
)\
\,,

.

10SEPHI.Ryrnscr4 r. Son.ne.

?

/
..<

.

.,

c. :
. .

-
,
.

.

-
.

.

- s.-
.

.

! .
.

.,

;- ..

I
t -

L

:

:
.

.

| DDIENSIONAL INFORTRTION AND TEST REPORTS I
"

'

\FOR 90- AND 170-h' IRE SYSTBIS ! .

.
' 't

;
'

t
I. -

.

- * '
.. .

|.

.

. .

.
.

_ s.y
-

-(' . . ,
,

s ,
,

h+
.

.
.

-.

.

.

.

. .

.~

.

-.
.

.

' :

.
-

, ,

s 1

qp
. ,o

8005300 l0 0058
.

. . _ - - . . _ . _ _ . . . _ . _ . . _ _ . _ . _ _ . . . . _ _ _ . . _ . _ . . . _ _ . _ _ - .__ - . _ _ . . _



_ _ i. _ ;
.- . __ _ _ . . . . . .. _ ,_.,. ,,

,

.-

;i~E D N B 2 0 W i /!
-

.

!( f/ /ht-M 6:/d'

I.
[

' ' ;
,

1

.

.
-

.

.

" Dimensional data for tendons giVing the, diameter of--- __
1.

--- . . . .. .. . . . . . . . . . ' ~.

,

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 bundle approximately 2-3/4" p, and a 3-3/4" ID.

sheath is recommended. The 170-wire tendon will form
a bundle approximately 3-3/4" p, and a 4-1/2" ID sheath, . .

~ _1 ,,,_ _
is recomended. .
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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 anc components is shown on the.

.following Ryerson drawings: -

'

90lf50C' '

90lf50D
' 90if5 *

-

901f15*

90W50E 90ifAC2
,,

'

- '

90lf1C 90lfAC3

. ((r 901f1E 90iiAC7,

, . . _ . . . - . _ u. .90if2B +. _--' '

The 170-wire system is shown on the following WCS drawings:
*

,

*

100103 100116
100104 100117,

'

100105 100118 - -
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100106 100119 *
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100107
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3. " Certified test results of engineering data for tendon,
including sectional area of wires (sq. in.), ultimate
strength, yield strength, stress-strain curve and clongation,

-

at rupture." ,-
.

,
.

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

. .

ASTM Specification A-421-

, Typical Stress-Strain Curve for A-421 ifire '

Stress-Strain Curve for Mill Heat #31636 (representative)
-

Tendon system tests for 90-wire tendons:

-Compression Test of 90-11 ire Anchor Head Assembly
-Corpressive Load Tests of.90-ifire Tendon Base Plate .

Test on Concrete Stand -

-90-liire Tendon Test -

-Friction Test on Large, Multiwire Post-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 Specifitations for
UNG.OATED STRESS-RELIEVED WIRE FOR

PRESTRESSED CONCRETEt

J
'

. .

,

ASTM Dealguation: A421-65

Aportro,1961; Rrvisen,1965.8
~

This Standard of the American Society for Testing and Materbb Is issued
under'the facd designation A 421; the fmal number indicates the year of orig-
inal adoption as standard or, in the case of revision, the year of last revhion.

Scopo cold drawing by a. continuous strand
.

1. These specifications cover two types heat treatment to produce the prescribed-

of uncoated stress relieved round high- mechamcal propert,es.i

carbon steel wire commonly used in pre. (c) There shall be no welds or joints in

stressed linear concrete construction, as the finished wire. Any welds or joints
-

*

O (o]|ows: made during manufacture to promote

6 Type BA wire is used for applica- continuity of operations shall be re-
tions in which cold-end deformation moved.

is used for anchoring purposes (Button Discard
' *

.,

Anchorage)) wire is used for applica.3. A sufficient discard shall be madeType W
. ' " .cach ingot to ensure freedom fromItions in which tlie ends are anchored

'by wedges, and no cold-end deforma- injun us piping and undue segregation.

tion of the wire is involved (Wedge chemteal composition
,

Anchorage). 4. (a) The ladle analysis of the ste'el
-

Process shall conform to the following ranges:

2. (a) The steel shall be made b'y the- carbon, per cent. . . . . . . . . . . . 0.72 to 0.93 *
2

baste-oxygen, open hearth, or electric- Mans $ne**.P*rcent 040t'13
.

Phosphorus, msz, por cont.... . OS10 :, furnace process Bulfur, mar, per cent. . . . . . . . . . 0.050 :
**

(b) The wire shall be cold drawn to Bilicon, per cent. . . . . . . . . . . . . 0.10 to 0.35 '

size and suitably stress relieved after
'

(b) Van. t.a ions m manufactun.ng pro-
.

.

8 Under the standardization procedure of tho' cesses and equipment among wire manu-
Bocloty, these epoci6 cations are under the jutts-
diction of the ASTM Committoo A-1 on 8 teel, facturers necessitate the . divigu3] 3e]eC-m
and are the direct responsibility of Bubcomn21ttee tion of att appropriate chemical co,mposi-
V on Stect Reinforcement Dars, tion, within the aboyc ranges, at theLatest revision accepted August 31, Ice 5,
by action of the Socloty et the Annus.1 Meetia: d.iscret. ton of the manufacturer.

.
*

and conGrming letter ballot. . (c) When requested, an analys,ts CI
Prior to adoption ca standard, thlo eptaif3:.-

s.- tion was publiebcd as tentativa froQ 1053 to CaCh heat of steel showinZ the percent-,

*

caca of the elements specified in Para-
.

1964, bota: reviced in loso. -

*

cc5
*

g as-n. ~

0088^-
-
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'c graph (a) 4 hall be furnished by the be less than 80 per cent of the specified
manufacturer, minimum breaking strength, f[,.c

(b) The extension under load shall beCheck Analys Tolerancesis .

measured by an extensometer calibrated
5. An analysis may be made by the with the smallest division not larger than'

purchaser from fmished wire * represent- 0.0001 in. per in of gage length,
ing cach heat of stect. Samples for analy- (c) The initial load corresponding to .

sis shall be obtained by milling the wire the initial stress prescribed in Table III
in such a manner as to obtain a sample shall be cpplied to the specimen, at which
representative of the entire cross-section. tirn2 th6 cxtensometer is cttached and
Prior to milling, the surface shall bc

TABLE"III.-YIELD STRENOTHCIcaned to remove all fore.ign matter. All REQUIREMENTS.
such individual determinations shall not -

mgnggs,tyg7;gy:nvary from, the limits shown in Section 3,,,,,,,- , , , , ,,, g,,
4(a) by more than the amounts pree i. stren. ni
scribed in Table I. Tm BA Tm wa-

,,

2...;,...;.TABLE I.-PERMISSIDLE VARIATIONS 102 000FOR CHECE ANALYBIB. ,
.

0.250......... 29 000 192 000 102 000'
0.270......... 29 000 * 189 000 -. yg

tion Over Masht:::t
. Eternent Ltroit er Under *Theos slees cro not commonly furnished in

1Unim en Lim!t. type BA wiro.
per cent

adjusted to a reading of 0.001 in per in.( Ca r bo n . . . . . . . . . . . . . . . . . . . . 0.04
s~

M a n gan es e. . . . . . . . . . . . . . . . . 0.00 of gage length. The load shall then be - T.-
. . .

Ph osphorua . . . . . . . . . . . . . . . . 0.003 increased until the extensometer indi- ./
S ulfur . . . . . . . . . . . . . . . . . . . . 0.008 cates an extension of I per cent. The load-
su ico n . . . . . . . . . . . . . . . . . . . . . 0.02

for this extension shall be recorded. The -
,

stress corresponding to'this load shall.

Tensile Strength meet the requirements for stress at 1 per
6.The tensile strength of type BA wire cent extension prescribed in Table III.

and type WA wire shall conform to the
requirements prescribed in Table II. U "E^U "

a aga n under load d *TABLE II.-TENSILE STRENGTH *

REQUIREMENT 8. all w. ire shall not be less than 4.0 per cent
when measured in a gage length of 10 in.

'" St" N. The c'longation shall be determined by.
~

x ..i ot .ter to.

Tm BA Tm wA, an extensometer which is placed on the
|

test specimen after si load corresponding'
UN.':::::::.1:: $$ $ t6 the Initial stress prescribed'in Table

'

240 000
*

0.250............ 240 000 210 000 IIIis applied. If the fracture takes place
0.276............ * . 235 000 outside of the gage length, the clongation-,

* These alzee are not commonly furnhhed in value obtained may not bc representa '
typo BA wiro, tive of the material. If the elongation so

measured me:ts the minimum requirc-Yictd Strength "

ments specified, no further testing is in-
7. (a) The minimum yic!d strength for ~ diccted; but if the c! n ption is hcs than *

,

-_ . all wire, measured by the 1.0 per cent the minimum r:quir:r.ccta, the test shall
extension under load methcd, chall not ba di.:cmded nud n :tste-:t mada. -

. iJ
'

.

'

.
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'

g Permissible Variations in Dimenclons ' naked eye,'shall n'ot be cause for rejec-
'

9. (a) The diameter of the wire shall tion. ,
,

not vary from the nominal diameter (d) Temper colors which may result
specified by more than 0.002 in, from the stress-relieving operation are'

(b) The wire shall not be out of round considered normal as regards the finished
by more than 0.002 in, appearance of the wire.*

Cast Marldng .

10. A wire sample of su0icient length, 14..The size of the wire, ASTM speci-
when laid free on a substantially flat fication number, heat number, and'name isurface, shall form' an arc of a circle or mark of the manufacturer shall be

*

not less than 12 ft in diameter. marked on a tag securely attached to-
Button Anchorago each bundle of wire.

-

,

11. Type BA wire shall be of suitable Inspection
quality to permit cold forming of buttona 15. The purchaser shall state at the
for anchorage. Splitting shall not be time of order whether outside inspection
considered a cause for rejection if the is required or waived. If outside inspec-

.

button anchorage is capable of develop- tion is required, the manufacturer shall
ing the full strength of the wire. afford the inspector representing the pur-

*

' umber of Tests chaser all reasonable facilities, without
*

N -

charge, to satisfy him that the materialis
12. Unless otherwise agreed upon be- being furnished in accordance with these( - tween the manufacturer and the pur- specifications. All tests and inspections

1 chaser, one test specimen shall be taken shall be made at the place of manufacture"

from each 10 coils or less in a lot 8 and prior to. shipment, unless otherwise.

tested to determine compliance with agreed upon at the time of purchase, and
Sections 6, 7, 8, 9, and 10. shall be so conducted as not to interfere
Workmanship and Finish unnecessarily with the operation of the

works. If outside mspection is waived, a
,

13. (a) The wire shall be free from manufacturer's certification that the ma-
kinks. terial has been tested in accordance with

(b) The wire shall be furnished in and meets the requirements of these spec- .

firmly tied coils, having a minimum in- ifications shall be the basis of acceptance
side diameter of 48 in. Each coil shall be of the material,
of one continuous length. -

. -

(c) The wire shall not be oiled or Rejection
greased. Slight rusting, provided it is not 16. Unless otherwise specified, any
sufficient to cause pits visible to the rejection based on tests made in accord-

ance with these specifications shall be
:The term ** lot" means all the coib of wim

of the same nomlant wire also contained in an tePorted to the manufacturer within a
ladividual shippio:: releuo or shippIna order. reasonable length of time.

,
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,

.. -
.

.
.

--

~. . a_ s . , .
,

.,

i '. COMESSIVE STHEMGTdS -

. . .. ..

[ .

is
,

T Dato sectional Arca cruchin3 Lead Crushin3 Stren3th Acc'

of Tontiu t Sq. In. Lbs. PSI Day _a.

March 0, 1957 20.27- 92,000 3250 2
'

.
March 0, 1957 20.27 81,000 2870 2

~ -
'

3060 Averc3o-

.

. .

:.

March 9, 1967 28.27 115,000 4070 3
March 9, 1967 28.27 120,000 4240 3

4150 Average
,

%. c 19, in.7 90 . '.7 12I>,0m 43"O I>s 0 <

March 10, 1967 28.27 121,000 4280 4
'

4340 AveragoW -.

0104. . re,, ,.
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. .

Eien the concrete in the occud had reached the requested otronsth,
cho otand una coceed by tho fo11cuins cothed.

.

'

A comproccive lond of 742,000 lbs. uno applied in increcento of
100,000 lba., cud then rolecocd in inerc=cato of 106,000 lba. The
gaso rondioso echulated bolca ucro cbtained ucing a deficccccccer
deci3nad co chcun on Paso 5 of nycroca inotructieno dated 2/2/67.

Cyclo Cno una repeated, recordin3 the oc$a gc30 readinsa. .

.

On tho third cycle, dici sage readinso ucro recorded only up to
742,000 lbo. The loeding centinued in 106,000 lbs. incre=cato to
1,200,000 lbo. At 954,000 lbo. heirlino crccho appocred on the
cidco of tho otand. Thoro ucro no other apparent defcets at

- 1,200,000 lbo. .

/ The dici sc3e inotruzent ucs designed oo that cecourenecto, either
ec=prcccivo or capensivo, vere recorded at a specified diccanco
frca the conter line of the concreta otand or cetal bace picto.

Gogo no. Locctf.cn _ I

1 On the concrete 3 inchoc from cdse. of boom picte.

2 On the base plate 7-1/2 inchen frc:n conter lino
,

of occnd..

3 On the base picto 4-3/4 inchco frca conter lino.

of stand.-

,

I

4 Cn the bece picto 6 inches fue:a center lino of .I
stend. |

|

5 on the concreto 1 inch from edge of bass pisto.
.

|t
-

'

M
raga 2 0105

,.
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March 29, 1957
cuENrd No. 21T114-3 REPORT

LOAD DIT03"ATMI tr?AStia6__

loc Leadian
Dlocd

Etzdo #1 02 03 04 05

0 .000 .000 .000 .000 .000 |

100,000 .001 .000 .00% .001 .000 !

212,000 .002 .001 .006 .004 .001 !

310,000 .002 .002 .009 .005 .004
424,000 .003 .002 .011 .007 .007'-

530, GOD .004 .003 .0D .009 .009
636,000 .005 .004 .016 .011 .010
742,000 .006 .004 .018 .013 .012
636,000 .006 .004 .017 .012 .013.

A 530,000 .005 .004 .016 .012 .0D
"

;- 424,000 .005 .004 .015 .011 .012
310,000 .004 .003 .014 .010 .012 l

212,000 .004 .003 .012 .008 .012
105,000 .001 .002 .009 .006 .012

0 .000 .000 .003 .002 .002
.

2nd Imding

0 .000 .0D0 .000 .000 .002
106,000 .002 .001 .004 .003 .007
212,000 .003 .002 .004 .004 .009-

310,000 .004 .003 .000 .005 .011
.007 .012424,000 .005 .003 .010 -

530,000 .C05 .003 .012 .003 .013
636,000 .CSG .G04 .013 .010 .014
742,000 .005 .004 . 015 .011 .015
636,000 .006 .004 .014 .010 .0145
530,000 .006 .004 .0D .010 .014
424,000 .005 .0035 .012 .0095 .0D l
313,080 .005 .003 .011 .0075 .0125
212,000 .004 .003 .009 .005 .0115 4

'

106,000 . .003 .002 .005 .004 .010
O .000 .000 .003 .000 .002

'

%'

.

0106
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REPORT

LOAD D2F052n\ TIC:I If1& STELE 52!F.3_
.

*

,
3rd Lecding

Lond Gnao
Potrda 01_ 02 03_ _04 05.

0 .000 .000 .000 .000 .002
106.003 .003 .002 .004 .003 .009.

212,000 .004 .002 .007. .0045 .011
310,000 .004 .003 .009 .006 .012-

424,000 .005 .003 .011 - .007 .013-

530,000 .005 . .0035 .012 .0085 .014
636,000 .006 .004 .0135 ~ .010 015
742,000 .007 ' .004 .015 .011 .0155

.

y 954,000 Enir lina crecks visiblo.
0

PITTSELPJM TESTE G LAIOMTORY-

*

.

. -

J/ w
EcclGallagher//Ecnager
Faycical Tcating Dopartmant

cc: 3-nycrcon Steel
1-PTL Chicago *

-
..

've pase 4 of 4 0107
,

i
*
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JosEPHIRYERSON a 50s,s. . 2-2-67'

<
.

f. BASEPLATE FOR 90-WIRE TENDON

C
A. LOADS

-
,

Loads developed by the 90-wire tendon:

Ultimate Strength: 1060k
i

Overstressing Force: 848h
'

kInitial Force: 742 ,
.

Final Force: 636k
*

'

/
I * Design force for baseplate -

B. SIZE

OD Diameter: 18-1/2" --> 269, Sq. In.
* '

ID Diameter: 6" > 29 Sq. In.
,

_

.

Net Bearing Area: 240 Sq. In.
0 Plate Thickness: 2-1/2"
i(

-
.

,
,

C. BEARING' STRESSES

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

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

'

f{=f{=4000 psi
s.

#
f = 0'.6 x 4000 \ A /269 . = 3090ep b,

Ab = 573 Sq. In. -

.

Minimum Spacing = N 573 = 2.4'
. .

= 2'-4-1/2"

3. Check Baseplate in 5000 Psi Concrete:

ff=fci = 5000
.6 x 5000 = 3000 & 3090.,
'

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

35 .oics-

.

m
-u. -
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Baseplate for 90-Wire. Tendonb 2-2-67
' '

Page 2
.

.
.

D. BASEPLATE TEST

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

1. Test'Setuo

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

.

.

_ ELEVATIONS

5-3/4 ' h18-1/2" 5-3/4" 2-3/4" _418-1/2". 2-3/4"
. _ ,,

_
. .

, .
.

d E E 4 esc SSSS1:" N Baseplate #
...

'

E
.. H

' ('
' '' N

N Trumpet #
.

.
~ 'o

:,) Reinforced i

* Concrete '

Stand
.

.

.

9.

.

,'.
-- -

-

.

4 -;.v
, , ,

z;-4"
~

.

2",, t 2'-6" _2"_ -

-

., -
-n,

'
.

j

PLAN,

O :?
'

''

-N

Concrete: fei ) 4000 psi'4
_

!
'

= |
N

/
.

... . ..
* '

.
'

. . . ..

0103
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- ' Baseplate for 90-Wire Tendon '

2-2-67 .- -

Page 3 F

._
''

s

I f'2. Application _ of Load
Y

.

Test Machine Crosshead/////////Y
| | ShimhOD8-1/2"

.

,

i ,.,

L-|- '_i -Baseplate,

i I -
*

i |
0. I -

i | !
'

Concrete Stand
|

1,
Concrete Strength 8

fcg'y 4000 psi | |

1

I
I

'
'' I Mortar Bed-

I. i
.

t

\\\\h\%\\\\\%\\\\\ -

Test Machine Table

a) Apply load in increments of 106k to'742k maximum.
'

'

b) Release load in increments of 106k to zero. -

.

c) Repeat a) and b).

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

e) Measure deformations after each load increment of a),.

b), and c). (Setup see 3.)

5). Observe concrete stand (for cracks).

3. Deformation Measurements

The instrumentation is shown only to illustrate the required
F

readings. (See drawing next page).
..

.I.
*

9.~
\i

,

.

0110
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. JOSEPH T.RYERSON a SON.Inc.
*,

.

Baseplate for 90-Wire Tendon
2-2-67{-' Page 4,

, ,
.

'

.

DEFORMATION MEASUREMENTS

*
.

+--Top of Concrete Stand

##g '
: - Baseplate,

12Y1
Shim

,

' 8!&",, I $ ,,\ 7 n

/ef1
*- w ss

Sh 'T g ./.

- PLAN
'

n n
,

-

v - vs , 3

.

+,e .

,

\
*

..

-Frame !
Dial '

Indicators Fixed Supports (3 Total)
(5 Total)

:- |
.

v

I i ' || i: i I.

'

_ ,

I I l. .

i__ _ ___ L _____. .

I
'

L

|-

ELEVATION
i, , .

I
.

.

$

.0111
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I, 21 Baseplate for 90-Wire Tendon
2-2-67'

Page 5 .

.

4. Anticipated Test Results

'

a) Observation of Concrete Stand .

It is anticipated that the concrete stand does not crack
k(other than hairline cracks) up to the design load of 742 ,

The hairline cracks to close after removing of t.he load.
Spalling of the unreinforced (and nonstructural) concrete -

around the baseplate may occur and is insignificant.

b) Observation of the Bas _eplate

It is anticipated that the plate material is not subjected
to stresses greater than the yield strength up to the de-

ksign load of 742 . The deformation measurements should
therefore vary linear with the load and indicate complete.

(907.) recovery.during unloading. The amount of deformation
measurements to be determined later (maximum reading (1/16"). ,

The edge of the baseplate should stay flush with the' edge of
('(,'t . , 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. ,

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 Fbterial

In compliance with ASTM A-36. .

.

...

.

.

G

0112
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JOSEPH T.RYERSON 1 son.ke, .2-3-67,

.

.C 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 = 848,0000.

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

B. ELONCATION

Minimum tendon elongation: 3%, measured under load in minicum
,

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" --2 120'' .

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

Initial elongation: 0.1% --+ 0.12" --+ 1/8"'

kInitial stress: 29,000 psi >128
*

,

Yield at 1% extension: 1. 20"-> 1-3/16"kMinimum yield strength: 848 *

Minimum elongation: 3% --> 3. 60" ) '3-5/8''
is to be reached before the first wire breaks

.
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._ .8"
,

.

.

*
.

'Yic1d Strength )'

., 1.2" 974,000 Pounds-
'

O 1% Elongation
,

(Measured Under
Load)i

.
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,
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'
itin. Guaranteed Ultimate Strength-'

.- 4.0" 1,060,000 Pounds*

.

4 1

' , y
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'

_.
4.4" ,

Ultimate Strength of Tendon
Pounds (First b' ire Broke at This Point)1,084,000

Elongation 4.49 Inches or 3.74%
'
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FRICTION TESTING ON LARGE, MULTIWIRE POST-TENSIONING TENDONS 1
1

.

*'

,

by Howa.d'Wahl and Ted Brown
,

*-
. r

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 concemed 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 tendons in a circular shape, and methods of corrosion protection,

f' all of which required that a prototype tendon be installed in a test
i -

facility simulating the final stmeture. 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 FACILI'lY
,

.

BBR constructed a large, massive concrete test stand (refer to Appen-
.

dix pages 1,2, 6 3 for Drawing 4-108075 and Layout of Test Cable,

Fig. 2 and Fig. 2B). 'Ihe purpose of this structure was primarily to,

simulate problems that might be encountered in the Dungeness 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 concem ourselves with
-

..

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

agg. 0117 -
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-

in these two tendon profiles was a corrugated, semirigid steel tube,
'

formed from uncoated steel strip, spirally wound and closed with a '

Pittsburgh iock seam. The corrugations were turned in so that the
,

prestressing 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 ' hatt
,

e'ach 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. Wins used in fabricating

the tendons were supplied by three different British wim manufacturers,
~

each one supplying a material that would meet ASD! a-421 specifications.

Friction was measu' red for an included angle of 180' by applying a load
.

at one end of the tendon and measuring th'e 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 load increments throughout the
-

test, the table below gives only the average values obtained in the

9 i:i whichq isstressing range. Applying the formula T =Teo x

the total angular deviation and assuning that the unintended angular

deviation is .006 radians per meter, we have:
.

-

TE7 10. 39 ' R@IUS 20' BDIlb
~

164 .122 .116
265 .123 .122

/ 366 . 135 141
_

AVEDACE .128 .126

0118
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A detailed report on the above-mentioned tests is available on request1

to Joseph T.. Ryerson G Son, Inc.
. . .

SOUlli HAVEN FACILITY

A 4'-high section, representing 1/3 of the containment structure,was

constructed by'Bechtel Corporation at the site of Consumers Power
.

Palisades Plant near South Haven, Michigan. Refer to the photograph

at the top of page 4 in the Appendix and Drawings SFT-2 and SFT-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 pulled into 3/34" ID sheathing. The

semirigid sheathing was plain steel, corrugated, with the cornigations

tumed out. In the friction test setup shown on Drawing SFT-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. '

- .

The results of each load increment for the botton tendon are shown
1

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

clastic range a curved tendon behaves in the same fashion as a straight

tendon would and that there is no abrupt change in frictien factors, ,

"

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

N
011s.-

.

_ . -



. . . ..-_ . .
-

. .

.

.

Friction Testing
Page 4

c-
o e

f'

'Ihis 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 andy and resulted in af[ factor of .124
and a k factor of .000313.

'
*

,

.

MIDDLET0hN, PENNSYLVANIA FACILI'lY '

ho 5'-high sections were built by United Engineers and Constructors
.

at the hbtropolitan Edison Crawfor.d Power Station site. These sec-

tions represented severely deficcted tendons, 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 sections. The general dimensions of the

section and the tendon profiles incorporated in then are shown on

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

%o 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 senirigid 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 cornigations turned outward. The 90-wire tendons were pulled

into the structum, dry,. and prepared for stressing as seen in the

bottom of page 10 in the Appendix.

.

Jtt 0120
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The loading procedure used here is essentially the same as the one used
.

at the Palisades facility (see page 7 of'the Appendix). The results

of each la'ad increment were reported in the same fashion and the load
.

elongation plotted (see Appendix. pages 12 and 13). Again, these

curves approach a straight line, although the load clongation curve for
.

'

the west tendon shows some erratic behavior. This resulted from a poor
t

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 80% of

r' the u.t.s. of the tendon, which were 1.19 for the east tendon and 1.12
'( 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 // -of .123 and a k factor of .000316.

.

S3 NARY OF PESULTS ,

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 |

solubic oil to none at all, the high degree of repeated results would |

indicate that these friction factors are quite reliable and not sensi-.-

fy.

tive to these variables.
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Friction Testing
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Page 6
*

n

Compiling the results of all the above-mentioned tests and applying

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

.

find a/f of .1217 and a k of 000343. Ryerson originally recomended

the following friction factors:M 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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Colculotions to compare Force- onc4 Etongation - Meo,suremento for Top Tencion .
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WESTER N CO NCR ETE STRU CTU R ES, INC.'~-
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-- 19113 SOUTH HAMILTON AVENUE ' GAADENA * CALIFOANIA * 90247 * TELEPHONE 213/321-1571

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-tension 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 variable dimer < 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 at 0.6 f,'' i 15,000 psi at 6 - 8,00D
cycles per minute to establish fatigue life and effect of fatigue
loading on static properties.

8Fatigue life of 10 x 10 cycles. No reduction of static prop-
erties. Results not yet published.

gg 0143
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i

1.0 HEAD - WIRE - SEAT SYSTEM TESTS (continued)

'l .3 Static Tests " Stabilized" Wiro

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

100% head-seat system efficiency was obtained within limits of
!

tolerances established for stress-relieved wire os reported in
WCS TR-6.

