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“Dimensional data for tendons giving type, diameter of
wire, number of wires and tendon diameter."

Two tendon sizes have been used in structures which have
construction permits. They are 90 - 1/4" P wires and
170 - 1/4" P wires. The material submitted in support
of Item 2 below shows the hardware systems used in con-
junction with these tendons. The 90-wire tendon will
form a buidle approximately 2-3/4" g, and a 3-3/4" 1D
sheath i; recormended. The 170-wire tendon will form

a bundle approximately 3-3/4" Q, and a 4-1/2" ID sheath
is recormended.
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2. Detail information of tendon anchorage hardware, including

"anchor diameter in inches" and "bearing plate size and
thickness," :

The 90-wire tendon system and components is shown on the
following Ryerson drawings: '
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The 170-wire system is shown on the following WCS drawings:
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"Certified test results of engineering data for tendon,
including sectional area of wires (sq. in.), ultimate

strength, yield strength, stress-strain curve and elongation
at rupture,"”

The general properties of A-421 wire are shown in:

ASTM Specification A-421
= . Typical Stress-Strain Curve for A-421 Wire
= Stress-Strain Curve for Mill Heat £31636 (representative)

Tendon system tests for 90-wire tendons:

=Compression Test of 90-Wire Anchor Head Asserbly
=Corpressive Load Tests of 90-Wire Tendon Base Plate
Test on Concrete Stand .

=90-Wire Tendon Test .

-Friction Test on Large, Multiwire Poét-Tensioning
Tendons

Tendon system tests for the 170-wire system are reported in
Chapter 3 of Technical Report Number 8, -
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Standard Specifications for

UNCOATED STRESS-RELIEvED WIRE FOR
PRESTRESSED CONCRETE!

D

ASTM Deaslgnation: A 421~65
AvorTED, 1964; REVIsSED, 1965

This Standard of the American Society for Testing and Materials is lssued
under the fixed designation A 421; the final number indicates the year of orig-
inal adoption as standard or, in the case of revision, the year of last revision.

Bcopo

1. These specifications cover two types
of uncoated stress-relieved round high-
carbon stee! wire commonly used in pre-

.stressed linear concrete construction, as

follows:

Type BA wire is used for applica-
tions in which cold-end deformation
is used for anchoring purposes (Button
Anchorage).

Type WA wire is used for applica-
tions in which the ends are anchored
by wedges, and no coid-end deforma-
tion of the wire is involved (Wedge
Anchorage).

Process

2. (a) The steel shall be made by the:
basic-oxygen, open-hearth, or electric-
furnace process. : '

() The wire shall be cold drawn to
size and suitably stress relieved after

} Undor tho standardization procedurs of the'
Bociety, these spocifications are undor the juris-
diction of the ASTM Committeo A-1 on Bicol,
and are the direct reaponsibilily of Bubcommities
Y on Steel Reinforcement Dars,

¥ Lateat revision accopted Auguat 31, 1005,
by action of the Sociaty et the Annual Meeting
and confirming letter baliot,

Prior to adoption ea etandard, this epseific.

tion was published as tentstive from 1033 to

1004, being reviead la 1050,

€25

cold drawing by a continuous strand
heat treatment to produce the prescribed
mechanical properties.

(¢) There shail be no welds or joints in
the finished wire. Any welds or joints
made during manufacture to promote
continuity of operations shall be re-
moved.,

Discard

3. A sufficient discard shall be made
from each ingot to ensure freedom from
injurious piping and undue segregation.

Chemical Composition

4. (a) The ladle analysis of the steel
shall conform to the following ranges:

Carbon, percent........ ceee. 0.72t00.93 '
Maonganeso, percent. . ........ 0.40 t0 1.10
Phosphorus, max, par cont..... 0.040
Bulfur, max, pereent, . .....ue : 0.050
Bilicon, percont. ....ovvvvnes 0,10 t0 0.38

(b) Variations in manufacturing pro-
cesses and equipment among wire manu-
facturers necessitate the individual selec:
tion of an appropriate chemical composi-
tion, within the above ranges, at the
discretion of the manufacturer.

(¢) Wien requssted, an analysis of
each heat of stesl chowing the percents
eges of the ¢lements specified in Pare:

8-1

00585~



Stress-Revievep Wme ror Prestressep Concrete (A 421) 607

graph (a) shall be furnished by the
manufacturer,

Check Analysis Tolerancee

5. An analysis may be made by the
purchaﬂcr from finished wire represent-
mg cach heat of steel. Samples for analy-
sis shall be obtained by milling the wire
in such a manner as to obtain a sample
representative of the entire cross-section.
Prior to milling, the surface shall be
cleancd to remove all foreign matter, All
such individual determinations shall not
vary from the limits shown in Section
4(a) by more than the amounts pre-
scribed in Table 1.

TABLE 1.—-PERMISSIBLE VARIATIONS
FOR CHECK ANALYBIS.

I ermissible Varia-

Element Turalt or Undeor
T
Mintmem Liit,
per cent
R Mg RS SN 0.04
T T e P N 0.00
Phospbhorua. ........ o vadd 0.008
T R e, 0.008
T P 0.02

Tensile Strength

6. The tensile strength of type BA wire
and type WA wire shall conform to the
requirements prescribed in Table II.

TABLE IL—TENSILE STRENGTH

REQUIREMENTS.

: Tensile Strength, mia, pal
Nomioal Diameter, lo. :
Type BA Type WA

A SR . . 260 000
L R T e 240 000 260 000
B 55 a0 c s s + 240 C0O 240 000
ol o505 e venns e .| +.235 COO

® These sizos are not commonly furnishad In
typo BA wiroe.

Yield Strength

7. (8) The minimum yicld strengti for
all wire, measured by the 1.0 por cent
extension under load methed, chzll not

be less than 0 per cent of the specified
minimum breaking strength,

(8) The extension under load shall be
measured by an extensometer calibrated
with the smallest division not larger than
0.C001 in. per in. of gage length.

(¢) The initial load corresponding to
the initial stress prescribed in Table 111
saall bz applied to the specimen, at which
tim? thé extensoraeter is attached and

TABLE 111.—YIELD STRENGTH
REQUIREMENTE.

! Minimur Strees at | ra
leualhbhn:ta. Toltlal cent Extension, ps

Strecs, psl

Typs BA | Typa WA

0.10%... vena] 20 000 . 200 000
0.106......... 29 €00 | i02 000 | 200 00O
S0 ionises 20 000 | 102 000 | 102 000
7t SRR «+| 20 COO . 188 000

* Thoss aizes aro not commonly furnished in
type BA wire.

adjusted to e reading of 0.001 in. per in.
of gage length. The load shall then be
increased until the extensometer indi-
cates an extension of 1 per cent. The load
for this extension shall be recorded. The
stress corresponding to this load shall
meet the requircments for stress at 1 per
cent extension prescribad in Table 1L

Elongation

8. The total elongation under load of
all wire shall not be less than 4.0 per cent
when measured in a gage length of 10 in.
The elongation shall be determined by.
an extensometer which is placed on the
test specimen after 4 load corrcspondmg
to the initial stress prescribed in Table
IIT is applied. If the fracture takes place
outside of the gage length, the elongation
value obtained may not be representa-
tive of the matarial. If the elongation so
measurad meots the minimum requin
ments ¢ .‘Cu.-.x, no {uither t.sung is in-

4 &% ~ -
ales L-.,b gt i tae clcngation is leca than
the minimui soquirem .:.-,tL.t 2t shall
L.CL sgad and o 12t made,

1209

0059
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Permissible Variations in Dimenslons

9. () The diameter of the wire shall
not vary from the nominal diameter
specified by more than ::0.002 in,

(b) The wire shall not be out-of-round
by more than 0.002 in,

Cast

10. A wire sample of sufficient length,
when laid free on a substantially flat
surface, shall form an arc of a circle
not less than 12 [t in diameter,

Button Aachorage

11. Type BA wire shall be of suitable
quality to permit cold forming of buttons
for anchorage. Splitting shall not be
considered a cause for rejection if the
button anchorage is capable of develop-
ing the full strength of the wire.

Number of Tests

12. Unless otherwise agreed upon be-
tween the manufacturer and the pur-
chaser, one test specimen shall be taken
from each 10 coils or less in a lot! and
tested to determine compliance with
Sections 6, 7, 8, 9, and 10.

Workmanship and Finish

13. (@) The wire shall be free from
kinks.

(0) The wire shall be furnished in
firmly tied coils, having a minimum in.
side diameter of 48 in. Each coil shall ba
of one continuous length, ;

(¢) The wire shall not be oiled or
greased. Slight rusting, provided it is not
sufficient to cause pits visible to the

¥ Tho torm “lot" means all the coils of wire
of the same nominal wire slzo contained in an
lndividual shipping releaszo or ehipping ordar,

StrESS-RELIEVED WIRE rOR Prestresszp Concrere (A 421)

naked eye, shall not be cause for rejec-
tion.

(d) Temper colors which may result
from the stress-relieving operation are
considered normal as regards the finished
appearance of the wire,

Muking '

14. The size of the wire, ASTM speci-
fication number, heat number, and name
or mark of the manufacturer shali be
marked on a tag securely attached to

" each bundle of wire.

Inspection

15. The purchaser shall state at the
time of order whether outside inspection
is required or waived. If outside inspec-
tion is required, the manufacturer shall
afford the inspector representing the pur-
chaser all reasonable facilities, without
charge, to satisfy him that the material is
being furnished in accordance with these
specifications. All tests and inspections
shall be made at the place of manufacture
prior to shipment, unless otherwise
agreed upon at the time of purchase, and
shall be so conducted 25 not to interfere
unnecessarily with the operation of the
works. If outside inspection is waived, a
manufacturer’s certification that the ma-
terial has been tested in accordance with
and meets the requirements of these spec-
ifications shall be the basis of acceptance
of the material.

