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1. Concept of prestress

Professor Gustave Magnel of Belgium

Demonstrated the principle of pre-compression in 1925

Gustave Magnel
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1. Concept of prestress




1. Concept of prestress

A purely elastic material (ideal spring)
returns along the same curve, no energy

is lost.

Stress

Strain




Used high tensile steel wires,
with ultimate strength as high as
1725 MPa and yield stress over
1240 MPa. In 1939, he
developed conical wedges for
end anchorages for post-
tensioning and developed
double-acting jacks. He is often
referred to as the Father of
Prestressed concrete.

1. Concept of prestress

Eugene Freyssinet
(France)
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2. Standards, Laws and Codes
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Designation: A416/A416M - 16

Standard Specification for

2. Standards, Laws and Codes

Low-Relaxation, Seven-Wire Steel Strand for Prestressed

Concrete’

This standand s istied under the fied designation A416/A416M. the number immediately following the designation indicaics (he year
ol original adoption o, it the case of reviskon, the year of last revisan. A aumber in pareaib hicate the yearof L
A supencript epeilon (g} indicates an editorial change since the last revision or reapproval

Thix standard haz been approved for use by agencies of the U5, Department of Defense

1. Scope®

1.1 This specificaion covers two grades of low-relaxation,
seven-wire steel strand for use in prestressed concrele con-
stuction. Grade 250 [1725] and Grade 270 [1860] have
minimum tensile strengths of 250 ksi [ 1725 MPa| and 270 ksi
[1860 MPa], respectively, based on the nominal area of the
strand.

1.2 A supph oy requi (81) is provided for use
where hond strengh testing of 0.600-in. [15.24-mm] diameter
Grade 270 [ 1860] strand for applications in prestressed ground
anchors is required by the purchaser The supplementiry
requirement applics only when specified in the purchase order.

1.3 The text of this specification contains noles or foomotes,
or both, that provide explanatory material. Such nokes and
footnotes do not contain any mandatory information

1.4 This specification is applicable for onders in either
inch-pound units (as Specification A416) or in SI units (as
Specification A416M).

1.5 The values stated in either inch-pound units or 51 units
are to be regarded separately as standard. Within the text, the
SI units are shown in brckets. The values sied in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in non-conformance with the
specification,

2. Referenced Documents

2.1 ASTM Standards:*
ATRIFATEIM Test Method for Evaluating Bond Strength for
0.600-in. [ 15.24-mm| Diameter Steel Prestressing Strand,

+ Thix specification is under the jurisdiction of ASTM Commitiee ADI on Steel,
Stainiless Steel and Related Alloys and is the direct sespomsibility of Subconsminee
ADLDS on Stecl Reinforcement

Current edition ppeovedd March 1, 2016, Published March 2016, Originally
approved in 1957, Last previows edition approved in 2015 as AJ16/A416M — 15
DOE 10 1S2VABE_ADSI6M-16.

3 For refenenced ASTM standands, visit the ASTM website, waw astm.org, or
contact ASTM Castomer Service at service 8 astm.org. For Ansal Book of ASTM
Sty vulume information. refer o the standard"s Document Summary page on
the ASTM website

Grade 270 | 1860], Uncoated, Used in Prestressed Ground
Anchors

AlD61/AT06IM Test Methods for Testing Multi-Wire Steel
Strand

22 U.S. Military Standard:*

A STD-129 Marking for Shipment and Swrage

Federal Standard:"

No. 123 Marking for Shipme:

ts (Civil Agencies)

3. Terminology

3.1 Definition of Term Specific ro Thix Specification:

3.1 strand, n—a group of wires having a center wire
enclosed tighdy by six helically placed outer wires with
uniform pitch of not less than 12 and not more than 16 times
the nominal diameter of the strand.

L1 Discussion—The direction of lay may be cither
right- or lefi-hand.

4. Ordering Information

4.1 It shall be the responsihility of the purchaser 1o specify
all requirements that are necessary for material ordered under
this specification. Such requi 10 be considered include,
but are not limited to, the following:

4.1.1 Quantity (feet [metres]),

4.1.2 Nominal diameter of strand,

4.1.3 Grade of strand,

4.1.4 Specially dimensioned strand (7.4), if desired,

4.1.5 Weldless, if desired (8.1),

4.1.6 Outside inspection, if required (11.1),

4.1.7 Load-elongation curve, if desired (13.2),

4.1.8 Packaging (14.1),

4.1.9 Supplementary Requirement S1, if desired, and

4.1.10° ASTM designation A4 16 [Ad16M] and year of issue.