1.4 Fatigue Tests - Stabilized Wire

49 specimens were tested at 0.6 f" * 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.,

,

T

1.5 Evoluotion of Flows in Heads

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

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

.

1.6 Production Tests

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

No hood failures, all heads 100% efficient.

olu

.
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2.0 TESTS ON 2.0 MEP/170W STRAIGHT TENDONS

2.1 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 at

. tendon ultimate, and performance of production stressing equipment
at tendon ultimate.

All tendons failed at loads greater than minimum guaranteed tendon
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.

2.2 Ultimate Load Tests on Long 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 clongations 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.

2.3 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 at 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 at a relatively large stress variation
was considered a secondary purpose.

Stressing equipment performed with no problems, no leakcge, and
no damage. No wires or heads failed and there was no damage to
end anchorage hardware.

% 0145

.



__ _
.

.

WESTERN CONCRETE STRUCTURES, INC. 25 March 1968
Page 4-

.

3.0 ULTIMATE LOAD FOR CRITICAL FAILURE MODES OF
2.0 MEP/170W END ANCHORAGE HARDWARE

3.1 Threads

5 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.

3.2 Web Shear

5 sets of end anchorage hardware were tested to ultimate of the web
'

shear failure mode.

Mean failure was at on equivalent tendon force of 2,862 kips, within
4% of predicted load, with consistent results showing a 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 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 ultimate by GGA.

4.2 1 - 168-wire tendon was loaded for 1,000 cycles from 0.7 f! *
15 ksi using WCS designed and built production stressing equipment.

4.3 4 - 25-wire tendons and surrounding concrete were tested for long
term losses at 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
methods and equipment.
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CHAPTER 3.0 END ANCHORAGE.

3,1 GENERAL
.

3.1.1 COMPONENTS

The end anchorage hardware of the WCS 2.0 Mep/170 W Since neither the mean ultimate load capacity ([) nor the
Post Tensioning System is made up of the components !isted standard deviation (J) are known entil after prototype tests
in Table 3.1 1. The terminology "A end" is used to designate are completed, it is necessary to establish a preliminary criteria
the end of the tendon which has the Washer installed and for design purposes. Previous experience indicates that design-
wires shop headed during tendon fabrication. The tendon tube ing for a Safety Factor of 1.5 will produce test results meeting
at the A end has an enlarged section of sufficient diameter and the basic criteria. This gives: Component Design Ultimate
length to allow the Washer to be recessed approximately 6 Strength (P') = 1.5 x 2002.8 = 3004.2 kips.
feet inside the face of the Bearing Plate, so that the unheaded
wires can project approximately 6 feet beyond the Bearing Another independent consideration influences the design ulti-
Plate at the opposite end (B end) of the tendon. The "8 end" mate capacity of the end anchorage components. Due to the
is the end of the tendon (opposito the A end) which allows a critical structural application, a proof load test of all critical'

. Composite Washer (or optionally a Washer and Washer Nut) to . components to minimum tendon ultimate (2002.8 kips) haa! beinstalled on the projecting wires, which are then field headed. been established as an essential part of quality assurance pro-
. eau,, 3,c,. cedures. It follows that all components must be below their

tani a tvmc46 tveicAL yield point at the proof test load in order that the proof test
be a non-destructive procedure. For 4140 steel heat treated to., im 4:4o ,t , y

mk., Ne amic4 4:4o , t, v., N. RC 40-44, the tensile yield point is approximately 90% of the
c.w. w h iooiai suo r d N va* tensile ultimate; and as a practical consideration, to reduce re-

N6 jections from the proof load testing, the proof test load should" "
. m a

not exceed 90% of the minimum yield point at Re 40. It* g. i ae .# . w h . 4 w h., Ne o. i..in. a r., * c i..

therefore follows that the design ultimate strength (P') of the
TABLE 3.11: Tendon end anchorage components of the WCS 2.0 Mep/ weakest failure mode for each component should be:
170 Post Tensioning System.

Pt70
3.1.2 PERFORMANCE CRITERIA P' > 0.90 x 0.90

2002'8 > 2472.6 kips
0.B t

g(' * unbonded tendon system for a prestressed concrete reactor
The basic criteria for performance of the end anchorage of an

Taking all of the above irito account, the preliminary criteria
vessel (PCRV) or other nuclear containment is that it must for prototype end anchorage component design ultimate
reliably: 1) sustain the permanent iong term load on the tendon strength is 3004.2 kips fo. the most critical failure mode with
for the life of the structure, 2) sustain any variations in tendon the final critt;ria for performance being:
load for the life of the structure, and 3) have sufficient over-

(E- 3 o) x (F + F ) > 2002.8 kipsload capacity to allow the full actual ultimate strength and y u
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 (> 30 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 > 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 capacity 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 load capacity of the most critical failure
mode (7) plus or minus three standard deviations (a) of test
results. Many specifications require thst end anchorage compo-
ncnts may not yield at the minimum guaranteed tendo 1
strength. Therefore the basic performance criteria for the erid
anchorage of the 2.0 Mep/170 W System can be established QQ 4as: p . (g . 3 ol x (F + F ) > 2002.8 kips.y u

S '
. - . . _ .. . . .
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3.2 PROTOTYPE DESIGN.

.

t
.

3.2.1 GENERAL

Fabrication drawings for prototypo end anchorage components net affcct of all these factors can be reduced to a simple ratio
are shown in Fig's. 3.21 tnru 3.2 5 as follows: concept called the rupture factor (k,) which is the ratio of the

:. failure load as determined by calculation (F x A;) to theu
: COMPONENT NAME FIGURE actual failure load as determined by ultimate load test of the

component (P"). Therefore k, (F x A;) + P",where A;isu
Washer . 3.2.) nominal area of steel. k, is normallY greater than 1.0. The
Washer Nut 3.2 2 valueof k is determined from previous testing of similar mech.r
Composite Washer 3.2 3 anism designed in accordance with the same type of calculation.
Split Shims 3.24 Each series of tests allows determination of revised rupture
Bearing Plate 3.2 5 factors, so that calculated failure loads become more accurate

4
.

as more testing experience is gained. The rupture factors initial-
The load on the tendon at all major loading conditions is pro- ly used herein are taken from WCS Technical Report Number

. sented in Table 3.21 as a function of the guaranteed minimum 7, " Behavior of the WCS 520 i!44 Post Tensioning System
'

tendon strength (P'170) which is 2002.8 kips. Under Static Loads",

'. ,[ C Mechanical properties for the various steels used in the proto-cowomou aut oeny

type end anchorage components are shown in Table 3.2 2 for**w. 4 m , o .c uenw. s..u ars i.: ma
aw=.io .#se e+ s . : 3.1 i.e soon a various strength levels. Strength levels are listed by equivalent
see. ~. r.-# vi.i e s. e* 4 e . .# w. ee ison s hardness on the Rockwell D or C scales (R0 or Rc) sincer
mi i ) u.e .. o ,) aci sie oe iso: :r

r quality assurance is based upon determination and control ofwwt a.o t.a ) act ais e.; i.or e
Nia a ri-t r.~. tr.-- -> act ais se iroi .; hardness. Values for mechanical properties shown in Table

3.2 2 are derived from curves contained in Fig. 3.2 6 Ir. which:
TAOLE 3.21: Tendon load at various conditions presented as e function 1) the curve for ultimate tensile strength (Fgu) vs hardness
of guaranteed minimurn tendon strength (P'170h (RC of Rg) is constlucted from informJtion contained in the

1005 SAE Handbook, and 2) curves for other mechanical prop.
Several factors may cause the calculated ultimato load based on erties are plotted as they relate to Fgu based on information' '

alytical calculations to differ from the actual ultimate load. contained in MIL.H00K 5 " Metallic Materials and Elements
Among these are: a) stress concentrations due to notches for Flight Vehicle Structures", and from appropriate ASTM
and/or geometry, b) variation in material strength, and c) specifications,
variation in the area of material resisting applied loads. The

MECHANICAL PROMRTit$ ^
|SYMBOL A5fM Al$1 A151 os SAE 4140 at R .

(ksi) A7 A36 1025 40 di | 42 43 44

Ultimate Tensile Strength Fs. 60 - 75 58 - 80 55 180 187 193 200 20/
Tensile Yield Strength - F, 33 36 36 163 168 173 176 183
Cornpressive Yield Strength F., 33 @ 34T 36 179 186 192 198 205
Ultimate $heor Strength F., 38 7 37 Y 35 109 113 115 119 121

Shear Yield Strength ' F.,
Ultimate teoring Strength @ ' F s,. 98 7 - 95 7 90 324 335 344 355 'to4
Beoring Yield Strength -@- Fs,, 256 265 272 280 289

Notest{ For e/D = 2.0
% Derived using ratio (Fs,. + F .) as indicated for A151102$ times F[. for A7 or A36

i

TABLE 3.2 2F Mechanical properties of various steels used in end anchorage comrmnts. Hefer to Fig. 3.2 0 for derivative curves,

h
,)' '

i

's1
.
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170 wire Washer; R & D Part No. 730-02; R & D Drawing No. 346
Material: 4140 commercial grade, hot finished, leaded, annecled, 6-1/2" diameter bar.
Heat Treat after all machining to Re 40-44

FIG. 3.21: Prototype Washer Drawing

0150
M ,

.

3

<



.
.

f ... - -~ .'s
s s

%e f
\/

/ .,." " D ,g g" t
\ *,,n

| ,|!' >>
| ,| r r

't )

,!,! 4'h \
p

t ,, i,

i !! ||
>

I
\ v ,'o

4 t |
V it
t I\
\ f /s

/ /\
"

+%** %. .= d**p /s
\

s -
/N

-- J '

P L A N

.iri : gigge

... . : .gge
OUTEJ F A'C Z

,,. .. Co. ,e.
TYPICAL

.-- . p_ _ _ _ - - _ _ _ _ _ _ ,

a
-

~_ _ $ /

5
~ _

[ ,3fg. 4sTue

h{-._[~ _ -- -- '"_" h5R/
- ACutato THREA0,',/,-

_

.___------.7
.,

_ - _ - _ _ a53 y-.

-- ~ %~a-- - - - 2 g.4gygg' ,& r 1

ACME - Et THRZADg ." _ _____
- - .

__ . -_ _ u
- - - -

_ 4g.
! L_ - ''

-

5 kk
f. u Nv

A nnEn race
RJ.

i

- s.sor
!

A
S E CT 1 ON '' : t.

p$- ..Co0-

) el,8- e.,er- 1 e

N'
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 I.D. and normalize.
Heat Treat after machining to Re 40-44

FIG. 3.2-2: Prototype Washer Nut Drawin3 ),
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170 wire Composite Washer; R & D Fort No. 730-05; R & D Drawing No. 349
Material: 4140 commercial grade, hot finished, 9-3/4 inch diameter bar
Heat Treat offer machining to Re 40-44

FIG. 3.2 3: Prototype Composite Washer Orr. Sing
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170 wire Split Shims; R & D Part No. 730-06; R & D Drawing No. 350
Material: A7, hot finished, 2 inch plate.' Flame cut 5 inches x 10 inches with 5-5/8 inch

diameter 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 diameter center hole.
Drill and top four holes for 1 inch diorneter x 8 t.p.i. bolt on a 20 inch bolt circle..

Heat Treat: None

FIG 3.2 5: . Prototype Bearing Plate Drawing
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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 te:ts 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 estcu- 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 ultimateloads and resulting safety factors scope of this section.

Predicted Max. Load Max . Permanent Failure
Cornponent Foil re Mode Type of Stress UT5 (Temp. Overlood) Load Mode

1 u

*I&ips) 5. F (k ins) $F
,

Supporting Concrete Anchorage Zone Principal Tension
Bearing f. Interface Compression

Tendon Tubing Anchorege Zone Axial Compression Foilu e is dependent on rnechonico and
> physical properties cf the supporting concreteAnchorage Zone Radial Compression

~
and is not considered in this section.

Bearing Plate Concrete interface - Compression
Internal Flexural .j

Shim Interface Bearing. 3527.9 2002.8 1.76 1201.7 2.94
Split Shims Bearing t. Interface * Bearing 3527.9 2002.8 1.76 1201.7 2.94 No *r

Washer Interface Bearing 3357.7 2002.8 1.68 1201.7 2.79 Yes *
*

Composite Washer Shim interface * Bearing . 7908.2 2002.8 3.95 1201.i ' .Z **

Web * Shear and Flexure 2864.4 2002.8 1.43 1201.7 2.38 Yes*
9-3/8" Threads Shear 4342.7 1602.2 2.71 None No=

Washer Nut Shim interface * Bearing 7908.2 2002.8 3.95 1201.7 6.59 No *
9-3/8" Threads Shear 4342.7 1602.2 2.71 None No=

6" Threads with Shims * Shear 3276.5 2002.8 1.64 1201.7 2.73 Yes *

Washer Web Shear and Flexure 2864.4- 2002.8 1.43 1201.7 2.38 Yes
6" Threads with Shims * Shear 3276.5 2002.8 1.64 1201.7 2.73 No *

TABLE 3.2 3: Possible Failure Modes of 2.0 Mep/170 W System End Anchorage Components. Safety Factor IS.F.) is the predicted ultimate
load divided by the applied load. * Indicates failure modes to be tested.

3.2.2 SPLIT SHIM - BEARING PLATE INTERFACE (Ref. Fig. 3.2 7)
3

Nominal Area: A' = 10.0 n x .0625s = 60.83 sq. in.

Rupture Factor: k = 1.0r

Fey - 36 ksi for A36 per Table 3.2-2. l. 9 Fey = 32.4 ksi
'

LOADING FORMULATE FOR LOAD STRESS
CONDITION P or f (kips) (ksi) REMARKS

Calculated UTS P=FxA' 3527.9 58 > 3004.2,

Predicted UTS P a F x A' x 1/k, 3527.9 58 > 3004.2,

Proof Test Load f = P + A' . 2002.8 32.93 < 33, ,

Jacking G G Unloaded till trans.

Anchoring ~ 1402.0 23.05 < 32.4 = .9 F,y

Max. Final 1201.7 19.7G

-

01% .
- . -

9
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FIG. 3.2 7: Arrangement of Anchorage Components

3.2.3 COMPOSITE WASHER . SPLIT SHIM INTERFACE (REF. FIG. 3.2 7)

Norninal Area: A;=n 375 - 5.0259 = 44.18 sq. in.

Rupture Factor: k,= 1.0

Fey = 36 ksi for split shim

LOADING FORMULATE FOR LOAD STRESS
CONDITION P or f (kips) (ksi) REMARKS

Calculated UTS P=FxA; 3357.7 76 @ > 3004.2

Predicted UTS P = F x A; x 1/k, 3357.7 76 @ > 3004.2

Proof Test Load f = P + A; 2002.8 45.33 @ <F = 179 for Rey C
'

Jacking - - No load till trans.

Anchoring 1402.0 31.73 < 32.4 = .9 F,y

Max. Final 1201.7 27.20

Note: t
D

9.375 5.625
-@ equivalent D = - 1.875 k,

,

equivalent e = t + = 2 + I' = 2.94 f r t = 2.0 min.
~

2 e

9
.. e/D = 1 '875
* ~

*'

Fbru(for e/D = 1.5) = .8 Fbru (for e/D = 2.0)
0157

.Fbru (for e/D = 1.5) = .8 x 95 = 76 ksi '.

'

10
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, .

~@L The bearing stress of 45.33 at Proof Test Load exceeds F as 36 ksi for the A7 or A36 split shims which would there.ey
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 Rc 40.ey

@ 'For the composite washer side of the interface Fbru = 326 ksi and F,y = 179 ksi.

3.2.4 9 3/8 0.D. THREAD

'

. A* = (L, p x n x E ; where:,

; A; = nominal shear area

L, = length of thread engagement = 3.250 inches

n = number of threads per inch =4 .

i

| p = pitch = 1 + n = 0.250 inches

D = nominal diameter = 9 3/8 = 0.375 inches ;

E = nominal pitch diameter

= D 0.3 p = 9.375 - (0, .3 x 0.250) = 9.300 inches
|

A,' = {3.25 - 0.25) x 3.1416 x 9.30 = 43.83 sq. in.,

2

I P' = F and f, = P x k,

! P' = Predicted ultimate load

F,, = Ultimate shear strength (See Table 3.2 2)

k, = Rupture factor = 1.1 (Ref.: WCS Te'chnical Report No. 7)

f, = Calculated shear stress

LOADING . -HARD. LOAD STRESS
CONDITION R (kips) (ksi) REMARKSe

Calculated UTS@~ 40 4777.0 109 > 3002.4,

Predicted UTS 40- 4342.7 109

41 4502.1 113

42 4581.7 115,

43 4741.1 119

44 4820.8 121

Proof Test Load ' 40 2002.8 50.27 < (.9 F,y = .9 x .9 x Fsu = 83.3)

, Jacking @ 40 1602.2 40.21 < 0.4 F,..
,

Notes:

' @ ' Calculated UTS does not make use of k,, .'. P = F x A,'e su

@ ' The 9 3/8 thread is unloaded af ter transfer

.11
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3.2.5 6 INCH O.D. THREAD . VITHOUT SHIMS (REF. FIG. 3.2 7)

f D
A*=I.**'PI*** ; where:,

2

. A' = nominal shear area.

,

L, = length of thread engagement = 3.250 inches

n = number of threads per inch =4

p = pitch = 1 + n = 0.250 inches

D = nominal diameter = 6.000 inches

E = nominal pitch diameter

i = D 0.3 p = 6.0 - (0.3 x 0.250) = 5.925 inches

A,* = (3.25 0.25) x 3.1416 x 5.925 = 27.92 sq. in.I

Calculated Ultimate Load:
. '

P, = P, = F,, x A',,

Predicted Ultimate Loads and Stresses:

P' = P. ; F, x A*' ; and f, = k' ;where

F,, = 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 R (kips) (ksi) REMARKSc

Calculated UTS 40 3043.4 109 > 3004.2

Predicted UTS - 40 2766.7 109
.,

41 2868.2 113

42 2019.0- 115

43 3020.5 119

44 3071.3 121

Pront Test Load 2002.8 78.9 < .9 F,y (.9 x .9 x 109 = 88.3)
-

Jacking 1602.2 G3.1 = 58 x F,, (min.)
-

%.. Anchoring 1402.0 55.2 =51x ./
-

Max. Final 1201.7 - .47.3 = .43 x-

+ .:
._ . . .
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3.2.6 8 INCH O.0. THREADS WITH SHIMS (Ref. Fig. 3.2 7)

[- The_6" washer bears on the split shims over an area'Ae, and thus results in a force, Pbr * I , x A ,. This bearing force (P ,)b b e
f plus the shear force (P ) as derived in Section 3.2.5 reacts against any applied load (P), so that: P = P + Po,. At ultimate load
levels, all component materials are stressed within the plastic range, and we can expect I , to be equal to Fb bru which is quite
high in terms of F ,, but is rather indeterminate. MIL HDOK 5 gives data for Fbru 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 Fbru (average) = 0.636 Fbru (peak), or Furu (peak) = 1.57 Fbru (average)
Data for AISI 1025 steel indicates that Fbru = (90 + 55) Fiu = 1.64 Fiu. The washer split shim interface fs 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 determinedeu
approximately from the Rg hardness. Therefore, we can derive an approximate expression for Pn, as follows:

Po,= Fe,u xAbr * 8.79 F,y:where:
.

Ae, ={(6.00' 5.625 ) = 3.42 sq. in.2

1

F ru * 1.64 F x 1.57 = 2.57 Fb iu tu
1

Ftu is determined by hardness test from Fig. 3.2-6.

; Therefore P' = P' + Po, = P' + 8.79 F
iu

' 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 = fe, x Abr (total) = 44.18 f
ori or fe, = 4.18. where:

br (total) =f-(9.375 - 5.625 ) = 44.18 sq. in,A 2 2

i

k
'

'

xA,=P x 3.42 = 0.077 P
;

Therefore: Per = fbr a 44 g

Since: P = P. + Por = P. + .077 P

P. = 0.923 P = f, x A, = i x 27.92 (Section 3.2.5)s

f, = 0.923 P = 0.033 Pd

27.02

3.2.7 WlRE 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 (P,) 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 results:

WlRES RELATIVE.

SHEAR TO SHEAR PLANE TOTAL LOAD RATIO NUMBER OF STRESS RATIO
PATH INSIDE OUTSIDE WIRES Rp = P,/P WEBS (N) R. = R /Np

. Shear Path 1 141. 20 170 0.829 44 0.0189

-Shear Path 2 133- 37 170 0.782 40 0.010G

For any given condition, the web width (w), the washer thicknns (t) and the applied load (P) are constants, so that the com-
puted shcar stress (f,) varies directly with the stress ratio (R, = R /N) as follows:p

'

W f, = Pt , Rn , Ti x _ P = Rs x C
RoxP

A .N .xi wxis

13
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It can thus be seen that the shear stress along shear path I 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.

PATHI i

l

@
( b h

hG O
() 0 0

go,
O ,O

OO- O'

O PATH 2

E
FIG. 3.2 8: Alternate shear paths for wire hole web shear failure with Path 1 shown above
horizontal k 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 2 0.010, or 7.5% of the nominal web width (w = 0.133),
the total spacing along any line of holes.t.5 the same tolerance of 0.010. which is only 0.2% Therefore the average web is
the nominal center to center hole spacing (0.537) minus the hole diameter (0.260 nominal or 0.264 r.aimum). The area of
steel resisting web shear (A ) along the critical Path 2 is therefore:s

A' = N x w' x t = 40 x 0.137 x 3.750 = 20.55 sq. in.,

As. min. = N x wmin. x t = 40 x 0.133 x 3.750 = 10.95 sq. in.

N = number of webs afong Path 2 = 40

*
w = nominal web w dth = 0.397 0.260 = 0.137 in,

wmin. = minimum web width = 0.397 0.264 = 0.133 in.

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

Calculated ultimate load (P') and predicted ultimate load (P') are the same since the rupture factor (k ) is taken as 1.0. Loadsc r
and stresses are given by:

p . F,1, x A', ,109 x 20.55 = 2240 kips
k, 1.0

P* = = 2864.4 kips. *
0 82 782

xP , 0.782 x P = 0.0381 P ksi(, . R o
A's 20.55

where: P = any applied tendon load

P' = tendon u:timate tensile strengtn g
P' = predicted ultimate shear (test) load 0161 >
Rp = load ratio = 0.782 from chart above

k, = rupture factor = 1.0 (Ref. WCS Technical Report No. 7)

A, = nominal sheer area for Path 2 = 20.55 sq. in.

14 -
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LOADING HARD. LOAD STRESS
CONDITION RC (kips) (ksi) REMARKS

h Predicted UTS 40 2864.4 109

41 2969.5 113
1

42 -3022.1 115 > 3004.2

43 3127.2 119

I I 44 3179.7 '121 I
'

Proof Test Load 2002.8 76.2 < .9 F,y (.9 x .9 x 109 = 88.3)

. Jacking 1602.2 61.0 = .56 Fsu

Anchoring 1402.0 53.4 = .49 Fsu
)

Max. Final 1201.7 45.7 =.42F sua

For shear failure along Path li

As = N x w' x t = 44 x 0.137 x 3.750 = 22.61 sq. in.

A, min. = N x wmin. x t = 44 x 0.133 x 3.750 = 21.94 sq. in.

p; . Fsu x A' .- 109 x 22.61s = 2434.5 kips
kr 1.0

P' = equivalent tendon ultimate strength *

. .P,g , & , 2464.5
= 2972.8 k '

R 0.829 0.829p

$ f, = Ro x P , 0.829 x P = .0366 P ksiA 22.61s

3.2.8 FAILURE MODE ANALYSIS

ACI 318 63 limits the concrete compressive stress on the bearing Table 3.2 3 lists all failure modes for each component. For each
area supporting a tendon bearing plate to: component. the critical failure ^ mode is that having the lowest

fcp = 0.6 f;g - yAb/A ; but < f ; Safety Factor (S.F.). The purpose of the prototype testing re-d e ported in Section 3.3 is to determine actual ultimate load for
in customary practice, fcp is considered to be a uniform stress all critical failure modes.
and the bearing plate thickness is then set to limit flexural
stressin the bearing plate to F y at minimum guaranteed tendon '
ultimate. Although this procedure results in satisfactory per.

' formance, it does not represent the' actual conditions which
exist and has no significance in analizing the mode of failure.
While fe, = P/Ab gives the average stress on the bearing area,
the distribution is not uniform in any case. and is dependent
upon the modulus of clasticity, poissons ratio. and creep prcp-
erties of both the plate and the supporting concreta. The max. .

imum concrete stress is a function of bearing plate deflection.
Since the bearing plate flexural stress could not possibly exceed
Fry without causing concrete failure, the bearing plate can not
fait. The failure mode is thus determined by the supporting
concrete, not the plate, and will not be con ~dered in this
Section. This subject is covered in WCS Technical heport No. 2.

'

'
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3.3 PROTOTYPE TEST

3.3.1 DESCRIPTION OF TEST PROGR AM

( The test program was designed to test the ultimate load, ulti- It should be noted that prototype anchorage hardware dimen-
'

mate elongation, and failure mode of 170 wire tendons of sions and material do not agree exactly with drawinga and
lengths up to 30'; and to determine the ultimate capacity of manufacturing standards shown in Section 3.4. Even though
the individual anchorage hardware components when loaded tests on the prototype hardware were entirely satisfactory and
in such a manner as to test the critical failure mode of each and conform to designcriteria,some dimensions were changed
component. in the interest of standardization, in particular, the thickness

of the washer and composite washers were increased from
Testing was divided into four categories, Series PL ultimate 3-3/4 inches to 4 inches in order to conform with the washer
load tests of 170 wire tendons and anchorages 4' long: Series nut; and alloy tubing for the washer nut and alloy bar (pressed
A ultimate load and elongation tests of 170 wire tendons and round) materials are shown as preferred over flame cut plate
anchorages 30' ic ; Series B - ultimate shear load of web used for prototype hardware. Since these changes are all on
(honeycomb); and Series C ultimate shear load of 6 inch dia- the conservative side and increase the strength of the respective
meter thread. part, the prototype tests are applicable. Predicted failure loads

for the production parts have been established by linear in-
crease of prototype tcst results to account for the increased

3.3.2 PROTOTYPE ANCHORAGE HARDWARE strength due to these changes. All such changes are clearly
noted in the analysis of each series of tests.