Rejoction

16. Unless otherwise specified, any
rejection based on tests made in accord-
ance with these specifications shall be
reported to the manufacturer within a
reasonable length of time,

Q090 wax
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o  gu— | ' CERTIFICATION OF TEST

\ .. WEIGHT OF ORDER

THE 'NYNC‘L OR MECHANICAL TESTS REPORTED ABOVE ARE CORRECT

SAHSSF1Y, {dT #5AEE0RRS AuTossonnerAritintary Pudblio,

ARMCO Sheffield Division = LR R o )
: Rv Union Wire Rope . . "_JFWI . E. sane April 19, 1968
Armco Steel Corporation - : : —
v pms City 26, m.uewl . : : -
I“&AL WIRE JOA- §0“ : : 2y
‘ MIN, SPECIFICATIONS . CUSTOMER. g;ﬂ.g;zgfx]:aooogis
nEQ'D nnumo STRENGTH _.11;1&&__ -_21&.929_, " i
., MINIMUM ILONOAYION IN T0* )l PERCENT ms* ONELOPd“I' uo. OA 21161 i
TENSILE STRENGTH ELONGATION £ TENSILE STRENGTH ELONG A
SAMPLE ACTUAL SAMPLE ACTUAL -
MO | orameTEn Les. Pusl. %N 1o e WANEYSR Les. P, TN
LS. i251 112,240 12)0.000, kil 251 112,300 250,000 s
2 i29) 112,200 121:8,000 32 251 112,300 | 250,000 ~
R §291 112,080 |2L6,000 . 33 $251 112,100 216,000 B
I 2291 112,220 218,000 5.50% 34 ] 251 112,320 | 215,000 oy
6 251 112,220 |2L8,000 : 35 $251  112,0L0 245,000
. 3250 112,210 1249,000 3% 2251 |12,080 216,000 = 4
L a251 112,300 {251,900 a7 a29) 112,280 250,000 830
9 2290 112,260 1250,000 38 $251 112,250 249,000 -
10 s251 112,220 218,000 39 250 112,220 21:8,000 !
1 +251 112,080 246,000 Lo $251  [12,260 249,000
« 3% 6251 112,320 '251,000 i 6251 112,3l0 251,000 4
12 2221 112,100 252,000 L2 $250  112,3% 250,000 i
-k 4291 112,300 1250,000 L3 4250 112,220 218,000 ]
A 4 a26)_ {12,000 21),,000 bl 2293 112,320 251,000 -
16 adh 251 112,220 218,000 L6 :251 12,250 249,000 ]
17 a25) 112,280 !21:8,000 : L8 2252 112,20 219,000 i
18 .25 112,320 [25),000 8,107 Lo .1 2250 112,280 250,000 b, 80
19 a28) 112,380 1252,000 50 a22) 112,049 215,000 4
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26 a28) 112,320 (251,000 o9 o221 122,160 27,000 |
27 a251 112,320 !251,000 56 251 12,120 | 24,000 |
30 252 112,180 125,000 57 251 112,310 247,000
h8 Coilsl 10,32511bs
ST M Specification 4 L2alés
MEAT NO: 30634. a . .
ANAL YSIS: 8 .85 2010 «023 .26
c ) MN 13 s Si
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Form 407 Prv,

PITTSBU RGH TESTING LABORATORY

ESTABLISHED 1001

PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES, ALL REFORTS

ARE SUSMITTIED AS THE CONFICENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION

POR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REPORTS IS RESEAVED PENDING OUR WRITTEN APPROVAL.

0 Oy
Cdeobasr 24, 1865 LABORATORY No. £460072

5 CLIENT'S No.  219341903-12 REPORT ORDER No. CH-~$3853
- Repozt of: Cempzesoicn Te 8t3 of S0~Ulixe e -
iy i - L Anchor Head Asc rily KU e LA, W

u ‘q A A . ‘B » N

; A Report tor Joseph ¥. Ryazsen & Son. Inc. L

el . ‘ 9. 0. Pox £000- 5 AR

xEN o Chlesge, Illinois €935E0 ;

fealil 3 ‘ We recedved o (2) S0-vive anchor head asseablics for cempression :

"7 ,f,v " tegts 4am accordance uit.h Bz c.w..pg “8 Pe-1b, .8»-.1‘-2& end eddendun

A g datcd 10/11/»0.

< o
- .

»’\. : '1' "»." Sl
e .ﬁ‘,; '+ Tha ohins ‘and ‘enchior hoads vere asseibled, leaded for tvo ninutes
.;Ij;,»'" ~ ord disassenbled for exzomination in gcceordunce u:lt. t:-*a dra:-uvsa.
3l ‘ﬁza tollo:...ng ooeerva..ions wore tccc..t_nd. o v e Y N I T
TS p LR "_’ L VLR ,: A g P
POy L5 T T e At'cz’ﬂ:z tmo AQ.SS"!EL’:I 60-pi-1 o St g S S
::",'\: ¥ y :f,. ‘ ,’ o Y £4, o, i tox W "‘_‘:V ;i_."f;‘ & ':: 3 s
PR Yok, i " - s T C X allak e e M TR IERLT S SRS SRR WS
&5, ‘, load Rem,rke PR ARk T T
: *762,009 lba., Putten hoaded u'rea defiroad sechor hesd. P
- -7.;-?.‘(;"‘ L L e v s The 1/16" and 1/8" shims deformed slightly. TR
i "'..’_:L. 3 ; Y, Ve ) e i’: Ancho. haad loo.,cns by hond £"c~a edz‘p.sr Iock nut,
“ it \.‘f 8!: .050 lba. : 'Fo eppa:en" dcfoma‘.:a.cn., c...cev't: aﬂ n::..ed ...,:ve. -‘
Rt r;\ Arc‘nor beed loc eng by h..nd £~c=1 adapco:: lock mut.
o e o S il i o PR s A R x
et e s 956,000 b, Mo esparent 'dafornations cxc«pv, os moted above. e
LRl o AR T, Anchor be.,d loos ns by hand ..rcm edeptor lcck
VRN S ) ¥ L N "\:.'4 ,'.-'_- ‘ .y L e ‘ A A ¥
TN 1.007.500 1bs. Mo appaver e (.efm..a:.,cn., e cent as neted esova. J
o, ! 34598 .- - Anchox head loo”ens by hand £rem adeptor lock nut.
¢ 1,0»0,089 5.  No eppament deformacions czeest €3 noted atove. ¢
: 3 . Anchor he2d 303:073 by hand f£uom adaptor lock nut,
1,..00,“0 1""‘ D‘""'o*::::‘.:: g fren the ohin plates visible on addg\:o:.
y Anchor Licad mo longow 1scsons by hend, /
¥ . l; ' Pago 1 : 0095 £ S I

¥




PITTSBURGH TESTING LABORATORY

ESTADLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OQURSELVES, ALL REPORTS

ARE SUBMITIED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION

POR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REPORTS 1S RESERVED PENDING OUR WRITTEN APPROVAL.

& LABORATORY No. E4G000
B— “_‘" 21261993-19 o"t:}:‘;‘; é";‘;.rw"“ ORDER No. Ci-9533
ANCUOR EFAD ASSEUELY C0-PP-2
i wo | ¥ L
Legd ' " Renarlks S it g
B350 742,000 b0,  Bstton hended wires deforced anchor hoed. . - ¥
o Toe 1/18" end 1/8" chains defovzed sligl x‘z;l-y.' “ 0
| ‘ "_8.!;8,000 lhs.__ o apsa.‘ent Cc=Zoraaticns :éz:ce;;t a5 moted ’abov.e.' \
, ’-\‘f .. % 953,080 lbs. 9 appazent defor;zacic;co e:;ceét .ﬁo nc‘ateg‘ebcve. ' i
;. : 1 007 GCO lbs.' A 't«?o app.:.fent dcforﬂﬂt..ohs_"c:cep*. a5 voccd atme. G

LS el 1.069,000 bs. Do ap pa:cm doi zmatfons cuesst a3 poted above. e

va

E 3 Page 2 of 2 ’

Foru 407 Rev,

.
.
Ll Bl

E PR . g : ) s ¥
i o - | - v - s A
A .3 1,200,600 1bse ‘uo appﬂ" ¢t deformations enscpt as soted above. -
A TR K i e BRSNS A 4, e F Ll o IR e Vi i pE
3 Pl G LT s ¥ 4 LI : : . s e fcaaad WL,
.V‘: ol ‘- '_\.A. ’;.. ..' .‘".. ’ ..‘,. .- ' -..... gA :. ;‘ -y - 'q :_E ‘_ "
" g =it e o X (% R e ‘: ZURN o - '_ o PIT —Gb: u?i'.“:; 1 \SOPA?.'OBY A Gy
= ViR e b . .‘.v: 4 g s Sales f v : L bw ~" L
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- COMPRE. SS/O/V TEST PROCEDURE . o
v TES T OF ?0 WIRE ANCHOR HE/ID ASSEMBLY b

- SE T UP TEST IN MACHINE PER DRA WING 90- PT A
APPLY COMPRESSION 70 QESIGNATED LOAD (SEE TABLE &'/ow)
 (THIS IS A STATICTEST, APPLY + RELEASE (0ADS ACCORDINGLY)

" HOLD EACH LOAD FOR A PERIOD.OF TWO MINUTES
L RER EASE [OAD AND D/SASSE/VELE -
E’ L CHECK AND REPORT ON ALL DEFORMA TION: S, (RACKS OR- .

. * .
. : 1 .
Farare -
. Y s *

OTHER SIGNS OF FAILURE IN THEANCHOR HEAD ADA_P?’OR
e LOCK NUT, AND/OR TUBE SHIMS. :
g /PEASSEMBL[ AND REPEAT AT NEXT HIGHER LOAD.

B PRy _LOAD TABLE

[t e TLAETRLE e aand 08
1 o Pal et /0 :
i i ) 1007000 LBS

& Sk et 4,060,000 " -
“ LNk et MACHINE MAKIMUM

2L zeeel LRV ISINRERE N mrmo) | cpsronen  WVIRE TEST
. IOET | ANCEOR eAD |

N M T T e BB LTSS LS S .
-

SIMRET | 72 | RYERSOR]

—

FORM 780,122 AP, &
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PITTSBURGH TESTING LABORATORY

ESTABLISHED 188
PITTSBURGH, PA.
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OUR REFORTE i3 MESIAVED FPENDING OUR WRITTEN APFROVAL.
LABORATORY No. 652[:'08

ORDER No. FG-12619

darch 29, 12067

cuENT'S No. 21T114-3 REPORT

tea the conereze in the stand had reackad the requested otrength,
tho otard was tostcd by thc follcwing cethed.

A ecoopzeosive lecd of 742,000 1bs. was applicd ia incrcoents of
165,020 1bs., ead thea releagsed in 4ncwements of 106,080 ilba. Tha
gese rocdings tabulated beley wore ebtalned using a deflectezter
doolgnad eo chewm en Page 5 of Ryorsca imatructicns dated 2/2/67.

Cycla Cao was repeated, recording the cea gese readings.

Ca tho thizxd cycle, dial goge readings wora recorded oaly up to
742,020 1bs. The lozding continucd in 100,000 lbs. fncrczunts te
1,200,000 1b3. At 954,000 1bs. hedrline erocks appeczed on the
0ideo of the otand. There were no othor apparent defects et
1,200,000 1bs.

Tho dial gege instruzeat wes designzd oo that measuremaats, eithor
ec=preocive or eapensiva, wewe recorded at a specified diotance
frea the ceater line of the cormercte stand or metal base plate.

Cav0 Ho. Location ¢

1 Ca thoe concreate 3 inchas frca edgze of base plate.

2 Ca the basa plate 7-1/2 inches frea center line
of stand,

3 On the base plote 4-3/46 inches frea center lins

‘ of stand.