5. Materiak and Manufacture

5.1 Base Metal—The base metal shall be carbon steel of
such quality that when drawn to wire, fabricated into strand,

tandudization Documeats Order Desk, DODSSE Bidg 4,
Robbns Ave. Philadelphia PA 1911 1-5098, hupiy




2. Standards, Laws and Codes

Notation:
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Unbonded post-tensioned concrete slab
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Bonded post-tensioned concrete slab

Wire =736

= = < Yy A =
Strand = a3IPUNa&I AloaIvriannea 1eUNaéld

= |

Tendon =N ﬂi’)ﬂq’ﬂ"lli’)\‘m?ﬂ!ﬂaﬂ?
Sheath = N0 30eNUAD M

7
Anchorage = i;)l/ﬂ‘a' alein

/A T = J

Grout =IN3I 10 AU IYWINUAINTN
fpu = Breaking strength

foj = Jacking strength




1. Strand
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Core wire
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3. Materials & Equipment

- 1/senoudas aIauny (Core wire) 1 18153atihudunsa uasil
830 6 (@Y (Helical wires) AIN@gIsoUaIaun
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3x2.90 6.2 1910 19.B 155 37.8 32.1 33.2
3x3.50| 7.5 1770 20.0 228 51.2 435 45.0
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7 du 9.3 1720 51.6 405 88.8 72.8 75.4
9.5 1 860 54.8 432 +4 102 83.6 B86.6
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12.4 1720 92.9 729 160 131 136
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Tidu | 127 1 860 112 890 209 178 184
dauwuu| 15.2 1 820 165 1295 300 255 264
18.0 1 700 223 1750 380 323 334
19 du| 17.8 1 860 208 1 652 387 317 329
19.3 1 860 244 1931 454 372 386
20.3 1 810 271 2149 491 403 417
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3. Materials & Equipment
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3. Materials & Equipment
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Tensile test 3. Materials & Equipment
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. 3. Materials & Equipment
Relaxation test
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3. Materials & Equipment

File = © 88212720848 Standard method © TIS420 - 2540
Product code . 8-12.7-1860 Total time . L 1000 hrs.
Charge No. . 8387937 : Date of test ' 18-02-2022
Coil No. : 85821272 08486 Temperature : 20.00deg. C
Section area : 97.93 sq.mm Initial load : 128.75 kN
Gripping distance : 3000.00 mm Finish load 1 126.88 kN
' Specific breaking load : 184.00 kN Ralaxtion loss at 1000 hrs. = 1.61%
Initial setting load (70% of breaking load) :128.80 kKN Calculated relaxtion loss at 1000 hrs. = 0.00%
_ (Al initial setting load is 70% of breaking load)
RELAXATION (%) R % =
v 0.0 e -
| 3
2.0 3

3 6.5 Relaxation Properties—Strand shall have relaxation
“25 3 losses of not more than 2.5 % when initially loaded to 70 % of  ~ & ' B :
= specified minimum breaking strength or not more than 3.5 %

3.0 when loaded to 80 % of specified minimum breaking strength
3'5:3 of the strand after 1000 hours of testing.

i . 6.5.1 If required, relaxation evidence shall be provided from

| 4.0 the manufacturer’s records of tests on similarly dimensioned

strand of the same grade.




2. Ducts

noawnsal vilunel avizyudangd vseno HDPE (High density polyethylene)

3. Materials & Equipment

Aveanevs NN uiluned 158y (Smooth duct) uazneAniluaoy (Corrugated duct)
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3. Materials & Equipment

3. Anchorage
X o ¥ A= = v v o = y v 9y 1y
Qﬂﬂ?ﬂ!ﬂﬂ ﬂ?ﬁ”?ﬂﬂﬂﬁ?ﬂlﬂﬁﬂ??ﬂﬂ?ﬁﬁﬂﬂﬁﬂﬂﬁ\?ﬂ?ﬂﬂ\?ﬁ?ﬂl!a? ﬁ@\?ﬁ‘lﬂ‘l?ﬂ?ﬂl!?\ﬂﬁﬂﬂuﬂﬂ
N1 95% VO fpu

y o= ' N = v
a‘fﬂﬂ?it!?\?ﬂﬂ‘ﬁu?\‘i SUUNUINEAHHIN

Wedge plate, Anchorage block (FCD500)

*N
veeYw

Bearing plate, Anchorage guide

~

Mono strand anchorage (FCD500)




3. Materials & Equipment

11an¥aein (Gray cast iron), FC

CHEMICAL COMPOSITION MECHANICAL PROPERTY
S Ni Other Tensile Strength Proof Stress Elongation Hardness
% Nmm? Nimm® %
185 G 5501 A4B 1681 1830 3.50 230 0.50
150 FC 150 20 GG 10 T-150 3.80 2.80 0.80 0.25 max 0.10 max - - - - - 150 min - - -
185 G 5501 A48 1691 1830 3.30 1.80 0.80
200 FC 200 30 GG 15 T-220 360 230 0.90 0.20 max 0.10 max - - - - - 200 min - - -
185 G 5501 A4B 1681 1830 320 1.70 0.60
250 FC 250 35 GG 20 T-260 3.50 2320 0.0 0.15 max 0.10 max - - - - - 250 min - - -
T GG5501 | A48 1691 1830 310 160 0.60
300 FC 300 45 GG 25 T-300 3.30 210 0.90 0.12 max 0.10 max = - B = = 300 min - = -