Prototype hardware was fabricated in accordance with draw-
ings per Figs. 3.21 thru 3.2 5. Prior to testing, components
were designated by R and D drawing and part numbers. After 3.3.3 TEST SERIES PL
testshadvalidated design, final drawing and part numbers were
assigned. These are listed in Table 3.31 for reference. The objective of Series PL tests was to provide preliminary

results by loading prototype anchorage hardware to the tendon
a a o e ..u.... e.~' ultimate in such a way as tu limit the release of energy in the

U I*~' ''.7 e''.'. [ g _ event of failure of an anchorage hardwar< component. All
' ' ' * * *

e
w.s ., no-or s m ai . imic3 - m anchorage hardware components used for: 1) Series A tests
. w n,. no-os a.e io.n * i mi c. . " (170 wire x 30 foot long tendon ultimate tests),2) 170 wirec ..w.s, no os s.* a n-u imm-m
sw no.a. aso i o-a - imio. . m structural tendons in the 4.0 Mep test bed, and 3) General

.

s ,a ri... no.oe 357 i o.i o. imiar - M Atomic ultimate tests of both straight and curved tendons up to

TAOLE 3.31: Prototype Anchorage Hardware Designation 100' long were tested in this series. A secondary objective was
to provide additional statistical data in support of the design

Each prototype washer, w',sner nut and composite washer was criteria that the anchorage hardware must be stronger than the
assigned a serial number for identification and record. Tables minimum guaranteed tendon strength (2002.8 kips). A third
3.3-2 thru 3.3-4 show the material, material supplier, chemical objective was to repeatedly test the stressing equipment at a
analysis, machining practice, heat treatment, and hole diameter load equal to tendon design ultimate.
and spacing tolerances for the washer, washer nut and com-
posite washers respectively. Also listed in the same tables cre The test set up is shown in Fig. 3.31. End anchorage hard-
the measured dimensions and loading history for each serial ware consisting of a washer and washer nut (typical A-end) on
numbered part. the right and either a composite washer (typical B-end) or a

84' 0 TOM 2'4 k*.W G T H

WA%Mit NUT-

- cosPoltTt WAsMtt W&lM t t,-

f M%VHMd
3a. e.wxMJM Me- % ,, ,, ; s y , y ,7/,y q |

T Tg q wQ \an_.. _ ,

-9w__m_: mss m a.m___ m__.c* '

a wma, , ,__

n Q-
f3 gy "''g;,;,x[',yV ;4p_L)

my ~ ,,,w
,

1 p,;Q em. w ///. /. , ,

N'Q/7 .7,Q,;,g"./ -. a ''''
~.

..

J
-..sov.m.,ov es e
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1r1TH 5!a4 ct% Tat aoa

FI G. 3.3-1: Setup for Series PL tests.
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#Aff NAME s walpit
Parf t@usts s 80 720-02 k.ne 80133 34e. P.a. Pee ead Dee.a, No., t 00103
MAft stat e 4-l/2 lash d.esicc, he 8.a.s4d, bee eenh, lowed we paeo ed pc Al$$ 4142 Ceance.el Goedes

. MAft a At lgPPi,it a e ua.eed lesees Seus Ceep =**
3 / CHEMsCAL ANALYll$ e C am P S Si Ce M. 4

{ 42 .43 .000 - . 020 .27 97 - . it 13/ 25x naaCMmsNo - -e a e eek e ed m, e4 ea e sweeeel eag.ae 4 4. Mese d..tl en en .wi e.e d..Il p.ea m.as sea cacut feeds ead opewi ed e %epaesic-
fles.ag iede. subte.

Mtaf fataf he Mst-M-48734. pecesa.e c=ce*+e f eams fee herwas ce m .apea g. esee.le**g e.1 f g.eae:as Cveach f' e ia e e.* ele le e es fwl.se.e oeba e w re.esh . Mese-en es evee6ed 8, 34/15.
MCLt OlaMt?tt i Mesa sheded .iesi kei we,cs e ed ce-Ne co p ,e. een e =cel e.de of mele.eace.MOtt CtNYta $PACINO s un e ,010 sa ei,ec (d.11.al 4.e

we e .tD0 ea .aac tenst e.el hee
fMetaNEll e 3-3/4 laska e.e=4f 3 l/4.a h * sees leas *e

Memvees D e eae teed M sa e.
,

m

See.el . Me s** The+ed Clweee Me+.* Sc.ee 5eaes fue Se ee CeacetNw=4ee Die *eeee Deem iP.e k Ee. A... a ae L*ls. Pt A Bed 4&C 4*eaze in's '
s e

001 3.990 .075 01 3 .020 41.5 3M PL 4 Se. ed, -

002 3.992 ,We . 01 7 .025 41.3 3M PL 3 A-1 A2 Se, Se=

023 3.9% .073 . 013 023 4 .! 390 Pt 1 ee. Ob.
00s S.9% .076 01 4 .0l $ 42.0 4 01 - Pt.$ eb, 4.
005 S.Mi ,050 .020 . 01 8 41,0 348 PL-t led.

006 9.995 .W2 . 01 4 . 01 7 4t .3 390 Pt-$ es 4.
4 OW 3.MS .074 . 013 . 01 2 4t.0 3e4 PL e 810.

083 $.9% 0B0 . 01 9 .0t t 42.0 401 .. PL-e sis
009 3. M2 . 073 . 01 3 . 01 4 41.3 390 Pt.2 led.

010 8.9e3 .083 . 01 4 42.0 401 373 C2-7
011 5. 9 93 .0ts . 013 41.0 3ss 343 Cl 10
012 3.993 .020 . 01 4 40 3 3a5 175 C2-8
013 5. 993 . 01 5 . 01 2 39.0 370 363 C2-9
01 4 5.9e6 . 01 4 .020 41.0 304 332 Cl 4"

015 5.997 .023 . 01 4 41.3 390 .

e il 9 IS 83 IS t$ 3
I 3.M2 .076 ,0147 .0164 41.23 290 3a5.4
e 0 00443 00262 00394 .00364 0 727 $3 6 8 ee
.- .W7% 3. e% 23 4 22.2 1.16 13 7 24

,

TABLE 3.3-2: WASHE R . dimensions and load history.

I
!

]

I

PAtfNAnf a WA5pt R NUT
Patf NUMit0 i AD 130-04 Pune. a0133-34s. F.aol Pee ead Deewias No., t00104
M4ft elet : . Asse 4142, enaeoled, 4 iask hee esited plce, espime e.et prede. Fle=e evt 9-3/4 laske, owei.de d.e.e'ee w ek e S t/2 nach seaec hele ed eaase'ed -eMAfttial $UPPtif t i L.,b.as 5esel Ceaipeay
CMt MIC AL ANALYlil : 'C * 7 5 .1 Ce Me %

<

.38 .76 .005 . 023 .242 90 .13 .
MACHINING a A.,el sesbae sad ekend ea e s* es.eael eg.ae tc6.e.i

1 Mtaf f ataf
Pee Mst-M 64738, p,veen,e e c,he,e evenese fue he,4en;*, ed ,e.ec ag, sies len,g e,i to, ,.eaoMeg; He, dace e. g.easawd to $4/5$.

,
*

fMIC E t4 55 i. 4 kith ,,esell, 3-1/2" teageti laecael meesde, 3 1/4" legm eesc wl messes.

Me e4D.=es.eas te ed M*seery -
1s*cael th eed late.ael threes

Se iel Meyer towns Ciwease M.aee C tweas e i 5... Se,.e, ime 5e. C.ecesNweec D eiace. Depm P.ees ae, 4,3 0. e.c F.esh D e A. .ei a, . SHr4 tels | Pt A *ed 6&L Aeoais ten
0 01 9 364 . 0 03 028 .029 3.esO .021 . 010 40 3 383 38s Pt 4 C2 9

,

002 9.372 .004 .022 . C20 5.0 $5 .01 9 01 4 41.0 380 363 Pt-7 C210
003 9.345 . 0B 9 .03t , 02 0 S.852 .020 - .013 41.5 290 363 PL 3 a-t a2

; 004 9.344 . '.084 .026 .014 . S 860 . 0il .007 43.0 !?$ . Pt S Se. Se,66, ed. 8b. %
005 9 360 0e9 ' 023 . 021 3 370 . 030 .014 41.7 400 352 Pt-e C2-7
006 9 362 .te t .028 .023 3 Sa3 ,023 01 2 40. $ 385 . Pt $ Sb. ee. es. Be. 9e

,

CW 9.3s4 . 06 9 . 023 . 01 9 3 892 .032 Oto 40.0 375 - . ft.t rt 2 ted P li med fe.e
:

Oct 9.370 .067 . 031 .01 9 3 044 .023 .00s 42 0 4 31 363 PL-4 C1 4
a e 8 0 4 0 0 0 0 4 8 5

I ' 9.347 .0674 .0274 ,02% 5044 .0231 .0113 4333 347.4 345 4
4 a .00323 .00144 0J2 2 ,0C377 . Ol l e ,00532 .00348 .721 9.15 11.9

.e .03 1.7 10.3 19.3 .20 23 0 29 4 f .74 2.34 3 21

' TADLE 3.3 3: WASHErt NUT dimensions and load history..
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PART NAA( COMPC5178 Walete
P&ff NUM510 t to 134Q5. Pr,ae: 80 130 349 P.ael Pese ead 0 e.ias No. 1OC10$
MAft tlAL e AIS4 4142 Cemeweael Geode, 9+1/2 inch d:earea psenwd eewad. eenested
MAftalAL SUPPLif 8 i teelehe= Seeel Cepecien
CM(MICAL ANALYll$ a C W P $ $1 Cr Me Pb

.43 93 . 006 . 024 .20 97 .it -

MACetN4 peg : Aews enh as ed * reed en e sea.eaeieel sag.ee le*e. Nele de.it sa en e=semee;e de;Il rese sing ua.eae. ael feeds we speeds end e *l *gniai ee,*
flese*ag inda entie.

PetAI IWAI s See MIL *H+487$$ proteceive senseaphe.e 4,enece fee he.dening ead tempering, eies lee.cg e.1 fe, g,eacNcg Se%|g flee in e ringle loyer to fosil.seee =eb3

twe8teh. Ple8damt es evenshed It $4,1$.
MOtt ORAMtfte - Mole skabed ..* hele misee cci ead *Co-No Ge* gougn 8en se monim m acel siee of seleveacew
HOtt CENitt $7 ACING e ** a e .010 en av c Weat sal feue

***in e .030 en saaee We.14 e e) fece
fMicitNt$$ i 3-3/4 iaew e voita 3-l 4 iaen * reed leas */

Me.,,, o; .. Leed M. w
Ser.el Meie, Theeed C'ee ee M+ Series 5c'en fut Series Ge-col

-

Numbee 0 eaerer Dee* 7..ch C.e A.... t, .e n to. Pt A sed a&C A%e fe.=
004 9.361 .WJ .03J 021 43.3 390 346 88 2
0 72 9.373 .078 .030 .015 40.3 345 341 81-1
003 9.84 .073 .030 .01 7 42.0 40s - PL.1 led
004 9.363 .We .C8 .0i? 41.2 388 341 81 3
005 9.364 .W2 029 . 01 4 42.0 4 01 352 B2-6
006 9.362 .072 031 .0t ? 40.0 373 Pt 2 led.

007 9.369 . 075 02s . 01 4 40.0 373 . PL.4 PL 7 Se. Sh. Sc. ee. 6e Oe. %
000 9.363 .71 .030 . 01 7 40.0 375 Pt.3 A1 A2 '80. ob. 6d. St. %.

00* 9.36 9 .WS .032 . 018 42.4 408 375 82 5
01 0 9.364 002 029 . 01 9 40.0 375 .

Ot1 9.364 .073 030 .02$ 42.0 401 .

01 2 9.360 .49 .C32 . 01 8 4I .0 384 .

01 3 9.362 .070 025 .01 8 40.3 343 .

Old 9.362 073 . 027 - .0t7 4t.0 384 .

01 3 9.354 .070 029 .020 40.0 375- .

I
a 15 13 13 13 15 13 5
I 9.364 .0733 .0293 .0179 40. 93 337.3 330

'

e- .0C364 .00334 .00178 ,0C254 .869 10.85 1 3.21
e .039 4.ss 6.06 14.2 2.t2 2.s0 3.17

TABLE 3.3-4: COMPOSITE WASHER dirnensions and load history.
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washtr and washtr out on the lef t were connected by 170-0.250 anchored by means of button-heads to prototype anchorageinch diameter wires 4 feet long with button heads. The washer hardware.
on the right hand side of the 4 foot tendon was inserted thru
a block consisting of eight bearing plates (R&D Part No. 730 00 Theobjectives of Series A tests were to determine: 1) the load-
per Fig. 3.2 5). After installation of the washer nut, shims elongation chars.cteristics up to tendon ultimJte. and 2) the
(R&D Part No. 730 06 per Fig. 3.2 4) were installed on the

mode of failure. The maximum force which a multi-wire tendonleft hand side as spacers and the 1000 ton stressing jack was can resist, tendon ultimate, is that force at which 2 3% of the
connected to the washer nut on the right. In the initial tests of

wires fail (3 to 0 wire failures for a 170 wire tendon). eventhis series, the jacking load was increased until failure of two though the remaining wires will cont:nue to elongate at a re-
or three wires occurred, in later tests the load was stopped at duced force. The number of wires which fail at each increased
2100 k. Ail anchorage hardware tested in Series PL was sub. elongation increment can be expected to follow a normal dis-
sequently reused in other tests. Elongations at failure were not tribution curve, imposing increasing shock loads and higher
recorded. Series PL test results are summarized in Table 3.3 5. energy release. Since this would risk injury to test personnel and

visitors, and damage the testing equipment, all without con-
'e's- a 't 'n.'ro'= tributing any additional significant information; Series A tests

!
i. :.. m.w i. . . . , , , were terminated at the total elongation which produced four%. ev. m *.+ %. c.,. em ., m. e-~ 4- wire failures.et. i.u-u n ca3 oos co1. .

PL 2 1-3347 2000 cas oce 007. .

et.3 i .3o-.7 aiso Testswereconducted using the 4.0 million pound capacity testom oct oca. .

Pt-4 4747 stoo . . cor oci coi bed and the 1000 ton capacity stressing equipment. The testPL l 4-747 tico 004 coa . n o*
set up is shown schematically in Fig. 3.3 2 and by photor.whs

? e'7 which are typical of both A-1 and A 2 tests (Fig. 3.3 3 thruit.r c m ,

TABLE 3.3 5: Summary of Series Pt. Test Results. 3.3-7). An assembled and banded 170 wire tendon having a
rototype composite washer on the east end and a prototype

3.3.4 TEST SERIES A
washer on the west end was installed in the test bed from east
to west. A prototype washer nut was installed on the west end-

Series A tests were conducted on 30 foot nominal length and the tendon centered ready for test. Two 4" thick bearing
straight tendons made up of 170 wires of 0.250 inch diameter plates are used under the en:horage hardware at both ends in
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order ts transfer shear forces around the oversize (10") hole in capacity load cell, accuratt to 1% full scale trac 2ble to th
th; test bed. These bearing plates are not consid; red to be a National Bureau of Standards, was addcd between the washer
part cf the assembly being tested. and the split shims at the lef t s,nd. Although capacity of the

load cell was only one half that of the applied loads, load cell
A 1000 ton Stressing Ram having an 8 inch stroke was attached vs either transducer or hydraulic gauge readings showed a linear
to the west end for Phase i elongation. (Fig. 3.3 4). At approx- relationship to 1000 kips and can be extrapolated linearly with
imately full 8 inch ram stroke, shims were stacked under the sufficient accuracy. Test data for Series A, test A 1 and A 2
anchorage hardware to maintain elongation. The jack was re- are shown in Tables 3.3-8 and 3.3 9 respectively,
tracted, blocked by means of a chair extension load, re-applied,
and more shims stacked. This cycle was continued to comple- The relationship of the actual properties of wire used for Series
tion of Phase i elongation, shown in Fig. 3.3 5 just af ter re. A, tests A 1 and A 2 as compared to the rninimum properties
moval of the Stressing Ram. Tendon elongation during Phase I requiied by ASTM: A 421 can be scen on Fig. 3.3 8. The
was designed to be safely below tendon ultimate, but suf ficient. stress strain curve shown has the same shape as aload-elongation
ly great that tendon ultimate force could be obtained within curve and is based on the 10 inch gauge length specified in
a single 8 inch stroke of the Stressing Ram attached to the east ASTM: A 421. It can be seen that the wire used has an average
end for Phase || elongation. This was for the safety of person- yield point 16.9% greater, an average ultimate 3.1% greater, and
net and protection of the test equipment. an average elongation 52.5% greater than corresponding mini-

mums specified by ASTM: A 421.
The wire used for Series A tests was tested to determine mean

j '' ' " ' 8 * ' O' { "'' '*" * '**** ''values of actual ultimate strength, yield strength, and elonga- 9, / ,,, ,
tion as shown in Tables 3.3-6 and 3.3 7 for testt A 1 and A 2 '2271

~'' =

%**respectively. O Wan asc, 4

om u,. t.o . t , si
,3.Applied load was recorded at intermediate values of applied g

elongation. Elongation was measured by means of a steel tape, I
accurate to 0.01 inches, which measured Stressing Ram piston gg' ASTM A 421 hia.p.

.

0.25 oi % 4. 0.o49t i..atravel. Loads were measured by both a calibrated hydraulic
p - t 0 c. t egauge and by a calibrated hydraulic pressure transducer hav.ing

a digital read-out. Calibrations were performed with a setup
similar to that shown in Fig. 3.31 except that a 1000 kip 5".% ' /'a- o' .02 .m 04 .os . 0.

wief FCt f(57 A.I |NCNICt|AL wtet ProPitT't1
s ... u ..w s=. s,.c c .. C oe ;, w 2% .s- , FIG. 3.3-8: Stress Strain curve showing mechanical properties for

w % - a7:754 T o. . i , 4 . ;. ., wire used in Series A, tests A.1 and A 2, shown superimposed on
c.a u 54

|
i.a w ,;. . ei .) the theoretical curve for a wire having properties per ASTM: A421
c c.,<. 4 6, ,i 4. ..... specified minimums.

,. , , , , , , , <..;..r..m....,,

!.

s ,,.. i . . . . , r e., T 4 s o.w i "5' ^-' D'''
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TABLE 3.3 6: Test results and mean values of mechanical prop- '8.$ ' 73 }s

2
, 7erties for wire used for Series A, test A 1.
1792 auc ins 3 43
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isoi suo 1253 2.20 having properties per ASTM: A421 specified minimums.
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85o3 6820 f 453 2 $5
iso: nos isu 27s The summary and analysis of Sen.es A test results are tabulated
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d. . dual wires, it follows that it must be weaker, since to be ofivi

. .

plotted in Fig. 3.3-9. For clarity, only the resulting curve is .

i .shown w. hout intermediate points. A theoretical curve for a equal strength would be a co. incidence. Therefore, .t is theoret-
it

cally .impossilo.e to have actual efficiency ratios (tR and tRs)
.
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ratios (nR and nR ) can only be great 2r than 1.0 if the wiro There is insufficient experimental data available to draw anyEp
is actuqly better than specified minimums. As it relates to valid conclusions as to the theoretical true efficiency of the ten-
ultimate tendon elongation, General Atomic has taken this into don, that is the relationship of the tendon actual failure load
account by requiring an ultimate elongation of 3.5% for a 30 (or elongation) and the sum of the actual wire properties. Series
foot gauge length, thus requiring that nRE > 0.875. Awouldindicate: 1) a relatively high true efficiency for tensile

ultimate (tRp = 0.992 to 1.020) with a small variance, and 2)
If the mechanical properties are determined for each coil of a somewhat lower true efficiency for ultimate elongation (tRE
wire in any given lot of m terid prior to selection (such as a = 0.627 to 0.863) with a large variance. Should this hold true
mill heat), the quantitative values of any property for all coils in all cases, then it could be expected that a 30 foot long test
will follow a normal distribution curve similar to that shown in tendon fabricated from 170 wires having exactly minimum
Fig. 3.3-10 forultimate tensile strength. ASTM: A 421 requires properties (; hat is,11.78 k UST and 4% elongation) could fail
a minimum ultimate tensile strength of 240 ksi (or 11.78 k) for at 1986.7 k and 2.5% elongation, but the confidence in the
0.250 inch diameter. Theoretically, all wire shipped could have accuracy of this expectation would be quite low.
this minimum tensile strength and no more. In actual practice
however, this is impossible. In order to limit rejects, the steel From the above discussion, it is reasonable to conciude 30 foot

mills must aim to produce a product higher than the mini- long test tendons should exhibit efficiency ratios of nRp > 1.0
mums, as shown by the horizontal position of the vertical line for tensile and nRE > 0.875 for clongation. It must beexpected
representing mean tensile value (E). Approximately all coils however that test tendons fabricated from wire having mini.
(99.7%) will have a tensile strength within the range of the mum properties would fall below these efficiency ratios. This
mean tensile value plus or minus three standard deviations should be of no concern as the actual strength of all tendons,
(i i 3 0), and therefore the variance of the product, as meas. both test tendons and those used in the structure, will exhibit
ured by a, determines-how much higher the aimed for value the same frequency distribution as the wire itself.
(i) must be over the specified minimum in order to limit
rejects. To aim for a E which is too high is to risk rejects for Series A tests show that the two tendons tested exceed speci-
other specified properties, e.g. coils having the highest tensile fication requirements for both ultimate load and elongation.
strength may be rejected due to low elongations. They also contribute significant information on the behavior

of long multi-wire tendons loaded to ultimate, from which
As can be seen by reference to Tables 3.3-6 and 7, the variance, more exact criteria and code requirements can eventually be
as measured by the coefficient of variation (F), is quite small derived.
for tensile strength, but is four to ten times greater for elonga-
tion. 3.3.5 TEST SERIES B AND C - GENERAL

p
in general, Series B tests were conducted to determine web

'

(honeycomb) shaar ultimate both with split shims (Series B1)
SPECTIED MINIMUM TEMSIL E and without split shims (Series B2); and Series C tests were

C conducted to determine shear ultimate load for the 6 inch
diameter thread, which couples the Wasrier to the Washer Nut,

g = gy pgg y both with split shims (Series C1) and without split shims (Series

TENSILE STRENGTH C2). Specific details which apply to each of the four series (B1,
82, C1 and C2), including discussion, objective, test procedure,
test results and analysis, are presented separately for each series
in succeeding sections.

I
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 used to describe the

y opposite surface, that i:, th: face v.hich has a reactive force in
Q the opposite direction to the applied load.

|CI The interior weilof 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 c). Three - 1000

hREJECT ton stressing rams were attached to the inside east end of the
,h I test bed and were hydraulically interconnected to a stressing

'

power unit located on top of the bed. Ram force was transmit-
ted thru a movable load block to the component being tested.M E ~3 & '+, P E 4 3 C Load reaction was provided by a fixed spccer bicck reacting..

3' '*

against the inside v.c:t end of the bad.

ULTMATE TENS!LE STRENGTH
Redundant determination of the applied test load is providcd

FIG. 3.3-10: Frequencv dinribution of ultimate tensde s:rcy n for all
.

coils of a rNil heat of 0.250 inch diameter ASTM: A421 wire. hydrau!ic gauge measuring to 20 psig subdivis'cns tha c.! prce
*

sure being ap%cd equa!iy (in parallel) to thre ;d mtic1! rams
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and 2) by a Transducers Inc. Model GP-46F-10.000-7103 hy- but no load cell even close, to this capacity was available. How-
draulic transducer attached to one ram and reading to 50 ever, f ailure load as determined by the mean of gauge deter. ^

pound subdivisionson a Transducers Inc. Model ADX-38 Auto- mined load and transducer indicator determined load is con-
matic Digital Indicator. Both the gauge and ADX-38 were sidered to be accurate to at least 1.0 k t since: a) all rams are
mounted on the hydraulic control power unit installed on top identical, b) all rams are connected in parallel by equallength
of the test bed. Both the hydraulic gauge and the transducer- lines to the hydraulic pump, c) calibrations showed a linear
indicator were calibrated to the capacity of a 1000 ton load relationship, and d) there is close correlation between gauge
cell. and transducer-indicator calibrations.

Applied test load as measured by the gauge is determined by in order to determine the degree of uniformity throughout the
multiplying the gauge reading (correct 2d to the calibration section of the heat treated components, Composite Washer-
curve) by the total effective area of the three rams (As = 3 x Serial No. 002 was sectioned after being tested to web shear
212.65 = G37.95 sq. in.). Applied test load as measured by the failure (Series B1, Test 1) and Rockwell C scale hardness was
transducer indicatoris determined by multiplying the indicator measured at approximately 100 points across one face. The
reading (corrected to the calibration curve) by three. Calibra- center section of a Composite Washer was chosen as being the
tion by means of an eight rnillion pound capacity load cell most critical for uniform heat treat results due to this compo-
installed in lieu of the test assambly would be more accurate
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nent having the greatest dimensions and mass. The location of
the section tested and iso hardness lines are shown in Fig. 3.313. ,-

'
s

Hardness distribution was approximately as expected. The / o N
lowest hardness of RC 30 occurs in the center of mass of the '

3 \o

F- M - 2[e kannulus outside the critical shear path at a location where k CS 3
stresses are low and ductility is of more importance than i f0-

- strength. Hardness along the shear path shows a mean value of EUDN NN' "

RC 38.2 for the same component where predicted ultimate f ** ua m s
was based on a value of Rc 40.5 as measured on the outer face. ogo o
itIsinteresting to note that the ratio of average measured hard- 0x
ness along the shear path to measured hardness on the outer

,

face (38.2 + 40.5 = 0.943) is quite close to the ratio of pre-
dicted ultimate to actual ultimate (2509.7 + 2613 = 0.9605),
indicating that variation in Fsu, as measured by hardness, ac- f ourt:a FAC Ecoents for most of the small (3.9%) error in predicted ultimate.

9.4, y; r
\ -[This is an example of the type of variable which is conven- "

v

iently handled by use of a repture factor (k,). p
_

3o l so
( .

__ _
* U.A summary of data and results for all Series B and C tests is

4'
shown in Table 3.3-11. It can be seen that actual failure loads ( y'

h }%|
averap 0.4% higher than those predicted by calculation in

.,

Section 3.2. Tnis extremely small error gives considerable con-
J , gg t ,fidence in tne design and in the assumptions on which it was \ /M -r t t-- -tH / 3based. It can also be seen that the safety factor of 1.5 x min. 6

guaranteed tendon strength which was established as a pre- M E2 N E
liminary criteria for component design, is met for all tests SE CTIO M k=af,k
except Series C2. This is of no concern sinca the condition FIG. 3.313: Schematic & awing of rection cut from Composite Yhshert

tested by Seri:s C2 'does not exist in the $!ructure contem- Serial No. C02 af ter having been loaded to web failure in, test 61 1. R e
hardness values were measured for opproximately 100 pos.ts. Distribu-

plated and, in any event, the reduction in preliminary S.F. is tion at mater;at hardness throughout the cross section is as shown by
small, the schematic iso hardness lines.