9 Cn the baca plate € inchas fzcua eenter line of
stend.,

3 On the comereto 1 dnch from edge of bass plata.

page 2 0105



Foru 407 Rev,

PITTSBURGH TESTING LABORATORY

ESTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND GURSELYVES, ALL REPORTS

ARE SUBNITTED AS THE CONFIDENTIAL PROFPEATY OF CLIENTS, AND AUTHORIZATION

POR PUBLICATION OF STATEMENTS, CONCLUSIONS OR LITRACTS FRrOM OR RESAADING
OUR REFORTS 18 RESEAVED PENDING OUR WRITTEN APPFROVAL
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LCAD BUErORATICT IDASINTTENTS
| Locd gono
Pouzils L1 L2 bo SR . L3
0 .000 .C30 .C09 .00 009
1656,C390 -.001 «030 002 .COL «CC
212 ,CC0 -.C02 N o) | 0065 L0204 -.C01
310 .CCO O.OM 0002 0009 .095 -.C%
624,C50 «.003 .02 011 007 -.C07
$30,€C0 -.00% 003 .013 .09 -.C09
636,C29 ~.C035 006 015 011 -.010
7‘32 ,CCO - 0036 .GQ—'«) 0018 0013 - 0012
636,CC0 -.CU6 005 . 017 012 -.013
) 520,6C0 =005 024 015 .012 -,012
6246,C00 -.C03 CC4h 015 .01l -.012
313.080 b .0:'."-') 0003 L1% .010 '0012
212,C50 -.00% 003 _ 012 .008 -.012
1¢5,C300 -.00 002 002 N 5 -.012
0 QG‘% .330 .c~93 00‘22 ® 00’92
2nd leocsding
J 08D 030 N .£090 -.002
165,030 -.032 +00% 004 003 -.007
212,CC3 «.023 002 0% C05 ~.0090
318.030 -s 86 0003 .099 0005 -0011
62‘,0.080 -, 005 0003 0019 j 007 '0012
539,000 =.C25 +003 012 .003 -.013
636,030 -.036 £25 013 .010 =015
742 ,C3D -.025 LLT4 013 .GL1 -.01%
636 ,6‘33 -0056 .C';‘§ 0016 0010 0.0.‘.-5)5
530.0(30 -.026 .08‘5 001-3 oOle -001‘:)
625,020 -.005 .8035 .012 80285 -.013
318,850 -.005 .G03 011 G075 -,0125
2!-2'5:0 —.C".\:b .(203 oc!v".) .333 ‘00115
165,680 ~. 033 N 134X 033 L4 ~.0.0
4] «C20 G290 823D 032 -, 002
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H&:ch 29. 1967 LABOR/.TORY No. 652"\!08
CLIENT'S No. 211114_3 REPORT ORDER No. Pc.mc,lg
LOAD DIPOTIATICI] PTASINT ZIDS
3zd Lecding
orrds o1 £2 03 ¢b 05
0 .C00 .0C0 000 .C00 -.C02

166,CC3 -.003 .02 004 .003 -.009
212 .CGO =.004 002 .C07 005D -.011
318,C20 -.004 .03 .009 .005 -.012
624,000 «.C05 .CC3 011 .C07 -.013
5309CCD ’0006 . 00035 0012 ) 00935 .0014
635.C30 - .095 ‘ 0005 00135 0010 00015
742,000 -.007 004 013 011 -.0155
954 ,0C0 Radr lins cracks visidbla.

PITTSCURGH TEZSTING LALORATC

23 4

Earl Calloghewy Hamager
FPaysical Testing Dopartment

cc: 3-Rycrcon Steol
1-PTL Chicago
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Josern T Ryerson & Son, e 2-2-67

BASEPLATE FOR 90-WIRE TENDON

A. LOADS
Loads developed by the 90-wire tendon:
Ultimate Strength: 1060¥
Overstressing Force: g4gk
Initial Force: 742%%
Final Force: 636k

*Design force for baseplate

B. SIZE
OD Diameter: 18-1/2"—3 269 Sq. In.
ID Diameter: 6" P 29 Sq. In.
Net Bearing Area: 240 Sq. In.

Plate Thickness: 2-1/2"

C. BEARING STRESSES

1. Average Stress: 742,000/240 = 3909 psi

2. Minimum Spacing of Baseplates in 4000 Psi Concrets (Complying
with ACI-318, Section 2605):

‘. / i
tc fci 4000 psi
3

fep = 0.6 x 4000 \ ay/269 = 3090

A, = 573 Sq. In.

Minimum Spacing = 573 = 2.4
- 2'=4-1/2"

3. Check Baseplate in 5000 Psi Concrete:
s’ - J -
£o fci 5000
«6 x 5000 = 3000 & 3090

.. Baseplate o.k. in 5000 psi concrete without separation.

= e & 01068



Josepu T Ryerson & SoN, iwe.

Baseplate for 90-Wire Tendon

2-2-617
Page 2

D. BASEPLATE TEST

To verify the adequacy of plate thickness and plate material
strength, the following test is proposed:

1. Test Setup

See Ryerson drawing SPT-1, dated 1-20-67.

ELEVATIONS
3-3/4" @Q18-1/2" 5-3/4" "
o ¢ /' 3/4 2-3/4" ic,b1s-1/z_l 2-3/4"
L] e
‘ —1— m \ \
~ ™S Baseplate — |
7
o~ e -
k4
=)
J et Reinforced —t—ou
- Concrete
Stand
lA-LU". 5" =
2" . l 2"6" a 2"-
" ~
-
PLAN
)
~
; Concrete: fci'? 4000 psi
'y
&

01CS




Joseru T Ryerson & Son, iue.

Baseplate for 90-Wire Tendon
2"2"67 -
Page 3 F

7/
2. Application of Load J ; Test Machine Crosshead

R
\
N

o~ —

.

Shim ¢ 0D 8-1/2"

-t

"

——Baseplate

!
|

Concrete Stand

Concrete Strength
fci'EB 4000 psi

Mortar Bed

A5 N NSRS\ SR e

Test Machine Table

|
.—_---——-——-—-1----

a) Apply load in increments of 106k to 742% maximum.
b) Release load in increments of 106X to zero.
¢) Repeat a) and b).

d) Apply load in increments of 106X to failure or test
machine to capacity.

e) Measure deformations after each load increment of a),
b), and ¢). (Setup see 3.)

f) Observe concrete stand (for cracks).

3. Deformation Measurements

The instrumentation i{s shown only to illustrate the required

readings. (See drawing next page).

0110



Jusern T Ryerson & Son, e

Baseplate for 90-Wire Tendon
2-2-67

Page 4

DEFORMATION MEASUREMENTS

o—+—Top of Concrete Stand

Baseplate

Shim

\rrrame .
Dial

Indicators Fixed Supoorts (3 Total)
(5 Total)

-

___-_r--_-_
|
____'L,_______-
y

J

-

g % =

.—-..—

ELEVATION

| 0111
== :



. JoserH T Ryerson & SoN, ine.

4 Baseplate for 90-Wire Tendon
2-2-67
Page 5

4. Anticipated Test Results

It is anticipated that the concrete stand does not crack

(other than hairline cracks) up to the design load of 742
The hairline cracks to close after removing of the load.

Spalling of the unreinforced (and nonstructural) concrete
around the baseplate may occur and is insignificant.

k.

b) Observation of the Baseplate

It is anticipated that the plate material is not subjected
to stresses greater than the yield strength up to the de-
sign load of 742%, The deformation measurements should
therefore vary linear with the load and indicate complete
(90%) recovery during unloading. The amount of deformation
measurements to be determined later (maximum reading< 1/16").

|
\
|
a) Observation of Concrete Stand .

(D The edge of the baseplate should stay flush with the.edge of
o concrete. Slight seating in is permissible; "curling up"
indicates undesirable uneven bearing stress distribution.

5. Concrete Mix

4000 psi concrete using a dolomitic limestone coarse aggregate
with a 1" top size and a natural sand for fine aggregate, com-
plying with ASTM C-33. s
Perform the test if concrete test cylinders indicate a strength

greater than 4000 psi. Test cylinders shall be broken on the
same day as the bearing plate test is performed.

6. Baseplate Material

In compliance with ASTM A-36,

-
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Jusepu T RYErson & SoN, iue. 2-3-67

90-WIRE TENDON TEST

The purpose of this test is to verify that a tendon consisting of
90 wires, the wires being anchored at each end in anchorheads by
means of buttonheads, is 90 times as strong as one wire. The test
further allows the measuring of tendon elongation.

The complete end anchors have been previously tested beyond the
ultimate strength of the tendon (see Ryerson 90-PT-1, dated 7-25-66
and 90-PT-2, dated 7-25-66 and the corresponding test report from
PTL, dated 10-24-66).

A. LOAD

Minimum guaranteed ultimate strength of 1/4" diameter wire
(see ASTM-421): 240,000 psi.

Minimum guaranteed ultimate strength of 90-wire tendon:
90 x 0.04909 x 240,000 = 1,060,000,

Minimum yield strength of 90-wire tendon, measured under
load at 1.0% extension: 80% x ultimate strength = 848,000%.

‘ Anticipated test result: No wire break will occur before the
load of 1060% is reached.

B. ELONGATION
Minimum tendon elongation: 3%, measured under load in minimum

gauge length of 10 ft. The elongation is to be measured as
movement between the anchorheads.

The wire length for the test tendon is 10'-0" —> 120".

The methodof measuring elongation shall be similar to the one
specified in ASTM-421.

Initial elongation: 0.1% — 0.12" — 1/8"
‘Initial stress: 29,000 psi—>128%

Yield at 1% extension: 1.20"—>1-3/15"
Minimum yield strength: 848

Minimum elongation: 3% —>3.60"—> 3-5/8"
is to be reached before the [irst wire breaks

0114
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FRICTION TESTING ON LARGE, MULTIWIRE POST-TENSIONING TENDONS

by Howa:d Wahl and Ted Brown
With the advent of nuclear structures requiring large amounts of
circumferential prestressing force, designers became concerned over
the potential force loss due to friction. Attempting to apply the
values suggested in ACI-318, Section 2607, appeared to be ultra-

conservative for large parallel-wire tendons.

Other areas of little experience also concerned the designers and
constructors of these structures -- such things as handling, installing,
and stressing tendons of this size, the elastic.and ultimate behavior

of large ;endons in a circular shape, aﬁd methods of corrosion protection,
all of which required that a prototype tendon be installed in a test
facility simulating the final structure. Such test facilities have

been constructed in Frick, Switzerland, South Haven, Michigan, and
Middletown, Pennsylvania, and the effects of friction studied at

the time tendons were installed and stressed, hitting friction investigation.

FRICK FACILITY

BBR constructed a large, massive concrete test stand (refer to Appen-
dix pages 1,2, § 3 for Drawing 4-108075 and Layout of Test Cable,

Fig. 2 and Fig. 2B). The purpose of this structure was primarily to
simulate problems that might be encountered in the Mmgeness B Reactor
Vessel now under construction in England. A variety of sheathing, both
size and type, and tendon profiles have been cast into this facility;
however, for the purpose of this paper, we will concern ourselves with

only the two profiles shown on Drawing 4-108075. The sheating installed

Ry 0117



Friction Testing
Page 2 :

in these two tendon profiles was a corrugated, semirigid steel tube,
formed from uncoated steel strip, spirally wound and closed with a
Pittsburgh lock seam. The corrugations were turned in so that the
pfestressing steel was in contact with the rib forming the corrugation.
Tendons consisting of 121 wires, each wire 7 mm in diameter, were

cut to length, pulled into the test facility in such a fashion that
each end of the tendon anchorage was visible during the stressing

operation.

As the tendons were installed, a coating of Dronus B was sprayed on
the tendon as a corrosion protection device. Wires used in fabricating
the tendons were supplied by three different British wire manufacturers,

each one supblying a material that would meet ASTM a-421 specifications.