ianyaeiie? (spheroidal graphite cast iron or ductile cast iron), FCD

CHEMICAL COMPOSITION MECHANICAL PROPERTY
Ni cr Tensile Strength Proof Stress Elongation Hardness
% %o N/mm? N/mm?* % HB
1083 G 5502 AS536-84 1693 1831 3.50 2.00
400-15,18 FCD 400 60-40-18 GGG-40 40012 4.00 270 | oo | oosma | 002 e = - - - - 400 min 250 min 12 min 201 min
1083 G 5502 A536-84 3.50 2.00
450-10 FCD 450 60-42-10 - - 4.00 270 | 030max | 00Gmax | 0.02max = - - - - 450 min 280 min 10 min 143217
1083 G 5502 A536-84 1693 1831 3.50 2.00 0.40
500-7 FCD 500 80-55-06 GGG-50 500-7 4.00 2.50 0.50 0.06max | 002 max o - - - - 500 min 320 min 7 min 170-241
G502 A536-84 1693 1831 3.50 2.00 0.50
600-3 FCD 600 80-60-03 GGG-60 600-3 4.00 2.50 0.80 006 max | 0.02 max = - - - - 600 min 370 min 3 min 192-269
1083 G 5502 A536-84 1693 1831 3.50 2.00 0.50
700-2 FCD 700 100-70-03 GGG-70 700-2 4.00 2.50 0.90 0.06max | 0.02 max = - - - - 700 min 420 min 2 min 229-302




3. Materials & Equipment
N1INAa el Bearing plate 1S Wedge plate MNNIANTZIY PTI

dy . ©cx , TESTBLOCK

. . ’ BEARING
- Basic bearing plates X )/ L PLATE
i : |
. . }Jf.
- Special bearing plates =51
. G
Bearing plates (Special bearing plates) 1935 naonoun3ayu bearing plate tfluununaaeow udailinagov Lox
Y s AU 4' Y U v
- vaHiNgavesruaIunaaey 1vmiiesn1ved i then
y d’ o ‘:r = - 2d<c a=2d )
1) @OUMVRITZEZVUNIAVINNINA NV bearing plate DIVOVADUN A 2d>c  |a=c+2x3in

2) 5282 19HPENGAVD bearing plate + 75mm B 58 = TR Bk Lot Seine

mmmwmsm'unmmu

v v i v 1y r v o
01NARIENATOING FIDNDENUDYA DT TVDNTLESNINTAVDIH U IAA

Y %

b4 v Y = Y 1 Y d’ I b4
911 ¥is90 AN IEN 1579830 AIONOYNHIT T 1VOIISUS NN AVDIH 1916

A0UAIMHANYS1IU Local zone MNNITHINIUDIN
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3. Materials & Equipment

-4

VYUABUNIINATOV Bearing plate

- 1¥iusanaauda 40% ve9 MUTS (Minimum Ultimate Tensile Strength) A194530a13 10 4171 A539%1508517
- 1INNTINADUDN 80% YOI MUTS mausinall 60 w1fl nsI1avsessnd
- (HiNNSINADUD 120% VY03 MUTS udanana ifoudiianseganidiveunsesnaaou

J -V
INUNNITEIONTU
- NI UNAVUI 40% VDI MUTS 961091301014 0.05mm
- wnasanmanusdly 80% ved MUTS 1iliaar 60 1 e 1400 TudzAd 37 0.25mm

7 4 Ian e !
- ununﬂﬁaﬂﬂzmaﬂmumnau 120% Y93 MUTS




3. Materials & Equipment

Wedge plates vimnsnagevumuzi/

ALTERNATE TO WEDGECONE
~— HIGH-STRENGTH
T BOLT

-— STANDARD
WEDGE
=i

~STIFF LOAD
/ TRANSFER PLATE

/' ~MILD STEEL
/ / DISTRIBUTION PLATE
// (A35 OR SOFTER )

7Y/~ HARDENED WEDGECONE
/ - OR STANDARD WEDGE

7 /— ~ _ WEDGE PLATE
= ST BEARING PLATE

Fig. C4-]—Wedge Plate Test

Y 4 = Y I o Aﬂ’a
- 1aa91n] 15909 95% Yed MUTS uaInalensioan 13l nNAINAILHYE
bearing plate 1130 199zA0913310n 31 L/600 Taei L Aeviad up
4
AUENA1NYDIY

- Wedge plate 3A99NATOUIUDIOE19HBE 120% Y94 MUTS




3. Materials & Equipment

4. Wedges
4' A 1 o ) {
easaIanaglnszaziamunmulnd uaa sxmmistal agl aanliflusves Wedge plate 106l
{ 4’ U/ X U/ W/
iuvesandnalunaedld oilassarmnagiozwenenuvana 1asalanagrezmanlidilinusves

Wedge plate 1l via3anaedluainsarianavula degeniluussonl i Bearing plate

Wedge Plate Bearing Plate

» Wedge Set

Strand —/




3. Materials & Equipment

auuuy 2 ¥u aunuy 3 ¥Y

(2 parts wedge) (3 parts wedge)




’ 3. Materials & Equipment
=
5. ailnsalong

- Pocket former




3. Materials & Equipment

- Pan box
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3. Materials & Equipment