L
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foe Co.,*e.o. 4 3 5 esw 1 Fe:lv., t md I,ee, Eq.., sar eye
__ D=;re**'' De'e';pnen Tese w,Se, ce.pe 3,s., p,ee.ces a %es (Nee t) tenee. Fe ,*,c

Ser.n %. Ove w ehe, Ne n oe, 5Nas ik m) Leon eN uf 5 Jwe 2: (Nue 3)e e s .chse
31 3 I wee 5>.e,. W * 5$ume 5-8-67 - - 002 Ves 2M9.7 2613 40 3 52 f .574
$12 2 5-947 - - 001 Yes 2577 5 2682 39 3236 1.416
St.3 3 3-t 47 - - 004 Yes 2564 0 2586 *09 3120 1.554
82-I 5 weh Skee, . who %.=* 5 1-67 - - 009 No 2454 4 2541 *45 30e5 1 530
82 2 e | 5-147 - - 005 No 3002 2510 * 3.3 3338 1.517
C1 1 4 e' TL,ew $>e. . wa %= $.147 014 ocs Yn 3430 5 337e *Ie 337s t .6a7.

Cf-2 10 ) 5-347 01 1 CO2 Ya 3483 2 3561 2.2 3561 1.773.

C21 7 4* Threw Shee, . Mehe.e Sh.as 5-2-47 01 0 005 . No 2903.5 2922 -04 2922 1.45 8
C2-2 e 5-247 04 2 003 . No 28 t ?.2 2930 38 2930 143
C2 3 9 5-247 01 3 Col * No 2743.0 2745 + 0.1 2745 1.371

;- Nem I. Em, e (pre 4;ced Leed . Aa.es Law) e Aa es tr.w, the.e e e, e ere. -een ew,cae* si n+ ea ie eave e*oa ,,w:cw.s
r

2. Egw.eim feadea ee.=ce Lew e AcNel T., tow er ree. + a,s (a, e O s29 #, sex. :)
3. Se cy sn.e, e tes.. te dea cir. + ma;= .e-eed +edmwe'..r 5.F. = tesve e~ fedea chee * 2]C2.e.r

TABLE 3.111: Series 81,82, C1 and C2 Summary of Data and Results.

3.3.6 TEST SERIES B1 * WEB SHEAR WITH SHIMS

Web shear is a critical failure mode for both the Composite block and are not considered as part of the components being
Washer and the comparable assembly of Washer-Washer Nut. tested except for the Bearing Plate . Split Shim interface (ref.
In addition to shear along the critical shear path, low order Section 3.2.2), which is an accurate duplication of actual con-
flexural stresses exist due to bending, resulting in combined ditions. After application of an approximate 400 kip preload
shear and flexural tension on the inner face of the washcr. The to seat all parts of the loading train, the load is reduced to 1.0
effect of flexural tension will be less for the assembly of Washer- kips and any gap existing between the mandrel and Washer is
Washer Nut as tension cannot be transmitted in the radial. measured and recorded as an indication of degree of eccentric.
'directior' through the 6" thread connecting the components, ity of applied load application,
resulting in a shorter lever arm as compared to the single piece
Composite W.asber. Therefore the Composite Washer was select- Test results for the three tests of Series I.1 are shown in Figs,
ed for testing as representing the most critical condition. 3.3-15 thru 17, and are summarized and analyzed in Table

3.3-12 which shows the method of ca!culating values indicated.
From the calculations (Section 3.2.7) and analysis, there is no

The low coefficient of variation (v) for actual test results (P")reason to assume any dif ference in ultimate strength of the web indicated consistency in both components and test procedures.
shear failure mode for assemblies either with or without split The small error, -2.93% average, indicates that predicted loads

s

shims. The principal reasons for testing three assemblies with (P",) are quite accurate but conservative since actual test
split shimsin Series 81 were to: 1) verify the above assumption loads (P") are higher in all cases. This is probably dueby comparison with results of tests conducted without split to the fact that predicted loads are based on nominal steel
shims (Series 82), 2) establish a minimum ultimate strength

shear area (A' = 22.61 sq. in.) while the actual area (A",) may,
for the bearing failure mode at the Split Shim . Composite be slightly higher. This is probably why the Rupture Factor'

Washer interface as analized in Section 3.2.3, and 3) assist in (average kr = 0.971) is less than 1.0. Such a small variance
analysis of the effect of bearing on the ultimate strength of the
6" thread tested with split shims (Series C1). between predicted and actual values does not indicate any

change in k = 1.0 for use in identical calculations of similarr
mechanisms designed in the future.

The test fixture for Series B1 tests is shown schematically in
Fig. 3.3-14. The double bearing plates are used to transfer
shear around the oversize (10 inch diameter) hole in the spacer ce'eese'ed Pred.e'ed ^eNei t>'e' 8e .ied wa. tae.. Sa'e'rt=e ur5(r) urs (r,) vis (r') Ne d 6, tendea ut$ ene-

o.;e. T a.) t W) w) N see 7 t w) Nee @
e , , . _ , 81-1 2507.7 2509.7 2613 4.0 0.40 3095.2 1.55e * .*

. J '

.g (,e } Bl.2 2577.5 2377.5 2642 3. 9 0. 96 t 3093.3 1.54
e. ,

. S t .3 2*64.0 2564.0 2596 0. 9 0 991 2 796.4 8.50
. .

** '
.;

'

* -
. a 3 3 3 3 3 3 3* * ' h.. *

- e * I 2550.4 2550.4 2427 2.93 0. 971 3%2.3 1.53"~""] % i e 29.30 29.30 4C.42 1.44 .01 4 a$.It .C22,
e w ky / , e t.15 1.15 1.54 49.0 1.48 1.48 l.411 ME ,, p

|. ~g /
~ ~

I e 3e 2638.3 24 38.3 2748.3 * t.38 1.014 31 77.9 1.59
.

# '

I . 3e 2462.5 2462.5 2305 7 7.25 0. 9;9 2924.7 1.47
t q 'p

, j hm.:
* *, ) (* -

_

et *
I. Cel:As,w u?5 (PD e P* A; =%e ww e' P. eve 8 ecto, (h,)..,,)

dj > j. y e] 3. Ine, e ( M . P") e too + 7" accer.

*

} IMWh - e 2. P,wices uf5(70 * Pi/6,4 6 = ( 7,, * AD/h,sh,=1.0
..

.. - 4 .e.;. e , 6, e ,s r. s
,v
.. m 5.
k m:m - t._eieae reurs. , eer,e..w .* ~ ,,e ;* *

h k .) . (ry r.) e rwa.r,,4 s, W F erfrui.eal #

"]'(*"*" re,re:twoou shew teh8, 8. = 0.829a

r. e.eee.r.w .w a. 43,r.e i s ..:
FIG. 3.S14f Finre for Scr;as 81 tests. Comoonents beitsg tened are a. s,rm rwm to e n 6....y ra r. wx2).ue
sho.vn shad 2d. Mandrel conferms to shaae IHustrated in Fig. 3.311 for
Path 1 shtar faaore moda.

-- - -*

TAELE 3.112: Summary Analys sof Serin B1 Tr.t Huu:ts,
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- The test results do not prove that Shear Path 1 is more critical The final acceptance criteria established in Section 3.1.2 says
than Shear Path 2, in contradiction to predictions' based on that the proof test foad equal to minimum guaranteed tendon
analysis, since the mandrel used applied load to Shear Path 1 - UTS must be 90% of the yield point of the weakest failure
and therefore forced failure along this path, in fact, examina. mode predicted from statistical analysis of test 'results. There ]
tion of the Composite Washers af ter failure indicates that shear, is no well defined shear yield point and, in fact, shear yield ./
failure was trying to occur along Shear Path 2 in spite of the and shear ultimate probably conicide, so we may conservatively

'

fact that the mandrel applied the test load to Shear Path 1. In assume F,y = .9 Fsu. Therefore, final acceptance criteria may
several instances failure started along Shear Path 1 at the outer be expressed as:

face of the Composite Washer (directly under the mandrel),
but ended along Shcar Path 2 at the inner face of the washer. 0.9 (f 3 a) x > PPT = P'j 7o = 2002.8 kips

"Reference to Section 3.2.7 shows that minimum equivalent
tendon UTS for failure along Shear Path 2 should be 0.964 '

times that along Shear Path 1. Since the analysis of Section 2002 8
3.2.7 and the examination of components after failure both I- 3 a >0.90 x 0.90
indicate that Shear Path 2 is critical, the average minimum
equivalent tendon UTS of 3062.3 kips should be reduced to: The revised Pi (min.) of 2815.0 is 1.14 times greater than the

2472.6 kips required for acceptance of test results, indicating
Revised Py (min.) = 0.964 x 3062.3 = 2950.6 that the web shear failure with split shims exceeds requirer ents.

Since the value of standard deviation is not effected by this This series also shows that the bearing at the Split Shim -
correction, it follows that the lowest equivalent tendon ultimate Bearing Plate Interface and at the Split Shim-Composite Washer

would be Revised Pi (min.) - 3 a = 2950.6 -3 x 45.19 = Interface are not critical failure modes as both sustained loads
2815.0 kips, thus giving a revised S.F. = 1.41. This correction as high as 2682 kips without failure.

is on the conservative side since the actual failure mode is prob-
ably along a composite of both shear paths. Figs. 3.3-18 and 19 are photos of the outer and inner faces

respectively of both Composite Washer and Split Shims after
being loaded to failure in test 81-3. They are typical for all tests
of Series B1.
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FIG. 3.3-18: Outer face of Composite Washer and Split Shims of F IG. 3.3-19: Innerface of Composite Washer and Solit Shims of test
. tcst B13 after being icaded to ultimate. Note that shear failure is 81-2 after being loaded to ultimate. Note that shear failure is along
siong Path 1 on!y Photos here and in Fig. 3.319 are typical for ali , both Paths 1 and 2.. '*\
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ULTIMATI LOAD YEST$ - PacioTYPf 6NCNCaAGE CoMPoNEPeT5

" * ' " # "" ' "" " ' "3.3.7 TEST SERIES B2. WEB SHEAR WITHOUT SHIMS
ot5cnierioN w.5 9.,, - v, ., ~ e Ar

The Composite Washer without split shims could only be used couroNINT DATA
on a " fixed end", that is a non-stressed end of a tendon. How. .

_ NUM2f a | $CALE al A> LNG Ssi)
uaiAL i AnoNiss uts t

COMPONENT NAMEever, even for a tendon which w.ll only be stressed from onei

end, there are advantages to using split shims at both ends. The
-

c,,,,,,,,,,,, , , , , , , , , , ,
x. s-,. _. ! ,

split shims distribute the force from the washer over a greater - ~ i I

area of the bearing plate, thus reducinS the flexural moment O '** "' ' ' ' '4 - - ---' ~ ~ . -
Pa1DICit0 FAILURE LOAD .--- - . ----- wh. e -

--

~

arm and stiffen the bearing plate, both of which permit use of Fu = A; ' j ;j F,, -- ,- . ,, g.61 3.2 2 ;,

a thinner bearing plate than would be allowable without split
- '' * '' ' ' " _ -[ 4 '. P #2 ''' ,

"; ' ' PA * .P'm 2 .' .La
'"shims. Using split shims at b^th ends of a tendon stressed from

n. . .0.82r . ,,; i.a . s i.a
~6, '. i.0

'.0.7:2.

only one end allows both bearing plates to be of the same g , 3Ar4.4 3,,., , ;, .0-
,

thickness and further provides a convenient method of taking nuProcdLu ' ' ' " '

t,p slack in the tendon prior to stressing. P,.i.d e. .pp, i.e.iy 400 kip.; 8 5,a t. u s

(n..,i.

, 6. .. a.. .a4 poa s,u.
a A, (A.) - 3 = 212.65 637.95.g. sa.

The purpose of the two tests in Series B2 was primarily to pro-
. LOAD 0ATAvide addit.ional test data on web shear strength and secondarily ,g, c,verp ,,,s37, gyp

to determine if the presence of split shims has a significant azAsiNo loa 2 Aox-sa LoAaT
effect on web shear failure. N Sim) READ |NG Gim) al6$

i asa . Aa P,.iow. o.. c ,,4 ia.

The test setup is shown schematically in Fig. 3.3-20. Test .' #
"* "* ''** "

,a s. nor ut,. ,,ct ir e c
procedures were comparable to those used in Series B1. Data u,, , ,u y,, fe ,,J
for each test is shown in Figs. 3.3-21 and 22 and is summarized r7,. ew. ,,,Inr1 car

and analized in Table 3.3-13. - - m 6oiTui i m4, - u. m .,e<~~.
* | 7s s e ar . .%eaa ros., n'c e

| 4..a pm, s
w ihr: .

s-- v. . 1 st e ,- a. no o s. 4 r c. . me un-m
-

C.
., , .

.
'

6 N. u O ny % ,n.T c .w w 6,.ois.Y,.,w ,pi,.Aox oisi it.w .
ei .w,,as a,r.. .s es. i.w.

./ \ ,

*

- ' @Ld-Tec a. wine 0.634
- -

. . / @ tow - Aox-sa s. wins 3p ,

.

[/ [, FIG. 3.121: Test B21 Data
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,

-
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:
,
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? COMPONENT CATA. . ,

I '

[ 5E alAL A80Nf55 I UTSO
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* COMPONENT NAME NUMBla SCAJ - aEADING l Ess)
.___,,....m

+ >- - __ 9
.. ._ g

@ F,oa Fig. 3.2-6 '

FIG. 3.320: Test setup for the two tests in Saries B2. PEDicTED FAILuu LOAD .--- - =h.=- -

- - . - F , . A;
'

-i -/

. p "'' }, r, -
- s, T u. 3.2-2- Pi = -a

i, ,
'

, , , , . , , , ,
** - . , r, r u tt .6 8 , 4* 22M 2W.g

'
coi.,i.,* P,wi..w A.n,.i t, a i.w M . e,i. . s. .., r + iee e.ad.a i d .y y 0.a29 0:7:2

b = " ** Ji ! & . 5" h:ps . h, .= IA 1ATat UTS (Pi) UTS (Pi) UT$ (P") N7 h, f ,waa UT$ F.c., =
*

0"' 8 - P &Ipi) T Sie.) 6:pi) (%) Net. T i &sps) Ne. T iggy pgoggohag #

B21 2a54.4 2654 4 2541 . 4.5 1. 08S 2845 8 1.42 P,el d e. .o .imately 400 kip.; n.5,. p. m. .;
42-2 2600.2 2e00 2 2518 + 3.3 3.033 2378 9 I.44 M. *ar,. ges be .. compo,s. ass .,4 purch;

EU.c+i a.m Ar.. (A.) = 3 s 212.45 637.95 sq. Ia.
, , , , ,

I 2627.3 2627.3 2529.5 . 3.9 1.037 2862 = 4 1.43 LOAD DATA
e 27.10 27.10 t 1.5 0 60 0.0C6 14.5$ 0.Ci TEST GAUGEM TR AN50UC[a@
. I .C3 t , C3 0.45 15.38 0 58 0 58 0 70 alADING LOAD'2} ADX.34 LoAOQ)

I.3 2708.6 270s.6 2564.0 5.70 1.057 2912.0 f . 46 (psi) Gips) I! ACIN G Gio.) aE MAaK5

I * 3e 2544.0 2546.0 2495 0 2.10 1. C21 2912.7 1.40 I t-.ba I Aed! Pr.lood. Oc. * * . * ,7ia.

?2 .''*1 |2,. I sff'l nf
** '' M i $** $ N I' " e' fN reu
7*** "O '#** *I '"#I. C.fct.lv.d UT5 ( Pi) = F., = A; .i.h.,e . .i 0,sr. F 'ct , { n ,) '

J7#* ' A '# 6 I * ** I % 0''# ' l2. P, dict.4 UT5 (P;) * P;/h,; P; = ( F,. = A,Vk, ; h , = 1. 0
3. I, , . ( Pi . r*) IC0 P~ (p ) kNa | 25u 6.htM : s c. i ew .-, - f. ,n r < ., wre | |

4 ne.iias Law,,. Fast.,: k, = P*/ P" ! ! l I I I 4. , s 1, ., i a e. . .. r ' |

S. M=aum,= t ,i..!.at T.ao.a UT$r P" , .e..a e. .i . F ,, I i I I_ |

fi (*ia.) * ( P"/ '.) = (mia. F,, 1 s. 40/ F .s $p.s.a.4 'J = i ! C: f /#1 1

IiOa' ! <'.Izt !5.in ' .'w - me ~, tv 4m'" aF., t . .l , i' , P es t. e, 0.s29

F., th. sp.sif;.d mini =wm n, = 40, F,, a 108b.; Na es @ 4*yd,.w6c Test cwp ed byenvlic T,se.ows., pl.s ALx C;gi,el i.*scwe i

e be. som sr ee ,. ,. i .u. . r: %. , e m e oi.. ,*e.acaae =, .-.ae er ee ecm. L.,,4. !

@ L= = T..e cm. a sas = 0.633 |TABLE 3.113: Summary Analysis of Series 62 Test Results. g , g33 ,3
i

FI G. 3.3-22: Test B2 2 Data -
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ut?tMATE LOAD TESTS . PaoToTYrt ANCMotAGE COMPONENTS

Sitit$ Ct-8 T13T "I TEST DATE t NN at
As shown in Table 3.3-13. the minimum equivalent tendon ,

" ' ' " " " "~ '" "'ultimate which would be expected from the statistical analysis
of test results would be 2812.7. For reasons set forth in Section COMPONENT DATA

gQ, 3c,",[,,3,o | "[ 3
53.3.6, thisvalue should be reduced to give: Pi (min.) = 0.964 x icoy,os,3, y,y,

2812.7 = 2711.4 kips. This is 1.10 times greater than the min. . ,som ,,, 2 .t r. , !. )
imum strength of 2472.6 required by the basic acceptance * * * * ' - '" 4% d '. 7 rg)

. w.- I i
enter.ia. Or ra. a.w a.i :

PREDICTED rAJLURE LOAD ._ . . _ . _ _ _- ~ .--- .- A; = 27.92 sq . ta.

By comparing the values of E for Py (min.) as given for Series r. . '"|. 'i . 25.3 r 25.sa .= "4 4 % sa s nie- 6.
8 ' T.u. 2 2-2r e81 and 82, we can see that the use of split shims gives a 7% r;. . p = A:, . s.79 r . 's.79

.mrw.L3%.f. - + '

increase in equivalent ultimate strength, contrary to pre test r . r, . r;. -
F 2.57 r., S )

expectations. Comparision of Fig. 3.3 20 to 3.3-14 shows that,
.

'
r. . ( ris. 3.2-4

without shims. the moment arm is greater resulting in higher itsT PRoctDuat '

flexural stress which would reduce the ultimate load of the ''''"d

'* .mai"'** 'r 'h ai "**'.".'' "*8wo.. 6c. .-.a d ,. N
washer w. hout sh.ams due to the effect of comb.ined shear and m.cr; n A, g,) . 3 2:2.4s . 637.95 sq. an.it

tension stresses. The components after being tested to ulti-
go ,3,,,

mate were the same as shuwn in Fig. 3.3-18 and 19. n57cAuc(M H AN50VCWl'
READINo LOADP ADX-38 | LoADQ)

(psi) &;pi) READING | &|p) Rt MARK $

i.,. A. u e,.i d . c., . in,

so. ser tw ir us
3.3.8 TEST SERIES C2 6 INCH THREAD WITHOUT SHIMS ,y, , , , , ,,, ,y ,,,f

10,e 1784 Ae. f ?f 179f
Series C2 is reported out of sequence, that is before Series C1, n e. n eo e. 8 nr n e r
in order that C2 results and analysis may be used in analizing #''' " #' ??. ' * ' ""

#'** "# # "* " ' * ^"~ *Series C1. For the same reasons discussed in Section 3.3.7, the
assembly of a Washer and Washer Nut would normally be used hg u ,,, ,, g, , j e,,, . . ,

in conjunction with split shims,
i

Notees @ Hyl ulis Tc.t Osvge .aJ M,J,.elle Tr doc.r plus ADx Dig %l Anfout
The primary objective of Series C2 tests is to determine the sia =4 adaas - f *. aa 8.=d.

ultimate shear capacity of the 6" O.D. threads (P') isolated h [ *, $',,* , " 3'"
from the effect of additional load capacity resulting from bear-

f
ing on the split shims (P'br). The secondary objective is to FIG. 3.3 24: Test C2-1 Data

provide relevant data for condition where it might be advan--

tageous to use a Washer Washer Nut assembly without split u usu m oT PE eut cpPoNM
shims on the fixed (non-stressing) end of a tendon.

set;E5 C 1 - T. ftST 4 TEST DATI t A/w 47

The test setup is shown schematically in Fig. 3.3-23, and test cEscanoN P o D. TW t - .h...,- S ,,,s

procedures were simitar to those described for Series B1. Coy,o g s;3,,,

5ERIAL M ARONE 55 i UT5'P"
Test data for each of the three Series C2 tests are shown COMPONENT NAME NUM1AR SCALE 4 AEADINGl &M

separately in Figs. 3.3-24 through 26. Summary and analysis [ C'* _ ,] [ ,'y N' # '

of test results is contained in Table 3.3-14 which also shows wm - -

the method used to calculate tabulated values. '- O r= ris. 3.2-4 . . . . . .J._....-. . *== .92 sq . In.PREDICTED rAltuR1 LOAD - . . - - - - - A; = 27e. - -:~...,,,...,,. ,,x . a . ., . L. . . ...

2. ; ,=>->-,:.. , . A ...,,,.. . . , , . .
.

r . r. . r . . . . . , - , . , .,, . a ,.

.

*- ., . . F., r rio. 3.2-6.

* '' *
I , TEST etoCEDURE

*{/ '' W.- r r a .;.e.i,nosir, n. .. u.,

*i 6.' V . % go. 6.=nn p d p. N.

. [. ?
.

> M1 h*. 3,-
** #'** **** '8 " '*# ' * *

.

g, - LOAD D ATA
'

TEST GAUGE D TRANSDUCER D

5 mm ,

IllADING | LoADP ACX-38 LoADQ)
*g Eid!' f (s.3) I &ips) RfADING &;es) RfMARKs

M- ,/ % w.~w! Aeus P..; d. ces . sa.

--- c GJ ,J
, - -

ior. I im p t,, ! s u. | s. a . n
s est %se e., a s

's . .t ///
.: -

NW% h'^ ' *. . .
'*

, .) f '//j) c s 1. | ,,.. ; :., e pr, i,e g p
- . , ' . . s v r, I m 4 .;,. mr i 7.,r,* .?

s . .- su. s im ,e,ew :nr ,
*

.. ..

- w.m .

',.E -
* * " *

J 6., mr I w ver, m r i n.. ., - 7., n c., .m:,.

i i i i- , , , , , J. s<.

r" = v.n n t,ew.e a swa r <>. lwnw .

{- I

s.+ o w +-n. r-e c. FIG. 3.3 23i . Test setup for the.three tests in series C2. m ->a - o.T-~~ . ei.aDADw-ir- ~ 4sr
siv. '*dva si m sw'** rat .i th. s.** 5 0d.

\ @ Lo.d . Int Gaus. Leeskg n 0.634
@ Laos . ADX-33 R,osing a 3

FIG. 3.3-25: Test C2-2 Data O''
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As discussed in the analysis of Series B1 and B2, ths E 3 a
| uttwArt toad itsTs . PAoToTYPE ANCHCAAGt CoMPoNENis value for minimum equivalent UTS (Py min.) represents the

minimum strength expected in a population of Washer Washer
sitits C 1 * Tesi T ftsf oAft '2 Af a v' 4 7

Nut assembl.ies as derived from a statistical analysis of test- .

ogsCainicN 6" O o th.e,sd . We e.< s- heans results, is based on nominal shear area and is coFrected to the
couPoe. tnt oa:A shear strength corresponding to the lowest value of RC allowed

siniAt uanose ss urs'P by the quality assurance provisions established for the 2.0 Mep/,

170 W Post-Tensioning System. The value of 7 - 3 a for Pye i , ,,

(min.) is s:iown to be 2668.2 kips which is 1.08 times thew. - s,, _. -, c e. r , , , . ,
* *** 2472.6 kips established as the minimum by the basic criteria

Pato to u'a LoAo ~ ' 1 ' ". Z . '4, 27.92 %. ia.
for acceptance. The mean value of 1.08 for the revised Shear

r. = ' " , ' * - ts.38 F. 23.38 /s s e a Rupture Factor (k .s) is quite close to k = 1.1 used in pre-tT4s ekip, s, . 3.1 r r*
'" ' * * ' ' ' ' * * ' ' ' ' dicting UTS. Photosof components after being tested in failureP; . r.,e . A;,. e n s 8.79 = -
A;. 3.42% . in.

e' * P; + P;. = t 7 d e. . hip r,,,. 2,37 ,,, g,,.3 are shown in Fig,s. 3.3-27 and 28.
F,, = fr.= Fie. 3.2-4

ftsi PtoCICVRE
Prelood se.ppe.aie.sely 400 kips 4 ReNea t. seco;
Me.veo pp ben een toeponents . sad puncing
EHestive Roe Are. (A.) = 3 a 212.6$ e 437.95 sq. in.

LOAD DATA

TF1T GAUCOD inANsoVCf t P ,/
REAolNG LOAD P ADX.38 LOAD'$ /

(psi) fnips) BrADING faips) IfMARKs - .'
lereaded AcNdl | Pr.6.od . G.p . ia.

35e si: 1, ist for | '

/66* r19 7 del 141 s or 9r
2 0** r,e s ses s91 r,pr

_

.
*

3, r. t i e s. e:,, 7tr sier
*71 * 4/ C' 191f fe w se - 7.on te s |nessn~ ~ a

a, as a-s e Era s,~ a

~^
(t 74 5)P" *
- ) . , _ . .

N.... e ,+,d n. r., o .e .a. H,d ii.1, , ,i., Aox oi iw e.,, ; . ._. =- -
ei svas.ar me , e e et e. a e. ~ ::= s:= ;:t;

(-
@ ts.d = te.e oevee a di., s 0.638 ===

@ u.e sox.3s s sine a 3 - ~~.~~-
FIG. 3.3 26: Test C2-3 Data

.
i- -- -- -.