Friction was measured for an included angle of 180° by épplying a load
at one end of the tendon and measuring the amount of force that is
transmitted to the other end of the tendon. Each set of readings taken
in this fashion results in a total friction factor for that load incre-
ment. Although readings were taken at léad increments throughout the
test, the table below gives only the av;rage values obtained in the
stressing range. Applying the formula Ty = Tye (He) in which;1 is

the total angular deviation and assuming that the wnintended angular

deviation is .006 radians per meter, we have:

TEST \O. SOTRADIUS T 207 RAOIUS ]
T4 122 115
2§5 123 .122
3§66 . .135 .141
AVERACE 128 L126
0118
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Friction Testing
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A detailed report on the above-mentioned tests is available on request

to Joseph T. Ryerson § Son, Inc.

SOUTH HAVEN FACILITY

A 4'-high section, representing 1/3 of the containment structure, was
constructed by Bechtel Corpdration at the site of Consumers Power
Palisades Plant near South Haven, Michigan. Pefer to the photograph

at the top of page 4 in the Appendix and Drawings SPT-2 and SPT-3,

pages 5 and 6. This facility was built to gain general construction
information on forming; placing reinforcing bars, sheathing, and
concrete; installing and stressing'tendons, along with investigating the

general performance of curved tendons under 120° included angle.

The 90-wire tendons which were coated in Ryerson's shop with No-Oxid
490 for corrosion protection were puiled into 3/34" ID sheathing. The
semirigid sheathing was plain steel, corrugated, with the corrugations
turned out. In the friction test setup shown on Drawing SPT-6, as

you will note, the buttonheads are exposed at the checking end as shown

- in the photograph at the bottom of page 4. This allowed observation of

the buttonhead seating throughout the load increments of this test.

Tﬁc results of each load increment for the bottom tendon are shown

on page 8 in the Appendix and a load elongation of this tendon is shown
on page 9. It is interesting to note that the load elongation curve
pretty well defines a straight line, demonstrating that within the
elastic range a curved tendon behaves in the same fashion as a traight
tendon would and that there is no abrupt chansze in friction factors

within this range. The same procedure was used on the upper tendon

=
- 0113
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This resulted in an overall friction factor of 1.28, as opposed to 1,36
for the lower tendon. We then applied the method of least squares, as

defined in Experimental Statistics by M. G. Natrella, NBS Handbook 91,

to both the Frick Tests and Palisades Test. This technique allows us
to differentiate between k and,q and resulted in a,ﬁ{ factor of .124

and a k factor of .000313.

MIDDLETOWN, PENNSYLVANIA FACILITY

Two 5'-high sections were built by United Engincers and Constructors
at the Metropolitan Edison Crawford Power Station site. These sec-
tions represented severeiy deflected teﬁdons, similar to those which
might be around a personnel lock or an equipment hatch, although
much shorter in length. The photograph on the top of page 10 shows
the general site and the two sectiong. The general dimensions of the
section and the tendon profiles incorporated in them are shown on

Drawing 154-1-C on page 11 of the Appendix.

Two types of sheathing were being considered by Gilbert Associates, Inc.
These were a rigid steel pipe section, which had to be preformed, and
the other was a semirigid corrugated sheath, similar to those used in
the previous two test facilities. The test section on the west was
constructed using 4" schedule 40 pipe and the test section the east
contained a 24-gauge 3-3/4" ID, semirigid galvanized corrugated pipe
with the corrugations turned outward. The 90-wire tendons were pulled
into the structure, dry, and prepared for stressing as seen in the

ttom of page 10 in the Appendix.

&5 0iz20
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The loading procedure used here is esscntially the same as the one used
at the Palisades facility (see page 7 of the Appendix). The results

of each laad increment were reported in the same fashion and the load
elongation plotted (see Appendix. nages 12 and 13). Again, these
curves approach a straight line, although the load elongation -curve for
the west tendon shows some erratic behavior. This resulted from a poor
connection between the funnel and the sheathing since the funnel, or
transition piece, had to be altered in the field to fit the schedule

40 pipe.

Taking the friction factors resulting from an overstress of 8C% of
the u.t.s. of the tendon, which were 1.19 for the east tendon and 3.4¢
for the west tendon, including them with the results of the Frick
Tests and applying the method of least squares, we arrived at an aver-

age /4 of .123 and a k factor of .000316.

SUMMARY OF RESULTS

It is apparent that there is general agreement of test results from

all three of these facilities.

When we consider that these results are obtained from tests utilizing
four types of sheathing, although the sheathing is all of the same
general category and that the coating materials varied from a water
soluble oil to none at all, the high degree of repeated results would
indicate that these friction factors are guite reliable and not sensi-

tive to these variables.

= 0121
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Friction Testing
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Compiling the results of all the above-mentioned tests and applying

the method of least squares as shown on page 14 in the Appendix, we

find aH of .1217 and a k of 000343. Ryerson originally recommended

the following friction factors: 4 of .16 and k of .0003. it would seem
prudent to continue to use these factors since there are certain con-

struction variables that could cause an excessive amount of friction.
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1. Morck-up structure comprising two full scale

tendons. Structure represents 120° of arc of the

full scale structure. Dimensions: 3 ft 6 ins.

wide by 4 ft 10 ins. high by approximately 140 ft

long.
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WESTERN CONCRETE STRUCTURES, INC.

19113 SOUTH HAMILTON AVENUE « GARDENA + CALIFORNIA * 80247 * TELEPHONE 213/321-1571

o SPORLY
25 March 1968

Subject:  Tests Conducted on the WCS 2.0 Mep/170W
Post-Tensioning System

The WCS 2.0 Mep/170W Post-Tensioning System was developed specifically to
post-tensiun the PCRV's of HTGR's (in particular for the Fort St. Vrain Nuclear
Generating Station) and secondary containments where total required force and/or
spacing of tendons makes the use of large capacity tendons advantageous. In
general, the system utilizes button-headed wires of 0,250-inch diameter anchored
by heat treated alloy steel end fittings. It is the most extensively tested system in
the world at the present time. A brief description of the tests conducted to date,
their purpose, and results, follows:

1.0 HEAD - WIRE ~ SEAT SYSTEM TESTS

1.1 Static Tests - Stress-Relieved Wire
300 specimens 15" long, having veriable dime: <ions, to determine
parameters controlling performance of headed wires in general and
the WCS 1.5 FS Head-Seat System in particular.
Tolerances to provide 100% efficiency were established as reported
in WCS TR-6.

1.2 Fatigue Tests = Stress-Relieved Wire with WCS 1.5 FS Head
35 specimens were tested ot 0.6f,' £ 15,000 psi at 6 - 8,000
cycies per minute to establish fatigue life and effect of fatigue

leading on static properties.

Fatigue life of 10 x 10° cycles. No reduction of static prop=-
erties. Results not yet published,

by 0143
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WESTERN CONCRETE STRUCTURES, INC. 25 March 1968
Page 2

1.0 HEAD - WIRE - SEAT SYSTEM TESTS (continued)
1.3 Static Tests = "Stabilized" Wire

25 specimens 15" long, having controlled dimensions, to determine
validity of tolerances established for heads on stress-relieved wires
per 1.1 above.

100% head-seat system efficiency was obtained within limits of
tolerances established for stress-relieved wire as reported in

wcs TR"éo

1.4  Fatigue Tests — Stabilized Wire

49 specimens were tested at 0.6f,' + 16,000 psi at 8,000 cycles
per minute to determine fatigue life and effect of fatigue loading
on static properties.

Tests still in process. Prelimine y results indicate 10 x 10° cycles
with no reduction in static pre.perties.

1.5 Evaluation of Flaws in Heads

1,400 specimens 15" long, from various coils of wire selected 'o
produce cracked heads are being tested to determine the effect of
flaws (both slip type cracks, longitudinal cracks, or a combination
of both) on static and fatigue properties of the head - wire - seat
system,

Tests still in process. Preliminary results indicate that in approximately
0.1% frequency, flaws in both wire and heads combine to cause a
reduction in strength of the system.

1.6 Production Tests

6,000 wires (12,000 heads) fabricated during production into speci-
mens 15" to 30' in length were tested to ultimate to verify tolerances
of the WCS 1.5 Head - Seat System, evaluate production variables
and evaluate performance of WCS heading equipment,

No head failures, all heads 100% efficient.

0144
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2,0 TESTS ON 2.0 MEP/170W STRAIGHT TENDONS

2.1

2.2

2.3

Ultimate Load Tests on Short Tendons

7 = 170-wire tendons 4' - 0" long were tested to ultimate using
production stressing equipment in order to determine ultimate load
of 4' =~ 0" tendons, performance of end anchorage hardware ot
tendon ultimate, and performance of production stressing equipment
at tendon ultimate.

All tendons failed at loads greater than minimum guaranteed téndon
ultimate (2,002.8 kips) with no permanent deformation of end
anchorage hardware and no damage to stressing equipment, all as
reported in WCS TR-8,

Ultimate Load Tests on Lbng Tendons

2 - 170-wire tendons 30' - 0" long were tested to ultimate in
order to determine load-elongation characteristics.

Load-elongation curve plotted to tendon ultimate followed that
determined for short (10" gauge length) wires; tendon ultimate load
and elongations were both above minimum guaranteed values
(2,002.8 kips and 4% elongation); no permanent deformation in
end anchorage hardware or damage to production stressing equip~-
ment, all as reported in WCS TR-8.

Cyclic Tests on a Long Tendon

1 - 168-wire tendon X 100' long was tensioned from 5 -

1,128 kips (approximately 0 - 0.7 f]) for 150 cycles of 7-3/4"
stroke ot a rate of 3.5 minutes per cycle in order to determine
performance of production stressing equipment for the maximum
number of cycles per set of equipment for a specific contract.
Performance of the end anchorage hardware, wire, and button
heads for relatively few cycles ot a relatively large stress variation
was considered @ secondary purpose.

Stressing equipment performed with no problems, no leakage, and

no damage. No wires or heads failed and there was no damage to
end anchorage hardware,
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3.0  ULTIMATE LOAD FOR CRITICAL FAILURE MODES OF
2,0 MEP/170W END ANCHORAGE HARDWARE

3.1

3.2

Threads

S sets of end anchorage hardware were tested to ultimate of the
thread shear failure mode.

Mean failure value was 2,866 kips, within 1.5% of predicted load,
with consistent results showing a coefficient of variation of 3%.
Safety factors were higher than those established by design criteria.

Web Shear

S sets of end anchorage hardware were tested to ultimate of the web
shear failure mode.

Mean failure was ot an equivalent tendon force of 2,862 kips, within
4% of predicted load, with consistent results showing o coefficient
of variation of 1%. Safety factors were higher than those established
by design criteria, all as reported in WCS TR-8.

4.0  CURVED TENDON FRICTION, ULTIMATE STATIC AND CYCLIC LOAD TESTS

4.1

4.2

4.3

25 - 168-wire tendons from 50' to 100" in length were fabricated,
greased and coiled by WCS and installed by GGA using WCS equip-
ment and methods. Tendons curved through 180° on 10' to 16’ radii
of curvature were tested for stressing friction and uitimate by GGA.,

1 = 168-wire tendon was loaded for 1,000 cycles from 0.7 f! =
15 ksi using WCS designed and built production stressing equipment.

