00000:00p0 ©:80C:§4: (flow rate) op grout
< C ° < C < C (o] : c ¢ c O
0QO3CPOP00G §UREIEPOII DVCEOQYIEITD Zrout QEPQM:EPIYD Zrouting cROC§:OPM}

oooéqeéu

Admixture &) o?ooégmoeo)%éooé chSoocéqp: 39c13$3995: ©30:4:6031 s'aﬁ{qolé
C\3§(r‘)go@cfooo§@§: eeieo):ﬁl eoooé:go ooee@ooé grouto% qeﬁeoooé s@qcﬁ :390935::9030
ooo%qssog Ggqeén Grout 0% ﬁogooéwésaqc’]%oé’ eqf)e@o: CR(SGO:G@Q@&CII

330005@ 39&?:[5)[61%; e§oé:e§:e§o]m ecqpo:ﬂogo:eé: 8:@3:%3@ (flowability) @%cop_g
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Grout eepoSquos (34§05 mqpSmecag:  08:008gapiac3s:  [38qepSE8(S:
Q yr- . e _ 0. ¢ ¢ . cC _9o.¢ I

eooo?cqlsgo:@q High-speed shear mixer 320305 9 6§0 §¢ vane mixer 30300 G 60000

ec‘éqo']n

Appendix C ogéew3goonieon pilot project sae) grout &\ @6p532603:03 08§:036:603

high-speed mixer qp: @sjemé:g$wéu

COCo N < : . (o] o
Qo§§ccozc ew:y?uzusm:@q high-speed mixer (over 1000 rmp) o7 weqP:a:
a:;of?:[;)poén

Figure 9.4-1 Example of Mixing Grout in Myanmar
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To Inlet

Grout Sampling T and Valve

Figure 9.4-2 Example of Grout Mixing and Pumping Equipment

9 GROUT [sp3[a¢:
. [\ < < N < e O C < [N <
Grouting 6002CaCORC grout cpoep sgecﬂmquefn:o?:o? 9CCOD:§EROIl FPOCECIIQMD
< < st O [o] < < O Q ¢ ¢
aaeo']ooqp:ogc positive shut-offs gp:0p cos:qeo:¢epon Grout efaeo']mqp:de ©0038C
Q c O < < < (*] < [o] < ° < < (o]
QOIODGEGIVIOP M MY§6§ 0P BF) WEVPOD GOV §GSPOGIDE I CYE VOO IFITIODO 2O
R I3 . .. ) Q < Q¢ Q
000630: aaeo']oo@ (first injection vent) grout q:0p ©:90C:60§ep0I QOII]PORC: Grout &)
eoooo%equoﬁ 8:aoézi$:oaé ooog&?ogcglé 00.9 8o §cf: 099 8o sgogf:: %’lec;eocﬁ;
oc. o <
00§:pPC02:6)0 0l
Grout io%ogéooé acolod (Injection vent) ogé goleoao pumping pressure 03&3 0.0G
N/mm? cood eecqﬁcg$qo']n Q§$C\?80.§:oéqp:og§ 0.9 N/mm? a% @5 Qaeeoocc:qeéu
. < < o O c O N
Actual grouting pressure o0pd gq[;)looo:ewo F2QP:aQ:0320: (pressure) cood ceqp:@o']ml

Q - . . o Q ¢ < Q Q o¢ o _<Q < Q Q
xQ Injection vent 0? oooejl 3200C @OG‘?[(_}):I 39&1]:?@68: Od)ﬁ qoog G§OOO GDGOI]OO

< "l < < < < < C N_O Q < (o]
(ep1»]~19) ooc? [;.9[’.)_'908C:618l’.)_3'|| (\DO:GTD (TJO)UJ(YDG)QB :SOC:G?? (one-way ﬂOW) (7?
< ¢ O¢ N Q < < co ’] <
GU)’J(T)GCRP(Y) (b:?:COO:GlG@II Grout EﬂOS OD:QDC:GC%O:GCD:GQ)’J mOC\{I(T)ﬂGOJO 3260100

(succeeding vent) 39038::1% grout 0% e@éogé:qo"lu eq :1%90308 cooqp: oS0
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< < cOo < (9} o O _¢C < < < < Q . .
@ca}ocmc ©0Q03§602230p33200 Zrout 0 PO30006PMD @@ogc:c@&):l ejection vent

< C < N < < N < ’] C 1 o Oo¢ <

© sgaoooe@)oo 9§0Q006§COEEI §$0R0O0RIe0IMe grout fluidity o) 0pc:07000p9
fluidity test o3 tendon 0369g)€:803¢ 33¢E: 9.0 ‘Grouten §63E:a8Eep oad0g3’ séa2p3
C N < ocC < S Q [N oc¢ . < C ’] N
QQOGR0OCEEPOIN 0PCIO000:20p) grout @ ©:09056)$ @Jaﬁ (efflux time) 20pS oceolod
(inlet) ogé o%é:oooooo:wp_@ efflux time oféeu?ors 399.§: Q) 035 G@S@ooozem 33§é:a€3:
efflux  time ocood ec;cqrgcxg.§qo]u C-DOOOSGj grout efflux  time ooé
mcﬁwcfeé%égcﬁ@éo']ml og(f)c;o']ns (outlet) ogé féc;qsem grout qp:(f’f géo?orgqeéu
Grout efflux time 093 @.§mé oo%c;ao:qeéu mcﬁé%éeooo grout fluidity eqeqléx

gﬁq?ﬁc%::oé(ﬁ 80050000 c\?éeaooéqeéu Tendon ogf: grout qp: @éogé:eﬁ 390805

AIR OUTLET |

GROUT OUTLET
#19mm (OR) MORE

#19mm (OR) MORE

0.5m
| f /_WanE AR OUTLET (IF NEFDED)] GROUT_OUTLET 1
q

GROUT INLET

Figure 9.5-1 Example of Setting of Grout Inlet and Outlet, and Air Outlet
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Middle Air Outlet

Connection of Duct to anchorage

ettt
- \

7 ok
b
o o s e e
o

<8
o

AT

<

Middle Air Outlet

Middle Air Outlet
Partial Cutting

Duct

Partial Cutting

Figure 9.5-2 Example of Air Outlet
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Case-A : Grout is ejected from Middle Air Outlet prior to Grout Qutlet

Air Outlet ' t t’ /

Middle Air OQutlet

Grout Outlet

Grout Inlet

Step-1 After confirming the constant Grout ejection from Middle Air Outlet, the Air

Outlet vent shall be closed.

Air Outlet Middle Air Qutlet R
= \ Grout Outlet
/ l

Grout Inlet

7

Step-2 After confirming the constant Grout ejection, the Outlet vent shall be closed.

Case-A : Grout is ejected from Grout Outlet prior to Air Outlet

Air Qutlet Middle Air Outlet / Grout Qutlet

T it 34 1
||

Remaining air

Grout Inlet

Step-1 After confirming the constant Grout ejection, the Outlet vent shall be closed.

’

Grout Outlet

Middle Air Outlet 1_ *

Air Outlet

1

Grout Inlet

e

’ Step-2 After confirming the constant Grout ejection from Middle Air Outlet, the Air

Outlet vent shall be closed.

Figure 9.5-3 Example of Treatment of Injection Grout
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20q)§ (TEMPERATURE) 2005¢05[g¢:

0°C earaocrgq,é:eooo sgﬁfqoﬁogé c;qé@é:e@of;@éemo oge%(ﬁcncﬁ&ﬁqp: e@o%c;oeﬁ

o ¢ N N N < < ° (o] .