~
~ 4

r

FIG. 3.3 27: Outer face of Washer Serial No. 010 and Washer Nut
Serial No. 005 after being loadod to ultimate in Test C21.

c i..i .e Pree.< ed AcN.i t,,,- se.e..d ma . E,.... s.r ,e
fue uts(P; ) Uts (P;) uts (P") Nee, @ h, UTs (Pimia) Nc,w

De.3, P S an) . "I' Sir.) - S;p) N No*e 7 P Opd Nee @e

C21 3t93 8 2903.5 2922 - 0.6 1.C9 2784.1 8.39
C2 2 3099.9 2817.2 2930 -38 .06 2877.2 I.44 ' " ~ ~ ~ ~ . ~
C21 3015.1 2741.0 2745 -01 1. t 0 2770 4 1.3a
a- 3 3 3 3 3 3 3 ''N
2 3102.4 . 2820 6 2865.7 * 1.5 I.02 2810 e 1.40 \e 13.00 66.30 85.39 t .44 . 01 7 47.45 .026
e 2.35 2.33 2.98 109.3 f.s7 1.69 f.87

Ie 3e 3321.4 3019.7 3121.8 -4.42 1.13 2952.9 1.48
1 3e 2843.4 2621.4 2609.3 + 3.42 8.C3 2668.2 1.32

.

Pes *est

-t. C.lsvle'ee she., Uts (P* e) * F., (acewel) e A; wishove i. of she , a ,N.,, w v .. - ... -
Fee m (k..
.e a', . A;

). F., tscN.I)is em obiece skw streagm b. d .a .eN.I volv. Nj
a e ,6w ce. 27. 92 eq. an. -

2. P%e.cies sae, uts (P;) . F t.<, t) : A;/6 .. . h,.. . l .: r, p.e t.,;as
of sim.ler mch.aise..

2. Erme = (P; . P")/ P**, Neptive .ee.e indiceton e.m.nn.a# fe serengee S.a
' pod;c'ed.

4. Reeams shw topNee F.cs.* (h,..) = P;.,/ P".
.

I
*

S. Ma awa te.iv.8 ear ufs t 8;*a 1:a P" eew;ied t3 F. mia. Pi(=sa.) . P" FH
/FN (ensi) e P" s 108/F,, (e<N.!).

6. solev Nc.,ts.F.) = P: (ai .v ia, p eed ,eason uis s.F. r, W.s y
-

- - . . - , -s - *j. - -;m1
. -. -_. - - - - - -

TABLE 3.314: . Summsry Analysis of Series C2 Test Results,
i

FIG. 3.3 23: Inner fPce of components shown in Fig. 3.3 27.
Both photo; are typical for Suies C2 components after failure.
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ULfiMATE LOAD TE575 - FfoiOTYPE CNCHORACE COMPONENis

"* #'-' ' ' ' ' # T357 m ' * '13.3.9 TEST SERIES C1 6 INCH THREAD WITH SHIMS
DESCilPflON e' O D. th w . g.. f ..q

# "' '''The test setup for Series C1 is shown in Fig. 3.3-29. Test
3EuAt ,,3~E s 3 , Urst

procedureswere similar to those previously described. Data for COMPONENTh MJ NUM3fR $CAdj EUOmG| $,;) ' ' .f

the two tests of Series C1 is contained in Fig's. 3.3-30 and 31; * * ",
. . . ,

' '' * d'*, " , , , V". n' C . . ,_.~ .s ., t . , ,and a summary analysis of the data is contained in Table sr. w.- -- i - . es u , .t.
3.3-15. O F= Fia. 3.2-4 _ _ . . _ _ . . _ , . . _ . . =he..:

PRIDICTED FAILuni LOAD ---e.- .- . A; = 27.92 sq. in.
'= | 'i = u.u ,se = u.= . ,a . . , u,. w,, 6. = i . i,: =

P;, = F.,, 'a As, = 4.7? F,. e .0.79 m 64e e F,e feem table 3.2-2f41. 4
,

F' * Pi * P;, - e, Jd l. f 6 p' Fs247F. M
F., e from Fig. 3.2-6

*
. TEST PROCEDuar

, . ..,,e t' e'
.

p'; P'eleod pe oppresimetery 400 k:pe; men,,o ee se,e;

. . '
' !

Mesvre gop between componense end punch;
;

' *
s Effective ame Area (Ae) = 3 x 212.45 = 637.95 sq. 3a.

.

' ;
s e

*
LOAD DATA

**'e* , , '. ' . ,_ .*J** TEST CAUGEO
*

TRAN5DUCEA D'

7 %' - READING LOAD'2' ADx 33 LOADQ),
,

(p.3) Gipe) *! ADIN G (k:p ) REMARKS
_ i

qvy;g/,
'

| leheaeedl Acbel Proleod. Goo = in .
1

\ .

k

< ~. , ... = . . . e, s.<
-

se te t tr92 d.. 11C ' /I S C

-
teos 7 92 to. f7f 119 f; g_r . g &: x., ,

-

. ,,. v.. ,..,n, ,,.<
* .-

9,,'
t, / 3 tes t is t. 9J.f1tr ft1T*

f t ,,, :ne, i...|9*r ssoc
,.je

of t., s i t :. i,r, basi m r 6
;. _ ,,eun - . r s .. sor as 2. situi mf n ar r w, .; m

~ essann uut P"s th is t, Leas se ** Ga.s e / Jts;;- No,e. @ n,d a e1.,c ..e,d , m e1,o c , w D u ,w .e ,e,
give redvassas memove.eas of the some leed.

@ Laod e Test G.,pe Reading 0.6MFIG. 3.3 29: Test setup fDr the two tests of Sen.es C1'
@ Lead = ADx-33 reg a 3

FIG. 3.3 30: Test C1-1 Data
(

ULTIMAf! LOAD T2373 * PROTOTYPE ANCHORACE COMPONEN75

$EAJES CI-t itsf fa TEST DATE J Nfh 6 7

DESCRIPTION 6* O D Th.evi - kh e e [ae.arss

COMPONENT DATA

SERIAL M A PDNE 5$ i Uf 5 @| Prod.casd UT5 h) Acwi te==r e i.ed m. Es.;e. se e,y COMPONENT NAMI ' Vs
NUM5(4 SCALE I READWG} fsi! Tee laser ( P. ) toeries ( F. A le'=# iP-) uf5 (P") Nee T C. UT5 (Pi eia l Fes'er

w , ,, (Sol.d l eer C ,. t alt. e t /#1eo ., Neve ? Neo I Nwe T & se) N Nee T f $:c.) Neo 7 w,g,,, g,
_ , _ ,,g 4 g gf,, 9 ,,7 ,Ct.I 2913.7 $42 e 347s 3 33?t . *2M 2 12 3231 1 8 al so... s%m - C. i *e I i...,

C12 2n3.7 ets t 2529 0 356 0 90 2 70 2346 2 1 67 p p, p o. 3.2-6a 2 3 3 2 2 2 2 2 PiiDICTED TAILURI LOAD ...
.__..g..__.. . = here:

t 2m 3.7 3s9.0 3502 6 34'S t .05 2.41 3 88 e 1.e4 p. , F.E ' A4
-- .- Ai = 27.92 sq. in,

e 0 26.33 to 35 M.$ t . '05 0 29 57 35 0 als k' * 25.M F. = 23.38 A //! . e ' ' t e st %;p, 6, = t .1=

j F.e from feble 3.2-2e 0 4.47 0.75 - 2.64 'S Os t2.03 f .73 1.83 P., * F=. A;, = 4.79 F,, = g .79 7, . 6er. 3=
E e 3e 2H3 7 eas 0 3:31.7 3;a4 0 4.72 3.28 3461.3 3.73 P' = P; * P;, - A;. = 3.42 M. la.

Je 8 3 s. hips' F * 2.57 F,. ($ae)=I . 3a 2T13.7 509.9 3423 4 3195 0 4 71 1.34 3:14 0 1 33
F,. = from Fig 3. 2-e

No. ass
TEST PROCEDUPE '

1. bed.ced 5%ee. Uf5 (PE)is bowed on e se ;. se semed free sees C2. The.o ere. P; * I br
Pi 6= e.) %= fobie 3.3.t4 e she one., of F. joewt) en F., k.n Me.e F.,(=.a.) * 109 hai,

P,,s a ,, ,,,,,,;,,,,ely 47J hipu a,%,e e, se,e;
P; e 2810.6 s F.teswil/ top %,pg,, gg q

2. P ed ssed Seen g uf5 (N t * F., e A;. * C. * F., f'w W=l e A . la e.ed;et.as N.
, , ,

C. ** ser e 3 57, seeb N = C. a F (fe, eh.a.) e A e 2.37 F., a 3.42 g43 oru
* ** *
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Serias C1 tests allow analysis of the total ultimate strength the design approach. Howevtr variance is relatively high (v = -
(Pi) of 'an' assembly of Washer-Washer Nut bearing on Split 12.03%) and in future designs of similar mechanisms, a value

. Shims, but,' taked*alone, give no information as to the relative C = 2.0 would seem both reasonable and conservative.br. portion of the totalload taken by either shear in the 6" threads
' (P;) or by beering on the shims (P' r). When compared to re. The value for Pi (min.) is derived from correcting the values
sults of Series C2, Series C1 allows the qualitative conclusion P; and PL, to minimum values of F allowed by quality assur-u
that shims increase the total load capacity (a conclusion further ance procedures. Thus, corrected P; = P; x Fsu (actual)/Fsu
substantiated by design analysis) but still provide no accurate (min.), and correct Pbr = corrected C xFru (min.) for shimbr
determination of the interaction between shear and bearing material x A'. In accordance with this procedure, P((min.) for
loads. - each test of Series C1 becomes:

P'r (min) =[2913.7 x Fsu (actual)/109] +[C r xFru (min.)x 3.42]bIf we assume that the ultimate shear strength of the 6" threads
has been setablished by Series C2 at 2810.6 kips (the f value . As an example, for test C1-1
of Pi (min.) at F ' = 109 ksi per Table 3.314,then this valuesu
can be corrected to Fsu (acutal) for the components tested in Pi(min.) = (2913.7 x 109/113) + (2.12 x 58 x 3.42) = 3231.1 kips
Series C1 an'd plugged for P' in Table 3.3-15. Continuing from - We then arrive at Pi (min.) for the system at f - 3 a or 3116.0
this first premise, we can then assume that the actual ultimate kips which is 1.26 times the minimum value of 2472.6 per basic
bearing load (P'br) is the difference between actual total load acceptance criteria. Numerical values derived 'above cannot be
(P") and P;. The above premise is not precise since actual considered eccurate as they are based on assumptions of ques-
shear ultimate (P"s) for Series C1 is not necessarily the same as tionable quantitiative accuracy. This is of no concern as the 6
that established for Series C2. Still, there appears to be no better inch thread with shims is not the critical failure mode in any_

' approach based on a limited series of tests and the error in event.
conclusions so derived will be small. No real significance, how-
ever, should be attached to the actual numerical value of the
Ultimate Bearing Strength Constant (C r) derived from this Photos of the components after being tested to failure are

analysis. shown in Fig's. 3.3-32 and 33. Due to the relative magnitudesb

of theultimate thread shear force (Pi) and the ultimate bearing -.

load on the split sh;ms (Pbr), it can be assumed that the shim
it can be seen from -Table 3.315 that the variance of test bearing failure whch is clearly shown in Fig. 3.3 32 did not
results, as measured by the coefficient of variation (v),is only occur until after thread shear failure.
2.64%, a small value which gives a relatively high confidence in

the values for total load (Pi). The mean value for C r of 2.41 -b
, is close to the approximate value of 2.57 arrived at in the ' design -

analysis of Section 3.2.6, which gives reasonable confidence in+
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3.3.10 ANALYSIS OF FAILURE MODE FROM TESTS

%A summary of failure loads for each mode of failure, based on of times which many compon=ts withstood actual tendon ulti- jSeries 8 and C test results, is contained in Table 3.3-16. Failure mate, without failure, gives increased confidence in the basic '
load of the split shims at either the Bearing Plate or the more criteria that the end cnchorage be stronger than the tendon
critical Composite Washer interface was not determined, but it which it anchors.
must be in excess of the 3561 kip maximum load applied during
the ten tests and must be due to bearing failurewhichis not a
critical mode. 3.3.11 SUMMARY CONCLUSIONS

Wire hole web shear is shown to be slightly more critical than The average error of predicted ultimate loads was - 0.61%,
shear at the 6 inch diameter threads. Failure loads shown in varying from -4.0 to +4.5 maximum error; therefore, it may be
Table 3.316 for both Wire Hole Web Shear and 6" Threads concluded that the design methods used are quite accurate and
(with shims) are mean values. give predictable results.

As compared with the 6 inch threads of the same form, the The coefficient of variation of test results is small, having a
9-3/8 inch threads are subjected te a temporary load only, are mean value of 1.974% and varying between a low of 0.45% to
unloaded in the structural condition, are subject to a maximum a high of 2.98%, indicating that'the combined effect of proto-
load which is 20% less and have a nominal area which is 57% type production variables and testing variables is insignificant,
greater. This thread is obviously not critical and was not tested- therefore it may be concluded that both production methods

and test procedures were satisfactory.
To provide uniformity in dimensions (to facilitate inspection,
shipping, field procedures etc.) it was decided to increase the All test results were over acceptance minimums based on con-
thickness of both the Composite Washer and the Washer from servative basic critera; therefore it may be concluded that the
3-3/4 inches to 4 inches matching the required thickness of the end anchorage hardware as designed and tested will not be the
Washer Nut. This increased thickness will provide additional weakest link in the tendon system.
strength for both the Wire Hole Web Shear and the 6 inch
Thread Shear failure modes of production components. The frp* *' F="-* tead

increased strength, computed by linear increase of prototype ' ** '*""* * ""
component test results is shown in Fig. 3.3-16. The increased "*[,,*j*c *I",*,,, [' [ [:oad capacity is not required for conformance to design or w;,. u. w.. ss , s>., 322 3aa
acceptance criteria and will not substantially increase the fai!- 6 M M* W 5 *=r 378' 3547

ure load for other (non-critical) modes of failure. TABLE 3.316: Summary of failure mode, type of failure and failure
load for both prototype and production end anchorage harde,are, based

it should be noted that, by the time all test Series were com- n series e and c tests. summary is fer an anchorage consisting of a
pleted, several specific components had been loaded several Dearing plate, split shims. and a composite washer (or a washer washer.

nut assembly).
times to loads greater than the minimum guaranteed ultimate
tendon strength of 2002.8 kips. As part of the overall test
program, loads > 2002.8 kips were applied five times to Washer

Serial No. 002, seven times to Washer Nut - Serial No. 004,
nine times to Composite Washer Serial No. 007, and several
times to other components. While this number of cycles cannot
be considered a fatiguc test, the applied load is considerably
higher than will ever be applied in the structure, and the number

,

4

*\
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4. " Dynamic test results of smaller tendon anchorage assemblies
showing no loss of stress based on 500 cycles of rapid loading
from stress level 0.70 f's to stress level 0.75 f's and return'

to 0.70 f's. One co:nplete cycle shall take place in 0.1 seconds.",

52,197-2 58,570-5
'

52,,197-3 58,570-6
23,549-7 51,499-1,

58,570-3 55,939-3
_ ,

58,570-4 55,939-4
'

In addition to these tests, Item 2.4 reports on fatigue
tests performed for WCS.

*

Additional tests are in process at Annco's laboratory in
Middletown, Ohio'. New tests on tendons up to 70 wires

; are scheduled in the future. Reports on these tests will
i ... . be availabic soon after the ' tests are completed.
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b, Bostimmung der H5 rte nach 'Brinell HB'
-

D6 termination de la durot6 Vickers HV'

e'- 'DeterminiazIone dolla du'rezza Rockwell HR
[ -= .

,
,

~ ' . ' Belastung: Kugeldurchmesser: Bolestungsdauer:

Charco: 750 na oiamstro ed ia biir.: 5~mm oute. e. charg.: 30 ..c.-

Carico:
- ' Diametro della biot:a: .Durata di carico:

*
*

..

. .
, *

Harterahl
Ch! fire do duret6 -- -

* Bezeichnung Sto!!o ,

*
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,
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Designaziene Punto .
* ' -

HB HV HR ..
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t

: .
,

-
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. . .
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i .
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j.
i(

a

-

.
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fo 2 A 4, . ~ '
.J./ +-

fper 2 304 ,; .-- --

.
. .-

6 .

> -

.

Zughulse 1 188 -
-- --

,

2 192 -- --
.

.

. .

. -

Stempel 1 '274 -- -

0, 2 27 5 -- -

} ..; .

.

.
-

I! Stiltzring 1 257 -- --

N.
,

,
,

-

2 260 -- -- . -

.. .

.

!

M,
- -

.

-

y . .

..
( . .e

v
i
l.

.
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9

.

.. .

! # 5 0.188
-
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EidgenScolsche Materialpr0fungs- und Versuch,shnstcit fur Industrie, .
,

#' . Bauwesen und Gewerbo,8300 Dubandorf-

*: . .

l.cboratotro feddral d'escal dco rastGricux et institut do recherchos - Industrio. G6nto civil. Arts et f.16tlers - 2000 D0bendorf
. - Laborctorio ladorcio di prova del mater!all ed Istituto sperimentato - Indwtria. Genio civlfo. Arti o Mosticri - 2000 DGbondorf

( -

99p;7. .. . . . .
. .

. ,

.
'

.Untersuchungsbs.richt' -

2 1bEMPA No.' ~ . Pro 0&c-yorbal / Prococso verbelo _ _-

; -
.

| | .
-*- ,,.

C 3 Q S. A., Z U R I C H.Aurtra gebor:. P P. '

* *
Commettent: .

*

Committento: '

- **

'[ ,
..

--

- 4 Zuoi GrundkUrpar cua 42 cr Mo 4, ver5Utot, Zeichnung Proccq Ho,
ocoenste ,d: 2 - 104 S06 hs
Objet-'

Ein Stuck, Crmt, goatempsit: Y 1074'
. oggotio: .

i Bin Stuck, schre.rs, gestenpelt: Y 227. .

[+(s '4
Zuoi Spemmuttorn aus 40 Mn 4, Zeichnung Proceq No. 2 - 105 594 c,

i. gostcapalt: 49 U und 51 U.,,

Botrifft: Schroiben Abt. A - KU/ea vom 1. Juni 1967.j
-

-
-

t

i.
-

.

j ,

Angaban des Auf traggebers --

Datum des Eingangs: Ausfuhrung der Untersuchung:

Date do rarriveo: 1. Juni 1967. Execut en da ressal: bis 15. Juni 1967.
Data d'arrivo: Esecuzione de!!a prova:

<

*

;- _Unterauchungeauftragi
| Bootin' mag der FJ. rte noch Brinell - Darchstansversuche - metallographie
! cche Uatorouchung der GrundkUrper.

'

.
,

*
.

'

O
- RESULTATE LBR Ula'3RSUCHUNGEN .

-

- _- -.--
'

4 1) Beatinnung der Hnrte nach Brinell. j
'

H
I

' '

'
2) Versuchsanordnung .-

Zeichnung EMPA-No. 4 - 96'608.< - -

i 3) Bruchversuche mit-Messung der Ein- ,

j
' enkung an Spannglied 790 ts

? Zeichnungen EMPA-No. 4 - 96'609
' und 4 - 96'610.

.

'
A} ;.

.
-

; -

.

.

Annerkung:

Die Resultate der estallographischen Untersuchung folgen sputer in |
.

'l cinen coparaten Untersuchungsbericht. |

[ 5 oisz.

..
.?. ph$..one r,s ., as e,e .n



1.s.
Bestimmun0 der Hurte nach~ Brinnli HB -v.. . . ,
D6tormination de la duret6 Vickers HVE, ' , -

Determinlazione della durezza Rockwell HR -

-

- -
,,

.

,
,

Belastung: Kuge!durchniesser: Befastungsdauer:*

30 .ec.
; CharDe: 750 kg - Diamme de la we: 5 'mm Durde de charge:

.

Cartco: Diametro detta btgtta: Dureta di carico:

-
.

' '*

llartezahl'

Chiffre de duret6 - -

Beze!chnung Ste!!e
Grado dl durezzo .

-
*

Des!cnat!on Point .

Designazione Punto ' * * '
*

HB HV HR -

kg/mm' kolmm'
'

,
u

5 Stompel 1 272 , ,

-

2 274 .

., . .
.

,1

i .' GrunikUr-
-

.

!.f.- por .

Y 1074 1 306
. .

' '

" ' " " 2 302 -

.
,

Y 227 'l 298 .

#"" 7 2 293 .
.

,

.

I s .

I
! -

! Spanntut- -

i ter '

t
U 49 1 285 -

..

;Qm 2 278 .

>

t .

i . .

|. .U 51 1 221
.

~

; i 235 -

'

[
- .

s
1
2 .

4

Unterlage 1 249
-

, . .

2 257
-

.

,

.

; -

-
.

.

. .

~

' 0193
i .%D

-

i .

;- .

43'43/4

-- , . - , . -
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Schema der Versuchsanarc!nsmg ' -
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.
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. . .. ..

.
..

. . ..
. -

. . . .
-

. . .

. -
. . . . .

| .
.

~ Siempel (VCN35)
' '

~

.- . . .
.

.

. . .. ..

. . _ .
. .

.. ..

. . - -
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.
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Graplu' sche DarsleNung der Ehrsen/ rung h funli/ ion der Belasfung - - : ' . . '. . '

ex_ f 'f f. .

/,
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Yersuch Mr. 4- -.

Schwcrzer Grundhc~rper aus 42 Cr No //, verguleh .
~

""- * * * * ' '

'(Bshrer; //dnd) , gostempelb ,V 227
'

Spanomuller c)us 40Mn ti, gestempelt: .0 51
.

.

' '

'

' _
sco . o. -. . - - -

-
.

yJ P- 4050 t,leichtes Imhtem wahrnehmban
* '*

.

CC| Pmax.= 425t/t,pidlzJkher /rneMertryer 'Bruch ..N
.

M. .t/co. .

I
, bezw. Ausslanzen der Gruno'/rdtperwobe. -

.
.

. Grund/rorper in Spannmu//cr verklemmt. *

.

ickh/e Ethpressungen am Slempc).
.

_ __ ,

.

''
2 00 . .. . .

'

.

e

.

fCO *

.-- .. . . .

f| -

einsenicub h mm-|
. .

.

. -
.

,1
. ,

-o qs- i;o ge 2,o .

-
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*

Versuch Nn2
*

-

Grauer Grundko~rper aus '/2 Cr No 4, ve' rgslet-
-ggg

~ ** * *

.

(//detereiUster), gestempeH: Y 1074
'

sco ,H
. . . Spannmu//cr cis 90Mir*t,ges/empeH: U 93p /.

'

.. .
.

.

CC P mqx. = f286 't, ploftlicher /ercHarbger 'Bruch
.

*
.O

bezw. Auss/cnzen der GrundAirperwobe... -coo _ : .
'

Grund/co~rper h Spannmu//er verklemmt.. . -

|
,

'. Leichte Empressungen am Slempel.- *

.

,,

# -

Edg.Materiafpr0fungs-undVersu::hsanstc2 ~.
-

.
1*'' Abteilung Meta!!o'. Unblehg&n Versuch /Yn f ent-heit verursacht durdi - *" ?.""*"'''"'2co . .. .

'*

. f 4o+1e bc .

slendene S/empeldefcema/icn. -

400 - : . ..
. .

.

'

'.Ehsenhung h mm
'

s , ,
. .o o,5 4,0 4,5 2:0

''
-

' 3hnloF_Et_33. Juni 19_G%
. ,

'

_ _ _ _ _ _ -
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E E!dDonUcciocho MaterialprOfuncs und Vercuchcenstalt (Ur Industrio, -

'

" |'' . Bauwecen und Gewerbo,8600 Dubendori -

.

Laboratolto f6deraf dessel des rnateriaux et Institut do rocherches - Indu: trio. Genie c?vil. Arts et M4 tiers - C'M 00beniort
LaboratorIo fcderafo di proys del rnaterfall ed Ist!!uto sperimentato -Industria. Genic -Iv!!e. Artl e Mestlerl - 2000 D0bendorf

. -. . . . .

'*'

.
. ...

* '
..

! Untersuchungsbericht- -
.

. ,
' '

Proc 66 verbal / Processo verbal 6 ' E M P A No. 52'l'97/3.

. .

**
-

, ., ,,.
.

Aultia90cbor: P R 0 0 E. Q .S. A.,. Z U R I C H.

'

Commettant: -
s

'

| Committento:
. . .

*

.

j
- - *

- -
. -

, . . .
,

,

'

. Gegenstand: Zgei Grundk6rper aus 42 Cr Mo~4, vergutet, Zeichnung Proceq No.
' obJct: ~2 - 104 506 h: -

! Oggetto:
'

*
. .

**
Ein Stuck, grau, gestempelt: Y 1074

.I ,, Ein Stuck, schsarz, gestempelt: Y 227.(,.
'- Betrifft: 'Schreiben Abt'. A - KU/sa vom 1. Juni 1957..- . -

'
.

- .
. .

Angaben des Auftraggebers --
,

*\ -

.

3 Datum des Eingangs: .
. Ausf0hrung der Untersuchung:

Date do l'arrivec: 1. Juni 1967. Execution do l*cssal: bis 10. Au:;ust 1967g
Data d'arrivo: Esocuzione della prova:{ ,

'

Untersuchttnpsnuftrarr: ~3esticanng de'r HMrte en 3ru.4.dk' rpern e.'it e.usgestent.te
~

d
Waben.

-
.

.., . .
,

. .

-.
.

, -
,

. .,
. .

l.
.

" ~

.

!O .'
.

-

..
,

~

~ *

, .. -.

'
_

. .

RESULTATE.
, , .

;
'

,
1d e r

.

.
tr

-

BESTIIEJ4G DER HARTE NACH VICKERS -
-

.

.

r .

. .

j.

,

|
-

.

..

0137.

.
-

. .

.

i

, - .



r. .
* -

'<- g. .
.

. -

.Bostimmung der Hsrto nach Brinell HB
- . . ,

, _ . , ' .
. .

> D6tormination de la duret6 Vickers HV-
'

Dotorminaziono della durozza Rockwell HR -'

. . .

.

-
.

. . -
. .

Belastung: Kuge!durchmesser: Betastungsdauer:
-

.

Charg.: 100 kg Dismate. e. is t;ir.: - mm ourse e. char;.: -- . . c.
*

C.rico: Diametro e.!!a tiglia: Our' eta ei carico:- ,,

.

HILrtoschl_5VAnkg/can ,
* :

I
.

B r.ichnung sto::.
. Designation Point SChnittO1 Anordnung der Eindruckotellen'

'

Designazione Punto
'

| A* B C*
,

.

. -

,

.

4 .Y 227 1 302 299 303 .

. ..

(ochwarz) . 2 300 304 310
, , ,

+ - t 3 295 304 297 ' ~

i
- 4 303 310 311 A B C

- . g

! .
.

5 307 303 314 I .o... s .,.
. w.m;( ' T. .y., ..y, -

> . =
; 6 301 302 307

-.

,

2 ., .

i - 7 308' 310 303
:

.
-

C
3 -

.

.

i . ... .._ ..... . .... ._ .