4 - 25-wire tendons end surrounding concrete were tested for long
term losses ot elevated temperatures.

The 4.0 tests were conducted by GGA with satisfactory but as yet unpublished
results. The program established as a secondary objective the validity of WCS
designed fabrication, greasing, handling, installation, field heading and stressing
metheds and equipment,
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CHAPTER 3.0 END ANCHORAGE

3.1 GENERAL

311 COMPONENTS

The end anchorage hardware of the WCS 2.0 Mep/170 W
Post-Tensioning System is made up of the companents 'isted
in Table 3.1-1. The rerminology “A end” is used to designate
the end of the tendon which has the Washer installed and
wires shop headed during tendon fabrication. The tendon tube
at the A end has an enlarged section of sufficient diameter and
length to allow the Washer to be recessed approximately 6
feet inside the face of the Bearing Plate, so that the unheaded
wires can project approximately 6 feet beyond the Bearing
Plate at the opposite end (B end) of the tendon, The “B end”’
is the end of the tendon (opposite the A end) which aliows a
Composite Washer (or optionally a Washer and Washer Nu3) to
be installed or: the projecting wires, which are then field headed.,

U or
PART & TYmCaL TYPCaL

NAME DRAWING NO, MATE®AL AV D LEND |
Woirer 1001 4140 Hiear Treated Yo Neo®
Woshe: Pt 100104 4140 Hea! Traated Yo No*
Componite Warher 100108 4140 Moot Treared No Yo
Split Shime 1001 08 ASTM A7 or Ads Yo Yo
Booring Pote 100107 ASTM AT or ADS Yo Yo

* An aviembly comisting of 8 Washer and Wosher Mt con be subatin fed for the Comporite

Washer on the § Eng

TABLE 3.1-1: Tendon end anchorage components of the WCS 2.0 Mep/
170 Post-Tensioning System.

3.1.2 PERFORMANCE CRITERIA

" The basic criteria for performance of the end anchorage of an

unbonded tendon system for a prestressod concrete reactor
vessel (PCRV) or other nuclear containment is that it must
reliably: 1) sustain the permanent long term load on the tendon
for the life of the structure, 2) sustain any variations in tendon
load for the life of the structure, and 3) have sufficient over-
load capacity to allow the full actual ultimate strength and
ultimate elongation of the tendon wires to be developed.
Expressed more simply, the end anchorage must be stronger
than the tendon which it anchors, for all types of loading
condition,

The actual physical and mechanical properties of the tendon
wire can be determined by statistical analysis of test data. As
discussed in Section 3.3.4, a long (> 20 feet) tendon composed
of 170 individual ASTM A421 wires of 0.250 inch diameter
can be expected to produce an ultimate load > 2002.8 kips,
and an ultimate elongation 2 3.5%. Due to the mode of failure
of a multiple wire tendon, resulting from variation of the indi-
vidual wires, the average or the maximum values of either ulti-
mate load or ultimate elongation will not greatly exceed the
minimums. The ultimate load caparity of the end anchorage
components can be determined by ultimate load tests con-
ducted on prototype components so as to test all critical fail-
ure modes. It can be assumed that the ultimate load capacity
of production anchorage components will fall within a range
of the mean ultimate ioad capacity of the most critical failure
mode (Y) plus or minus three standard deviations (o) of test
results. Many specifications require that end anchorage compo-
nents may not yield at the minimum guaranteed tendun
strength. Therefore the basic performance criteria for the erd
anchorage of the 2,0 Mep/170 W System can be estabiishad

. P=(X-30)x(F,+F,)> 20028 kips.

Since neither the mean ultimate load capacity () nor the
standard deviation {0) are known until after prototype test.
are completed, it is necessary to establish a preliminary criteria
for design purposes. Previous experience indicates that design-
ing for a Safety Factor of 1.5 will produce test results meeting
the basic criteria. This gives: Component Design Ultimate
Strength (P) = 1.5 x 2002.8 = 3004.2 kips.

Another independent consideration influences the design u!ti-
mate capacity of the end anchorage components., Due to the
critical structural application, a proof load test of all critical
components to minimum tendon ultimate (2002.8 kips) has
been established as an essential part of quality assurance pro-
cedures, It follows that all components must be below their
yield point at the proof test load in order that the proof test
be a non-destructive procedure, For 4140 steel heat treated to
Rc 40-44, the tensile yield point is approximately 90% of the
tensile ultimate; and as a practical consideration, to reduce re-
jections from the proof load testing, the proof test load should
not exceed 90% of the minimum vyield point at Re 40. 1t
therefore follows that the design ultimate strength (P') of the
weakest failure mode for each component should be:

' P179 2002.8 _
P > 580x 000~ 081 > 24726 kips

Taking all of the above into account, the preliminary criteria
for prototype end anchorage component design ultimate
strength is 3004.2 kips fo: the most critical failure mode with
the final criteria for performance being:

(X-30)x(Fy < F,)> 2002.8 kips
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321 GENERAL

3.2 PROTOTYPE DESIGN

Fabrication drawings for prototype end anchorage components

are shown in Fig's. 3.2-1 thru 3.2.5 as follows:

COMPONENT NAME

Washer

Washer Nut
Composite Washer
Sphit Shims
Bearing Plate

FIGURE

3.21
3.22
323
324
3256

The load on the tendon at all major loading conditions is pre-
sented in Table 3.2:1 as a function of the guaranteed minimum
tendon strongth (P'170) which is 2002.8 kips.

FACTON LOAD

CONDITIOMN AUTHORTY L™ i)
Protatypa Anchorage Dovign Ultate Seqrien 3.1 2 L | PRI
Mimmim Cuogiantomt Strength Seetion 3 20 10 007 8
Apprasimate Tondor Yield Snangih Asalysin af Wire oy 1907 5
Masimum Jack oy Facce (lempuiary ) ACH Y8 o feog 2
Mue mum Angluing Focon bhart teim) ACI YN 0 1407 0
Mucimm Floml Torce (pammnent ) ACI N 04 130’

TABLE 321 Tandon load at various conditions presented as a function
of guarantesd minimum tendon strength (P'y90).

\ Several factors may cause the calculated ultimate load based on
alytical calculations to differ from the actual ultimate load,

Among thase are. a) stress concentrations due to notches
and/or geometry, b) variation in material strength, and c)
variation in the area of material resisting applied loads, The

net effect of all thess factors can be reduced to a simple ratio
concept called the rupture factor (k,) which is the ratio of the
failure load as detormined by calculation (F, x Aj) to the
actual failure load as determined by ultimate load test of the
component (P”). Therefore k, = (F, x AJ) + P, where A is
nominal area of steel. k, s normally greater than 1.0. The
value of k, is determined from previous testing of similar mech-
anism designed in accordance with the same type of calculation,
Each series of tests allows determination of revised rupture
factors, so that calculated fallure loads become more accurate
as more testing experience i gained. The rupture factors initial-
Iy used herein are taken from WCS Technical Report Number
7, "Behavior of the WCS 520 -’44 Post-Tensioning System
Under Static Loads”

Mechanical properties tor the various steels used in the proto
type end anchorage components are shown in Table 3.2.2 for
various strength leveis, Strength levels are listed by equivalent
hardness on the Rockwell B or C scales (Rg or Re) since
quality assurance is based upon determination and control of
hardness. Values for mechanical properties shown in Table
3.2:2 are dorived from curves contained in Fig. 3 2-6 ir. which
1) the curve for ultimate tensile strength (F,) vs hardness
(Rg or Rg) is constructed from information containe! in the
1965 SAE Handbook, and 2) curves for other mechanical prop
erties are plotted as they relate to Fy, based on information
contained in MIL-HDBK-& "Metaliic Materials and Elements
for Flight Vehicle Structures”, and from appropriate ASTM
specilications,

MECHANICAL PROPERTIES “xf s ~75~—~~f‘,§'-$§-5:-}' e 7
Ultimate Tersile Strength Foo |60-75 |58-80| s | a0 | ez | 193 | 200 | 207
Temile Yield Strength - 3 3 36 163 168 173 176 183
Compressive Yield Stength Foe n® %2 36 179 186 192 198 205
Ultimate Shear Strength Fa 87 3772 35 109 13 15 19 121
Shear Yield Strength £y
Ultimate Bearing Sength T Bt w7 952 90 32 335 344 355 w4
Bearing Yield Strength T Froy 2% 265 272 280 289
Notes: @ For /D = 2.0

2" Derived using ratio (F,,, + F..)os indicated for AISI 1025 times £, for A7 or AJS
- e G ————————— S — NR—

TABLE 3.2.20  Mechanical properties of various stesls used in end anchorsge components. Refer to F 9. 3.2.6 tor derivative curves
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170 wire Washer Nut; R & D Part No. 730-04; R & D Drawing No. 348

Material: 4140 commercial grade, hot finished, 4-inch plate, flame cut 9-3/4 inch O.D.,
5-1/2-inch 1.D. and normalize.
Heat Treat after moechining to R, 40-44

F1G. 2.2-2: Prototype Washer Nut Drawing
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170 wire Composite Washer; R & D Part Mo. 730-05; R & D Drawing No. 349

Material: 4140 commercial grade, hot finished, 9-3/4 inch diameter bar
Heat Treat after machining to R. 40-44

FIG. 3.2-3: Prototype Composite Washer Orawing

. 0152



+

/
\\

e - PR J

MATING HALF REQUIRED TO MAKE A €T

P L AN

10" souaas

e e L B T ——

5
. -
HOT ROLLED
SIDE VIEW ’U"‘CI—U
NOIE: YHME SURFACES OF THE PLATES
COMPRISING A SET 3MALL NOT vany
MORE THAM .082°
170 wire Split Shims; R & D Part No. 730-05; R & D Drawing No. 350

Material: A7, hot finished, 2 inch plate. Flame cut 5 inches x 10 inches with 5-5/8 inch
diometer hole. 2 pieces per set.
Heat Trect: None

FIG. 3.2.4. Prototype Shim Drawing
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170 wire Bearing Plate; R & D Part No. 730-09; R & D Drawing No. 357
Material: A7, hot finished, 4-inch plate, flame cut 20-1/2 inches x 20-1/2

inches with 7-1/16 diemeter center hole.

Drill end tap four holes for 1 inch diameter x 8 t.p.i. bolt on a 20 inch bolt circle.
Heat Treat: None
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FI1G. 3.2-5: . Prototype Bearing Plate Drawing
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FIG. 3.2.6:

F'.,‘ and Fg

03. Curves designated Fypy, Frey, Fey,

show other mechanical properties relative to Fy,, and are derived from Tables 2.2.1.1 and 2.2.1.1 (a) of MIL-HDBK.5.