QOOQP:RC  GROICioCeseoqedll 51 mm 3gud  Grout moopigp:  grouting
< < oc¢ < < o¢ (o] : < C o
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* Void gp:03 epoxy grout (8¢ [0§c0pS (3p5qepSi Ba3(gcpSepopé end anchorage
qP: 03 0000RU5Q§30R051 60505 C: ©00ES grout caps qp:a3 3o5a3q§ 010003
ogeSieodpdos ocSepraped
e END ANCHORAGEQP:()%08$::>3§:[§§:
[6§608E80p¢ Anchorage & 005005c0p503 REMQS 038:60008:(8C: S:p8®03RS

(cast-concrete directory) 303¢: 3aqp:320:(6¢ (8pSer§(0300p5H

Figure 9.9-1 Protection of End Anchorage in Myanmar

AASHTO 038 End anchorage mocrgcﬁggqpm% 6;390(750']390%5: oaoS@oSooo:d]ooéu

Figure 9.9-2 Anchorage with permanent Figure 9.9-3 Permanent Plastic Grout

grout cap, grout inlet, and cap vent (Steel) Cap (Courtesy of VSL)

. (¢] < N C O o <
Stainless steel 2900705 polymer @g @lc\?oooo:ewo permanent grout cap gp:0p0: el

GGQO(YSO’] C\%SQSQI(YS&{IO:(YOL) (\?86&)’)8 q@é I

e Tendon &¢ anchor o3 grout [0pdm0 (656§ 3005 ©§m§E0 grout cap o
ods0é @o@:@[qeéu

e Permanent grout cap o% grout @8 @@é@éq@éu
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. crgéooqo% @é@é: (Pour-back)  eeconé:adi pour  back C\?éqeé:
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< <

< < <
@e:ooe:eq,coqq, @)Lc\?oooo: ool
e Anchors §\c°°: grout caps qp:o%l mcﬁésamé@looo:eoam é%ém:@c’fsj o@eoo%a@o:
(high-bond) GO’JOCQ::ODéI GilLagozc?é:oaé (low-shrink) 1 23 oloéeoxs epoxy grout

(Pour-back) @8 c}ooo:qeéu

o R§MEB(pS00n:¢ (Pour back) ¢ grout cap ¢ anchor plate 3g$q: 03¢ 35pS5:0:
cover 309 .66 0E03802 ¢ 9. jq 00380 §qepdi
(3|00 ag§:60008:000:6000 beam $d member gl 32g8:3E:qp:03 (030p) R§0QS
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cooeoogPyp  99§:ecnliqepdi  (diaphragm  0o69(8: 0009  ag§:ecootioon:anpd
06200500p5: [6dese0m  wyedqp:(0:opE  g&ojcoo:a0pd Joint spacer gp:o3a
@3 {Glqeasn)

Minimum
over grout cap

2.54~1.27cm

—

— —

©)
JaE 1 Four levels of protection provided by
J ) » Grout
« Plastic cap
» Pour-back material

« Encasement by diaphragm

Figure 9.9-4 Example of Anchor Protection Detail at End Anchorage
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Grout surface

ecogp:! bleeding water qp: q%ﬁ@éu o%eo?org
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ql(f)?o@éoaé géqmc\%éeéu on%sge[éagec?
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Figure 9.10-1 Visual Inspection of Grout Outlet
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@00.] DIGITAL VOLUMETER [s¢ GROUT cpoopS03 odeso:(gé:

Grout &) 399$ooooo§oqooéo$ digital volumeter o%:ejog(ﬁqps%éwéu

Figure 9.10-2 Digital Volumeter

2003 q§oaémed:(g0pd GROUTING 03300p5(0[00p345:c08:
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(o). Vibration device sensor
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device sensor) 03 Q03903002:GI G§6P0RC

ooéaoéq@éu cQO cqﬁﬁe'?@é: o@ﬁol(foe O?%S’]ﬁ
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Figure 9.10-3 Vibration device sensor

(). Thermocouple egﬁfq?l$o%5:c3°wo (Thermocouple Heat Radiation Sensor (MS
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Qoo (sensor) 053> 02090CVPI (QY$6§E2D
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qup:o% heat radiation sachlz ogo@o:sdo%@ 3 %cQ:ooéu
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Section

From surface

*Steel plate

|—_—

Inside of Duct

*Acrylic plate

*MS sensor

Figure 9.10-4 MS sensor system
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Grout arrival
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Figure 9.10-6 Result of Measuring Figure 9.10-7 MS Sensor

J) eom[(j):c‘?oas (et{]crsa&oaé qé:mé:@é o§eao:@§:)

e (on) Broad band ultrasonic wave method

a:t|$e§eoooemqp:d% %Swécﬁ& (electric waves) Qoa%;:% @o:@:[éé:qp:@ 02080¢

< [o XN <
O®G®O:§COOEII

aES. =
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\\.
6 A Outgoing Probe
- - = ~
& = T

Figure 9.10-8 Electromagnetic Radar Figure 9.10-9 Broadband Ultrasonic Wave
to confirm Duct Position Sensor
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A T op—
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Figure 9.10-10 Normal Result Figure 9.10-11 Air-Remaining Area

(). Multipath array electromagnetic wave method

cqﬁcq,ewo emqp:o% %80506 ocﬁq%ézeﬂo:sﬁ Qoa%w$? ooo%aocf: eog‘,o%éooéu

Sensor

Figure 9.10-12 Indicator Figure 9.10-13 Checking by Multipath
Array Electromagnetic Wave Method
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Usual methed

Atmospheric pressure

Air Outlet

Outlet

e
| B S ¥

Vacuum grout

Vacuum state

Absorbing Vacuum Pump

57

Q

=

Figure 9.11-1 Vacuum Grout System

Figure 9.11-2 Grout Pump

Figure 9.11-3 Vacuum Grout Injection
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32982 00. 06630:(8C:3ORM COS:PEIOOYP:

PC Girder oogeao:[éf:: CLONWY @qcﬁqp:n% 939903035 G@S[(Z)ooo:ooéu

Preperation ]

Form, Re-bar
Duct setting

Concrete
casting

Cable Install
Tensioning

Grouting

Finishing

(DFilling out of List of
Checking Items

(@Basic Tests for Concrete

®Checking of Form, RE-bar

BConcrete Casting

@Checking of Duct & Tendon & Strength of Concrete
* All ducts shall be cleaned * Concrete strength forinitial
with oil-free compressed air. stressingshall be confirmed
* All prestressing steel shall be beingenough fortensioning.

* Vibration work shall be done

protected.
without hurting the ducts.

* Checking of Duct Alignment
* The setting of ducts shall be
done without hurting the

®Tensioning Control

tendons. * Calibration for jacks &

* Cutting of duct shall be guages ghall.be implemented.
implemented carefully not to * Tensionning control shall
harden tendons. be implemented by adequate

method using checking sheets.

@Basic Tests for Grout
* Flow cone testing * Bleeding & Expansion test
* Compressive strength * Total chloride ions

®Dairy Tests for Grout
* Flow cone testing * Bleeding & Expansion testing

@Inspection for Grouting
* Grouting speed, time
* Visual inspection of grout outlet and estimated calculation of grout volume

(Finishing
* Protection of anchorage * Total visual inspection around the girder

Figure 10-1 Inspection Outline for PC girder
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20.0 oogeao:qeésaqlagsacoagqp: (CHECKING ITEMS) o% 90500(3:005@5:

(=] < < <
|O’J':|O’J:00ng PC Qe List of checking items that should be implemented
Checking
C C o . d . Test piece (At Transfer) yes no
6800MY0ee): (girder construction) Conerete Strength | Test pcce (28 davo) yos | mo
Schmidt hammer (At Transfer) yes no
LC)CC"O)C U)OSG(\) (TQ) 8 OO%G&)" C
° ° oncrete
C\? l? e’ V‘“P Og ﬁ Requred tests shall be in accordance with
e e o O 0o I < "2 Concrete Structure"
@)ch?o[éc: §O8R? GL&Y)@)OD@ check
. . o P , Prestressin: Checking of Manufacturer's certificate & a test yes no
llst (Appendlx B - 1) %C Yes Steel € Implementation of Protection of Prostressing Steel yes no
o C < , e e e e e Compressive Strength yes no
° Content of Chloride yes no
O“‘BG('QUJ NO @Cn ?mme"mcqee" Basic Test Fluidity yes no
Ratio of Bleeding yes no
Grout Rate variability of volume yes no
0o [ (o) o QS’QG o (73 8 © Compressive Strength yes no
:q ot 6'& H ° Content of Chloride yes no
°© a <7? :% CH (% Daily Test Fluidity yes no
IS IS Ratio of Bleeding ves no
§e32oC| 3909:&)[;99 Prestress steel Rate variability of volume | _yes o
Anchorage Yield & ultimate strength, Modulus of elasticity yes no
qp:  2deg): 600563208 co0gPg Thickness | Steel yes 1o
Duct (By Manual) | Plastic yes no
08 qS 230 é . OGC\?O é 000140 é‘ I Duct setting Checking of Duct Position yes no
Cable Tension Checking of Pressure & Elongation yes no
Strength
Control
Visual Inspection yes no
Groutin Volume of grouting yes no
g Mechanical checking (MS sensor etc.) yes no