- Hydraulic jack and Pump




3. Materials & Equipment

CALIBRATION EQUATION —
CALIBRATION CURVE ' YoAX:P
IF X: Actual load (Ton)
700 Y: Gage reading (Bar)
y = 24.708x + 14.529 The corresponding calibration factors are:
R? =0.9999 A= 24.708
600 ' & B= 14.529
500 Force 37.5%fpu 75%fpu  80%fpu
3 @ kN 69.0 138.0 1472
E 400 & Tons 6.9 13.9 14.8
= \ bar 186 357 380
< 300
o Y
&
200 P oW, 1102-64
& MASHIHOUADUNSADANT
0 7.3.2.5 1n3aailulanseanuaziinsaleaseanszdesinnuliifausida ldeduainausnaan
0.00 5.00 10.00 15.00 20.00 25.00 30.00 v Y A .
M319 nazyaglnsalvzdeddisiwaun1sae oy (Calibration and Test Report) 141
ACTUAL LOAD (TON) ‘ Y . v - . - v ww
uaasnouldyaginsaiaing Teeluseaudeaiiong luifu 6 meu nazdealdsunis

fuseannaamiumsaneviadiunrmsngeie la




4. Unbonded & Bonded
4&’ % A %4 = A v A A
Wu'kﬂnmaunsmaﬂmazmﬂmnﬂmw 2 3¢U1NO

1. szuvl5u53801139 (Unbonded system)

y = ' = v I A= = = = g =
szuvlSussdinnivaa lunilamuaoy (tendon) Usznevaiagi/nsaidiniitng Innae) (strand) (NevHudY HazaImnaed
ggmnaaudlea1sHaoay 1wy 013zl uaziudlenewaiafinrsene HDPE 1oyl Halandsiansamaousialaoendass lu

= A v/ =
aneIN LA HUNIA

A2nLNAY7

LARBUA8155T




4. Unbonded & Bonded
2. STUVNNTIEAYHI (Bonded system)

&,

~ = r = Y i Ao = A v 0 Y
SEUUNUIIEN I ?Hﬁ”\?lﬂuﬂ@uijﬁ&’ﬂ@ﬂﬂ?ﬂ i?ﬂﬂimﬂﬂﬂﬂ‘ﬂa78]‘1]%7ﬂﬁ'7ﬂ75ﬂ£’1ﬂa'Jﬂ!ﬂﬁfl??ﬂﬁ\?l!ﬁ 2-51a1 o

o= o 1 o A A A A0 v = ~ v v Y o J v
mﬂ?unamamaztﬂuna?aﬂzgﬂmnza HIonewalaan visone HDPE 1 iad01nNeNa e IEIU IO IDS O 13N T 16UV

roA v o ] A = o A =
'21/7147)@ twamimmﬂmﬂuﬂmtrémﬁmwsuma?mnamtmsfﬂﬂaaﬂ!ﬂaﬂanﬂwuﬂ@uﬂm

Anchorage block Anchorage guide

(Wedge plate) (Bearing plate)




4. Unbonded & Bonded

drisutlarearunaedinily Dead end H3lunounInng Unbonded 1as Bonded d<i1areaimnaedl viidluanyese

A %4 Y . . 4' Q' = 4 d' = %4 = = %
IHNOHUINSNTO (Onion ring) !W@!WﬁJﬂ758]617414?\77)1]@'Iﬂa?ﬂ!ﬂﬁﬂ?ﬂﬂﬂ@uﬂiﬁ Tﬂf’lﬂ‘l]ﬂ?ﬂﬂx‘ljl’

30to 35 30to 35 70to 80

ey, T

| | , 08Dt01.0D

5D to 6.5D




5. Rebars in post-tensioned slab

irigmasnluss U Post tension
1. 1HanasunIIaN

1aei/nfioc] avilunzunsaifsanaunny 0.001b¢ 1 il b oAU ITIGVOINY 1AL t AD ANINHHIVIINY I¥Y WK 0.23m A Ialatnny

1M8NAZUNTIAN DBI2mm@0.50m

Y

Tunsainlef wire mesh uniuviantasn ACI1318-19 mviual I6ail

Table 20.2.2.4(a)—Nonprestressed deformed reinforcement

Usage

Application

Maximum
value of f, or
[ permitted

for design

calculations, psi

Applicable ASTM specification

Deformed bars

Deformed
wires

Welded wire
reinforcement

Welded
deformed
bar mats

Flexure; axial
force; and
shrinkage and
temperature

Special seismic

systems

Special moment

frames

Special structural

walls!!]

80.000

100,000

A7061

Not permitted

Not permitted

Not
permitted

Other

100.00003114)

A615, A706, A955, A996,

Al035

Al064. Al1022

Al064, A1022

Al1840)




5. Rebars in post-tensioned slab

Non. V93 Wire mesh

NON.737-2549 1M TUAN YA VBINSUN UKD

Non. 747-2531 E1HIVAINHANNGIANETUEINADUAIA

NON. 943-2533 EMTUAINHANNE 1U00 0LANENGINADUNIA
Saraving 81959 ASTM 4496 1az ASTM A497

Tuifoguiv asT™ 15yl ¥lo ASTM 41064 nv ASTM A82,4185,4496 naz 4497

Specifications Covering Welded Wire Reinforcement

U.S. and = g " i
e TABLE 10 Tension Test Requirements—Deformed Wire (Material
Specification  Title for Welded Wire)
ASTM A1064*  Standard Specification for Steel Wire and 3 3
Welded Wire Reinforcement, Plain and psi [MPa] min
Deformed, for C t .
A R RaeoRE Tensile strength | 80 000 [550]
* - Formerly known as: Yield st th 70 000 [485
ASTM A82, ASTM A185, ASTM A496, ASTM A497 i8id streng [485]

ASTM A1022 Standard Specification for Deformed and Plain
Stainless Steel Wire and Welded Wire for
Concrete Reinforcement