Re) is derived from information contained in the 1985 SEA Handbook, pages 107 and 1
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All possible failure modes are listed by components in Table and criticality of failure modes must be established as a result
3.2-3, which also shows for each failure mode the type of stress, of prototype tests reported in Section 3.3,
calculated ultimate load, maximum applied temporary load,

and maximum applied long term loads, Safety factors are shown Stresses, strains, and ultimate load capacity of components
for each applied load and calculated as the ratio of the calcu- influenced by the supporting concrete are dependent upon the
lated ultimate load to the applied load. For each component, strength, elastic modulus, creep characteristics and reinforce-
the critical failure mode is that having the lowest safety factor. ment in the anchorage zone concrete and are not within the
Validity of calculated ultimate loads and resuiting satfety factors scope of this section,
Predicted Max . Lood Max . Permanent | Failure
Component Foilure Mode Type of Stress urs (Temp Overload) Lood Mode
(kips) kips) S F (kips) < f Critical
Supporting Concrete | Anchorage Zone Principal Tension
Bearing R Interfoce Compression
Tendon Tubing Anchorcge Zone Axigl Compression F:”“,""“ deper?dem‘ °: mcchanfca and
Anchorage Zone Rodial Compression r FRysicel properiies of (e supporting concrete
ond is not considered in this section.
Bearing Plate Concrete Interface Compression
Internal Flexural J .
Shim Interfoce Beoring 3527.9 2002.81 1.76 12017 | 2.94
Split @' ims Bearing R Interface® | Bearing 3527.9 2002.81 1.76 1201.7 | 2.94 No *
Wosher Interface * Bearing 3357.7 2002 .8 1.68 12007 2.79 Yes *
Compotite Washer Shim Interfoce * Bearing ; 7908.2 2002.8| 3.95 1201.7 | 2.0 Pl B
Web * Shear and Flexur 2864.4 | 2002.B| 1.43 1200,7 | 2.38 Yes
9-3/8" Threads Shear 4342.7 1602.2! 2.1 None = No
Washer Nut Shim Interfoce * Bearing 7908.2 2002.8| 3.95 1201.7 | 6.58 No *
9-3/8" Threads Shear 4342.7 1602.2 | 2.71 None = Nec
6" Threads with Shims| Shear 3276.5 2002.8 ! 64 1200.7 | 2.73 Yes *
Washer Web Sheor and Flexure 2864 .4 2002.8( 1.43 1201.7 | 2.38 Yes
6" Threads with Shims'| Shear 3276.5 | 2002.8| 1.64 [1200.7| 273 | No~*

TABLE 3.2.3:  Possible Failure Modes of 2.0 Mep/170 W System End Anchorage Components. Safety Factor (S.F.) is the predicted ultimate
load divided by the applied load.  * Indicates failure modes to be tested.

3.2.2 SPLITSHIM - BEARING PLATE INTERFACE (Ref. Fig. 3.2.7)
2
Nominal Area: Ag = 10.0- 15%06_25__: 60.83 sq. in.
Rupture Factor: k, = 1,0

Fey = 36 ksi for A36 per Table 3.2-2. .. .9 F, = 32.4 ksi

LOADING FORMULATE FOR LOAD STRESS
CONDITION Porf (kips) (ksi) REMARKS
Calculated UTS PeFxA, 3527.9 58 > 3004.2
Predicted UTS PeFxALx 1k, 3627.9 58 > 3004.2
Proof Test Load f= P+ A 2002.8 32.93 < 33
Jacking . - Unloaded till trans.
Anchoring 1402.0 23.05 < 324=9F,
Max. Final 1201.7 19.76 1

i \
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FIG. 3.2.7: Arrangement of Anchc age Camponents

3.2.3 COMPOSITE WASHER - SPLIT SHIM INTERFACE (REF. FIG. 3.2.7)

A’ = 7(9.375° - 5.625°)

—3SPLIT SHIMS --—-—‘
\\ 7~
é

BB gy ‘.?*—-._’-~--—u
| s (e .o e

ZOVlSQ" ] -"‘—'”"g oy

l L Nt e

\ - /7// " -

SECTION ;\-;\

Nominal Area: . y = 44,18 sq. in,

Rupture Factor: k, = 1.0

Fey = 36 ksi for split shim
LOADING FORMULATE FOR LOAD STRESS
CONDITION Porf (kips) (ksi) REMARKS
Calculated UTS P=FxA, 3357.7 76 > 3004.2
Predicted UTS P=FxA,x1/k, 3357.7 76 Q) > 3004.2
Proof Test Load f=P+A, 2002.8 4533Q) | < F, =179 for RSO
Jacking —_ _— No lead till trans.
Anchoring 1402.0 31.73 < 324=09 ch
Max. Final 1201.7 27.20
Note: —g

® cauivelent 0 = 23755835 -y g | e
equivalente = t + .‘21. 2+ ’—'5315 = 2.94 for t = 2.0 min, p I

2.94

e/D = === =157>15

1.875
Foey (for e/D = 1.6) = 8 Fy,, (fore/D=2.0)
“ Foru (fore/D = 1.5)= .8 x 5= 76 ksi

0157
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@ The bearing stress of 45.33 at Proof Test Load exceeds Fey = 36 ksi for the A7 or A26 split shims which would there-
fore be expected to show permanent deformations. The split shims do not require a proof load test and the bearing
stress is well below F., of 4140 steel at R 40,

@ For the composite washer side of the interface Fy, = 326 ksi and Fey = 179 ksi.

324 93/80.D.THREAD

A;-(—l_.!.___" pixwxE ; where:

A = nominal shear area

L, = length of thread engagement = 3,250 inches

n = number of threads per inch =4
p=pitch =|+n = 0,250 inches
D = nominal diameter = 9.2/8 = 9.375 inches

E = nomina! pitch diameter

=D. 03 p= 9.375- (0.3 x 0.250) = 9.300 inches

Ag=i3.25-0.25) x23,1416 x9.30 =43.83sq. in.

v F x A‘ P x k
P - =
_l#'_.: and f, -K:._.L
P’ = Predicted ultimate load
Fq, = Ultimate shear strength (See Table 3.2-2)
k, = Rupture factor = 1.1 (Ref.: WCS Technical Report No, 7)

f' = Calculated shear stress

LOADING HARD. LOAD STRESS
CONDITION Re (kips) {ksi) REMARKS
Calculated UTS() 40 4777.0 109 > 3002.4
Predicted UTS 40 4342.7 109
41 4502.1 113
42 4581.7 115
43 47411 119
44 4820.8 21 V
Proof Test Load 40 2002.8 §0.27 < (9F, = 9x 9xF,, =883
Jacking (3 40 16022 | 4021 | < o04F,
Notes: .
@ Calcutated UTS does not make use of k,, . P_ = F_ x Al ’ 01:58

@ The ©-3/8 thread is unioaded after transfer

1



325 6INCHO.D. THREAD - YITHOUT SHIMS (REF. FIG. 3.2.7)

A= ‘. .l%‘l.x_i ; where:
A; = nominal shear area

Lg = length of thread engagement = 3.250 inches

n = number of threads per inch = 4
p = pitch = | +n = 0.250 inches
D = nominal diameter = 6.000 inches

€ = nominal pitch diameter

=D-03p=6.0-(0.3x0.250) = 5.925 inches

.. (3.25-0.25) x 3.1416 x 6,925
i 7

Calculated Ultimate Load:

= 27.92 sq, in,

Pe=P = F,, x A,

Predicted Uitimate Loads and Stresses:

P"P'.'-F-t—x-él.' and f‘-%‘:—kk ; where

Fw = Ultimate shear strength (See Table 3.2-2)
k, = Rupture factor = 1.1 (Ref. WCS Technical Reoprt No. 7)

f; = Calculated shear stress

LOADING HARD. LOAD STRESS
CONDITION Re (kips) (ksi) REMARKS
Calculated UTS 40 30434 109 > 3004.2
Predicted UTS 40 2766.7 109
41 2868.2 113
42 2919.0 115
43 3020.5 119
44 3071.3 121
Proof Test Load -— 2002.8 78.9 < 9F,, (9x .9x 109 =88.3)
Jacking —_ 1602.2 63.1 =88 x Fg, (min.)
Anchoring - 1402.0 55.2 =51 x
Max. Final . 1201.7 47.3 = 43 x 0159

-



326 BINCHO.D. THREADS - WITH SHIMS (Ref. Fig. 3.2.7)

The 6" washer bears on the split shims over an area Apr and thus results in a force, Py, = for % Ap,. This bearing force (Py,)
plus the shear force (Py) as derived in Section 3.2.5 reacts against any applied load (P), so that: P = P, + Ppe. At ultimate load
levels, all component materials are stressed within the plastic range, and we can expect fy,, to be equal to Fy,,, which is quite
high in terms of Fy,, but is rather indeterminate. MiL-HDBK.5 gives data for Fy,, of AISI 1025 steel for e/D = 2.0, but this
in the average stress at ultimate rather than the Peak stress since it is based on a round pin of diameter D in a slightly oversized
hole. If we assume a sinusoidal stress distribution Fury (average) = 0.636 Fy,, (peak), or Fory (peak) = 1.67 Fy,, . (average)
Data for AISI 1025 steel indicates that Fhey = 190 + 85) Fy, = 1.64 F . The washer-split shim interface Is a plane surface
where it can be assumed that average and peak bearing stresses are the same. F, for either A7 or A36 steel can be determined
approximately from the Rg hardness. Therefore, we can derive an approximate expression for Py, as follows:

Por = Fppy x Ay, = 8.79 Fy : where:

Ape =L (6.00% - 6.6257) = 3.42 sq. in.
4

Fory ® 1.64 Fy, x 167~ 267 F,,
Fru is determined by hardness test from Fig, 3.2.6,

Therefore P' = Py + Py, P, +B.79F,
Shear stresses in the threads resulting from an applied load can be determined in much the same manner except that for loads
substaintially below ultimate, we must assume a relatively uniform stress over the entire bearing surface as follows:

P = fir X Apy (t0tal) = 44,18 fy,; o 1, = 5—5; where:

Apy (total) =2 (9.375 . 5.625%) = 44.18 sq. in.
4

Therefore: Py, = fy, x Ay, = x 3.42=0.077 P

|

44.18

Since: P =Py + Py, = p 4 077 P
Py=0.923P = f, x A, = f, x 27.92 (Section 3.2.5)

0.923 P

05 - 0.033 P

fs=

3.2.7 WIRE HOLE WEB SHEAR

As shown in Fig. 3.2-8, shear failure of the web between the wire holes can occur along either of two critical paths. The load
applied by the wire heads to the portion of the washer inside the shear plane (Pg) is less than the total applied load (P) since
part of the load applied by the wires on the shear path is applied to the portion of the washer outside the shear plane. This
ratio of load distribution and the number of webs on the shear plane can be determined by inspection of Fig. 3.2-8, which
gives the following resuits:

WIRES RELATIVE
SHEAR TO SHEAR PLANE TOTAL LOAD RATIO | NUMBER OF STRESS RATIO
PATH INSIDE QUTSIDE WIRES Rp = p P WEBS (N) Ry = Ro/N
Shear Path 1 141 29 170 0.829 44 0.0189
Shear Path 2 133 37 170 0.782 40 0.0196

B R S S
|

For any given condition, the web width (w), the washer thickness (1) and the applied load (P) are constants. so that the com-
puted shear stress (1) varies directly with the stress ratio {Rg = Ry /N) as follows

P R P R, P = 0160
WF R T Rere
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It can thus be seen that the shear stress along shear path 1 will be slightly lower than that along shear path 2, which will be
used in following calculations, however, the difference is small and, due to manufacturing variables, web shear failure can be

expected to occur along either shear path,

PATH 1

O
5Oa2A%
958526¢
32393920
52025259520
0000803

(3ad]

FIG, 3.2.8: Alternate shear paths for wire hole web shear failure with Path 1 shown above
horizontal § and Path 2 below. Path 2 is slightly more critical than Path 1.