Figure 10.1-1 Checking Sheet Sample

0. | og$ooq§ (CONCRETE) aogcrsme@éo&oaﬁqlcrgqp:

0339(360:)0 age[ééo)é:oaﬁsuogqpm% ‘(r°>$mqoggaeeooa§39§m(ﬁ§’ 9 @go$:aucr§qp: &

«On

@é G@Oé S(YSGIGEQ Il

00.2 FORM §é: obeqpé:qp: G§cpq|ooo:5fq|o:o$ oogcao:@&
(}&)g(ygqp: (Form) §§ m:@éoﬁjeqpé: (Rebar) e.?qu_]ooo:ﬁqp:o% ‘og%ooqog

33660)0‘8395(\)(73@ ’ ? @g’)g:ngqp:?é@é eaoocc:aorc)qeéu

00.6 DUCT §é: P.S G§q3q|ooozﬁq|o:0$ oogeao:[é&
o ¢ ° (o] O'] C [o] < . N [N C < o ¢
Sodqp: @0:00:09 Bloe efoopd compressed air (9§ o0§qC:eqzapdaepd dadel
alignment o3 drawing qp:§G3p3 06es0:qepSI
Sodadogéi prestressing steel qp: 00p393¢:(8:01 G0503 oxdaolesepgiegél m@ogtie

: 00 ¢ [o] < < N N
prestressing steel gp: 00009 64/c06)$ saololzoq][c}L QQOCROOC LRI
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ANChor recess

Conect position of anchor will
b ammvod whan boliad % form
and form h&s Deen comectly set

Pr;mnm of
profle onto
oM

W

Check offsets at main A,

ponts of curvalus and
at no more than 3 it max
coners

Figure 10.4-1 Checking of Duct Alignment

Q < . < < (o] : o O <
oQooc\? (\? oop_ocfo)cjl grouting <cpO0POICO  prestressing steel 30:QQ:0P  3AEP
scugql(rg qpP: @5@07@8:| a’)eqlzoo(f)@éz r?é: @[éo:o%cﬁm:ﬁqp:eﬁcoq$ 39@005: 0300305
eaooégorg ooo:qeéu

Q

Tendon oo¢&: eo@c eeﬂeosﬁsgog (._) o (duct) [gsooeooooo[:c qp: 0? Gaoocamqelojll

CAST CONCRETE

{TEMPORARY DUCT FOR PROTECTING TENDONS|

ANCHORAGE

Al OUTLET

[SPECIAL JOINTING DUCT|

THE DUC

EXAMPLE OF MYANMAR RECOMMENDATION

Figure 10.4-2 Detailed of Duct at Anchorage
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cmogorgcoqorg (Air outlet) 093 grout inlet ooogogé oof)aoéooéooéu

Grout inlet side

ec\)ogcf)eo']ors (Air outlet)

< OCo C C C ’] N
1 @§eo§ccogc Anchor g oceolod
I o N Q Q Q <
QeVY0D ogooc;oploo 02090002 2D
i AR OUTLET . o o .
s #19mm (OR) MORE 00D: 0PIl GRORYQY: ©|e0q§ grout
=
S ROUT CAP )
c OROUT C 3.9050005035 c;mogorgc;o']ors (air
S

outlet) orof ooéooé@é:oaé

< ° < <
326000C: Q:@@O\)e Il

GROUT INLET
#19mm (OR) MORE

Figure 10.4-3 Setting of air outlet

e e ¢ e RS..S S . ©C.0Q €O & Mg

20.9 cg§mqoog§.emc.[§c.§q ogqaooqosﬁ a%cqp_a,o? ooeao.[a:ac.
wefgdam:(es  Smeorn  odes0iggP:ad ‘p§madmesnndmBondy’ ¢
[0g8:q105qp:4¢ 3208 Geonlgadqepdil
oo§§: a@a@o: (Initial Stressing) sraogorg crg%;ooclogeﬁ tension é%éqésrao:c?g ngé@l

cleéu (Manual ©.0.0)

<

[;)go$:q_|c75q]o:§cf sgé eaooég(f)qeéu sraog:oo@cf: vibration C\?&pogm (céos)qpo% oS%ong

0 < (9] < < <
eﬂGS’BOC ODOOOO’.):C\?OG&)’.)C qe@u

00.6 8320:08§:q6[8¢: (TENSIONING CONTROL)

o < c O <

Jack §<§ gauges qlo:sﬁ é@ma{ﬁ@o@c:o? esaomew%[c}o']ago%éz eaooégoqueén

o (o] Q N < o . < c _ C <
e 0006 tendon ) m§8:egmzco:[§c: (initial prestressing) ©0Q060oCoC0ORC
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< ¢ O : < ce@. O¢ <
e Tendon aacgpc: §0 8§ 0 prestressing c\?ocaooc&):qﬁogc

N

e Jacks a%eu?ors pumps gps @éeoc@:eﬁ$ogé agoeﬁoo@é
Girder &\ 805&7]%?39@07‘ @oﬁl:wcﬁcmogﬁﬁeme@oé tensioning :)o@c PC odoxo:
< Q <
Cletczioplen) saogzsgeq:@:o']oo@u
canmdewd(gol checking sheet o3 ad:q) (0pddearn §pd:c0d:(eé tensioning crbe§:ad
o8$:q”5 cx?ﬁeeoof:qeén (Manual: Apppendix B-2)

Figure 10.6-1 Example of Cable Tension Strength Control
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Observed Elapsed ASTM C939 JSCE-F531
Time (hr.min)| Time (min.) Flow time(sec.)) Test value |Flow time(sec.)| Test value
0 9~20
15
30 <30
Flow cone 45 (Remixing 30s)
Testing 60
Observed Elapsed Hight of Grout|Hight of Bleed| Bleeding Test val
Time (hr.min.)| Time (hr.) (mm) water (mm) (%) estvatue
0.0
0.5 ASTM C940
1.0 0.0%(At 3hr)
Bleeding 2.0
Test 3.0 JSCE-F535
5.0 0.0%(Final)
10.0
24.0
Observed Elapsed Hight of Grout| Amout of Expansion Test val
Time (hr.min.)| Time (hr.) (mm) change (mm) (%) estvatue
0.0 |
0.5 ASTM C940
1.0 <2.0%(up to 3hr)
Expansion 2.0
Test 3.0 JSCE-F535
5.0 +0.5%
10.0
24.0
Compressive strength (N/mm~2) X .
No. Dimnsionsof mortar cube
24 hrs. 3 days 7 days 28 days
Compressive 1 Diameter
Strength (mm)
(28 days) 9
Hight
3 (mm)
Unit value Chloride Ions
No. on the numbered | getting from the | Chloride Ions(%) Test value
scale chart(mg/L)
Total Chloride <0.08%
Tons 1
(In case of
using 2
"Quantab")
3

Figure 10.7-1 Inspection Sheets for for Grouting
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Appendix A: Method for Tensioning Operation
A-1: Using record of gauge pressure and elongation of Tendon
(1) Procedure of the revision correction for operation line

e Tendons shall be tensioned to a preliminary force (about 20% of final jacking force). In this example,
a preliminary force is 100 N/mm?2,

e Before final jacking force, gauge pressure and elongation shall be plotted step-by-step (Line A).

e Then slide the Line A to revision correction line (Operation Line B).

¢ Tendons shall be tensioned to a final jacking force, and a final elongation shall be measured.
(2) Allowable error

Operation Line B shall be inside between upper allowable error line and lower allowable error line.
The following shows an example of allowable error.

Number of Tendons for 1 set 1 2 3 4 5 6 7 8 9 Over 10

Allowable error (%0) 10 |71 |58 |50 |45 |41 |38 |35 |33 |32

Source: Construction Manual for Concrete Road Bridge (Japan Road Association)
(3) Elongation
Total Elongation is as follows:
e Single pulling: Total Elongation = “Elongation of Stressing” - “Pull in at Fix Side Tendon Grip”

e Double pulling: Total Elongation = “Elongation of Stressing A” + “Elongation of Stressing B”
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(4) Treatment for various cases

1) CASE A: Actual Elongation is almost the same as Calculated Elongation

Reading Values of Gage Presure (N/mm2 )

600

500

400

300

200

100

Operation of prestressing is acceptable.