5. Rebars in post-tensioned slab

< o
2.  HanAsuNIIUBNY U

U3Iagasessunsesmruamonilude slitnanasuaanyae Usnaumni 0.000754cf 1 ag Acf Aowuiiningayane il
MmN 1] uaesiaNIinInINA M
a s Y a 4 < a ! t:l’ 3 4 d’ I o 4’ 4 U U
mstasmmanaeuasnl HndnasNEaY M aE dueonlUonnvewaunny yiel urnvea¥19319sLHINET
< a Ad’ o Yy I o 5 é’ ¥4
(1/6 of clear span) tazivianasuniauIallddeanszoreegl uszazmni 1.5 MYeIANNHUINLIADINVO LIA

1.5t
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5. Rebars in post-tensioned slab

B Integrity tendaons
Minimum of 2 must pass under

< ) ’ d’ %
3. IHanNlgINaNNIal

T\ // S
must pass over A £ oulside column,
column, inside column ', N I | P
vertical bars, in \
both directions. ‘ \ \
8.7.5.6 Structural integrity __ee So ] ‘e A
8.7.5.6.1 Except as permifted in 8.7.5.6.3, at least two
tendons with 12.7 mm diameter or larger strand shall be placed
in each direction at columns in accordance with (a) or (b): Column vrtical . —{
(longitudinal) bars N —
(a) Tendons shall pass through the region bounded by the ‘/ /
longitudinal reinforcement of the column. Section A at Slab/Column Joint  (Cut Through Banded Tendons)
(b) Tendons shall be anchored within the region bounded
by the longitudinal reinforcement of the column, and the
anchorage shall be located beyond the column centroid A
Minimum of 2 Integrity tendons
and away from the anchored span. “inegeiy” ondons, 4 Yy must pass undor
172 in. & oor larger, ‘\\ i allorlhogon.al
FIUST pass over AN tendons which are
cuqnv:.;:zoi‘cdumn \ . /] owiside column.
8.7.5.6.2 Outside of the column and shear cap faces, the bomarecions. - | /|
two structural integrity tendons required by 8.7.5.6.1 shall —= L -
pass under any orthogonal tendons in adjacent spans.
Column vertical _——1""]
o vertcal
. -

Section B at Slab/Column Joint  (Cut Through Uniform Tendons)




8.7.5.6.3 Slabs with tendons not satisfying 8.7.5.6.1 shall
be permitted if bonded bottom deformed reinforcement is
provided in each direction in accordance with 8.7.5.6.3.1
through 8.7.5.6.3.3.

8.7.5.6.3.1 Minimum bottom deformed reinforcement 4,
in each direction shall be the larger of (a) and (b). The value
of £, shall be limited to a maximum of 550 MPa:

0.37f/c,d
(a) 4; = (8.7.5.6.3.1a)
7y
2.1c,d
() 4, =2 (8.7.5.6.3.1b)
5y

where ¢; is measured at the column faces through which
the reinforcement passes.

8.7.5.6.3.2 Bottom deformed reinforcement calculated in
8.7.5.6.3.1 shall pass within the region bounded by the longi-
tudinal reinforcement of the column and shall be anchored at
exterior supports.

8.7.5.6.3.3 Bottom deformed reinforcement shall be
anchored to develop f; beyond the column or shear cap face.

5. Rebars in post-tensioned slab

R8.7.5.6.3 In some prestressed slabs, tendon layout
constraints make it difficult to provide the structural integ-
rity tendons required by 8.7.5.6.1. In such situations, the
structural integrity tendons can be replaced by deformed bar
bottom reinforcement (ACI 352.1R).

A = 1‘2‘/1?0263 in MKS unit
J

)
y

4= 2le,d

S

in MKS unit

A,

Development length Development length




5. Rebars in post-tensioned slab

DPT 1301/1302-61

A
Y

Top bar at small
angle, spalled top
concrete

L Bottom bar at angle
\ of 30° to the horizontal

Fig. 6.3. 1—Model of connection during punching failure.

6.3.1 Connections without beams—AL interior connec-
tions, continuous bottom slab reinforcement passing within
the column core in each principal direction should have an
area not less than

g 0.5w ¢, 83
e of, (6.3.1)

in which ¢ = 0.9. The quantity of reinforcement A, may
be reduced to two-thirds of that given by Eq. (6.3.1) for
edge connections in the direction perpendicular to the slab
edge, and to one-half of that given by Eq. (6.3.1) for corner
connections in each principal direction. Where the calcu-
lated values of A, in a given direction differ for adjacent
spans, the larger value should be used at that connection.
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5. Rebars in post-tensioned slab
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5. Rebars in post-tensioned slab

Av

(A) ToRpIzvA@MazATUMI DTEM T EwazusuUlunsaiusuu S russAnadl
asEumanlasnfeiuFinalitssniAudwihsssumauwanlaondens (A, whedu
s alladums) HRwImIn

lgs
4 =-- (AUN1T @)
3 J,

Taefl s fo seezdsmwenvdnmueina (faduwms)
f, fie Mmdwsrneavanlasnide (wnania)
Al AR - = - i - b ot b B
lnefivanetuilszdondiuneluaniumudnbiisanimdntsmuiianiigefitesei




5. Rebars in post-tensioned slab
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Z_ Code Sec7.1.3 Z_ Gode Sec7.13 Code Sec 7.1.3 —

(a) Single-leg stirrup. (b) Multiple-leg stirrup.

