
. . p. -..-.
'

~n a M ;s &^w,e.;|~,%;c ,;g -.& .

n- n p p.,:.La ,: ; * nml;

+ dW. % .% *,y,,ppe.,:7 m:1myn.,M. ~4,,w;4 pw., A d$4;.m.cj.:v m
w ,w u %y ; .. g3 _-(e.~. __~.,

| ." p. 3- y.. p w.
.(q .,,p-Q,-(;7,_%.g g g 33 g y .g g;g g g y.

:g,y g _a,#.-r gyp'"N #-
,*: .

.s, .

f IP f 6 -*

... . . . . ,. - ,
8. -7 " **c . . .

. .-. -
- haA.,%eM y% . . . . m.* ;.

'.e}"

- , . - .

' . x. s' 7, - * * *. , w' * ' ^ 4' 8'
-h * t.**9 a hy* 4 *

"m- W '' 97''$
O 8d

w' * f /2
t .M Ma,, + w n - e"1 '*W

4 3., e,'.: w .3.s , w;
.

v. ~ . . - -
e w mjg/p gyp;p%,,.* n

- . .
. .

-

+e , s g., ., u . ;re,. ~ ..;. s~.~ yn' n m., 1 y.. N - .*
'

pg_ . -
. m u.v

'., - * , -Q
~ . - - . . _ -

;.r g g e y n .3 , . ,

t u d i a L U ;. M u n i C W, _ d, s .. MS ~ %7 mpp, s

'

3Visu.

. . . . . .w. x n - . -cma
w. =w .

.v
Se s,. .

w

%%.
o. . > u ,...~.w.

. i.~n ,;t N . .t 'y u
R

O^'SMUD Ca&.- ,.cN<
~

.

Q Lk U" \"~~ ,p*;;b. r :- .~

1
'

'

yn an

SACRAMENTO MUNICIPAL UTluTDJskiCT U
. c #a 4_

.

1. h-<.: - ;
v. . ,, e t- 41.

n .1%.-4_ ,w y.4.#.e
-a

' ' wwa
n

. , ;. %.fg. 9.(
.,o. ,.:y-.:

y k .N. j Q, . y
* ..fY- 4 c= ' gm'',+,. (a ( .<

*
. .!j'

..ws wmamw
. / s ' m.w w : \.

ig3 ? ' e.,s*p . 7t s . .
.k$. .4.. m . .';$ *

s1
.

RANCH 0 SEC0 NUCLEAR GENERATIN.G STAIl0NMW
.

. ,my , _m m s -

y r ,..g.. n,;q . a,St;:;- p p . e. m ..- - . n n , n n n, a.nn ,+ep. n

.

} ,1 $ .$?..
x y a P - W -fy a p .Q ),x. ,: ,.:f2:-:..

,

e- - . < w;
- . . -r .;;..

.

, p.? w ; .::. .-''

. k" $
'.t s&oN . . ' . O!*? .Y%,1-

'

e
. . &% ,0,2 %.S &f ,% . .- ;i' U' r ;.h*L-j j,Rh A ) ' '- ",0 A.n.'i W -
~ 9 a? 2;f%hR W h}es . f'% }a|%Qf,hWW5Q 'p-N&Q%M,wi. , , %J.|.MV.4 -':F.tNf M4(x,y

- % T . % + . '|., V *

r
. L .y"%9%t'f.N%,t

-

, ~ s

p 3,._, a,. ._
,,.c,- . . . , . . .

_
.

r. . .
,. .

'' ~

14 6. . .'

N. - , ,
,

*

. .n.

w . a s. s?wh -- s7 CG
x, ' w r;: .,Q}gxW pfp gw e. a

.
.

, mum 1,b ', g ) y-

.f .fV.- \\ &;pwp; u
, ' , 'W ~

s

~
.|.~ W n.| % G$

w H.,f! jkJh)W,
p

- ~:, *** . ' $ ' p' Db* *

9, .g];. ..

< ?., w, .$ '

. .m -.- ll,3, $5 /- ~% ' ' vi })4% pupa
> !,

; ;M'.-

- .6M3c
q/ L'N_Qt.Nint "% QGQ.Qa%

. - . . ; -&.y f s. n m ny : .
, . - H.my

) 50h yf ff f2|h ?:
w / -%; w} - w# -sev 4 bw . m& &

'_ ' yj;fi 'yhA@'^-g,
-,ym d s gg u m w: w s p'w

,

.w.x mu m% ..ug .. c A w e. m ,m .vVW4 epw- ,, r

*..tyqQ'y (QQ Q.g ' ??f.gQ fyyjypy.w s

KTx[NyB[k Q Q ft g g U,- e m -. um_ m mw__m, gam. m._~

s 2 --. . i, n. ~:a s:n,;c p,.a ; eq 49 ..
a w. . y, s e. . . s .m..e.gya,ph,n.;gpa..m;;qt:,q ; o yp,#q y, r . 7,.3rt&-

. o-. . w ..m .. -
,r54,w 3. .. .
+ i

_ . , o y. m. m-- s. ,
_

,, ,

[ LSUPPLEMENTALINFORMATION -hh.
ON VSL TENDON SYSTEM - Md

-

O C*"
~

. +. _ , , . . DOCKET 50-312 - i % &'
~

.

. s.n m~

.;( y :,,/.,, a 9 " = z. : c,',. ~ :jgy y:3 Q ';,yy
. . .

-

"]. '
. '. '. "a .' '

4

_ _ _ _ . . . . . .



..