CASE - A
Calculated Pressure : 500N/mm2
Calculated Elongation : 200mm
Allowable error 10%
of Gage pressure
N,
| Line A I\ \ Allowable error 10%
N of Elongation
AN
N
\| Allowable Operation Line |
Operation Line B
-40 0 40 80 120 160 200 240

Elongation(mm)
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2) CASE B: Actual Elongation is bigger than Calculated Elongation, but inside of allowable error
Line.
Operation of prestressing is acceptable.

CASE - B
Calculated Pressure : 500N/ mm2
600 Calculated Elongation : 200mm
500
1
400 /./

300 /

200 //

Reading Values of Gage Presure (N/mm2 )

T

1

1

1

1

1

1

T

1

1

]

1

1

1

1

:

1

1 / Pressure
1

Actual
100 Elongation
|| atthepoint of
1| Caluculated
0
-40 0 40 80 120 160 200 240

Elongation(mm)
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3) CASE C: Actual Elongation is smaller than Calculated Elongation, but inside of allowable error line.
Tendons shall be re-tensioned to the Pressure (523 N/mm? in this example) where the elongation
will be to a calculated elongation.

CASE - C
Calculated Pressure : 500N/ mm2
Targeted Pressure
600 Calculated Elongation : 200mm
Ajusted Pressure
against
2] N A DN AN AP R IS AN F _Z————-—- | Caluculated
500 .
Elongation

/

400 /./
300 /

N

Reading Values of Gage Presure (N/mm2 )

200
Actual Elongation
100 at the point of
Caluculated
,/ Pressure
0 w/
-40 0 40 80 120 160 92 200 240

Elongation(mm)

4) CASE D: Actual Elongation is outside of allowable error line.
The reason shall be investigated immediately, and the countermeasure shall be discussed.
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Appendix B Inspection Sheet
B-1 List of Checking Items

PC 01
Checking items that should be implemented
Checking
Test piece (At Transfer) | yes | no
Concrete Test piece (28 days) yes | no
Strength Schmidt hammer (At yes | no
Concrete
Requred tests shall be in accordance with
"2 Concrete Structure"
: Checking of Manufacturer's certificate & a yes | no
Prestressing ; ; -
Steel Implementation of Protection of Prostressing | yes no
Compressive Strength yes | no
Content of Chloride yes | no
Basic Test Fluidity yes | no
Ratio of Bleeding yes | no
Grout Rate variability of volume | yes no
rou Compressive Strength yes no
Content of Chloride yes | no
Daily Test Fluidity yes no
Ratio of Bleeding yes no
Rate variability of volume | yes no
Yield & ultimate strength, Modulus of yes no
Anchorage
Thickness Steel yes | no
Duct (By Manual) Plastic yes | no
Duct setting Checking of Duct Position yes | no
Cable Tension Checking of Pressure & Elongation yes | no
Strength
Control
Visual Inspection yes no
. Volume of grouting yes no
Groutin - -
& Mechanical checking (MS sensor etc.) yes | no
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B-2-2 Example 2 (Federal Highway Administration: Post-Tensioning Tendon Installation and
Grouting Manual)

STRESSING REPORT Page 1 of 2
Project name: Job No.
Contractor: Stressing Sub-Contractor;
Tendon Location: Tendon Number:
Tendon Size: PT Steel Supplier:
Assumed for Calculations Actual Values Delivered per Pack or Reel of Strand
Strands from Reel No:
Number of Strands, Ns: Number of Strands per Reel, Nr.
Assumed Strand Area, As: Actual Strand Area per Reel, Ar.
Assumed Modulus, Es: Actual Modulus per Reel, Er:
Product, Ns*As*Es = Product, Nr*ArEr =

Sum of Products: Sum(Nr*ArEr) =
Adjusted Elongation Expected = [ Nr*AEr / (Sum(NArEr)) ]

First Stage Stressing from End A Second Stage Stressing from End B
Jack Force (kip) Gauge (psi) Jack Force (kip) Gauge (psi)
Required force before wedge set: Required force before wedge set:
Anticipated pick-up force:
Theoretial elongation, AA, (ins) = Theo AA+AB = T elongation, AB, (ins)=
Adjusted elongation, AA, (ns)=|_______ | AdjaAaB= Adiusted elongation, 48, (ns)=[ |
Expected Wedge Set, End A, Wa: Expected Final Wedge Set, End B, Wb:
Jack Gal Jack Gal
Equipment Identifiers End A'| | Equipment Identifiers End B:l I |
Stressing Mode:
One End only: Both A then B: Both Simultaneous (A and B with 2 sets of equipment):
Target Gauge P and Elong
End A End B
Pressure Elongation Wedge Set Pressure Elongation Wedge Set
per increment
Elong before set at A = AA = (Sum) = Elong before set at B = AB = (Sum) =
Net Elong after wedge set at A= Net at B after set =

Overall anticipated elongation =
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STRESSING REPORT Page 2 of 2

Elongation Measurement:

End A End B
First Stage Pressure Elongation Wedge Set Pressure Elongation Wedge Set of Elong Awerage
Stressing atA. Wa at B, Wb per 20% of Load per 20%
Initial 20%
40%
60%
I
80% I
|
Final 100% at A \"
I
Second Stage Stressing 1
Pick-up at B I
\
Final 100% at B |
I
I
Elongation at A from 20 to 100% = v
Add for initial 20% load = <
Elongation at A before set = Elongation at B before set =
Total Elongation before set =
Total Wedge Set =
Deduct for elongation inside jack =
Final Elongation =
Expected Elongation = Ratioof (Final / Expected)=_____ |%underorower=[______ | <7% 0k
(AASHTO LRFD
popoec ] Notapprowa| ] Construction or
Project Specs.)

Obsenations: No popping noises of broken wires O.K. Over elongation is within tolerance, O.K.

Signed - Stressing F Date:

Signed - Inspector: Date:

PC-83




B-2-3 Example 33 (Recommended Format)
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B-3 Testing for Grout

PC 03

Testing Report for Grout 1/3 (Basic Physical Properties)

Report No.

Date

Project Name

Name of Project Manager

Bridge Name

Name of Contructor or Unit

No.
Span No. Name of Grout Operator
Place of Test Batch No.
Name of .
materials Type & Bland name Manufacturer Date Sheet No by supplier
Basic data of Cement No.
materials Admixture No.
Premixed One No.
Water No.
. Cementitious material
. [Watet/Cementit) o poy (ke) Admixture
Combination | ious Material (ke) g (ke) Date
ratio (%) g Cement [Premixed One g
1 m”3
Volume Capacity & form of Numbe].r of Mixing time Number of Revolutions is
(m”3) Mixer Revolutions (min) required over 1000rpm.
(rpm)

Mixing The mix time should be
generally not more than 4
minutes for a vane mixer.

Compressive strength (N/mm*2) ) )
No. Dimnsionsof mortar cube
24 hrs. 3 days 7 days 28 days
Giredr Nol Diameter
(mm)
(Cylinder)
Compressive Giredr No2
Strength
(28 days) Giredr No3
Hight
(mm)
Giredr No4
Giredr Nob
Unit value |Chloride Ions Chloride Chloride
No. on the getting from Tons(%) Tons(ke/mA3) Test value
numbered | the chart(%) Ave §
Total < 0.08% or
Chloride Ions <
(In case of 0.30kg/m"3
using Ave of 3
"Quantab")
‘Water
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Testing Report for Grout 2/3 (Fluidity, Bleeding, Expansion)

PC 04

Report No.

Date

Project Name

Name of Proj

ect Manager

Bridge Name

N

Name of Contructor or Unit

0

Span No. Name of Grout Operator
Place of Test Batch No.
ObTS?l"Ved Elapsed ASTM C939 JSCE-F531
ime . .
(hr.min.) Time (min.) Flow time(sec| Test value flow time(sec| Test value
0 9~20
15
30 <30
Flow cone 45 (Remixing 30s)
Testing 60
Observed Height of Height of Bleeding .
Time Tiff?ﬁf) Grout Surface water (B]?B?gz)n(go/) Test value
(hr.min.) ) A (m) B_(ml B-A (ml ’
0.0 |AO L |
0.5 ASTM C940
Bleeding 1.0 0.0%(At 3hr)
Test 2.0
(Measure) by 3.0 JSCE-F535
100ml
o 5.0 0.0% (Final)
10.0
24.0 |
Obsgrved Elapsed Height of Amout of Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) ) A (m) C=Ai-A0Q
0.0 (A0 | —
05| 4 ASTM C940
E . 1.0 <2.0%(up to 3hr)
xpansion
Test 2.0
(Measure by 3.0 |Ai JSCE-F535
100ml)
5.0 +0.5%
10.0
24.0 |V ]
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PC 05

Testing Report for Grout 3/3 (Checking of Grouting Volume & Grouting Pressure)

Report No.