Y 1074 1 304 303 302 _. . . _ _ . . . . . . _ . . _ . . _ . . . . .-

'
' *

(grau) 2 302 299 30s
- -- -- --- - -

3 301 307 307{, . _ _ . . . _ _ _ _ _ . . _ - ._.__

'O -4 97 '' '' ' '~

-

5 303 302 302-

f.
-

l' 6 303 302 301.

s - - .

~
7 '305 306 306

- - -- - - - - - - -- --

Qi4F"_ 'Myw[?
.

-
7'

- .

Eidg.Materiahr0 fur.;s undVersuchsaasta'l'

t

|
Dtibondorf, 10. a.uguo : 1967:. Abteilung Metallo

, D., ut.was ..e it.n.n
,

f - m

, ;
.

1

[ 0138
!.

.
. .

; .
,

.
1

-

.' 76459

-
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Eioue.26csiceho Materia'prOfungs- und Versuchcanstan fGr Industric,Ecuwesen und Gowerbo, D0bondorf ZH
-

.
~

Untersuchungsbericht EM PA No. 52'197/4
,

,, _,

Auftteggeber: P R O C 3 Q S. A., Z kh R I' C H,

Zwei Grundklirper nua 42 Cr Mo 4, vergiitet, Zeichnung Procoq No. 2 - 104 906 h:
cogenstand: Ein Stuck, grau, goctempelt: Y 1074; Ein Stuck, schwarz, gestempelt: Y 227.

Betrifft: Schreiben Abt. A - KU/ce. vom 1. Jui.i 1967. .

'-
-

@.
- An6'. ben des Auftrangebers -,

Datum des Eingangs: 1. Juni 1967. Ausf0hrung der Untersuchung: bis 17.Oktober'1967[.

. .

_Untersuchungnauf trag: Bestit:miung der Zugfectigkeit an Grundkurpern mit aus6estanzten Waben.
'

~
'

Zugversuche mit Dehnungsmessung
.

Zu m,rc hen , in ro:ialer Richtung enti.0:ame" nua lhntelpartien von durchgestanztchngeben u..ber Urdndkt.irpern . . Hinweis:(Die Probenen t.n .:uae erfcl te n:tch dem Bruchverunch, alche Un-S- ersuchsniercrich W eeue:au;frubir 'icht SMPA .io. $2 '19-|/1 vom 15. Juni 1967). Sci Gleichmossdehnung
irsuch s- Q 6s aus Moschinen- Diagramm

s
StreckgrYntenverh61rurchfUhrung : C 6s aus 2 /oo bleib. Dehnung ,

6s
3to b - Quer- S treck - Zu - Kon Dehnung noch Bruchg .reichnung Abmessungen schnitt gr'e n ze festi keit 5 tro kh,on

$ b b feststellungen10 5 GIAo 6s 6B 6B }/o ,* 'p mm2 kg/mm2 2 o4 o/o ofokg/mmmm.
.

ca. '

Y '27
chbarn) 5,92 27,9 86,5 97,3 -0,89 63 10,7 17,0 4 Trichterbruch.

,

Y 3.074
. -

,d . ? ,4 n5,4 ..S , 4 0,57 til 10,0 l': ,7 4 Trichterbruch..<,

,J ,,.....),

,

.

. Edg.Materiafpr0fungs undVersuchsanstait
-

*
- Ab!citung W!affo

,

. o., m.e., ... . .s.,.
,

Y.

i>endorf, 18. OktOber .967. ' '

.

..

O



, .g .
i -

' .

Eidi)cnBcsiccho Materialprufbngc und Versuchsanctcit fur Inductrio, -
'

5.. Dauwocon und Gowerbo, GG00 Dubondorf-

,

* *

Laboratoiro faddral d'essel des rnaldtlaux et Institut de recherches - Industrio. G6nie civit. Arts et M6 tiers - 6500 00bondorf
Laboratorio federato di prova del rncterfall ed istituto sperirnentare - Industria. Genio c!=lle, Arti o Mest:cri - 2000 c0bendorff

'

COPIE-

.

- Untersuchungsbericht ~ - - - -

*

Proc 6a vorbal / Prococco verbalo E M P A No. 52.}97/2_
,

.

-.
. .

Auftraggeber:
, .

commettant: PR0CUQ S.A. Z U R I C_ _ 15committente: _

.

..
.

g [, stand: Zirci Ornnd1Urper cua 42 Cr Ho 4, vercatet,,

oggetto: Zeichm'ac Proceq Ho. 2 - 104 906 h

:,. Ein Stuck, "pau", coctempelt: T 10741 Ein Stuch , "cchuarn", coctonpolts Y 227
Betriff t: Schroibon Abt. A-Eu/ca voa 1. Juni 1967

.

I c . bon dec Auftraggeboro --

Datum des Eingangs:
Ausf0hrung der Untersuchung: in 28. Juni 1967Date do rarrivdo: 1. Juni 1967 Execution do ressal: b

Data d'arrivo: Esecuzione deffa prova:

Ugtipor.pygggmnnntiftrn3 *

, ,

Doctit tmc dor Mihrohh to nach Vichora bei oinor Delectung von
20 c und cotallocraphiccho Unterauchuns.

s
'

. . . * *
.

. -

RESULTATE DEemtc.:: :r.m====.,R UNTF.RSUCIIUf:G;W-

r: zu.:==u u== =.= c==.

.

1. Bootic:::ung der Fahrohdrto nach Vickcro
.

-

' .
.2. Notallocraphiccho Untorcuchung

.
, ,

g -

O O O

8 !

.

I
-

0200t
I

.

.
*

.

''""'"'
1 i C'41;.','7h:11"." ETh R..Y,'1"J.'.t. h"*"*" ^" d" *"" "'-''' ""#"""'"'';*"''"""-
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. .

.
.

. . i. .
. ,

,

-2-- . .
, . .

}tikro-. .

In. Bostimmun0 der HErte nach Brinell HB.

;
- D6tormination de la duret6 Ylchar.s .RL

'.

.- ,

; Determiniaziono della durezza Rockwell HR .I
,

. .
. .

Kug' fdurchmesser: Cefastungsdauer:Belastung: e

Chargo: 20 g X3 oiamatro e. i. hni : ./ Durdo do char;.. 1.0mm ...
'

Carico: , Diametro delta t!stis: Durata di carico:
,, ,

.I Hart ah:t

" |'' sereichnung steri. gg gg - 6' hdnm &chirir. e. eurets '

' ' ' " '
O..hn.*:fon.puj's StirnDOitC Dit nbCGCChr:P t10 on

,
HB HV Hft EantOn (SCito 3). . .

[ Tiofo ka tmm' ' ng/mm' - -
.

'
'

iunter -

e, der *

! Obor- -

fl!tchri; .

f(,. s - *
,

r
G r,2nd_kho2r "r:r mi"

*

.

.. .. . ,

Y 1074 0,0120 306
~ '

'

.. ,

0,015 306 ,-
,

(
- 0,03 350 . ,

,

0,05 350 -
,
i

~ ~

0,10 336 -

, ,

0,15 324 i
*

0,20 253
. .

0,25 280-

-'). 6D,30 280 e

0,35 266 . .

!'
.' O,40 258 ,

.

.' '
'0,45 285 .

'

;

[ 0,50 219 !,

Il 0,60 203
*

.

. .

- {, 0,00 226
~*

.
,

f Ig 1,00 276 AnordnunG der E5rtecindrucho ;
und graphiccho D =0toD.u S-

cicho Shicco n?A 4Ir. 4-93746.
.

.

.h

|.-

il .I

. 0201 f'

-;. .

-

, ,

_ _, _



-
.

<- . . _ . . . _ . . . _ . . . . _ . . . _ . . _ . . . . . _ m . ..a'.__.-

._ . . . . . . . . . _ . . . . _ . . . . . _ . . .
,

* . ,i ,G..
,

.
.

*

. .

. , > -
,

. * *. o,

. . .

V ERI. AUF D ER MIKROHXRTE N A CH ICKERS lN _ DER RANDZ ONE DER GRUNDK6RPER .

'"g ro u " ( Hurterei Uster ) und "schwarz" ( Buhrer Hinwil ) .,

-

.
-~

. . . .

. ... ..

.
-

Herto' in Belastung 20 g Anordnung der Hertseindrucke

ho / mm* 400
'

~ ' ~ ~: --
| ..

Stirnseite 5[ ; y, ,
*

. | r
} !

^
i -

* * *
. . -

,
. .

'

Grundkorper-

_f i ,"schwarz" ( Y 227 ).
. . .

'

c .

i ..' 320 -

-

f -

*

|- \
-

/' \ h./ ]- .a-

/ ~%~,~~~- ~/ '
.

: ,, -
.,(

/ D280 ' #

. .
- ~, g #

,

Grundkarper '

- "greu" ( Y 1074 ) .

Y. . .

' ' ''',, 240 ' -'
-

,

. . - )
. .. . . . . - . .

. . .4
.

, . . . . . .,
,

'

200 '-
,.

. .
.

*
:. ,

. , " -
.

. .
' ;-

..,

.

-6 . .jg
*

.

g . . . .

0 0,,1 0,2 - 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0~
~

.

, ,

- Tiefe unter der Oberfluche ( Stimflache mit abgeschri ten Konten ) in mmt,

. ,-;, .
,

*
9

, -
.

D a -- --- -- - - .- -- -.-.-.-..--a.,~.~.---..-.-..-.. . . . . . _ . . . . _ . . . . _ , _ _ . . . . . . _ _ . . . . . . . . . . _ . . . . . ,

- - - -



,_ . . .;. * -

: i.
* - ..

.,

=4=
' ,

o. .

i Hil:ro- ;
'

-

..

lb. Bestimmung der Hiirte nach Brinell HB !
-

'

D6 termination do la duret6 y_inkr.rLMY.
( Determiniazione della durezza Rockwell HR i
s . !

4

I
Etistua g: Kugeldurchmosser: . Betastungsdauer: 1

/ mm ours. e. charc.: 10%yg.- 20 g 61 otamatro eo a brii.: . . e.

*ar - , Diametro dc!!a b!c!!a: Durata di car:co:*

.

o: .

=
,

. -

Hartozahl -

Chiffre do dureto }gygg,+gpipM $2 OOP h dCono,er*chnung Sto!!o .

Grado di durezzaDe,gn,ation Point dor ODirnOOitO tit 0.DCCCChPUCDOn,

; D** gar'oa* EC.ntCD (8cito D).Punto
Ha uv nn ;-

! -
bater

.I

2iOf0 k g/mm' kg/mm' .,

| '
* *

j der
i )ber-

-

',.i fittche -

i!C -

#rundh troer "r:nhexn"-

, ,

; -

!..
.

' Y 227 D,0125 324
. .

- -

! 0,o15 343
' '

-

D,03 343 .

( .
-

.

.

0,05 306:
,

0,10 301
~

|
'

-
-

,

0,15 330 !
.

+
-

+
j 0,20 324 1

0,25 290
-

.r,

U ' .0,30 280 !'
| 0,35 290

,

: 0,40 296 . (.
0,45 318 j.

'

, -
i,0,50 306 -

,

0,60 290 i,

!
'

0,80 276 j
-

.

1,00 301 .|,

Anordnung dc:- IErtcoint'cucho i
_

und paphiccho Earatellun:; ?.

cicho Ghicno E:DA-Ur. 4-93746. #

:
.* g

<

e

f*

g - 0203 - i

,
*

A..

.

* %
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-

. , . . . 3... . . . .
-: .. .

- - - - -9_
. . . .

. . .
. .

.
.

, . . .
,,

MLhro- '
'- ..,, .

!'. Ic. Bostimmung der Harto nach Brinell .HB ,

,

D6 termination de la disret6 Vickers HV ' ' .i
~

'

c-
['

Determinazione della durezza Rockwell HR .
-

. .

, - :
. .

.
. . ,.

.
.; - . - i-

Sefastung: Kugefdurchtnesser: * - Belastungsdauer: ;i

Charge: 20 g X2C Diamatro de la t:t e: /
,

mm Duras de charge: 10 s ee. .:'
-

' '*
<,arico: Diametro della bi;fia: Durata di carico: .

t
.

n.'
. .

. .
.

* .. .,

Harterahl ,-. .
'

Anordnung der HErteeindruche lI Bezeichnung - Steffe Chiffre de duret6.

I Point Grado di durezza !Designation..

auf dcQ MihroGehliff.t. Designationo Punto ,,

.
. .

' F HB . V HR .,
' -

,

!
_. An mm2. , ,

I,* *

,l; .- .

. ... .

* '

; .' Gr.tndk0roer "crau" . Stirnacito 3-
;'* -

- -
. .

.
Y 1074 1 266 ! :

,

.-G3 19 :).i ..

. .! 2 285
.

' 2. 4 .'*

* ,.* . ...

.i,,
.!*

. ,

t

4
.

I ,3 285 I
'

.t.
. .

. ..
,.

-{4 306 .

'- -
.

,
,

v
'

- ~ww i
. p - -|

-. .
.

.

<'
.

s
:.

.
I. L -

- -
.

,

., . . . t
-

,

.

<
. .

-

!' - -
Gr.indk6roer "ochsmrz" - /> - ?

s -
. . .

|( .
-

.

. .

1
.

'' '
*

!
~

Y 227 1 266
-'. ..- ..\ -

. . . .:.

: ,

}
' 2 386 .

. !
,

-

.- - .
,
,

;;- 3 363
~

- - 1
~''- ~

, . . s . . . . , ..

; !, . . ~ . ..
-

,4

' 3) 4 350 . . .. .!
l..-

.'-

-
_

,.
. , - .s..

, ,. '. .L, J' .|
.. !

'.t|i. '

*
.

*

. '.L . ~* * *. ' ':.-
.. . .

., . ' . \,',I *
.j' *

' . ' . t .
'
, . ,

j
'

:.. .
- t- * *

n'
. ,- 'x i, 1' '

,
_jr

4. .
.

r -
.

1
_

, , .. 4
|

:
,

.
-

.
-

. . .. + ,, .i
. .

9

. . .'.-:. . . J. - |
3 .

. . !... .h I_.. ' $ '.- ) a . ,*
~

**

. t. -
. . . .

4 - ' ,. .'02. 04 ' .

!.-
,w** ;... ..

. .

.'. ,' ' * - *
\.

, .. .-*

. = . ~ . .. ;_. s .
., . , .

** *
- - -

. ,..s.
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.2. ]!P,MLLOGRAPHISci)](UHTP.HSUOHUHO
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'

Fur dio Bourteilvas der Oofusobcachaffcnheit mTdca beidon ,
.

Grundhurporn bei der StirafEcho D' nit absocchr3cton Knuten und
,

otua in halbor HUho der IfGrpor Schliffprobca (L'.incacchliffo nit
.

~

Schnitt in cinor cohtenpernilolcn Ebcno) cntncumen und cinor
voicloichendca, notallocenphicchon Untorcr.chmc untorcocca nit-

folconden Ercchnic:
,

. .
-

,

.

Boido EUrpor voiccn ein foinco VercutuncncofiIco cuf, dco uit -

[ zic511ch violen, acist 10.ncccutrcenten, nichtnotallichhon Ein-
ochluccon pirAticch cloichenocis durchcotut iot. Boin GrundhUrpor

. crau" Y 1074 '(H".rtorci Ucter) unterachoidot cich dco Gofuco"
;

der Randsono nicht nonnoncuort vo= Gofuco der Ecracomo dor 2'

. .Vabenuanduncon, condorn oc ccict durchvoca dio cloicho Dcachaffen-
hoit. Hincocon ict boic Gofuso der R2ndcono doa EUrporo "cchuarc"i

Y 227 (Enhrer Hinvil) in Vorcicich cn cein~a Eornccfuco cino
etwns aturkoro 1.rditcbarheit footcuatellen. Diocor Untorachied ist
cohr unhrachoinlich cuf Diffcrenaca in der Enrmencotcunc der
bein 12irten dce C andhUrpor voritendoton Calcidcy cur'dchaufuhren.fi

! .- *"*c "=""*'" "'='' "" " *" * ""i ""'" " '""*2"'3 '"* ";i"
;.O- .

unoceraten Randcchicht bio in cino Tiofo voa otra 0,2 na cia ;

| etuna dichtorca GofUco cui Folco ccabt (vcl. dio liikrobilderi.
!

! ur. 33150 und 33191). u ..

!
.

-

..
-

i

.In allccccinen int dao GaiuGo bcider GrundhUrper infolco von '
i

i
-

,.

Sciscruncaficchen otuaa urcacccclicica, rac cuch in den roletiv
croecon Strcunacon in dcy T W churto'boider Ortudhurper, nbcr* -

cans becondero dco Grrr>1hUrporo "crcu" Y 1074 ces /.utdruch -

.

hon =t (vcl. dic IIllnchltrtoco.hicn). In ubricon 001c0 dco G6fuso f
in Innorn der KUrper prchticch dio C aich3 Eccdeffcahoit vio |l

,

jcnco an der becordcra untercuchten Sti: cad.to B "4 co hann
1W relativ noich vercutoto Stucho cuo dca vorliccen1c3 Stahl
alo cort:1 bevartot ucrden. |

'

I'

-

- 0205-

t.y -

.
.

I
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b F R n, Ur. 23'549/7Pro 003-vercal / P.co2cso vc&ab
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u
.

# "5 n'.y S T A.H L T O N AG, Z u 'r i c' h-

c ..

'~ .

' cor!rnittento: '

. .

. .

Gepn:tand: .

BBRV CD.237cy.t: 1 Vorspannkt. bel
Occetto:

,

, s . . '

Ds um des Ein::sn23: Ausf0hrung der Untersuchun;:
Date de Terrivia: 8.9.64 Eacution e. r.nir:

. __.
Data (err;vo": Esecuz!cno da!!a nova:
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Voropandkcbol ' EBRV CD 237
;,

===.u=================u=u== ,

-

1.ngabon doa uftraggoborn -
-

,

-

.

i 1hto W 7 r.n, clatt, Voroinigto Drahtuorko Biol,55 Dr:
5

Z=in. " 100 DC/
' -

*
. -

.

- .
.

Verankorungen: - . .,,

'.

- obon: Grundk5rper Typ C
Govirdehulso, Stutzcutter siehe Dotail A, EMPA-

e

C' Zoichnung Nr. 4-85'361 - '
'

-

.

-

unton: GrundkSrper Typ C . .

.

Govindchulco als Kupplung zum Mecotab
,

.

K0pfchen Typ II.
,

~

t -.g
'

Lanso doa Kabolo: 37o5 mm-

.

2117 cd (nominoll) -P -Fo =
.~
- *

,

s
.

Prufeinrichtung

O ,,
.

===============
/!

2 Atelor Pulsatoren gekuppolt , ca. 27o Lastvocheol pro Minuto ,
2 Amelor So t Druckzylindor,
Prufrahnsn mit Viocobalken auf dem infspannboden (sicho EGA-

Zeichnuns Er. 4-85'361).
.

.

.

Vorsuchedurchfuhruns
-

==================== ,

cit Mocatab cc2un . Eichung dor EGA.

Lectire:nn3 dor Lcstsrenec:
von 3o./31. Janurr 1964 (EGA-3cricht Nr. 21'212) .
Zeitliche Ec3 strieruns der Drahtt:Cche sit Erechutteru.nce cbor.1

Dic Vorsuche fcndon von lo.91964 bic 17 91964 ctatt.
020s'

Ja
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Roouitato doc Erstadungsvorcuchoo
=======================

,

Kabol Typ BBRV CD 237, GrundkUrpor Typ C, K6pfchon Typ II
,

-
--.

55 Drnhtc 0 7 mm, Fo = 2117 ci (nominoll) ''

.

.

-

. .

.

'

*
tcudungs- Laotgronzon Spannungon - Lactuochool

I pro
" "stufo P P 6' '

Emudungo-o u 0 u
t t kg/md kc/n! kg/d stufo -

_

1 237,1 215,9' 112,o lo2,o 'lo,o o
.

l'755'ooo 1. Drahtbruch-
,

2'o36' coo 2. Drahtbrucha
' ~

2'247''ooo 3. Drahtbruch.

C Y 2'327'.o00 4. Drahtbruch
-

h 237,1 216,9 (12o.8) (110,5) (10,3)
. .

O 2'600'oo0 Vorouch ab obrochon6
-

.

--

..
--

,

aur don nocinollon Quorochnitt bezo6on
~

Kn wrn ancogobono Vorto aind auf don nach Drahtbruchon vorbliobonon Quorschnitt bozogon:
.-

nr.ch 4 Drchtbrachon : Fu = 1963 er# (t- 0 7 mm),
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Eidgenussische Materialprufungs- und Versuchsanstalt Elr Industric,
"i . Bauwesen und Gewerbe, Zurich-

.,
- .

_

Laboratoire fedstal d'essai des mat 6riaux et Institut de recherches -Ir.dustrie, G5r,ie civil, Arts et fM!iers - Zurich-

Laboratorio federale di prova del materiali ed Istituto sperimentale -Industria, Genio civile,(Arti c Mestieri- Zurigo}' @ @u fjh
'

(~
~

- ~ '

.

Untersuchungsbericht. "

# Procas-ver bal / Processo verbale E'.!PA Nr. 58'570 3,
, ,

. . .
-

~

.
,

. Auftraggeberr ~

.
, .,

Commettant:
. . n

~. ,~. '-
.

-

.committente: S .T A H L. T 0 .N A. - G., Z U R I C H
*

-

,
- .

- -
.

.

. Gegenstand: 7 Abschnitte Vorspanndraht # 7,0 cm, glatt,' cit einseitig..

.auf estauchten Edpfchen, Typ rund, Drahtfabrikant :" objet: 6
.g.

090etto: Veicin16 e Drahtwerke Biel. '.t
.

.,

.- . .

,
- Betrifft: Frtifung 150160; Schr eiben MU/cb .v. 5. Februar .1960. -

Angaben des Auftraggeberu .

'
' -

Cs Datum des Eingangs: - Ausl0hrung der Untersuchung:
-

.

Date de l'arrivee: Execution de l'essal: -

Data d'arrivo: 6. Februar 1960 Esecuzione della prova: bis 24. Februar 1960
'

.

.
.

'- -
.

,,
. ..

, .:
., . . ..

*-
. . .

-

.. .-
-

, ,
,

(-
. .

, . ,
.

- - -

. .
,

4

- .RESULTATE ~ :L.-
,

.- . . . . .
.

.

. .

d e r.
.

.
-

7 .- - -
' '

t..

i ZUG - ERMUDUNGSVERSUCHE IM HOCiIFEEQUENZ-PULSATdR
,

Q. _ _

m,= .- w .- m- ._. m- -

-- ~
.

,

'
.

- . . -
.

__

. . . . -

i. 1. Be st immung ' der Ursprungs fe sti gk eit .
'

. .-
~

,

!' 2 Bestimmung der Wechselfestigk it bei einer untern ~
'

Spannungsgrenze von 95 kg/c 2. - -

,7 .
-

.

-; .
.

. .
. .

. .
.

-
. .

.

. ..
.

. -
,

.

..

. *
*

'

%- -

-
. vvv

M. 0212
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. , e .>-
le .. . f Zug-Ermudunosversuche im Pulsator

,

Essais d' endurance par traction pulsatoire'
1..,..

. 7, Provo di fatica por trazione ripetuta nel pulsatore-

:* v .
.

._ -. , . - .-
.

, ,

. . Pufsater
-,. .

-
'

-
. .

Lestwechset pro Minute.*
s- .

, ,

7500 Pufsations par. minute, , ,. Putsateur 2 t.
; .'

'' .,. -. .* -

.
- Putsazioni per minuto'ef ' Putsatore-

'J:* .s .
. . . .

.

. Lestgrenze, Spannung s;;renton''
- j Anzahl '

.
,

Querschnitt .Limites de charge Limites de tensfon ' " * * * * * * * '.
-

,

Section ! . Limiti di cartco ' Limiti di tensione
*

3eretchnung, ~
Sezione ~M

-.I obere

Bemerkunge'n .- '

I,.
e NombreDesignauen . kg /mm Observot!ons

Des *gna '! ' | de putsatWns
,

OsservazionI
|

W8d***
zione , ;6 I. obero untere , untere ,*

m m m' h ** W** a 6 '4h' | delle pulsazioni i..,

superiore Inferioro!superiore Inferiore .
-

'

!
.

, I | j' |

Besti:=ntng der 'Urspru|ngsfestigkEl.t
.-.* ,

r .1. ." .. . . -. Ii:
,

-t.
. . ..

* .- '
. *!.

-
>

. ,i . , . ,*,. ,,

: '. .I . .- ' --

1.
.

7,02 38,7 850 20 22 0,5 ! l'010'000 Bruch bein Ueber ,
{- ,. .

.

gang zu:n Edpfchc1-

,
,

. . . <. . . .
.

.

~ 2, . 7,02 38,7 780- 20 20 0,5 868'000 ', do..- . . .
, ..

I 18 0,5 : 'l'575'000 do.3 7,02~ 38,7~ 700 20- --
. .: , . .

.

~4 7,02 38,7 62 0 '20 16 0,5 2'000'000 intakt ~ Last erh6ht
" " "

700 20 18 0,5 2'000'000,', - ..
'

780 20 20 0,5 163'000 Bruch wie Nr.1.-

,

-
.

..

Ursprun6sfastigkeit : < 21 5 ' 5:gn:12'

2 # 1D,'S, . ""

bezthl, 2.106
-

$ < 17,5 .
"n. ~.. -y10,2 LastwechseD. 4 = " e -17,7i w8

| ,v -L
_'

,.

I. g'!. _.

.
-

. ,7 (} - -; t-

c
- -

.
.;.

-Etirt e der Echeiben : 2'0'8 kg/d! -- ~| '
' - .

-
15 Vick re Hb" rte : 224 "

;

',, ,,, f 3i* , , , , , - P = 20 kg : 214 "
*

|; m
_

,

i },2 U i t t -c d 215 I kVd'
'

* = == = =.I
,

1-

7 2_,9 3
,

.
.

_'-

.-

. , - ,e-p 7 i 0
. ,

,

;
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"
- Zug-Ermtidungsversuche im ' Pulsator*

,

. .
Essais d'chdurance par traction pulsatoire'

,

Provo di fatica por trazione ripetuta nel pulsctore
(

..
.,

- _ .. .
-

Pulsator - 3
,

Lastwechset pro Minuta .,

Pulsateur 10 t. 75.00 Pulsations par minuto'-

- Putsatore Pulsazioni per minuto-

.,
*

.

j Lastgrenzen ISpannungsgrenzeni'

Anzahl !
t Overschnitt Limites de charge ; Limites do tension der Lastwechsel I -

.

~

3ereichnung Section Limiti di carico Limitt di tensione O'**'k""G'"Designation Serlone t. kg/mm Nombroe

* * #"0"SDesigna- de pulsations .