(c) Closed stirrups.




5. Rebars in post-tensioned slab

Shear stud 81HSUIANN1895Y Punching shear 111313

¢ 1.06M/fc b,d < Vu < @ 1.59\/fc' b_.d for shear reinforcement

d) 1.06A fc'b .d S Vu S d) 2.1 2}\ fc’b .d for shear stud 20.4—Headed shear stud reinforcement R20.4—Headed shear stud reinforcement
© °© 20.4.1 Headed shear stud reinforcement and stud assem- R20.4.1 The configuration of the studs for headed shear
blies shall conform to ASTM A1044. stud reinforcement differs from the configuration of the
headed-type shear studs prescribed in Section 7 of AWS D1.1
(2015) and referenced for use in Chapter 17 of this Code

(Fig. R20.4.1). Ratios of the head to shank cross-sectional
areas of the AWS D1.1 studs range from approximately 2.5
to 4. In contrast. ASTM A 1044 requires the area of the head

& Dilger & Cao 1991 of headed shear stud reinforcement to be at least 10 times

O Pan & Moehle 1989 the area of the shank. Thus, the AWS DI.1 headed studs

0.08 Curve 3 (HSSR) B Pan & Moehle 1992 are not suilrilb]e for use as headed shear stud reinforcement.

’ ® Robertson & Durrani 1992 The base rail, where provided, anchors one end of the studs:

O Wey & Durrani 1992 ASTM A1044 specifies material width and thickness of the

0.07 X H yk' s et al 1975 (Stimrups) base rail that are sufficient to provide the required anchorage

+ IST;:" 1;_5':”: 197, 6 {(.'\.r:::p:) without yielding for stud shank diamufle.rs of 9.5, 1.2'?' l.f.?.

0.06 o Dilger & B 1995 I]‘i[:SR and 19.1 mm. In ASTM A 1044, the minimum specified yield
0.05 . I):I:ﬁ:& L'art:“:)‘)l (I!:‘-SE} ) strength of headed shear studs is 350 MPa.

0.04

(v2.5 to 2) x (shank diameter)
2 V10 x (shank diameter) !
| 1
I |

0.03 C )

Ultimate drift ratio

0.02

" )
0.01 ! L] v
v,/ V.= 025 LR /V.=043 F—[—| F—i——‘
Shank diameter Shank diameter

i
0 hY o
A

04 0.6 0.8 1.0 Headed shear stud Headed shear studs
V,/¢V. Gravity shear ratio reinforcement per AWS D1.1

Fig. R20.4.1—Configurations of stud heads.




@ Designation: A1044/A1044M - 05 (Reapproved 2010)

Standard Specification for
Steel Stud Assemblies for Shear Reinforcement of
Concrete’

5. Materials and Manufacture

5.1 Headed studs shall be manufactured from steel conform-
ing to Specification A29/A29M, Grades 1010 through 1020,
The stud material shall conform to the requirements for tensile
properties prescribed in Table 1.

A5y A 20/ 20m - 05

TABLE 1 Grade Designations and Chemical Compositions of Carbon Steel Bars

Heat Chemical Ranges and Limits, %
Gracge Designation

Carbon Manganese Phosphorus, max Sulfur, max*
Nonresulfurized Carbon Steels®“5F
1005 0.08 max 0.35 max 0.040 0.050
0.08 max 0.250.40 0.040 0.050
010 max 030050 0040 0050
0.08-0.13 0.30-0.60 0.040 0.050
008-013 060-0.90 0.040 0.050
0.10-0.15 0.30-0.60 0.040 0.050
0.11-0.16 0.50-0.80 0.040 0.050
0.13-0.18 0.30-0.60 0.040 0.050
0.13-0.18 0.60-0.90 0.040 0.050
0.15-0.20 0.30-0.60 0.040 0.050
015-020 060-0.90 0.040 0.050
0.15-0.20 0.70-1.00 0.040 0.0s0
0.16-0.23 0.30-0.60 0.040 0.050

TABLE 1 Tensile Requirements—Stud Material

Tensile strength, min, psi [MPa] 65 000 [450]
Yield strength, min, psi [MPa] 51 000 [350]
Elongation in 2 in. [50 mm)], min, % 20

Reduction of area, min, % 50

5. Rebars in post-tensioned slab
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5. Rebars in post-tensioned slab
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5. Rebars in post-tensioned slab
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’ 5. Rebars in post-tensioned slab
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6. Construction drawing

1. Typical detail of post-tensioned slab works




6. Construction drawing
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8. TYP. REINF. AT CONSTRUCTION JOINT (IF ANY)
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6. Construction drawing

2. Tendon Layout
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6. Construction drawing

The slab acts as a one way slab in the direction of
distributed direction supported by “prestressed
concrete beam” formed by the tendon bands.