Date

Project Name

Name of Project Manager

Bridge Name

Name of Contractor or Unit No.

Actual
Grouting
Volume (Ga)

Span No. Name of Grout Operator
Place of Test Batch No.
Conversion to Grouting Pump Meter Pressure : < 2.0 Mp
Designed
Grouting [Conversion to Grouting Hose Pressure : < 0.6 Mp
Pressure
Target Re-pressurize over Final Grouting Pressure < 2.0 Mp
Inner sectional area of Duct ( B) Sectional area of Tendon (C) (B-0)
Factor of
Tendon
mm”2
Design Gd= ELi*(B-C) : liter
Grouting
( V)olume Li : length of Duct (m) B-C : Empty Area (mm*"2)
Gd)/1-gird
graer Gd= litter
Ga= B/p+ W (litre) -R : liter

(kg/iter)

B : Weight of Cementitious materials (kg)

W : Volume of water (liter)

R : Volume of remained mixed grout (liter)

p: Density of Cementitious materials

No. of Duct

Actual Grouting Volume

Remainning Volume (Liter)

(Ga)
(liter)

Actual
Grouting
Volume (Liter)

Ga= B/p+ W (litre) - R

B= (kg)
Outle: (liter)1 Girder
p= (kg/liter)
In hopper |Pump & hoselFor testing Total R B/p+W-R
Girder Nol
Blp= (liter)
Girder No2
Girder No3 W= %
Girder No4 =1580r135 (liter)
R= Remainning (liter)
Total Ga= B/p+W - R(liter)
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Appendix C Inspection Example on the Pilot Project

1. Pretesting of Grout Materials

1.1 Outline
Pretesting of grout for Taung Bway Bridge was implemented at Unit 9 on 27" February and 7t March
2018.
(A-1) Sika zX | (A-2) Sika ZX | (A-3) Sika ZX | (A-4) SikazX | Test Value
(1%) (2%) (1%) (0.75%)
El d T(mi
Flow Cone Test apsed T{min) AASHTO
. 0 38 21 59 56 9~ 20
Flow time (sec)
30 91 24 43 43 <30
Elapsed T(min) AASHTO
0.83& 1.94&
Bleeding Test
g' 3.0 1.09(with 2.78(with 1.38 2.22 0.00%
Bleed ratio(%)
steel) steel)
10.0 0 0 0
Elapsed T(min) AASHTO
5.83& 8.06&
. 3.0 5.43(with 7.78(with 3.88 1.94 2.00%
Expansion Test teel) cteel)
Expand Ratio(%) slee 3.89&
10.0 7.78(With 3.88 1.94
steel)
El dT(d
Compressive Strength apsed T{day) AASHTO
(N/mA2) 7 10.53 10.58 16.18 4.05
28 9.04 10.80 41Mpa
Chloride ions A 0.2 0.30kg/m*3
(%) verage . .30kg/m
Mixed by hand
only
Comment Some water over 32degree
flowed out from
bucket

Regarding workability, Sika 2% shall be selected.

But bleeding and expansion did not satisfy the standard value of AASHTO, so more suitable admixture

shall be studied.

APT admixture cannot be tested because of its stiffness.

MAPEI admixture cannot be tested because that material was not imported.

Bleeding

2.5

1.5

1 Tz
-

Expansion
10

’ ._,_—-4/'

8 /

7 f

6 / ——2%
® 5

. / 1%

3 / / 0.75%

2 W

1 .

0 —x -

0.0 0.5 1.0 2.0 3.0 5.0 10hr
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1.1-4 Bad mixing of APT (not available for
testing)

1.1-5 Flow cone testing

1.1-6 Bleeding and expansion testing
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-

1.1-7 Chloride ion testing

1.1-8 Compressive strength testing

1.2 Design of grout

1000(I=m"3) = CIWAC  +  (L/3.16)(I/kg)*C
=C/W*C + 0.316*C

C : Cement(kg) W :Water(kg=Il) 3.16 : Unit weight of Cement(kg/l)

(A-1) Sika ZX (A-2) Sika ZX | (A-3) Sika ZX (A-4) Sika ZX
(1%) (2%) (1%) (0.75%)

Cement (kg) 50kg 50kg 50kg 50kg
Admixture(%, kg) (19%0) 0.5kg (2%) 1.0kg (19%) 0.5kg (0.75%) 0.375
wi/C 42.5% 45% 45% 45%
Water (kg) 21.25kg 22.5kg 22.5kg 22.5kg
Cement 1000=0.425C+ 1000=0.45C+ 1000=0.45C+ 1000=0.45C+
C(kg/m”"3) 0.316C 0.316C 0.316C 0.316C

C=1350kg/m”~3 | C=1305kg/m~3 | C=1305kg/m"3 C=1305kg/m"3
Water
W(kg/m”3) W=574kg/m"3 | W=587kg/m"3 | W=587kg/m"3 W=587kg/m"3

Comment
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1.3 Basic date and chloride ions test

Testing Report for Grout 1/3 (Basic Physical Properties)

PC 03

Report No.

Date

Project Name

Name of Project Manager

Bridge Name

Name of Contructor or Unit

No
Span No. Name of Grout Operator
Place of Test Batch No.
Name of .
materials Type & Bland name Manufacturer Date Sheet No by supplier
Basic data of | Cement No.
materials Admixture No.
Premixed Ong No.
Water No.
i Cementitious material
. |Watet/Cementi) g, 4oy (o) Admixture
Combination | tious Material < - Date
ratio (%) (kg) Cement Premixed Ong (kg)
1m”3 425 574 1350 13.5 Z)S(I(I;OZ) 27.02.2018
1m”3 45 587 1305 26.1 Z)S(I(l;?/) 27.02.2018
0
1m”3 45 587 1305 13.1 Z)Scl(lioa/) 08.03.2018
(1]
Sika
A
1 m”3 45 587 1305 9.79 7X(0.75%) 08.03.2018
Volume ) ] Numbe? of Mixing time Number of Revolutions is
(m~3) Capacity & form of Mixer Rev(olutl)ons (min) required over 1000rpm.
rpm
Mixing The mix time should be
generally not more than 4
minutes for a vane mixer.
Compressive strength (N/mm~2) . .
No. Dimnsionsof mortar cube
24 hrs. 3 days 7 days 28 days
. Diameter 50
Sika 8.52 10.53 (mnm)
ZX(1%) X
. (Cylinder)
Compressive Sika
Strength 7X(2%) 9.06 10.58
(28 days) >
Sika
2X(1%) 13.1 16.18 Hight
(mm)
Sika
ZX(0.75%) 18.7 4.05
Unit value Chloride Tons Chloride Chloride
No. on the getting from Tons(%) Tons(kg/mA3) Test value
numbered the chart(%) Ave g
Total <0.08%
Chloride 1 2.7 0.048 <
« Tons . 0.30kg/m”3
n case o
0.052/100)*
using 2 2.8 0.052 0.052 ( 574= ) 0.0298
"Quantab")
3 2.9 0.056 574:Water
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1.4 Flow Cone Testing