Osservarlon!8

zlona obore untere obere l untero
m m' ***a k'W a **** I 6'Wa I- '

-
**#'

~ *E ***'"3
superiore,Infertore super; ore |Inferiore -|t

der Uechselfesti'sheit|bei cl.ner untern Sparnungsgrence
^

!| :
*

Bectinmung* - ,

von ! 95 $c/c':f|,

-

(..
*

*
.

-
,

.

. .

4,14,3,68 107 95 2'000'000 intakt Last erhBht7,02 38,7. 1
4,22 3,68 | 109

-

95 2'000'000 do.
'~

.

4,3 3,68 111 95 '2'000'000- do.
4,3 3,68 113 95 325'000 Bruch bein Ueber-'

.
.

gang zum E0pfchen.

(;
-

. ..

2 7,02 38,7 4,30 3,68 111 95 2'000'000 intakt Last erh0hi
4,313,68 113 95 931'000 Bruch wie ITr.1

..

3 7,02 38,7 4,30 3,68 111 95 2'000'000 intakt Last erh5ht
*

4,37 3,68 113 95 888'000 Bruch wie Hr. 1

e_
- - ..

.

!Q
- Wech selfec tick ef.t : Ir. 1

. .

111,3 95 kg/Inf ~ ~=

111,9
j!95

"
| 2 =

6 -

bezugl. 2.10 ,;
Laotwechodl 3 "111,9 - 95=

- .
.

,

'
.

. .

;
-

6 .g

Ztirich, den 26. [ebrua|r 1960 gidg. r,13:3rie:prg;cr.p und Versu$hsarelait
-

e .

J
' - Abtei!ung f.us techn:k und besondere*

.

Unter:uedn;sa en Mete!!en
Der Abt'c:!un;:vo.steher

.

- c' ~

I : ,. {.' f ' ' *, $ . -'

_

, i. -

-

t
'- .

,

N ~0214'

.

, ,

I .

i
'

. ,



Eidganussischo MaterialprUfungs- und Versuchsanstalt for Industria,
Bruwesen und Gewarbe, Zurich

a .

I.aboratoire Idddral d'essai des maldriauK et Institut de recherches -Industrie, G6nic civil, Arts f tiers - Zurich*

'

tadoratorio rederaie di prova dei materiati ed istituto sperimentale -industria, Genio civire, Arti t r r

Untersuchungsbericht mrA nr. 5e'570A
fi

,

Proces-verbal l Processo verbato

-

.

Auftraggeber: S T A H L T 0 N A . -- G . , Z U R I 'O H
Commettant: .

, *
Committente: . , .

,
,

9 Abschnitte Vorspanndreht g 7,0 ca ' glat t
Gegenstand: Drahtfabrikant : Vereinigte Drehtwerke Biel

,

,
- Objet: ,

;
,

.-
,. ,

Oggetto: '-

* *

Betrifft: Priifung 150160; Schreiben itti/cb v. 5. Februar 1960. - !.; -

- Angiben des Auf trc66eberc - *
.

,
,

(Datum des Eingangs: AusfGhrun2 der Untersuchung:

Date da l' arriver.: 6. Februar 1960 Ex6cution de l'essal: bis 24. Februar 1960.

Data d'arrivo: Esecuziano della prova:..

- s
,

.

'
- *

-
.

. .

-
- R E' S U L T A T E

.

d e x- -
'

.

*

~

, . ZUG ERdDU3GSVERSUCHE DI HOCHPREQUETZ , PULSATOR
-

,

- - - - - -
.- - - - -

-

. _ n.,_

. e

s

. .
. -

.

.

1. -Besticcung der Ursprungsfestigkeit. '
.

'

.

2. Bestimmur6 der Ucchselfesti keit bei einer untern'E
'Spannuncocrenze von 95 kg/c.#.

. ,

g

.. g

-

-
. >

.

' '

. .

* *

.

G

9.

- - %-

%' 0415
.

f anter'nurtj ne Veewec Ju.4 diese s C ari.;tet es FJ \*e'.*f t #4weOr4 It3tadwf kh*f Af t. dsn %lenlee HineeIS Jur Celt 9 nefl:ht findelch!Osses, ted rf der



.
,.

i, Zug-Ermadungs-Diagramme bez0gl. 2106 Lashvechsel
'y-

.
.

..

Vorsp'anndrahl 4 70mm giall .' '

Anzahl l.aslwechsel 7500/ mins

freie Pr0flinge ~ 170 mm
~ '

,

A) Draht allein
*

.

B) mit aufgeslauchten K6pfchen *

_

*

- *pi -'

.
. .

, IGG-

'IGO
.

.

-
. f/kg/mm2,

~
. .,

,J-f- *q 148kg|mmt.

,.

ta0 r
- / / ,.

/ /e-. ..

r 1 '30 / / '

w C o 126. 7 |
3 /s

/20 - g - /
C r /- -

.
*

4
.

- $1f.9 ''

L , . O. - ' II1,3 '

s .
'

.

100 - A
. .- _. .,

L ss
.

'

-
..

,

'

80 - -
' **g_ -

. . .

> ..

, u.s
' ~

(} 60 -

-

, ,

/ |
|

-
- n siehe Untersuchungsbericht 1

40 -
. EMPA Nc 59570|z vom 26.7.1960

' '
, ,

siehe Untersuchungsberichl *1'

xx
~

[HPA Nc 58570/3 vom 26.2.1980
'

,

20 - .i. ,

*

'17.7 *
.

;

. ,.

0
s

.

. i
: :

s

'

M 0216
,

.

.



.

. .
. .. .

Zug-ErmutIunDsvorsuclie im Puisator '
'

,' .' Es'sais d' endurance par traction pulsatoire.

'

. Prove di fatica por trazione ripetuta ncI pulsatore
,'

'' ~

,.
. .

,
,

Last<<e< hsei pro MinutoPutssfor - *

,

75.@ Pui*e5 por minuta'

Pulsateu" 10 t. . >.
s Pulsamni per minuto .Falsatore ,c

, ' ,
,

. .
.

.

ISpannungsgrenzen! inzahl' !'
. Lestgreni,en

*
'

' Ouceschnitt Limites de charge .Limites de tension der Lastwcchse! I *

3ezeichnung
,

Section Limit! di cartco Limiti di tenstone
,

. Desfgnation Sezione ' 1. - kg /mm' Nombro .0 ""'

0 sDesigna- ---- de pulsations
,

zlone obere untere obere unterc .

, ,'
j mm mm **4'** k'""' so N*** Wa ===

I delle pulsazioniy superioro,Inferiore superiorc !nferioreI
,.

. .

.' Bestinctag der Ursprungsfooti'gk, cit .
-

-

; .

1 7,02 38,7 2,71 0 70 0 104'000 Bruch freier Tcil

[ .
:-

2 7,02 38,7 2,32 0 60 0 196'000 i do. -
s-

3 7,02 '38,7 2,32 0 60 0 2'000'000 ' intakt Last erh0h-.

2,48 0 64 0 2'000'000 do. '

- '2,64 0 1 68 0 394'000 Bruch freier Teil

4 7,02 38,7 2,32: 0 60 0 184'000 Bruch freier Teil
(

5 .7,02 38,7 2,16 0 56 0 176'000 do.

2'000'000 intakt Last erh0h-6 7 02 38,7 2,01 0 52 0 '

2,32 0 60 | 0 2'000'000 , d o.-

2,48 0 64 | 0 238'000 i Bruch freier Teil. .
c. .

Urspp.ingofestigkeit Nr. 1 4 70,0 k /ctf
2'< 60,0 j"

beziic1. 2.106 Last. 3 64,8 '"=
' vie' hselc 4 < 60,0 "

,

In ''

.
-

'.

5 ': < 56,0 i.

:

6j= 60,5 |"
.

,

I !'

t ,

; i -

- .

f

.

I :
. . t

! -

. ,

I I i 0Td17-

.

.



|*.t

A i -

. .
.

/ Zug-Ermlidungsversuche im Pulsator
' .

Essais d' endurance par traction pulsatoire.

'

Prove di fatica por trazic,no ripetuta nel pulsatore-
,

.

Putsator
"

- Lastwechsel pro Minute
Putsateur 7M0_ Pulsations par minuto10 t..

3.

Pulsatore Putssztoni per minuto,

. .

.

*

Lastgrenzen ! Spannungsvenient.

Anzahl .Querschnitt Limites de charge ' Limites de ten.ston
der Lastwechset3ereichnung, Section Li,niti di car,1co ; Limiti di tensfoneoosignation

] Sezione '* "t. | kgImm* Nombre.

Designa. ,de pulsations bc '.

, ,
rienc obero i untere chere untere** ****" j *'''m Ne,

mm mm* * * ' ' " W*m" ,

deffe utsationi . ~: -g 's upertere, inferiore , supe riore, inferiore . .'
,

,

'' Becticacng der Ylec selfe t g :eit bed einer untern Spannurcegrenzo
von 95 kc/inf i-

.
,

-
. ,

!C l' 7,02' 38,7 5,03 .3,67; 130 95 2'000'000 intakt last erh0ht
5,22 3,67 135 L 95 250'000 ;Bruch im Kopf.

1 i
2 ~7,02 '38,7I4,88 .3,67; 126' 95 2'000'000 intakt Inst erh0ht

5,03 3,67; 130 95 347'000 Bruch freier Teil
-

.

.

'
3 7,02 38,7 4,88' 3,67 12 6 95 2'000'000 inta$t$ last erh0ht

( 5,03 3,67 130 95 2'000'000 'do .r - 5,19 3,67 134 95 408'000 Bruch freier Teil
.

= 13d,6 - 9{ kg/r3
'

,7echs elfe st:.gkeit Nr 1.

'

i
. 2 = 126,7 - 9p "

- 6 |!, bestig). 2.19 3 = 130,8 - 95!n "

U Lastwechsel 1 -

'

: i
-

.

)
.

'

, ,

Ztirict, den 26. Februs'r 196b.
Eidg. fl.:taria'pr0!u ;s- und Versuchsanstall

Abteilung Mas:t :hnu und besondcro*

Untersucht, ;oa en f.tett!!an
Der Abt 'un;sycrsteher:

-

,

'

/;.g. %~: .7.
.

. .

I
I-

I-

.

I
.

-

. ,

|

|, *
,

'..,

| 0218 -
.

'
'

-

.,

e

-



')" EidgenBssische Materialprlifungs- und Versuclisanstalt filr Industric, '- -

Bauwesen und Gewerbe, Ziirich ~
' *'

.
.

'c ,- .
. ..- Laboratoire fed 6tal d'essai des mat 6riaux et Institut do recherches - Industrie, G6nie civil r,ty et M6 tiers n- Zurich

,

Laboratorio federale di prova del.materiali ed istituto sperimentale.- Industria, Genio civil . Mtl p-f.gttiui ngrjgo

(' , ,
,,

g Untersuchungsbericht run-no. 582570/5
-

. .

d* j Procas-verbal / Processo verbalo
'

,.
. .

,

.- ,
. . ..

, , ,

It.- 4uftraggeber: S T A H L T 0'N A. - G., Z U R I C H
Commettant: ,

-

*
Committente:, -, . . ,

. . . . -.
.

-
. .

-

1 Yorspannkabel " BBRV ", Type CC 90, bestehend aus 2 Ankerk0pGegenstand:
i objet: und 22 Druhten p 7 mm, glatt, .verankert =it beidseitig aufge
n

oggetto: stauchten K6pfchen, Type rund; Drahtfabrikant: Vereinigte Dr-

,j werke A .-G. , Biel.
.

Betrifft: Trufung 150160 Schreiben MU/cb vom 5. Februar 1960. -
.,

-

Datum des Eingangs:
,

. sNE.h[hherhntersuchung:
~

Date de l'arrivda: 6. Februar 1960.. Ex6cution de l'essal: bis 2. Mai 1960.
Data d'arrivo: Esecuzione della prova: -

. ,
. .

,

*

.

- -
.. ,.

- -
. . .

.. .. . .

.'.
. .., .

- . ... ,.

,
. .

,

(( - -
.

.
-

. .
-

-
. ..,

-
.

. .

., . .
.

RESULTATE DER UNTERSUCHUNGEN.-
~

,
,

-

, , . .

i) Statischer Versuch.
..

9
- .

, .,

h' '

,2) Dynamischer Versuch.
-

-
.

i. ,
. .- .

.
-j ,..

.,

'j .
, ,

--
. .

,

-

.. ,

.

,
. . . ,

,

- -

; ,

-
* . . .

-

!.
-

. ~ . . . . .- ..
.

;
-

.
. .

. .
,

.

.
.

: *
,

-
.

| . - .
.

.

-
.

,

. .

g. -\
*

.

rg.

0219 .

.
.

,

..
,

,
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,

c . .

t.,

5.. ;Zug-Ermudungsversucho im Pulsator
'y . Essais d' endurance par traction pulsatoiro

'

- Prove di fatica per trazione ripetuta nel pulsatore
i

Putsator
' '

Lastwechset pro Minuto
Pulsateur 1001. 3.52, ruismons par minuto

'-

.. Pulsstore Pulsazioni per minuto
.

_

| | Lastgrenzen : Spannungsgrenzeni
AnzahlQuerschnitt ;Limites de charge | Limites de tension der lastwechsetGezeichnung Section { Limiti di carico { Limit! di tenstone

.

kg /m m' Nombre .Bemerkun:;en-; Designation Sezione. | t. i OhmDesigna. de puisstions

|obore unterc ' , obere unterc Oss u m !zione 1
; ,

mm m m' * * * * * * ""'***i*****" "''d'*"
do?!e pulsazioni I.

superiore inferiore ,superiore;,lnfericre tO ta1I.
,

--
,

V _E[R S U.0 H .
.

,.o . .

- _..S..--T ,K. T I S C H E. w .n,-
,

1)
- n-

j R ' '.

.
__ m.e=- i

i i~ i!*) 18 x pi 697; 3
[ 4,3 Eabellunge von EQpfchen zu*

- 7,02' i
| | ' Egpfchen: 2,387 n:

85 122 S Minuten konstant
,

3 4,3 Enbo11Enge von E$pfchen zu,
- K0pfchen: 2,387 n
! |

-

.s
\'

:
-

2) DYKAHISOkER VERSUCH

( 18 x p 697 75,9 ' 64,9i 109 | 93 I 962'600 Bruch erster Draht
i 7,02 i ca. 48 na vom E0pf*>

chen entfernt, in der Nuhe Austritt
Grundk0rper (Schducratelle).

17i<# 658 71,7 61,3 109I 93 1.'584.'b00 Bruch zwaiter Dra.ht
3

7,02
' .beim Ueber6ang zun

*

-
KUpfchen;.

entlastet.
! 3 4,3 ZabellEnge von Eypfchen zu

'

' '

EUffchen: 2,387 n.

-

4 Nach den Versuchant
.-

''

~T~~ l .

,

Stuterutter-Zughulce40rundk0rper no'ch gut drehbar. -

i
i
t I

| Anmerkungen:
.|

!

*)! = Eabolquerschn'itt reduziert von; 851 En2 (22 DrEhtc) auf 697 ra c

(18 Dru'pte), da diq unteic Icstgrere:s von 80,7, t nicht GenUgeni
Genau konsten,t gehalten 'gerden kann.;

!' l ! ! !

.

I i i
i

-

i Zurich |, 5. Shi 1960. | | ! Eidg. '.htab.!pfjap trJ Vumi: net
.

I ! 'Abtei:vN f.ter.nN cnc tmn:cto
| Unt:rs;;hda;c, ao T.4tWen,
~j | Der Abd.!v .gsvoni;hcr.a

| \ jb'b O s || . !' ; , . $*

i / I: ,l
*

. . . -
s.

, s . .- i >t., j '

t -

J' /s .

.



. . . . _ . . . . . .. . . .

' -/ Eidgen0ssische F/laterialpiUfungs- und Versuchsanstalt fur industric,
'd
i Bauwesen und Gewerbe, Zurich-

* *

.

Laboratoire f 6d6ral d'essai des matdriaux et Institut de recherches - Industric, G6nie civil, Arts et M6 tiers - Zurich
'

Laboratorio federale di prova del materiali ed Istituto sperimenta!c -Industria, Genio civile, Arti e Mestieri- Zurigo.

'
.

@@fgg|@ Untersuchungsbericht myn.5e'570/6
.

_ COPIEProc 5s verbal f Processo verba'
,

. , m__ _m..__._

n
S T A H L T 0 N A.-G., ZU R I C H' '

Auftraggeber:
.

.. commettant: - -- -- -

Committente:
*

.. . .. . .

.

1 Vorspannkabel " BBRV ", Type 00 90, bestehend auc 2 Ankerk0pf
|. und 22 Drnhten f 7 nn, glatt, verankert mit beidseitig aufge-Gegenstand:

objet: stauchten K0pfchen, Type rund, Drahtfabrikant: Vereinigte Drc
oggetto: worke A.-G., Biel.

Betrifft: Prufung 150160, Schreiben MU/cb von 5. Februar 1960.- -

'Angaben dec Auftraggebers- -...
"

Ausf0hrung de'r Untersuchung: bis 2. Mai 1960{-i-
'

Datum des Eingangs:
13. Februar 1960. Execution ee i essai:Date de l'arrivee:,

Data d'arrivo: Esecuzione della prova:' '

*
-

-
.

-

, _

b { - 7, i!!d 1960
' *

. ..

*

( J.*
.Y|'

' '

.1 |,

. __

i RESULTATE DER UUTERSUCHUHGEN. - |-
'

;

',. .

Q 1) Statische'Dehnungstessungen.
-

--

-

2) Dynanischer Vercuch.
. .

,

.*

$

. .

g .

. -

I
.

.

e

0 .

.

. *

Ne,

' '0221.

N
&.-

, ,- a . r... v.......,, . .... ......... . - .. ..... . , - ..... .. ......,. .... - ... ..r ..... ,.. - . ~ . ~ ... ...



-[:' Versuchs an ordn, ung .
..

.

.

- '

.
.

p
Drabhanzahl von ?? auf I8

.
.

g
reduziert (L6ther mit L bez)

,
wegen I.eistungsgrenze des

' Pulsalors.+ -

,gg g,,. ,

1 I 111 go
-

.

lI|l1 I .

| 1 50 453 2 f|Il ||1
|**

.

||| un' .,_

-- nn .

@'@Q O @@ @
. .

'? 'IR SB x 5 + 68
S

. j '

iiiiiii -'-
,

, TR 10l x 5_ $ 101
''

_ _ ,
' '

itsa o o o'

,

@o o. ,

1,,

O O.@
'a, -

. c . @@D o
'

''

DritiIe Nr. I 6'
I mit elektrischen

Messireifen .(

i
'

bbf-
*I2377

*

-

[ k'

7
50

A h-

.

h '; |

S smiysunk -

/ ,.
..

|| ||| 1 Grundk5cper |
U 2 ZugWse |I| ||| 590 , , || \\| 3 St0izmu!!er 1

,,

l 111 |

__
t.iii it i go

-

_,_

- M Y 0222-
,

p_ ,

. .

t
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, , . .. '* i

, , _ . .

, . i^' '
'

.

.
,

STATISCHE DEHNUHG'SMESSUNGEIT

2.spannl abel, bestehend aus 18 DrShten; Draht-p 7,02 cm, Dral.tquerschnitt 38,7 cm ; Kabe1querschnitt ? = 697 x=n
tnungen, geressen .'it elektrischen Dehnungscensstreifen, Messlungo 20 mm; Versuchsanoninung geonss Zeichnung

EMPA-No . : 708465

teins tel- Spannung bh VooD e h n u n g e n.g an Pen- P
~7~ Draht No. 1 Draht No. 2 Draht No. 3 Draht No. 4 Draht No. 5 Draht No. 61r.anocoter

2
' _ in t kg/cm
- -

-
.

4,0 5,7 0 0 0 0 0 0.

16,0 23,0 0,840 0,836 0,845 0,829 0,816 0,814

28,0 40 2 1,665 1,657 ~ 1,669 1,655- 1,635
.

1,6323
~

- ~2,45740,0 57,4 2,492 2,484 2,502 2,481 2,461.

'

52,0 74,6 3,324 3,310 3,331 3,305 3,285 3,285

64,0 91,8 . 4,147 4,133 4,159~ 4,126 4,108 .4',108
70,0 100,5 4,563 4,540 4,576- 4,542 4,521 4,523

75,9 109,0 4,971 4,952 4,982 4,945 4,930 4,933
'

.
' ~

66,2 95,0 4,294 4,276 4,303 4,270 4,254 4,284

75,9 109,0 4,974 4,960 4,988 4,953 4,936 4,935 .

,

66,2 95,0 4,292 4,276 4,302- 4,268 4,253 4,248

75,9 109,0 4,976 4,957 4,988 ;4,948 4,934 4,934 -
.

66,2 95,0 4,301 4,283 4,312 4,277 4,263 4,261
.

. .

N
*'

N
.

-

CJ ..

-
'- ~ '- - ~ ~ - - ~~~~~-~ --

'
_ ' _ _ _ _ _ _ _ _ _ _ _ _ __
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*

Zug-Ermildungsversuche Im. Pulsator'
.

i '- Essais d' endurance par traction pulsatoiro
'

,

Prove di fatica per traziono ripetuta nel pulsatore-

- .
.

p.
'

Pulsator Lestwerlisci pro Minute
350, Puisot m parn,inunPutsateur 100 t

'

-

Pulsnimi per minuto; Pulsatore -
,

.

Lastgrcozen ' Spannungsgrenzen'; Anzahl |

*

1 8

'

.

| f,, Ouceschnitt . ;Limitcs do charge,Limites ds tension der Lostacchset
f dere:chnung,. Section | Limitt di carico Limiti di tensic,nc 3 Ocmcrkungen

- Sezione 1 kg /mm' Nombre
Otsignation !-- ----

{obere | untere ;j

'-

i obscrvat!onsde pulsat.onsDe sig r.t. - - - -
; i osservation!
- --...;

cbera untere! zione ,-

*~' ~~~g*"--
g ~~~ |infericre ,supericec inferiore ,

: mm 'm m' een, gu,3,,gni :
superiore ;gg gg y| .

,- . _ . _ .t ; . . .- . . - - . -

| . -. . . . . . 'intakt,Laot erhdht' * ) 18 x .697 77,4 66,2 111 ,95'

.

2'040'000
7,02: 78,7 66,2j113 113'000 Bruch des Drahts95 -

' ' No. 2 beim Ueborc
; gang zum K0pfchel,

I
'

l'17 x p 658 '74,3 62,6' 113 95 452'400 ;Bruch dos Drahto-

l . ., 7,02 ! i 'No.1 wie oben.-

i. I I,

i
.

- . g.16 x g 619 .70,0' 58,2. 113 95 l'523 '000 *Bruch des Drahts'
' I 7,02i j .

|
No. 4 in.freien

'
'

! - ; [ Teil, bein elek-
! | |

trischen Eess-
I '

| | streifen, Oberf1!
'

y' che leicht ance--

q ,
ochmir6elt,

15 x p j580 i65,5 55,1: 113 95 l'583'000 Bruch dec Drahts
7,02 | ! No. 7 beim Ueber--

i, { . I cang zun K6pfcher

| 7,02|542 |61,3 51,5| 113 '95
14 x p l'854'700 (BruchdesDrahte.-

i

! i No. 8 wie Draht
!O i .i No . 7.*

.

.I |
-

Nach den Vers, uchen:

| Stutz::: utter-Zu'ghtilco-Grundk0rper noch|' cut drehbar.
-

. . |
'

i
|Annerkungen:, i >

'
;

-

| | *) == Zabf1querachnitt reduziert von 851 cm (22 druhte) auf 697 na2 m

(18;DrEhte), dc! die intere Ic.stgrenze von 80,7 t nicht Conn-'
'

1 ' gend, Connukonstantgehalt :n werden kann, |
| ! i ; -

-l i !
t i I

Ztirich, 5. Ea:L 1960 '

|
| I ! | i

'

! ! | Eidg. I.'z.tui@ riser.;s- rnhed= 21:
,

| | | | | AbteUung f.'.c::tachnA t.n 1 t m ndere
Untertuchun;;i co M0'c :04~

j '
.

,' ~ | Der At'.c:!cny.vorsichcr:
! ' i 0224 ;, y c; y ( (- -

(.,
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Eidgen6ssische MaterialprOfungs- un;d Versuchsanstait fur Industrio,
' /,I,,'),f., Bauwesen und Gewerbe, Zurich
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**

- Laboratoire f6deral d'essal dos matdriaux et institut do recherches - Industrie. G6nic civil, Art c\h! 'r Zr' *

'Laboratorio fedorale di prova dei materiali cd Istituto sp'crimentato - Industria. Genio civile, Ark eMA*tYc - 2'd .y 0''
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- Untersuchungsbericht EMPA-No . 51' 4 49/
. Proces. verbal Processo verbalc
4

-.

,
. ~.

.

. -
..

Auftragooder: S T A H L T 0 N
Commettant:

,

A. - G., S U R I C H
. ,

Committente:
~ '

- - *

'

3 Sections of prostressing trire, f O'.276", sucoth; buttonhcad on one side.,

'3 Abschnitte Spannbetondraht # 7 mm, glatt, mit einseitig aufgsGegenstand: -

objet: stauchten K0pfchen; Draht-Fabrikant: Vereinigte Drahtwerke-

oggetto: A.-G., Biel. -

,

Betrifft: Drahtversuche 160759, dynamisch - Schreiben Mi/cb vom 16.-,
~ *

Juli 1959*
, {# Angaben des Auftraggebers

,

-
-

-

; Datum des Eingangs: Ausfilhrung der Untersuchung:
'

Date de l'arrivdo: 22. Juli 1959. Execution de i cssai: bis 18. Dezember 1959.! Data d'arrivo:
* . Esecuzione deria prova:*

! *

Date of Test;- . .. .
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- | ZUG ERMUDUNGSVERSUCHE IM 'HOCHFREQUENZ - FULSATOR
-

t
i
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, '

Ecsults of tensil fatigue tests in high frequenc/ pulsator. l
.
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-

'

-
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. . .
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Euc-Ermtiduncovercucho im Putanf.or(IIochfrequens-Pulcator),

" ' . ' ' Eccolo d'enduranco par trcotion pulcr.iotro
'

C - Provo di fatica po; trationo ripotuta ncI pulsatoro
,

Putsator
Le:Nechnet pro Minuto h]. sat 2.oaPulsateur 10 ' t. 7,500 .

- - ' '
p ,,,,,,,,, ,,, m,n,,,.

Pu!satore - . Pufsezione pro minuto por
n' mute.