- Achieve uniform load balancing

I

” - Simple to place tendon
- Excellent performance at both service and
ultimate load (Observed in test)

[.4..- I'l
L

(b) 100% banded through columns
in one direction with uniform
distribution in other direction Post-tensioning Manual:

The most prevalent tendon layout for two-way post-ten-
stoned slabs consists of tendons located in a narrow band
over columns in one direction and uniformly distributed
tendons in the orthogonal direction. This layout offers ease
of placement and faster overall construction as compared
to the other layouts.
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Table 4.2 - Typical Profile Tolerances*?41

Member Depth

Deviation from Tendon
Design Profile

Elevated concrete with depths less
than or equal to 8 in. (200 mm)

Y4 1n. (6 mm)

Elevated concrete with depths
greater than 8 in. (200 mm) and
less than 24 in. (610 mm)

% in. (9.5 mm)

Elevated concrete with depths
greater than 24 in. (610 mm)

12 1in. (13 mm)

Slabs-on-ground with ribbed slabs with
depths greater than 4.5 in(1 14mm)

middle third of
slab thickness

Slabs-on-ground with ribbed slabs with
depths less than 4.5 in.(114mm)

middle half of
slab thickness

Slabs-on-ground with
uniform thickness

Y5 of slab thickness not
exceeding | in. (25 mm)

—>No.13

— No.12

— No. 11

6. Construction drawing




6. Construction drawing

lable Sequence

Total El tl
Seq No | Grid Name | Tendon No otal Elongation{mm)

One End Both End
1 XA 4-7 50 54
2 XB 25-27 61 65
3 XC 28—32 139 192
4 XD 33-37 139 15
5 XD 43-47 139 15
3 XE 1-3 74 80




6. Construction drawing

6. Stressing Sequence: To prevent overloading of the
forming system during the stressing operation, the
type of formwork system being used shall be con-
sidered when determining the appropriate stressing
sequence. In general, uniformly distributed tendons
shall be stressed before banded tendons in two-way
slab construction. Slab tendons shall be stressed
before beam tendons in one-way slab construction,
Additional stressing sequence requirements shall be
as specified below. Special consideration shall be
given to the stressing sequence of transfer girders.
(Insert one of the following as appropriate)

Two-Way Slab Sequence
1. Stress continuous distributed tendons
2. Stress continuous banded tendon
3. Stress added distributed tendons
4. Stress added band tendons
One-Way Slab and Beam Sequence
I. Stress temperature tendons
2. Stress continuous uniform slab tendons

3. Stress beam tendons “
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6. Construction drawing

7.6 STRESSING PROCEDURE

The stressing forces and sequence of stressing should be
specified on the drawings. This has to be planned in such a
way that the prestress is applied as uniformly as possible,
and that no overloading of the formwork occurs. For systems
with banded and uniformly distributed tendons, the banded
tendons should normally be stressed first to ensure this is the
case (see Figure 64). Wherever possible the use of different
forces for tendons of the same size should be avoided.
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typical middle
strip tendon
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3. Reinforcement plan
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6. Construction drawing
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' 7. Working procedures
=
YINUNADUNIA

G NA A glJ 4’ AC| 332R-84
NHUNADUNIA AITNNNAIRNIPN post tension gwaﬂamm’% (Reapproved 1999)

Guide to Residential Cast-in-Place Concrete Construction
Reported by ACI Committee 332
CHAPTER 10-CURING, SAWING, SEALING,
AND WATERPROOFING
10.1-General

Properly mixed, placed, and finished concrete also
requires proper curing. This involves preventing loss of
moisture from the concrete and maintaining a temper-
ature in the concrete-40 to 90 F (4 to 32 C) - suitable
for maturing of concrete. Favorable curing conditions
should be maintained as long as practical. Three to five
days are considered minimum requirements for sum-
mer conditions. In the winter, favorable curing condi-
tions should be maintained even longer.

The importance of curing cannot be overempha-
sized. This 1s particularly true of slabs, where improper
or inadequate curing can severely diminish serviceabil-
ity by causing soft and dusting surfaces, scaling sur-

faces, porous concrete, or cracked and scaled concrete.
The desirable properties of concrete such as strength,
watertightness, durability, and wear resistance of the
surface are enhanced by proper curing. In residential
work the curing i1s still widely omitted. Anyone con-
cerned about good quality residential concrete should
make sure that curing is properly carried out.
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DL 7. Working procedures
Y INPINA I

Stressing Method

1. Stressing to 7.10 Tons (37.5 % fpu) for making strand is tightened
2. Continue stressing to 14.20 Tons (75 % fpu) measure and calculate elongation.
Stop when total elongation within 0.93 to 1.07 of theoretical elongation

3. Continue stressing to 15.00 Tons (80 % fpu) measure and calculate elongation.

Stop when total elongation within 0.93 to 1.07 of theoretical elongation
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7. Working procedures
7
¥2909890

FORCE =37.5 % of Fpu 0.0% 37.5% 75.0% ' 80.0%

Distance=A

Elongation = N/A

A = Elongation + Sag

Now strand is tightened
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0.0% 37.5% 75.0% 80.0%
FORCE =75.0 % of fpu
Distance=A+B
A B
Sag | B
Elongation = 2B
q = 4 4 ’ . qj
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7. Working procedures

FORCE = 50.0 % of Fpu 0.0% 375%  75.0% 80.0%
Distance=A+C
Sag
Elongation = B+C
Aq < ‘ 4 Y 4 4
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0.0% 37.5% 75.0% 80.0%