Report No. | Sika ZX(1%) Date 27.02.2018
Project Name Name of Project Manager
Bridge Name Name of Contructor or Unit No.
Span No. Name of Grout Operator
Place of Test Batch No.
Observed ASTM C939 JSCE-F531
Time Elapsed ) _ o _
; ; ow time ow time
(hr.min.) Time (min.) (sec.) Test value (sec.) Test value
9:42 0 38 9~20
9:57 15 74
10:12 30 91 <30
Flow cone 45 (Remixing 30s)
Testing 60
Report No. Sika ZX(2%) Date 27.02.2018
Project Name Name of Project Manager
Bridge Name Name of Contructor or Unit No.
Span No. Name of Grout Operator
Place of Test Batch No.
Observed Bl q ASTM C939 JSCE-F531
Time T a;zse. ) Flow time Flow time
. ime (min.
(hr.min.) (sec.) Test value (sec) Test value
11:15 0 21 9~20
11:30 15 25
11:45 30 24 <30
Flow cone 45 (Remixing 30s)
Testing 60
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Report No. Sika ZX(1%) Date 08.03.2018
Project Name Name of Project Manager
Bridge Name Name of ConI\tII;uctor or Unit
Span No. Name of Grout Operator
Place of Test Batch No.
Observed ASTM C939 JSCE-F531
. Elapsed - -
Time . . Flow time Flow time
. Time (min.) Test value Test value
(hr.min.) (sec) (sec.)
11:15 0 21 9~20
11:30 15 25
11:45 30 24 <30
Flow cone 45 (Remixing 30s)
Testing 60
Report No. Sika ZX(0.75%) Date 08.03.2018
Project Name Name of Project Manager
Bridge Name Name of Con;;;uctor or Unit
Span No. Name of Grout Operator
Place of Test Batch No.
Observed ASTM C939 JSCE-F531
Time Elapsed ) i ) _
; ; ow time ow time
(hr.min)) Time (min.) (se0) Test value (se0) Test value
11:15 0 21 9~20
11:30 15 25
11:45 30 24 <30
Flow cone 45 (Remixing 30s)
Testing 60
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1.5 Bleeding and expansion test
(A-1) Sika ZX (1%) without steel

Observed Height of Height of Bleeding .
Time T}f:fffﬁﬁl) Grout Surface water (B]_ngag(l)n(%/) Test value
(hr.min.) : A (mD B (mD B-A (ml °
9:45 0.0 (A0 1800 | |
10:15 0.5 1820 1825 5 0.28(ASTM C940
. 10:45 1.0 1860 1865 5 0.28]0.0%(At 3hr)
Bleeding
Test 11:45 2.0 1905 1930 25 1.39
(Measure by 12:45 3.0 1905 1920 15 0.83|JSCE-F535
100m1) -
5.0 0.0%(Final)
10.0
24.0
Observed Height of Amout of .
Time T]?rllif ?ﬁj) Grout change Eg;:gli;o)n Test value
(hr.min.) : A _(mD C=Ai-A0 °
9:45 0.0 A0 1800
10:15 05| 4 1820 20 1.11 ASTM C940
. 10:45 1.0 1860 60 3.33 <2.0%(up to 3hr)
Expansion
Test 11:45 2.0 1905 105 5.83
(Measure by 12:45 3.0 1905 105 5.83 JSCE-F535
100ml)
5.0 +0.5%
10.0
240 |V
(A-1) Sika ZX (1%0) with steel
Obs.erved Elapsed Height of | Height of Bleeding Bleeding
Time Time (hr.) Grout Surface water (B-A)/AO (%) Test value
(hr.min.) : A (ml B _(mlD B-A (ml
9:45 0.0 A0 1840 | — |
10:15 0.5 1855 1860 5 0.27|ASTM C940
. 10:45 1.0 1880 1900 20 1.09(0.0%(At 8hr)
Bleeding
Test 11:45 2.0 1930 1960 30 1.63
(Measure by 12:45 3.0 1940 1960 20 1.09|JSCE-F535
100ml) B
5.0 0.0%(Final)
10.0
24.0
Observed Height of Amout of .
. Elapsed Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) ) A (mD C=Ai-A0
9:45 0.0 A0 1840
10:15 05| 4 1855 15 0.82 ASTM C940
. 10:45 1.0 1880 40 2.17 <2.0%(up to 3hr)
Expansion
Test 11:45 2.0 1930 90 4.89
(Measure by 12:45 3.0 1940 100 5.43 JSCE-F535
100ml)
5.0 +0.5%
10.0
240(V
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(A-2) Sika ZX (2%0) without steel

Obs.erved Elapsed Height of Height of Bleeding Bleeding
Time Time (hr.) Grout Surface water (B-A)/AO (%) Test value
(hr.min.) ) A (mD B (mlD B-A (ml
11:15 00| A0 1800 — |
11:45 0.5 1835 1840 5 0.28|ASTM C940
Bleeding 12:15 1.0 1850 1860 10 0.56/0.0%(At 3hr)
Test 1:15 2.0 1920 1935 15 0.83
(Measure by 2:15 3.0 1945 1980 35 1.94|JSCE-F535
100ml)
5.0 1950 1990 40 2.22(0.0%(Final)
10.0 1960 1960 0 0
24.0 —"
Obs.erved Elapsed Height of Amout of Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) T A (mD | C=AirA0 °
11:15 0.0 A0 1800/
11:45 05| 4 1835 35 1.94 ASTM C940
. 12:15 1.0 1850 50 2.78 <2.0%(up to 3hr)
Expansion
Test 1:15 2.0 1920 120 6.67
(Measure by 2:15 3.0 1945 145 8.06 JSCE-F535
100ml)
5.0 1950 150 8.33 +0.5%
10.0 1960 160 8.89
24.0 |V P
(A-2) Sika ZX (2%0) with steel
Obsgrved Elapsed Height of Height of Bleeding Bleeding
Time Time (hr.) Grout Surface water (B-A)/AO (%) Test value
(hr.min.) : A (mD B_(ml B-A (ml
11:15 0.0 A0 1800 L — |
11:45 0.5 1830 1840 10 0.56|ASTM C940
. 12:15 1.0 1850 1870 20 1.11{0.0%(At 3hr)
Bleeding
Test 1:15 2.0 1910 1945 35 1.94
(Measure by 2:15 3.0 1940 1990 50 2.78|JSCE-F535
100ml) -
5.0 1940 2000 60 3.33[0.0%(Final)
10.0 1940 1940 0 0
24.0 L —
Obsgrved Elapsed Height of Amout of Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) ) A (ml) C=Ai-AQ
11:15 0.0 A0 1800
11:45 05| 4 1830 30 1.67 ASTM C940
. 12:15 1.0 1850 50 2.78 <2.0%(up to 3hr)
Expansion
Test 1:15 2.0 1910 110 5.56
(Measure by 215 3.0 1940 140 7.78 JSCE-F535
100ml)
5.0 1940 140 7.78 +0.5%
10.0 1940 140 7.78
240|Y - —
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(A-3) Sika ZX (1%)

Observed

Height of

Height of

Bleeding

. Elapsed Bleeding
Time . Grout Surface water N o Test value
(hrmin) | e G | B (ml) B-A (i |BAA0 00
11:44 0.0 A0 1805 L — |
12:11 0.5 1820 1840 10 0.55|ASTM C940
. 12:44 1.0 1840 1870 20 1.10 |0.0%(At 3hr)
Bleeding
Test 1:44 2.0 1875 1945 25 1.38
(Measure by 2:44 3.0 1875 1990 25 1.38[JSCE-F535
100ml) 4:44 5.0 1875 1875 0[0.0%(Final)
9:44 10.0 1875 1875 0
24.0 —""|
Obs'erved Elapsed Height of Amout of Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) i A (ml) C=Ai-A0Q
11:15 0.0 A0 1805
11:45 05| 4 1820 15 0.83 ASTM C940
. 12:15 1.0 1840 35 1.94 <2.0%(up to 3hr)
Expansion
Test 1:15 2.0 1875 70 3.88
(Measure by 2:15 3.0 1875 70 3.88 JSCE-F535
100ml)
5.0 1875 70 3.88 +0.5%
10.0 1875 70 3.88
24.0 I
(A-4) Sika ZX (0.75%)
Obs.erved Elapsed Height of Height of Bleeding Bleeding
Time Time (hr.) Grout Surface water (B-A)/AO (%) Test value
(hr.min.) ) A (ml) B_(ml) B-A (ml
12:40 0.0 A0 1800 | — |
1:10 0.5 1802 1810 8 0.44|ASTM C940
. 1:40 1.0 1823 1840 17 0.94/|0.0%(At 3hr)
Bleeding
Test 2:40 2.0 1830 1855 25 1.39
(Measure by 3:40 3.0 1835 1875 40 2.22|JSCE-F535
100ml) -
5:40 5.0 1835 1835 0 00.0%(Final)
10:40 10.0 1835 1835 0 0
24.0 |
Obsgrved Elapsed Height of Amout of Expansion
Time Time (hr.) Grout change CIAO (%) Test value
(hr.min.) : A (mD C=Ai-A0 ’
12:40 0.0 A0 1800
1:10 05| 4 1802 2 0.11 ASTM C940
. 1:40 1.0 1823 23 1.28 <2.0%(up to 3hr)
Expansion
Test 2:40 2.0 1830 30 1.67
(Measure by 3:40 3.0 1835 35 1.94 JSCE-F535
100ml)
5:40 5.0 1835 35 1.94 +0.5%
10:40 10.0 1835 35 1.94
24.0 ]
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2 Inspection at the Site
2.1 Basic Inspection
The PC Manual team conducted an inspection in the pilot project Taung Bway Bridge (Unit 9) in 2018.