, ,

. ___

Cross S g n Laetarenzen sp:nnungsgrenzen I::r.' ofg,g sat.oueDCsi n. Umltos de chergs Uraites do ton:I:n ROUUUkSC 3, c gg,, der lastwochso!~

Bozoichnung 3,zione Um!!! di carico Um!!i di tonstone Bemerkun;en ,
I Designation DOCd Ilinits. Strc ]'mtr}';,., . Nombre Ob s ervat'on sh

g do puIS3tions Os servazioni
**

obero entero obere, unfore |g
Numero., y mm mm, sup r;. gra,s..,. . ,g ,;. ,. gra s.a.

F .uperiore inferiore ; .uperior. . Interrere ,

Bestinr.xng de( Dyna ic Strchcth, blotton diress = 95 I:d :i ( 1351:si )Doten:inition o n 2.

UechseHes'tigkei't bei,einer unteren Spannngs-,

| grenzo vo'n 95 kg/nn" l,
-

-. -

. _ . - - -

-

_ ._ m
-.- --

F
Intact, lor.f. incretscdi 1 7,01 38,6 4,25 3,67 110 95 2 '000 '000 . intakt :I.as t erh0ht

4,40 3,67 114 95 797'000 !Bruch bein Ueber-
, , , gang zum E5pfchen.

Fraci,f3onhord."t transiticato bu~

2 7,01 38,6 4,25 3,67 110 95. 2'000'000 intakt ,1.as t erh0ht,

j 4,40, 3,67 114 95 620'000 Bruch'bein Ueber-
gang run E6pfchen.\ as ' abovo .

3 7,01 38,6.4,32 3,67 112 95 l'296'000 Bruch bein Ueber-
-

-

gang zum E0pfchen.
Fract;at transitica,

6
. . UcchacHestigke:.t be zuglich 2 x 10 Iastwechse[n ''

Dmadic St 'dn~th rhlatitoi to 2--1p culi>7"tn
* ''

1 =,111,6 - 95 k, . on . .
5<!2 = 111,2 - 95 kg 2

112 0 - 95 :sikg/nn
e

'a 158 - 135 Usi 15 5 -- 05 I:si 15h-132
-

!
-

- Skizze :
Shetch

4
- p 10,2'

,
,

,. L
.

I

J.

e ''
! ( -,y o pe

fgt g
; "

/////// /////],
i

gI W ~
7,6r

/g7 i;-:

Zurich,21.Dezbnber1959. Ei'g. Ma'.s ispt!z.p und Vmis12.'t
w:i:ur.c r.:u:ter e-3 tam:ere

Uato':uie;; 121 Iht:hi.

Der Abte:!ciptorceher:

tj , , j o'. ,* f y .o j . f
*
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'
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".'b Laboratoire federal d essai des materiaux et Institut de recherches -Industric, G6nie civil, Art-op.16 tiers - Ztrich
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Un'tersuchungsberich-t, m a-No. 55'939/3e.
.

,

. . '
- Proces-verbal l Processo verbale

' . . . .
. .

..
.

,

-
'

; ,

tt.

Auftraggeber: S T A E L T O N A. G. , Z U R I C H
.

Commettant:
2 pieces of pYostressing triro / 0.~237" trith upset head on one side,

-

Comminente: type round,' Wiro namtfacturer: 1+G.
.,

2 Abschnitte Spa :nbetondraht # 6 mm, glatt, mit einseitig aufge- .

' Gegenstand: stauchteri K0pfchen, '.P p rund; Drahtfabrikant: F + G, Ring Ur.f
Obiet: 325. . . .c ... . .... . .. .Oggetto:

,Ietrifft: Schiviben Eti/ed von 11. November 1959.
.s-

(h q ]
-

i .

~

An.gaben dos AuftragGebera~ -

}' . .

,.. . , ,; .:..
.Datum des Eingangs:

.
.

.

Ausf0hrung der Untersuchung:is 12. Februar 1960.Date de l'arriv6c: 12. November 1959. 1*

Execution de l'essai: b
, . Data d arriv.o: * ,

,

. Esecuzione della prova:
Date of test, '.i~

" < ! ,1 ' , ' ' -
-, .; . ,~.

, ,
. .

,,

.g . ",. . .9- :. . . . .
, .1*

. . . .
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*
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-
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-
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. ZUG - EREIDUNGSVERSUCEE IM EOCHEREQUENZ - PUISATOR. f
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*
.

.
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:
.

of teksil fatigue tests in high,freqtt0ncy pulsator. , ,

.
<

Ecsults. ...
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ZuD-Erm!1dunocvorcuche im Pulcator(Hochfrequenn--Pit 1cator)
- * *

/j , .. . ,

-7)' Essais d'ondurance per traction. pulcatoiro-
-

.

;,{l' '. P.rovo di fatica. por trazione ripetuta nel pulactoro. '

'
-

n i,,,,,; ,.s.,,, . r. .

-

< . - - -.

Putsstoc *

/ Lostwech o! pro f.tinuto/ "";' '/* ' ''"' f", 6'500 Pulsations par' minuto ysationsperd|/nJmf,*o pgg,,
t. 4. //. ,,, . ,e/feff ,o Pulsazioni per minuto n't.nuto ;

----
p g3g ,,,,

-

Sectimm''g der Urspransofootigkcit. '
.

Mat;cN7eP 1p'indgsi$n*2n Er.png}1 sat,' 'cross-scetion -
-

Quceschnltt Limitos do charge Limites do ten:fon
, der Lastwochsc1 Observe.ti6nsBezc!chnung -

Section,_ .L;m!U di carico ' Limiu di tensione
Oostgnation Seziono ' t.

_
kg/mm Nombro .

Bemerkungen.f.-

e

observations

*$'n"" iosfr.
- untM*|l bt'.

hntehe' [" ,*[*
,

"
055'"*'' "'-

,

% mm m m' a*'a~ we ac~ m~

| intact,lordincrc$so
e#*"' P"'5*'I "'superiore interiore tsuperrere intericco.

:
-

#
1 1 5,98 28,1 0,56 0,02 20 0,7 2'000'000 intakt,Iact erh0ht

~
0,67 0,02 24 0,7 988f000 IBruch bein Ueber-.

,s - -

failure at [ Sang zun E6pf-
,

!
'

' -
- buttonhord a

, chen.
intact, l'ord increaso -

~2 5,98 ' 28,l' 0,56 0,'02 , 20 0,7 2'000 '000 ",intakt,Last erh0ht
! O,62 0,02 22 0,7 2'000'000 - do. -,' ~0,67 0,02 24 f 0,7 * 788'000 .,Bruch beim Ueber-i -

u

fai| lure at buttonhecd ' go.ng cum E0pf-! L

/<eny/A , l. //o , .r/<e: a. o , ,,,/, ,j, t' / ),,| ph'dyn.?mic'
a ,,

,, ,

{ _Ursprungsfectigkeit b'e=Uglich 2 * 10 Inst ~echseln:

2 = 22,1 khrd '

| . 'N.1= 21,3 fcg/rn"! - Hr
'

\ o - 30p :,! e 1 | 0 .rt ir:., : ,.:ts n
-

|
.

'

Sk i z d 0: . ..--,
,

.
.

. . . . -
,

bj ) - Eurte der Scheiben (Vickers-HSrte; P = 20 k.?)_-

' "

lHr-dness of unshers
-

25- f f.-

6,9,,+ t - 24 olig /cz
-

. . -

.
,

s . 2sv 000 psi,

,. -

" .
-

.. |
.-.

y
,a_v; 23. . .

. -- . - .- -
.. : .

~

: 15 ,, ,, .
- - -

.

d|
.

* *

; # - re-

p,.

..
.. .

I l
.. . ..

.;_ >g p-g6,2 . . .

-
-

.

.
s ._ -

|-g 6- >'-

.. ;
.

.
- Eidg. Malaia!pr0 fun;s. und Yusuchsanstatt

.. . Abtei'ung i,{cssicchnik und besvndere
'j

j i ..
*

Ur. ctmchun;cn en Metel:en
Det bici'ung v0rr,tcher-

-w . , .

* '
- < - b. '

- j ! \ . g | | , I ,~i
, .

l
~

q< ! .. I
,

i
! 0228 .

-
..

l|- . ,

|-. - 1

.

|
, _ . .

~
-i :..' Zurich. 15. Februar 1960. .. . i
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f~ C
Laboratoire f6ddral d'essai des mat 6tiaux et Institut do recherches - Industric, G6nic civil Argy et,Mdtiers -- furich

-

Laboratorio federa!"o di prova.dci materiali ed istitu'to sperimentale -Industria, Genio civile, Ag,'o f/pieg gug
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,

';. Untersuchungsbericht EuPA--no . 55'939/4.: ;.

- J-
~

Proc 5s-vorbal '/ Procos'so verbalo*' - ---
--

:. . .
-

c ... . -* -

,
-j ;\. ' ~

-
; .

., ,. ..

tt. ..
.

Auftraggeber: S*T A -H L -T 0 R A. - G.,. Z U -R I C H-
. .

. , . Cor!m.ettant:
'

. ,. ., , , ,. .
.

comminente: 9 piece 5 6f prohtro5cing ulic, f 0.237" , sno6'th, trire ninufa5turcr F+C.
,

- r

.
. . . .

. ,

p. -

Gegegstand: 9 Abschnitte Spnrmbetoridraht g 6 mm, gla.tt;' Drahtfabrikant: F
-

Objet, Ring.Hr. 325.
-

.

''

t ...
. . . .

'

Ogget|o: < ~ -
_

Betiifft: .Schreiben ni/ed.y.on 11. November 1959.* - - --

t x \

.|Q
j

. . . . ~
..

Angaben des Auftraggebers *-i - .- .

**
- Datum des Eingancs: - ' -

.
_

Ausf0hrung der Untersuchung:
Date de l'arri.vec: 12. November 1959. Exscution de l'essal: bis 12. Februar 1960.*

Data d'arrivo: . -: . :- . Esecuzione detta prova: Date 5f Test. . .
'-
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ZUG - ER?IDUNGSVERSUCHE IM HOCHFREQUENZ' . PULSATOR.
'

-

; ,,

i - . .
=- .

.
.

" '
-- .

. . .

j
- M' 1) .Bestimmun~g der UrspInngsfestigkeit.,

, .

.
, , ..

:* . /2). Bestimmung der Uechse1festigkeit an 4/5 -
.

" -

J.-.; -
.

-

,
.

.

~ ;. -
*

- - .
,.. .. ,

|. -
. .. .- .

. , _ . . . .
,

,

i.

| . . Results of tensil faticuo tests,. in high freqaency pulsator.
', ,,

,
'

. . .

:.

,-(, *, ,- ;;l) Dotorninati5nofdyncicst'ron'sth,b5tt52st$oss.=0
,

., . .
.. .;.,, .

..
,

? ctrosi? .[ ,
2),.'Dotonination of braani5 5trength;' b6tt5n 5tres5~= 4/5 tb*

. . .

.. , . , ,

.: . . .
,

. . . . .

. . .
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-

,. .,
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Zu0-Ermlidungsversucho im Pulsator (Hochfrequenz-Pulcat@|
, /. ', . Essais d'enduranco par traction pulsatoire - 'I'' '

.Provo di fatica por tra::ione ripetuta nel'pulsatore
. .ee -

1

. Pulsater
~1) Bestimmung der Ursprungafectickeit -|. .

,

L ast.sechsel pro Minute Ptilsations pq. "

.|' '
' Pulsateur 10 t. 6 '500, pulsot:ons por minut, ninute.

: Pulsolore Pulsazioni per minuto
'

.' '

* 1) Doteininati6n of dyncaic 5tren@h, botton stros5 = 0,

.
'

Cross-scetionj. Lasrgrenzen i sponnunusvenzen! I:r.cfngps;1 sat ,Design on Queeschnitt .; Limites do charge.: Limites de tension l Observationsder LostwechselReicichnun Section'

.|Lfgdt.linitg . !Limiti di cortco ' Limiti di tensiono
Ussi nation |

0!3 Scilono*
kg/mm' Nombe

0 s

rione . obero- | untere |Strass li,-1% ,do puIsationsDesigna. u-. ..- ---.
.

=.

obere untere
-

! Osscevaztont
I Nf mm:

| supcelore|Inferioro .superioro{ Inferioroj i4 wmt jmm as :ars.w m 4 eated.m

* P" ' * ' '

I -
*

j' . . . . ;- _-. . . . . . g g. . . - -
'

1 5,98 28,1j1,97,0
'

70 0 2'000'000 intald,Last erh0ht. ,

! I
~

-s s. '
'

' 2,08 0 | 74 O ,2'000'000 j - do. -
'

| 358'000~fBruch freier Teil,(' 2,19 0 !~ 78 : 0*

i Failuro in frco parb'

| .i !
.

t.i
. -

. . .

i
. |' ' |i . ' -

. : -
.

; ! !- i- * intact ~,loed increased.

: 2 5,98. ~28,1 2,02 0 !. 72 0
2'000'000 ;.! Bruch freier Teil

intakt,Iast erh0h
3

i. 2,14 0 | 76 0 528'000
'

.

'

' failuro in frco pte6
'.r -

-

i .h
' -l

.

1
v

,

'' -
.

'. I i . . | a !

O ' | l'103'000
.

.

3 ! 5,98 |28,1 2,08! 0 I 74 I-

! Bruch f; ceder Teil<' .

failuro in 4c0 pa:rc
-

.

'-
,.- . -

,

.-

g
4 . 5,98 28,1 2,02 0 .. 72 0 575'000 i Bruch freter Teil<( '-'

I !' *

? failure in irco pere' V
' . t !

. .' i -
i

'

1 . I. .. -
'*

| ' intact | lond incrocscf 5 5,98 28,1 1,97 0 | 70 | 0 | 2'000 '000 : intakt,Iest erh0hi
*

gi- I
t 2,08 0 .i 74 i 0 . 268'000 Bruch freier Tei10

*
-

*
-

| failure in frco parb
. 1. , . - 6'*

Rntaic ptrength,. bottpa s.tross = Os relat'g te) 2j:lO pulsations |
|,' Ursprungsfestigkeit bezuglich '2 x 10 Icstviechseh:

. . Hr.1| = 74,;7 kgij=a
106 600 pso-

105 CCO usi.

; '' -

Er.,3 < 74,0 kc/an- 8 -

,

Kr. 2:= 73,:0 kg/nn Nr. 4 < 72,6 kd=i2luy 600 psi | 102 pO3 ps
'

,.
'

Kr. !S = 100,5 kg/ca: -7b- -

000 3 c 2.
i !

'

-

- r 1
i

,

'

| ! 0230
'

<

,. ,.

i i .
. .
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9/4 '.
' Zug-Erm0dungsversuche im Pulsator (Hochfrchuonz--Pulsato

; b)- Essais d' endurance par traction pulsatoiro 1

,

D Proye di fatica per trazione ripetuta nel pulsatore
'

'

-

/ '

2) Bestimr:ung' der 'iVechcc1fectir;keit d.a 4/5'

,

' Putsater
'

Lastwcchsel ;>ro Minuta Pulsation 5 p(* -

'
,. . Pulssicur 10 c.

- 6 '500 Put:ations par minuta ninuto 1
*

,

Pulsatore Putsntoni per - I

2) Deterninati5n of dyarnic strent;th, botton scross = min [.to4 5 top stress. 1

,

i Lastorenzen |Sonnnunasarenzen "#- {ni3NS"L i
~Josignat, Cross-sochion

,overschntt! 'Limites de chargo Limites de tensten ! ! Obscriations
'

!, der Lastwechsci,

OczeichnunD. Section. Limiti da carico ; Limitt di tens:ono ! j OC* "b"^CC"DJsignation : Sezione ' load I linit'S kg ?mm' .! Nombre
stross. lini-ts * 'de putsstions i observatronsoesigna.

| |obere : untere i obere ; unterc * j 0 :cevazioni
- - . .

riono I
Numuo; p mm : ..# . : ,,o, ., j . -..., *

; . . . . . _ :. -- ---

f mm.
- ,~.,. : . ,

'

,
,

F E ***'#* '
-

... [aeporio e!!nferiore super' ore Inferscro;! ': ... . . .. __ g_.. . . _ !- _ . . . . . . - --- .tintacts<,loed.incrocscd <
j ;

-

1 i 5,98 28,1 ~4,07;3,26 ;145 116 , 2'000'000 'intakt,Icst erh0ht
e . . . , -. r i

. 124 .i 2'000'000 -do.-4,35;3,48 :155
: : 1-.

;4,5013,60 160 :128 : 764'000 ,Bruch freier Teil.r- -

,'. -[ ifailura in free parb- .
i - i

, .

a,.i.

. . . . t .
c . ..

1
.

-| l
. i -: i- *,

'

I 8 intact;1oed increased.

2 ! 5,98 '28,1;4,35!3,48 155. ;'124 2'000'000 .intakt,Iast erhuht.' ,,,
i4,50;3,60 :160 ;128 I l'988'000 !'Bruch freier Teil.,I

!,
.

*

I failure in free par;tg
i I .'

.

! | | *I
'
- r,

i I !
f'000'000

I intach',' load increased; y
L 3 1 5,98 28,'1 4,35 !3,48 {155 i124 t 2 !intakt,Iast erh0ht.

e

T I 4,50 3,60 ,160 i 128 ~;j
.

! 2'000'000
926'000 ,i

- do .:.
1

-

| ! 4,64i3,71 '165 i 132 !
- .. ,

iBruch freier Teil.-

i
'

| . | Ifailurc in free p, art

!(T *
-

.

,
'

i ; fa$3.ure in free eart.

, .
1

; 4 5,98 ;28,1 , 4,50 '3,60 [160 ! 128 j l'652'000 :Bruch freier Tcil.
~

g,

[ !
~

j1 i I- -

j - k3nanic stref.sth; bbtton iltrc5s d 4/5 top stich5; re'6ativtii2510 pulsations.6

Wochcelfectigkeit d, 47g!be:Uglich 2' x 10 Ias t.Techseln:I

! - 2't0 3''o 12o.CO ps4 Nr. 3 =30 000
1C4 Sco esiI .2

j l57 l'79 ys;
-

j , . N r , 1 =. a ! 162 - 13_0 kg/ima
,

!. ! Nr. 2 =,160 - 128 kg/cn ! Hr. 4.< 160 - 128 kg/cn
'

a 2
'

277000j.132ctopsi i | 227 oco - 102 cco esi.

| '. .
.;. !

~

|
-

. ,
-

- . i
.

. ..
,

-
. ..

"Urich|,15.' Fotry| ar 19,60.! ~i ! ! !

,
t .*

-

i { i ; I St. l.'d.-h'i:'r. s- c.d '!c=udar.39
' ' !*

, .
1-! .

i ! _.. . . - i.-
| untersn n:ca cn t.:c:s::ca
i mci:er.3 r.2=c:.r.i:s e. c ceanecco-

|- ; :i| ,1 | :

i I!- ! ; ; car A:e::=.as<as:cau:.'
..

i i : i
|

.. t/7 f ./ /-.

; e e -~

; ,s . oi,. / / s., . r.f .. >.. -
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bc20gl. 2 to? Lastwechsel .for:2x106
'' ' '

. pulsation 5.. .c

i .' , , - " .Sp%nnbeIondrah} 4 6 mm glak Frostressing pire p 0.237" s56h
' #

I' ,' Anv.shi Lastwechsel s soo/ min Pulsations:.65co/nig:! I.
. .

*

. . .,
. .

l-
.

I '' ' l'reie PrOflange ~ l'70 min Froo test length: aprox. 7 inch ~.-

., ,

i. . Stress in ''' . . . -

.! Kg[m2 A) Drahl alle.in ,A) -uire only .-

. ,
.

,

,' .' ' [ l '. sB) nil aufgethuchten 16pfchen B) With upset buttonhoed
'

,
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.. '. ; .! 2.4 " FAT 15UE TESTS .
s

. ( v i: g ?,.
- m -

7' ~. , . : '. ' ''. Y.
' . , . , .. - * , ;j., . .

'.
.

, '

., a~, . . ( :. .

.*: .

:. . ..
.

'.?.;,r... .. . , .
. *. * * *'

, n ]. 2.. 4.1. . GENERAL
.

.. io. * :~..
. , . ,. . , . y ,..

. , . y. p ~ .- .. I Fatigue tests on the Western 1.5 FS Head-Scat S'/ stem (sea
, :- ? .~v,... . u '. ;. ,:4: . .. . .. .. . . .c.. s..

.
,._ .. :.y

... ..: * :. :.- - . - - -

-.~ :-

t ^ y[ y ?-
,. .

,
, [:$ ' ' | Section 4.3 for de:cription)'were conducted '

'

.-

.
,.

-
.

,p p-. .

t-
_ f .:(/ ;- - 'N ''

'

\\.- ,

.

|
-.

...e 1;. . s muc e s y : , ., ,

' .

.iA e : Fatigue._ tests we.ro divided into five Serics (designated Series? ;- h! h ,,,,. 3 K.
. .

.

'
N { | No.1 thru Series No. 5) havingseven test specimens (designated

},( * , 'N
I

'

| ' , '. J .
- "-

, A thru G) in iach serics. Variable loeds were applied by an..
.

N Ams!er HF Vibrophore Fatigue . Testing Machine operating at
. -

s t, t.:D . /.
-

6500 c.ycles per minu.te.: <
i .

'. .

.

.
.

"* * ' -.-

.. i - ''.
.) U b;,

q '
b~ -

3,,,, the test et;uiprnent and procedurcs, and summary of results are
Cornplete * test data, description of each Series, description of. *,

'
3

O, _

)|,, . 4. 7 y,.~''
. f. . j contained i.n Appendix I.I.

. ..
.

-.

*
. g. .

9:. ;.
.

- - - - - -

,. . .... .. -

;-

.'.6.i '. [ '. - '. c- o.t
. - .s cow o, 1 - - -

c-3 g e <y .. i 2.4.2 SAMPLING
- - .~

~~
-.

* Y. . :,
3

. | Ninety.six samp!cs of wire 1G inches long were cut by Western
.

?:< -

I

-

.

'. l*
.

|. | 'l from Coit N.o. 5, Heat No. 703815 Layout No. 503 6 of viro |

, .
. ,

.' i n527d$:,3
.

./[ manuf: curred by United States Stee! Corporation. Thirty,five
..

..

Sat wm anuas ,I

'Y sampics were seiccted at rant!om for fatiga tests. Of these,
.! tvIcnty eight were fabricat?d into fatige te;t rpecimena.using

.

; I head sect cenditions conforming to criteia for the Wan:rn.1.5
*

>s e.n.n u mc w ca en n nic c,

ro.e v.m. e.:ru.wu.v..e. ss no_ i, a c FS Head Seat S/ne:n doccribad in Fig. 25. Cy random se ec.i ure aru.m.c aa ve |
*

..
1

! t.ien, thcsc headed tc:.t specimem were sepcated in:o grcups of 3,* ~ *

-

I. . ..d. . . . . ....'...........i.~.'..J saven ar:d d.:sigan:J Series 2 thru 5. Heeds v.are forrned by
,

'*

. .. . .
. . ' . . Western laboratory personnelusing Heding ?.kchine No. G nAd

FIG. 21! Heading die and cf:mo dM configurstien of the forei;n rn.mu. . dent.ic:! techm.qucs used to form heads for the static te.t s;ac- II.

, facturcd pertabhr msdir g f.txhines sha ing effect of increasing the
. . Ine2xxt length cf v. ire on h:d f arm. imens of, Phase L All specia. ens werc submittcd . "a ;

|
*

. .. . .,,,. headed" with no sclection or rejection of heads,,.
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' 2.4.3, SELECTION OF STRESS LEVELS.

, , , , , , . , ' . |p ..c. . , ' . . s, ,. - .;. . .g._ 7 ;:._ .

,- 9.

. " '* ? ' . 2.4.4 SUMMARY O'F RESULTS
. .u.u.... .

'
. t.

'

,

& ' . n_ ?
-

..
.,.

. F,atigue test specimens were initially loaded to .8 x f 5,3,and '
.

.
i

;

' in Serics No. 3, where the load on the heads was 0.6 f ',,.
. .e .; ; held at that load for two minutes in order to: 1) duplicate the i(153.2 ksi) 15,000 psi, five of the sevdi specimens had no

,

s

],(",.|fj-| actual conditions in a tendon which is stressed to that load in
..

'. E order to overcome stressing friction and is held while shims are j failurchfter 10 million cycles. Onespeciman (3-C) had a fatigue.

i failure in the wire at 4,681,000 cycles. One speciman (3-8) had,.J Installed, an.d 2) to prevent minor head seating during the fa..
,

ia fatigue failure in one head at 3,504,000 cycles.,

.' .., *. ;.: tigue test. -

*

- '
7;

.-)# C . .'
. riStatic tests to failure were conducted on seven specimens inW ,lnitial stress was selected a|t0.6 x actual ultimate stress. A stress _,.

-Series No. 2 and in nineteen specimens in Series Nos. 3-5 af ter
'(.

i.'.Y i.,of 0.0 g.u.t.s. (1,44 kis) is the maximum long term stress, af ter ,
, fatigue loading (note that specimen 3-h and 3-C failed in fatigue

. , j all losses, a!! owed by the ACI code and is therefore the highest l andcould not therefore have subsequent static tests). Out of 525."', . permanent stress in the wire in a structure. Although 0.G
' heads tested to ultimate in static tests none failed. 38 heads

,

.

: : 3.a.u.t.s. Is a higher stress (153.2 ksi) than 0.6 g.u.t.s. (144 ksi), : sustained 10 million cycles without failure and 3'others could .
.

~. * ;it was selected as giving a better representation of fatigue pro.
'

.

'n'ot be taken to that number of cycles because failure occurred'

' .$',h *. perties of an actual sample of wire as related to static properties
T; -

,eisewhere.
~..

-
'

. . .. ~ .. . J
.

-

if
. -

. .-.fQ r....o.that same sample..
. . ...

. ..

.
: * - .

.

_. . . .

'f. . .- .
. Neither the forming of Western 1.5 FS Neids nor fatigue load-

]ing of headed samples had any significant effect on the static "
~

:, . J'. iThe stress range of i.15,000 psi used in Series Nos. 3 and 4 was .
.');;; f|sclected as being the maximum conceivable stress change lii

,

properties of unheaded wire as determined;by Series No[.1,[

:.0%p,.[iwire in an actual structure subjected to overload forces of a
. ' ,

|except that test data indicates that fatigue cycling may have

;w, .,c.
. cyclic nature. . - - F - i raised the static yield point slightly,.

..t ;
..

- y. n . ~ ,,.. . -
i ,.

8...,O,#';.c. .The stress range of i 3,000 psi used for Series No. 5 was .
- ' .. .

- 4. - '-'
-F. . t . . i. selected as being the maximum stress change in the wire of a

-~

:.

T.. TPrestressed Concrete Reactor Vessel (PCRV).resulting from . , .
. ~ . 1 c..-"f . . - - '

. .
-

' ~
. .

-

" actual opera' ting conditiorys.
.

; - . *

. . ..
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