While the center to center spacing between adjacent wire holes can vary = 0.010, or 7.5% of the nominal web widh jw = 0.133),
the total spacing along any line of holes * +s the same tolerance of * 0.010, which is only 0.2%. Therefore the average web is
the nominal center to center hole spacing (U.<J47) minus the hole diameter (0.260 nominai or 0.264 1,. vimum), The area of
steel resisting web shear (Ag) along the critical Path 2 is therefore:

As=Nxw xt=40x 0137 x 3.750 = 20.55 sq. in.

Ag.min, =N X Wmin xt=40x 0.133 x 3.750 = 19.95 sq. in.
N = number of webs along Path 2 =40

w' = nominal web w'dth = 0.397 - 0.2¢0 = 0.137 in.

Wmin, = Minimum web width = 0.397 - 0.264 = 0.133in,

t = washer thickness = 3-3/4 = 3.750 in.

Caleulated ultimate load (P() and predicted ultimate load (P’) are the same since the rupture factor (k) is taken as 1.0. Loads

and stresses are given by:

where:

o B o A 109 x 20.55 ;
s S0 % = =224
p’ - _1.3.__._ 2240 kips

. P‘ P‘
et By 2240 00
R, 0782 10782 2864.4 kips
RaxP _ 0782xP :
r ® e = 0.0381 P k
ey 20.55 0.0381 P ksi

P = any applisd tendon load

P’ = tendon uitimate tensile strength

P; = predicted ultimate shear (test) load 0161
Rp = load ratio = 0,782 from chart above

K, = rupture factor = 1.0 {Ref. WCS Technica! Report No. 7)

Ag = nominal shear area for Path 2 = 20.55 sq. in.

14
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LOADING HARD. LOAD STRESS
CONDITION Re (kips) (ksi) REMARKS
Predicted UTS | 40 2864.4 109

a1 2969.5 13

a2 3022.1 115 > 3004.2

43 3127.2 119

] 44 31797 121

Proof Test Load 2002.8 76.2 < 9F, (9x.9x100=883)
Jacking 1602.2 81.0 = 56 Fy,
Anchoring 1402.0 534 = 49 F,,
Max. Final 1201.7 457 = 42F,,

For shear failure along Path 1:

As=Nxw xt=44 x0.137 x 3.750 = 22.61 5q. in.

Agmin, = N x wy,in Xt =44 x 0.133 x 3.750 = 21.94 sq. in.

109 x 22.61

p;.Fsux& .
Ky

1.0

=  24354.5 kips

P’ = equivalent tendon ultimate strength

Pa Py 24845
R, 0829 0.829

<RpxP (CB829xP
fs '%: 22.61
3.28 FAILURE MODE ANALYSIS

AC! 318-63 limits the concrete compressive stress on the bearing
area supporting a tendon bearing plate to:

fep =061 JAp/Ag: but < f;

In customary practice, f., is considered to be a uniform stress
and the bearing plate thickness is then set to limit flexural
stress in the bearing plate to Fyy at minimum guaranteed tendon
ultimate. Although this procedure results in satisfactory per-
formance, it does not represent the actua! conditions which
exist and has no significance in analizing the mode of failure.
While f., = P/Ay gives the average stress on the bearing area,
the distribution is not uniform in any case, and is dependent
upon tha modulus of elasticity, poissons ratio, and creep preo-
erties of bath the plate and the supporting concrete. The max-
imum concrate stross is @ function of bearing piate deflection,
Since the bearing plate flexural stress could not possibly exceed
Fyy without causing concrete failure, the bearing plate can not
fail. The failure mode is thus determined by the supporting
concrete, not the plate, and vaill not be con dered in s
Section. This subject is coverud in WCS Technical hepart No. 2.

=29728k

L0366 P ksi

Table 3.2-3 lists all failure modes for each component. For each
component, the critical failure mode is that having the lowest
Safety Factor (5.F.). The purpose of the prototype testing re-
ported in Section 3.3 is to determine actual uitimate load for
all critica! failure modes.

0162

i5



3.3 PROTOTYPE TEST

3.3.1 DESCRIPTION OF TEST PROGRAM

The test program was designed to test the ultimate load, ulti-
mate elongation, and failure mode of 170 wire tenduns of
lengths up to 30'; and to determine the ultimate capacity of
the individua! anchorage hardware components when loaded
in such a manner as to test the critical failure mode of each
component,

Testing was divided into four categories, Series PL - ultimate
load tests of 170 wire tendons and anchorages 4° long; Series
A - ultimate load and elongation tests of 170 wire tendons and
anchorages 30" Ic ; Series B - ultimate shear load of web
{honeycomb); and Series C - uitimate shear load of 6 inch dia-
meter thread.

3.3.2 PROTOTYPE ANCHORAGE HARDWARE

Prototype hardware was fabricated in accordance with draw-
ings per Figs. 3.2-1 thru 3.2-5, Prior to testing, components
were designated by R and D drawing and part numbers. After
testshadvalidated design, fina! drawing and part numbers were
assigned. These are listed in Table 3.3-1 for reference.

R 40 Hentbicarion Fingl
Port Name Part Droming deviiion Part and
2. No Date DigeingMNe,
Worhe« 0. J4e 10-21-68 100103 - 00
Washer Myt 73004 148 10-31 48 100104 - 00
Compor te harhar 730-05 40 1921 88 100128 - 00
Shoms 730-08 50 10-71 66 100108 - 00 |
Beacing Plore 73009 s 10-10-88 100107 - 00 !
TABLE 3.31: Prototype Anchorage Hardware Designation

Each prototype washer, w sher nut and composite washer was
assigned a serial number for identification and record. Tables
3.3-2 thru 3.3-4 show the material, material supplier, chemical
analysis, machining practice, heat-treatment, and hole diameter
and spacing tolerances for the washer, washer nut and com-
posite washers respectively. Also listed in the same tables zre
the measured dimensions and loading history for each serial
numbered part.

It should be noted that prototype anchorage hardware dimen-
sions and material do not agree exactly with drawings and
manufacturing standards shown in Section 3.4, Even though
tests on the prototype hardware were entirely satisfactory and
and conform to dasign criteria, some dimensions were changed
in the interest of standardization. In particular, the thickness
of the washer and composite washers were increased from
3-3/4 inches to 4 inches in order to conform with the washer
nut; and alloy tubing for the washer nut and alloy bar (pressed
round) materials are shown as preferred over flame cut plate
used for prototype hardware. Since these changes are all on
the conservative side and increase the strength of the respective
part, the prototype tests are applicable. Predicted failure loads
for the production parts have been established by linear in-
crease of prototype test results to account for the increased
strength due to these changes. All such changes are clearly
noted in the analysis of each series of tests,

3.3.3 TEST SERIESPL

The objective of Series PL tests was to provide preliminary
results by loading prototype anchorage hardware to the tendon
ultimate in such a way as (v limit the release of energy in the
event of failure of an anchorage hardwar component. All
anchorage hardware components used for: 1) Series A tests
(170 wire x 30 foot long tendon ultimate tests), 2) 170 wire
structural tendons in the 4.0 Mep test bed, and 3) General

Atomic ultimate tests of both straight and curved tendons up to
100 long were tested in this series. A secondary objective was
to provide additiona! statistical data in support of the design
criteria that the anchorage hardware must be stronger than the
minimum guaranteed tendon strength (2002.8 kips). A third
objective was to repeatedly test the stressing equipment at a
load equal to tendon design ultimate,

The test set-up is shown in Fig. 3.3-1. End anchorage hard-
ware consisting of a washer and washer nut {typical A-end) on
the right and either a composite washer (typical B-end) or a

‘ 40" TANDON LSNATH

CORPONITE wasHEIR WASHLR ~

WAMER NUT —T

U Soen o 3 e . o —
T . Sk
.

, 7/
- : 77,
/ | | Nz
7RBRPNZ) T N

P e e T ey :.?.;.:::7‘7_“:"1' 4 L,

_asys'é

e

L.. 10'"na’a va0W 8 with
7TAe'? cenTIR HOLE

L X LE L NS g .M-.u 10! SQUARS
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=

FIG, 3.2-1:  Setup for Series PL tests,
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TABLE 3.3-2:  WASHER - dimensions and load history,

PART NaAM WALHER NUY

PART MuMAER KD 73004, Prine. RD 730348, Finol Part and Drawing No 100104
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» 7 ] o b2 L] i} .
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Mo, rod Dimany any Lovdd Mivsory
Earernal Thonod Intarnal Threod
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TABLE 3.3.3.  WASHEH NUT . dimensions and load history.
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TABLE 3.3-4. COMPOSITE WASHER - dimensions and load history.
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washer and washer nut on the left were connected by 170 0.250
inch diameter wires 4 feet long with button-heads. The washer
on the right hand side of the 4 foot tendon was inserted thru
ablock consisting of eight bearing plates (R&D Part No. 730.09
per Fig. 3.2.5). After installation of the washer nut, shims
(R&D Part No. 730-06 per Fig. 3.2-4) were installed on the
left hand side as spacers and the 1000 ton stressing jack was
connected to the washer nut on the right. In the initial tests of
this series, the jacking load was increased until failure of two
or three wires occurred. In iater tests the load was stopped at
2100 k. Ail anchorage hardware tested in Series PL was sub-

sequently reused in other tests. Elongations at failure were not
recorded. Series PL test results are summarized in Table 3.5.5.
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TABLE 3,35 Summary of Series PL Test Results
3.34 TESTSERIES A

Series A tesis were conducted on 30 foot nominal length
straight tendons made up of 170 wires of 0.250 inch diameter

WEST END

o e BP0 OUT 70 2uT 00 vwyy 04D
r—

anchored by means of button-heads to prototype anchorage
hardware.