C/T and JICA engineer visited the site for inspection of forms, rebars, ducts, and PC steel (6%, 7t
March 2018).

2.1-1 Tendons and duct
Tendons were installed in the duct before setting, and the ducts with tendons were kept on the ground
until setting time. Setting the duct with tendons was implemented manually. So, the hurting of tendons
may not be a cause of worry. But in the tendons, some rusts are happened, so it is better to keep the
tendons in good condition until the installing to the ducts that are set in the girder position without
tendons.

Connection part of ducts was not sufficient to protect the tendons. It is better to use the connection
duct mentioned in the Manual.

2.1-2 Anchorage
Sealing around the duct at the anchorage was some kind of rubber pad, a material not good for grouting
work. It is better to use the special connecting duct mentioned in the Manual between the anchorage
and standard part duct.

Reinforcing by rebars around the anchorage was not sufficient.

2.1-3 Rein forcing bars and concrete casting of concrete
Mixing work was not uniform and insufficient, so the results of slump testing for each batch were so
different.

The strength of PC concrete was almost sufficient for design strength.

The setting of rebars for the crossbeam is bad. The connection of rebars for the crossheam was done
by spot welding, and that was the problem.

2.1-4 Others
Scaffolding and stationary were not sufficient with regards to work safety.
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Figure shows
placing of PC ducts
on the ground that
are already installed
with PC steel. This
situation should be
avoided in order to
prevent corrosion.

2.1-3 Setting of rebar and ducts
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Partially Cut One Side
and Tnsert Another Side

N

2.1-5 Connection part of ducts

1500 4 @ 6000 = 24000 1500
(Type - A)
Used at Site
4500 3 @ 6000 = 18000 4500
(Type - B)

Recommended One: Not connecting center of span is better

for avoiding maximum moment point

2.1-6 Connection part of ducts

2.1-7 Division number of ducts shall be odd

number

=y
v rmmyy, ey

s ;
\V T ”?’177{/’ f

< 13 )
Reinforced bars are not enough around the
anchorage. (See in photo)

2.1-9 Spacer for rebar

2.1-10 Duct and anchorage
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2.1-12 End duct at anchorage (after casting
concrete)

A

2.1-13 End duct at anchorage (before casting
concrete)

2.1-14 Concrete casting (1): Vibration work for
bottom of girder was not enough

2.1-15 Concrete casting (2)

2.1-16 Curing of concrete

PC-101




2.2 Inspection for Tensioning

C/T and JICA engineer visited the site for inspection of tensioning (24", 25" March 2018).

Prestressing work was controlled by the skilled engineer at the site. There were no severe problems

observed, but the following aspects should be improved:

e Design final pressure and elongation were not checked by the site engineer, so feedbacks on some
errors on design were not provided.

e Final elongation was calculated using only preliminary force stage and final prestressing stage

figures. It will be better to use the plotting method, or u-method, mentioned in the Manual.

the fix side pulling shall be considered.

e Checking of the final pressure and elongation were not clear. Checking of allowable error shall be

set and implemented.

2.2-1 Pressure gauge

"‘ A;.c.
3 FE;
) 2R
| SN SR e

2.2-3 Setting of grips (wedge)

2.2-4 Prestressing
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Difference between final elongation values calculated by C/T and the site engineer was 3.0% on the
average and 7.5% at maximum.

Final elongation value was over the designed elongation value in most cases, and only “Girder 5-

Tendon 3” is under the designed elongation. This shall be checked.

7 tendons were sufficient for the allowable error of 5%; 8 tendons were not sufficient for allowable

error.

Calculated Gauge Pressure 36.0 | Calculated Elongation 196.5
(N/mm2) (mm)
Actual Final Final Elongation Final Elongation
Pressure(N/mmz2) (by C/T) (by Site Engineer)

Girder 1-Tendon 1 36.5 207 211
Girder 1-Tendon 2 36.5 212 205
Girder 1-Tendon 3 36.5 200 205
Girder 2-Tendon 1 36.0 200 195
Girder 2-Tendon 2 36.0 205 193
Girder 2-Tendon 3 36.0 208 199
Girder 3-Tendon 1 36.0 216 213
Girder 3-Tendon 2 36.5 198 200
Girder 3-Tendon 3 36.5 201 201
Girder 4-Tendon 1 36.0 210 204
Girder 4-Tendon 2 35.0 206 205
Girder 4-Tendon 3 355 213 200
Girder 5-Tendon 1 36.0 202 203
Girder 5-Tendon 2 355 214 199
Girder 5-Tendon 3 36.5 182 189
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2.3 Inspection for Grouting
C/T and JICA engineer visited the site for inspection of tensioning (26", 27" March 2018).

In this pilot project, MOC selected Sika Intraplast ZX as grouting admixture based on the result of
pretesting. Main targets for the quality control test for grouting are listed below. All of these test items
were not sufficient against AASHTO.

e Flow Cone Testing

o Bleed Testing

e Expansion Testing

e Compressive Strength

According to the Sika company test report, each test result was sufficient for AASHTO. But the test
result at the site was so different. MOC shall test and study the grouting materials, including those
from another company.

Girder—1 Girder-3 Girder-2 & 4 Girder-5 Test Value
Elapsed T(min) AASHTO
Fl C Test
FlC:)‘\,,vv tisqle(s::) 0 33 34 40 65 9~20
30 40 37 49 91 <30
Elapsed T(min) AASHTO
Bleeding Test — — =
Bleed ratio(%) 3.0 08 0.8 0.00%
10.0
E ion Test Elapsed T(min) AASHTO
Expand Ratio(%) 30 92 - - 59 2.00%
P ’ 10.0 8.9
El d T(d.
Compressive Strength apsed T ay)7 AASHTO
N/m"2 =
N/m'2) 28 46337 41Mpa
Chloride i _
o(”t%?) o Average 0.38 0.30kg/m™3
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Grouting work Outlet of grouting mortal

2.3-1 Basic physical testing
1. Compressive strength
All results of testing were not sufficient against AASHTO, especially the result on cylinder strength
which was so small. These results shall be checked by BRL and Sika company.

2. Total chloride ions
The result was not sufficient for test value.

River water was used for concrete and grout concrete in this site, in which case total chloride ions
test shall be implemented before construction in every project.
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Testing Report for Grout 1/3 (Basic Physical Properties)

PC 03
Report No. Date
Project Name Name of Project Manager
Bridge Name Name of Contructor or Unit No.
Span No. Name of Grout Operator
Place of Test Batch No.
Name of Type & Bland Manufact Date Sheet No b li
materials ype and name anufacturer ate Sheet No by supplier
Basic data of Cement No.
materials Admixture No.
Premixed One No.
Water No.
| Watet/Cementiti Water Cementitious material (kg) | Admixture
Combination | ous Material (ke) - (ke) Date
ratio (%) kg Cement Premixed One kg
1m”3 45 587 1305 26.1 Sika ZX(2%) 27.02.2018
Volume ) ] Numbe]‘r of Mixing time Num.ber of Revolutions is
(n~3) Capacity & form of Mixer Revolutions (min) required over 1000rpm.
(rpm)

Mixing The mix time should be
generally not more than 4
minutes for a vane mixer.