¥I979890 FORCE = 75.0 % of fpu

Distance=A+B 6 2 7 2
A B
, B 10

Sag

v

Elongation = 2B

e . Elongation 124 134
< < 4 A 4
<
D, PRSP == -
|
e < C 2 2
< 4 @ B
4 4 . 9
PROJECT : E|ongati0|q =62x2 =124 DATE : 00/01/1900
FLOOR /ZONE : f 0 PAGE : 2 of 0
/ Elongation = 124+(72-62) = 134
Theoretical [Left].Jack No. 0 [Right].Jack No. Total After
Strand Slip
Elongation [Left].Pump No. [1] [Right].Pumyp No. 0 Elongation Tranfer
Remark
No. (mm.) /Eloug:m‘ou At Scale Redding (mm.) (mm.) (mm.)
(mm.)
0.95 1.00 1.05 TS.%’o % 75.0% 80.0% L R

36 127 134 141 (e) (72) 134 67 2

37 127 134 141 65 70 135 65 2

38 127 134 141 69 138 64 2
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In high ambient temperatures (e.g., above 100°F [38°C]),
the temperature of the grout shall not exceed 32°C (90°F).
Since the length of time over which the grout is workable
reduces with high temperature, the contractor should be
required to demonstrate that the actual grouting could be
accomplished within the expected temperature range; the
use of pumping equipment with extra output capacity may
be necessary.
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134 PTI M55.1-12 Specification for grouting of post-tensioned structures U0 4.4.6

- Nenaaoy Dia. 80cm g 100cm
a d i 7 = . A
- @516 90cm nadlaaImnagd dia. 12.7mm 130 15.2mm

4’ QL = 5 U/
- enawnily 3 ¥l we azdedlananisEuea

The “Wick Induced Bleed Test” involves immersing a 1000 mm (40 in) length of conditioned,
clean, seven wire strand (either 0.5” or 0.6” in diameter) in a cylinder with a height of 1000 mm
(40 in) and diameter of 80 mm (3 mm), filled with 900 mm (35 in) of carefully prepared grout and
following a modified version of ASTM C940 to record the bleed water above the grout as
detailed in the Section 4.4.1 of “Specification for Grouting of Post-Tensioned Structures,” PTI
M55.1-12. A bleed of 0.0% after 3 hours at normal ambient rocom temperature of approximately
20°C (68°F) is acceptable (Figure 2.14).

E Bleed
-
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Table 2 Classes of Working Surfaces for Combined

Uniformly Distributed Loads
Uniform Load®
Operational Class psf (kKN
Very light duty: sparscly populated 20 (0.96)

with personnel; hand tools;
very small amounts of
construchior materials
Light duty: sparsely populated 25 (1.200
with personnel; hand opersted
equipment; scaging of materials
for lightweight comsrruction
Medium duty: concentrutions of personnel; 50 (2.40)
staging ol imaterials
Jor averuge consrrucion
Heavy duty: matenal placement 75(3.59)
by motorized buggies;
staging of materials for
heavy constraction

* Loads do pot include dead load, I; constructon dead load, Cp. or
Fixed material loads, Cryg.

[ 98 kg/m? ]

[122 kg/m? ]

[ 244 kg/m? ]

[366 kg/m? ]

8. Scaffolding




4™ slab + construction load

480+250 = 730 kg/m®

. >
dahuanunsaiudowmin

730 kg/m* 18

3 slab load (SDL+LL)

0.75(300+300) = 450 kg/m’

Concrete age < 28 days

g uiutiwindnuiv

730 — 450 = 280 kg/m” 18

2™ slab load (SDL+LL)

300+300 = 600 kg/m”

J : O" vd.

fudu 2 s fuliming

feaunludn

id & d o
(lunsefivugun 2 1
aunsnfuiminle dses
'3 '. 1% = b
Anuanuimindnufiuln
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darugaiiuiuduil 1 5
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8. Scaffolding

(SW+Construction LL)

(600+250) = 850 ksm
Fresh concrete 0.25m thk FL5 (Day 0)

100% scaffolding 850 ksm SDL+LL
FL4 (Day 5) Estimated Slab Capacity 0.75(300+200) = 375 ksm

850-375 =475 ksm

50% scaffolding
I FL3 (Day 10) Estimated Slab Capacity 0.75(300+200) = 375 ksm

FL2 (Day 15) Estimated Slab Capacity 0.75(300+200) = 375 ksm

*  Unbonded
*  Age of concrete < 28 days
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9. Other problems

0.25L-0.33L

Provide construction joint or Pour strip
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9. Other problems

Restrain

1109.22 1109.22 1109.22 1109.22 Axial forces in slab

889 58 889.58 82029 82029 88958 889 58
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Shear in columns
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APPENDIX - USE
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SHEAR WALL . — Lo
[ o | Cmn
PT SLAB
I_.J /- | i A ‘u /
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SLAB | —— STRUCTURAL WALL —  STRUCTURAL - D Z -
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Fig. 2.,2--(left) Separation between large areas forming an t4 ety !iz%{
irreqular shape, (right) separation between a large area C]ﬂSURP- t“'CL@SURE
and a small appendix STRIPS ST/ -

Fig. 2.11--(top) plan of slab with four corner shear walls,
(bottom) alternative plans for placement of closure strips
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