The objectives of Series A tests were to determine: 1) the load
elongation charicteristics up to tendon ultimate, and 2} the
mode of failure. The maximum force which a multi-wire tendon
Can resist, tendon ultimate, is that force at which 2-3% of the
wires fail (3 1o & wire failures for a 170 wire tendon), even
though the remaining wires will cont.nue to elongate at a re-
duced force. The number of wires which fail at each increased
elongation increment can be expected to follow a normal dis-
tribution curve, imposing increasing shock loads and higher
energy release, Since this would risk injury to test personnel and
visitors, and damage the testing equipment, all without con-
iributing any additional significant information, Series A tests
were terminated at the total elongation which produced four
wire failures,

Tests were conducted using the 4.0 million pound capacity test
bed and the 1000 ton capacity stressing equipment. The test
set-up is shown schematically in Fig, 3.3-2 and by photoy anhs
which are typical of both A1 and A-2 tests (Fig. 3.3-3 thru
3.3-7). An assembled and banded 170 wire tendon having a
prototype composite washer on the east end and a prototype
washer on the west end was installed in the test bed from east
1o west. A prototype washer nut was installed on the west end
and the tendon centered ready for test. Two 4"’ thick bearing
plates are used under the anzherage hardware at both ends in
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FIG. 3.32:  Testsetup for Series A tests,
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F1G. 3.3-2: Series A, 170 wire banded tendon installed through
center hole of 4.0 Mep test bed,
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FIG. 3.3.5: Series A. West end after Phase | elongation, show-
ing 14" 10 16" shims is place retainir ngation of prototype
washer - washer nut anchorage har  re,
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FIG, 3.3-4 Series A. Stressing jack attached to tendon at
west end for Phase | elongation,
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FIG. 3.3-6: Series A, Prototype composite washer at east
end at the same test stage as that shown in Fig. 3.3.5. The
wire deflector plate, shown in place, is removed prior 1o in-
stailation of 1,000-ton Stressing Ram for Phase 11 elongation,

FIG, 3.3.7: Series A, West end during test A-2. Two wires
have failed at a ‘orce of 2,054% at an eiongation of 17.0 inches
and can be seen againct the deftector platse At this stace of

the test. Phase 1i elongation 15 peing applied at tha ODDU
{east) end of tha tendon. 167
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wrder to transfer shear forces around the oversize (10”) hole in
the test bed. These bearing plates are not considered to be a
part of the assembly being tested,

A 1000 ton Stressing Ram having an 8 inch stroke was attached
to the west end for Phase | elongation. (Fig. 3.3-4). At approx-
imately full 8 inch ram stroke, shims were stacked under the
anchorage hardware to maintain elongation, The jack was re-
tracted, blocked by means of a chair extension load, re-applied,
and more shims stacked. This cycle was continucd to comple-
tion of Phase | elongation, shown in Fig, 3.3-5 just after re.
moval of the Stressing Ram. Tendon elongation during Phase |
was designed to be safely below tendon ultimate, but sufficient
ly great that tendon ultimate force could be obtained within
a single B inch stroke of the Stressing Ram attached to the east
end for Phase |l elongation. This was for the safety of person-
nel and protection of the test equipment,

The wire used for Series A tests was tested to determine mean
values of actual ultimate strength, yield strength, and elonga-
tion as shown in Tables 3.3-6 and 3.3-7 for teste A-1 and A-2
respectively.

Applied load was recorded at intermediate values of applied
elongation. Elongation was measured by means of a steel tape,
accurate to 0.01 inches, which measured Stressing Ram piston
travel. Loads were measured by both a calibrated hydraulic
gauge and by a calibrated hydraulic pressure transducer having

a digital read-out. Calibrations were performed with a setup

similar to that shown in Fig. 3.3-1 except that a 1000 kip
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ABLE 3.3.6: Test results and mean values of mechanical prop-
erties for wire used for Series A, test A1,
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TABLE 3.3-7: Test results and mean values of mechanical prop-
ertias for wire used in Series A, test A2,
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capacity load cell, accurate to 1% full scale traceable to the
National Bureau of Standards, was added between the washer
and the split shims at the left end. Although capacity of the
luad cell was only one-half that of the applied loads, load cell
vs either transducer or hydraulic gauge readings showed a linear
relationship to 1000 kips and can be extrapolated linearly with
sufficient accuracy. Test data for Series A, test A-1 and A-2
are shown in Tables 3.3-8 and 3.3-9 respectively.

The relationship of the actual properties of wire used for Series
A, tests A-1 and A-2 as compared to the minimum properties
requiied by ASTM: A 421 can be seen on Fig. 3.3-8. The
stress-strain curve shown has the same shape as aload-elongation
curve and is based on the 10 inch gauge length specified in
ASTM: A 421. It can be seen that the wire used has an average
yield point 16.9% greater, an average ultimate 3.1% greater, and
an average elongation 52.5% greater than corresponding mini-
mums specified by ASTM: A 421,

Jtye 19350 100
/ am P~ — (250, 5.3%)

7 4%, 4 ,‘! 7 245, 8.9%)
s
19 Wire Test = Tencan 11
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10" Goge Lang'n
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Steain, in,/in. OV n .| e 08

ING(VIDUAL WiIRE PROPERTIES
FIG. 3.3-8. Stress-Strain curve showing mechanical properties for
wire used in Series A, tests A-1 and A-2, shown superimposed on
the theoretical curve for a wire having properties per ASTM: A421
specified minimums,
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TEST A-2 DATA
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TABLE 3.39: Test data for Series A, test A-2,

The load-elongation data for Series A, tests A-1 and A-2 is
plotted in Fig. 3.3-9. For clarity, only the resulting curve is
shown without intermediate points. A theoretical curve for a
tendon having mechanical properties per ASTM A 421 mini-
mums is superimposed,
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TEST RESULTS

FIG. 3.3-9: Load-Clongation curve of Series A, test A-1 and A-2 re-
sults, shown superimposed on the theorectical curve for a tendon
having properties per ASTM: A421 specified minimums.

The summary and analysis of Series A test results are tabulated
in Table 3.3-10. Following procedures established in prior WCS
Technical Reports, performance is rated by: 1} nominal effi-
ciency - that is, performance of the tendon relative to the
minimum guaranteed wire properties, and 2) actual efficiency -
that is, performance of the tendon relative to actual wire
mechanical properties. Both nominal and actual efficiencies are
shown for both ultimate load capacity and ultimate elongation,
using notations defined in Table 3.3-10. These efficiencies are
theoretical, for comparison purposes, and cannot be considered
an exact measure of performance of a multi-wire tendon for
several valid reasons.

First, the mechanical properties of sample wires are determined
by tests on a 10 inch gauge length ger requirements of ASTM:
A 421, There is no valid correlation of performance based on
a 10 inch gauge length to performance based on much longer
gauge lengths - 385 inches in Series A.

Second, a multi-wire tendon cannot be assumed to perform as
the sum f the individual wire performances due to individual
differences in the wires. since it is obviously impossible for a
multi-wire tendon to be any stronger than the sum of the in-
dividual wires, it follows that it must be weaker, since to be of
equal strength would be a coincidence, Therefore, it is theoret-
caily impossibie to have actual efficiency ratios {tRp and tRg)
greater than 1.0. It further follows that nominal efficiency
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ratios (nRy and nRg) can only be great:r than 1.0 if the wire
is actuglly better than specified minimums. As it relates to
ultimate tendon elongation, General Atomic has taken this into
account by requiring an ultimate elongation of 3.5% for a 30
foot gauge length, thus requiring that nRg = 0.875.

If the mechanical properties are determined for each coil of
wire in any given lot of m.teric! prior to selection (such as a
mill heat), the guantitative values of any property for all coils
will foilow a normal distribution curve similar to that shown in
Fig. 3.3-10 for uitimate tensile strength, ASTM: A 421 requires
aminimum ultimate tensile strength of 240 ksi (or 11.78 k) for
0.250 inch diameter. Theoretically, all wire shipped could have
this minimum tensile strength and no more. In actual practice
however, this is impossible. In order to limit rejects, the steel
mills must aim to produce a product higher than the mini-
mums, as shown by the horizontal position of the vertical line
representing mean tensile value (). Approximately all coils
(99.7%) will have a tensile strength within the range of the
mean tensile value plus or minus three standard deviations
(X £ 3 0), and therefore the variance of the product, as meas-
ured by o, determines how much higher the aimed for value
{X) must be over the specified minimum in order to limit
rejects. To aim for a X which is too high is to risk rejects for
other specified properties, e.g. coils having the highest tensile
strength may be rejected due to low elongations,

As can be seen by reference to Tables 3.3-6 and 7, the variance,
as measured by the coefficient of variation (v), is quite small
for tensile strength, but is four to ten times greater for elonga-
tion,

SPECIFIED MINIMUM TENSILE
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ULTIMATE TENSILE STREUGTH

FIG. 3.3-10: Frequency distribution of uitimate tensile strength for ali
coils of 3 mill heat of 0.250 inch diameter ASTM: A421 wire,

.

There is insufficient experimental data available to draw any
valid conclusions as to the theoretical true efficiency of the ten-

don, that is the relationship of the tendon actual failure load
(or elongation) and the sum of the actual wire properties. Series
Awould indicate: 1) a relatively high true efficiency for tensile
ultimate (1R, = 0.992 to 1.020) with a small variance, and 2)

a somewhat lower true efficiency for ultimate elongation (tRg

= 0.627 to 0.863} with a large variance. Should this hold true
in ail cases, then it could be expected that a 30 foot long test
tendon fabricated from 170 wires having exactly minimum

properties (“hat is, 11,78 k UST and 4% elongation) could fail
at 1986.7 k and 2.5% elongation, but the confidence in the
accuracy of this expectation would be quite low.

From the above discussion, it is reasonable to conciude 30 foot
long t~st tendons should exhibit efficiency ratios of nR, =2 1.0
for tensile and nRg 2 0.875 for elongation. It must be expected
however that test tendons fabricated from wire having mini-
mum properties would fall below these efficiency ratios. This
should be of no concern as the actual strength of all tendons,
both test tendons and those used in the structure, will exhibit
the same frequency distribution as the wire itseif,

Series A tests show tiiat the two tendons tested exceed speci-
fication requirements for both ultimate load and elongation.
They also contribute significant information on the behavior
of long multi-wire tendons loaded to ultimate, from which
more exact criteria and code requirements can eventually be
derived.

3.35 TESTSERIESB ANDC - GENERAL

In general, Series B tests were conducted to determine web
(honeycomb) shear ultimate both with split shims (Series B81)
and without split shims (Series B2); and Series C tests were
conducted to determine shear ultimate load for the 8 inch
diameter thread, which couples the Wasrer to the Washer Nut,
both with split shims (Series C1) and without split shims (Series
C2). Specific details which apply to 2ach of the four series (B1,
B2, C1 and C2}, including discussion, objective, test procedure,
test results and analysis, are presented separately for each series
in succeeding sections.

In relation to the anchorage hardware components or assem-
blies, the term “outer face” is used to describe the surface on
which the wire heads bear, that is, the face on which the load
is applied; and the term "inner face” is uscd to describe the
opposite surface, that is, thz face wiich has a reactive force in
the opposite direction to the applied load.

The interior wellof the 4 million pound capacity test bed was
used to apply the test load as shown schematically in Fig.
3.3-11 and by photos in Fig. 3.3-12 a) thru ¢). Three - 1000
ton stressing rams were attached to the inside east end of the
test bed and were hydraulicaily interconnected to a stressing
power unit locatec on top of the bed, Ram force was transmit:
ted thru a movabie load block to the component being tested.
Load reaction was provided by a fixed spacer biock reacting
against the inside west end of the bad.

Redundant determination of the applied test load is provided
by means of: 1) a Martin-Decker, 12" dia!, 0-10,000 psig
hydraulic gauge measuring to 20 peig subdivisions the o't pros
sure being apolied egualiy (in paratlel) ntical rams
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and 2) by a Transducers Inc. Model GP-46F-10,000-7103 hy-
draulic transducer attached to one ram and reading to 50
pound subdivisions on a Transducers Inc, Model AD X-38 Auto-
matic Digital Indicator. Both the gauge and ADX-38 were
mounted on the hydraulic controi-power unit installed on top
of the test bed. Both the hydraulic gauge and the transducer-
indicator were calibrated to the capacity of a 1000 ton load
cell.
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