Compressive strength (N/mm*2) .
No. Dimnsionsof mortar cube
24 hrs. 3 days 7 days 28 days
Giredr Nol See Another Diameter 50
sheet (mm)
(Cylinder)
Compressive Giredr No2
Strength
(28 days) Giredr No3
Hight (mm)
Giredr No4
Giredr No5
Unit value Chloride Ions . .
No. on the numbered | getting from the Chlaride Ions(%) Chloride Test value
Ave Tons(kg/m~3)
scale chart(%)
Total Chloride <0.08%
Tons <0.30kg/m"3
(In case of
. *
EEtie Ave of 3 0.065 (0'065/1_00) 0.38
"Quantab") 587=
587:-Water
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Cube Strength

Specimen Size
Sr Date (Moulded)| Date (Tested) Age Compressive Strength
No Length | Width | Height
(Days) | (mm) (mm) (mm) (MPa)
52 50 52 16.325
1 25.3.2018 28.3.2018 3
52 51 52 20.399
50 50 50 24.151
2 25.3.2018 2.4.2018 7
50 50 50 20.566
51 51 51 21.325
3 25.3.2018 22.4.2018 28
51 51 51 33.659
Cylinder Strength
Specimen Size
Sr Date (Moulded)| Date (Tested) | Age Compressive Strength | Remark
No Length | Height
(Days) | (mm) (mm) (MPa)
50 105 6.731
1 25.3.2018 28.3.2018 3
50 105 6.638
50 100 6.676 Capping
2 25.3.2018 2.4.2018 7
50 100 6.558
50 100 9.68 Capping
3 25.3.2018 22.4.2018 28
50 100 4.558 Capping

Allowable Compressive strength (28 days) is over 41MPa (cube strength) in AASHTO.
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2.3-2 Flow cone Testing

Report No. Date 25.03.2018
Project Name Name of Project Manager U Kyaw Myo(DD)
Bridge Name Taung Bway Bridge Name of Contructor or Unit No. 9
Span No. Girder 1 Name of Grout Operator U Zaw Myo Thant(SAE)
Place of Test Admixture Sika ZX(2%)
Observed Elapsed ASTM C939 JSCE-F531
Time (hr.min.)| Time (min.) Flow time(sec.)) Test value [Flow time(sec.)| Test value
8:40 0 33 9~20
13:12 15 38
9:10 30 40 <30
Flow cone 9:25 45 (Remixing 30s)
Testing 60
Report No. Date 25.03.2018
Project Name Name of Project Manager U Kyaw Myo(DD)
Bridge Name Taung Bway Bridge Name of Contructor or Unit No. 9
Span No. Girder 3 Name of Grout Operator U Zaw Myo Thant(SAE)
Place of Test Admixture Sika ZX(2%)
Observed Elapsed ASTM C939 JSCE-F531
Time (hr.min)| Time (min.) Flow time(sec.)) Test value [Flow time(sec.)| Test value
747 0 34 9~20
8:02 15 36
8:32 30 37 <30
Flow cone 45 (Remixing 30s)
Testing 60
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Report No. Date 24.03.2018
Project Name Name of Project Manager U Kyaw Myo(DD)
Bridge Name Taung Bway Bridge Name of Contructor or Unit No. 9
Span No. Girder 2 & 4 Name of Grout Operator U Zaw Myo Thant(SAE)
Place of Test Admixture Sika ZX(2%)
Observed Elapsed ASTM C939 JSCE-F531
Time (hr.min.)| Time (min.) Flow time(sec.)) Test value [Flow time(sec.)| Test value
9:50 0 40 9~20
10:05 15 47
10:20 30 49 <30
Flow cone 45 (Remixing 30s)
Testing 60
Report No. Date 24.03.2018
Project Name Name of Project Manager U Kyaw Myo(DD)
Bridge Name Taung Bway Bridge Name of Contructor or Unit No. 9
Span No. Girder 5 Name of Grout Operator U Zaw Myo Thant(SAE)
Place of Test Admixture Sika ZX(2%)
Observed Elapsed ASTM C939 JSCE-F531
Time (hr.min)| Time (min.) Flow time(sec.)) Test value [Flow time(sec.)| Test value
7:44 0 65 9~20
7:59 15
814 30 91 <30
Flow cone 45 (Remixing 30s)
Testing 60
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2.3-3 Bleeding Test

Girder-1
Observed Elapsed Hight of Grout I_Shg}flt of Bleeéhng Bleeding Tost val
Time (hr.min)| Time (hr.) A (ml) urlace water (B-A)/AO (%) est vatue
B (mD B-A (ml
8:45 0.0|A0 1780 L
9:15 0.5 1820 1825 5 0.3|ASTM €940
. 9:45 1.0 1865 1880 25 1.4{0.0%(At 3hr)
Bleeding
Test 10:45 2.0 1950 1965 15 0.8
(Measure by 11:45 3.0 1960 1975 15 0.8|JSCE-F535
100ml) -
5.0 0.0%(Final)
10.0
24.0
Girder-5
Observed Elapsed Hight of Grout I-Sligr}f};czf Bi::;iel;lg Bleeding Tost value
1 1 1 - 0,
Time (hr.min.)| Time (hr.) A (ml) B (m]) B-A (ml (B-A)/A0 (%)
7:44 0.0 |A0 1800 | —]
8:14 05| 4 1840 1845 5 0.3|ASTM €940
. 9:45 1.0 1880 1900 20 1.4/0.0%(At 3hr)
Bleeding
Test 10:45 2.0 1960 1975 15 0.8
(Measure by 11:45 3.0 1960 1960 0.8|JSCE-F535
100ml) -
5.0 1960 1960 0.0%(Final)
10.0 1960
24.0| Vv ]
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2.3-4 Expansion Test

Girder-1
Observed Elapsed Hight of Grout Acﬁggtggf Expansion Tost value
. . . o
Time (hr.min.) | Time (hr.) A (ml C=Ai-A0 (m]) C/A0 (%)
8:45 0.0 |JAO 1780
9:15 05| 4 1820 40 2.2 ASTM C940
. 9:45 1.0 1865 85 4.8 <2.0%(up to 3hr)
Expansion
Test 10:45 2.0 1950 170 8.7
(Measure by 11:45 3.0 1960 180 9.2 JSCE-F535
100ml)
5.0 +0.5%
10.0
240|V
Girder-5
Observed Elapsed Hight of Grout Acﬁzgtggf Expansion Test value
. . . o
Time (hr.min.)| Time (hr.) A (ml) C=Ai-A0 (m]) C/A0 (%)
8:45 0.0 [A0 1800
9:15 05| 4 1840 40 2.2 ASTM C940
. 9:45 1.0 1880 80 4.4 <2.0%(up to 3hr)
Expansion
Test 10:45 2.0 1960 160 8.9
(Measure by 11:45 3.0 1960 160 8.9 JSCE-F535
100ml)
5.0 1960 160 8.9 +0.5%
10.0 1960 160 8.9
240V T
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2.3-5 Volume Checking

Some of the dates were a bit doubtful, but checking of volume by this method is useful for evaluating
the grouting work.

Testing Report for Grout 3/3 (Checking of Grouting Volume & Grouting Pressure)

ne o

Report No. Date
Project Name Name of Project Manager
Bridge Name Name of Contractor or Unit No.
Span No. Name of Grout Operator
Place of Test Batch No.
Conversion to Grouting Pump Meter Pressure : < 2.0 Mp
Designed
Grouting |Conversion to Grouting Hose Pressure : < 0.6 Mp
Pressure
Target Re-pressurize : over Final Grouting Pressure < 2.0 Mp
Inner sectional area of Duct ( B) Sectional area of Tendon ( C) (B-C)
Factor of
Tendon Q) Q) - -
(66 A68) ((66~68)*3.1416/4=(3419~3632) 98.7%12=1184mm"2| (2236~2448)mm~2
mm”2
Design Gd= XLi*(B-C) : liter
Grouting
Volume Li : length of Duct (m) B-C : Empty Area (mm*2)
(Gd)/1-girder .
Gd= 27.38%3*(2236~2448)*(10-6)*(1073) =(188.7~201.1) litter
Actual Ga= B/p+ W (litre) - R :liter
Grouting - - — - - - — - -
Volume (Ga) | B : Weight of Cementitious materials (kg) p: Density of Cementitious materials (kg/liter)
W : Volume of water (liter) R : Volume of remained mixed grout (liter)
Actual Grouting Volume (Ga) | Actual Grouting
No. of Duct (liter) Volume (Liter)
Remainning Volume (Liter)
Ga= Blp+ W (itre) - R
B= 3500r 300 (kg)
Outle:12(liter) |1 Gierder 350:N03 300:Others
p= 3.16 (kg/liter)
In hopper Pump & hose |For testing Total
Girder No3 16 8 36 . 268-36=232
- Blp=  110.8 or 94.9 (liter)
Girder Nol 2 8 22 230-22=208
Girder No2&4 3 13 40(20:1Girder) |W - 40% 230-20=210
- 3500r300%0.45=1580r135
Girder Nob 11 13 8 44|(liter) 230-44=186
R= Remainning (liter)
Total Ga= 2680r230 - R(liter)
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