*
1
1

!^

ATTAC10ENT B '

SUPPLEMENTAL INFORMATION ON VSL TENDON SYSTEM
i

SECTION

I Static Test on VSL ES-55 Strand Tendons

II Relative Deflections, Strains and Stresses in a VSL ES-55
Strand Bearing Plate

III Low Temperature Test on VSL Anchorage

IV Dynamic Test on a VSL Anchorage

V 1. Information on Wedges

2. Investigation of Effects of Field Variablas on Anchorages

VI Friction Tests

VII Manufacturing Quality Assurance Program for Rancho Seco
.

VIII VSL Field Instruction Manual

IX Drawings for Rancho Seco

X Materials for Rancho Seco

XI Reference Material

A. VSL Unbonded Tendon Installations

s. Atlas Unbonded Tendon Installations

C. Swiss Prestressing Specifications

1. Society of Swiss Civil Engineers and Architects

2. Swiss Federal Railway
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Eidgen6:sische M:tericiprOfungs- und Versuchs nstalt fur Industrie,
Chuwesen und G:wirbe,8600 Dubend;rf

Swiss Federal Laboratory forTesting Morerials and Research
- 8600 Diibendorf -

c 0 P Y

Untersuchungsbericht
TEST-REPORT E M P A No. 66'565

Customer: Loainger & Co SA, B E R N E / Switzerland
on behalf of VSL Corporation,
236 North Santa Cruz Avenue, Ios Gatos, California 95030

Object : 2 cables, each consisting of 55 x 2/2" dia. Supa-7
strands (270 k) and 2 VSL Anchor heads type E 5-55

each with 55 wedges.

Order: of January 22, 1969

Ultimate load capability tests
,

Date of receipt: January 22, 1969
Tests carried out on January 29 and 30, 1969

i

Results of ultimate load tests

Test carried out in the laboratories of the EMPA

1. Test equipment

2. Test procedure

3 Description of tests with results

0177
.Pfg5 , 3.
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Remark: lhe use of this report for the purpose of publicity of any kind, including mere reference
to it, requires the opproval of the directors of the EMP A
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L. Test equipment

? '

type 2'000 D 160One Amsler 2'000 t
(metric }879) .

press,-

(see photograph EMPA N 52

The press was provided with a spring p'ressure gauge-

2000 tons. Maximum clear height 26'-3

One special steel device allowing to use the Amsler-

press for tensile tests (see sketch EMPA N 4-40'452).
I - One x-y writer Honeywell Model 580 M.

Two inductive displacement pick-ups.-

- TVo carrier wave amplifiers 5kHz of Hottinger Baldwin
Messtechnik GmbH, type KWS/ -5

- One dial gauge extensometer.

2. Test procedure

The tendon is positioned in the special steel device. The

( latter is then moved on rails into the Amsler press. The

wedges in the anchor heads are locked in by means of a hammer.

The initial length of the tendon is recorded. The load-

extension diagram is recorded on the x-y writer by means of

the 2 carrier wave amplifiers. A dial gauge extensometer was

used to check the extension recorded by the writer.

The load was first brought to a level of 33 t (short tons),

in order to control the writer, then brought back to zero .

I
I

03??S

(_- I'

I
|

BASA 4 I

$NY s&
,



-66i 655 3
.

3 Description of tests with results

- All data given in short tons
,

31 Test A

Test date: Janua ry 29, 1969

Test personnel: Mr. Ginzery
Mr. Vollenweider EMPA.
Mr. Blaser

Obj ec tive : The purpose of the tests was to determine
- The ultimate load capability of a VSL

Tendon type EE 5-55 consisting of 55
strands and two VSL Ancho rages .

The maximum elongation of the tendon-

at ultimate load.

3 1.1 Specimen (Data supplied by customer)

- One cable consisting of 55 strands, 7 wires, Supa-7
grade (270 k) low relaxation.

Manufacturer: British Ropes Ltd., Doncaster, England.
'

Nominal diameter of one strand: V2" (12 7 mm).'

Nominal area of one strand: 0.153 in2 (98 7 mm2).
Physical properties

ultimate strength of a strand: 41'300 lb (18'733 kg),

yield strength (at 1 % extension) : 35'105 lb
(15'923 kst),

0 lb/in2approximate modulus of elasticity: 30.1 x 10
(21'163 kg/mm2),

minimum elongation at ruptu re : k % on 24 inches.

Strand reference number: 3243 B.
Test reference of manufacturer: D 4H/583

- 2 VSL Anchor heads type E 5-55
Manu fac tu re r: Losinger & Co SA, Berne,

Licensor of VSL System.

- 1X) VSL Welges V2" Supa.
Manu fac turer: Losinger & Co SA, Berne,

Licensor of VSL System. .,,--

T)VV/J
3 1.2 Minimum required

,

k~ Guaranteed ultimate load of tendon = 4]'300 x 55 =
2'271'500 lb = 1'135 75 t (l'030 33 metric tons) . !

()j|79 Minimum required extension of tendon at ultimate load = 3 %.
3 % o f tes.t length = 120 5 x 0.03 = 3 615 in (91.8 mm) .

.
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313 Results of test A p
,.

Load Number of broken wires * Extension
short tons metric tons % of T's total ' % of tot,a1 wires in. mm

'

%

! il'127 1'022 99 2 1 0.26 j 3,70 94.o ; 3 07
tl'139 1'033 100 3 2 0 52 i 4.25 108.0 3 53

. ; .

l'142 l'036 100.6 3 0 78 ; 4.53 115 0 ; 3 76
, i

l' 142 l'o36 300.6 4 1.04 | 4,64 118.0 3 86
. >

,

l'14L J'035 l00 5 7 1.82 4,80 122.0 i 3 99
i

* Extensions taken from diagram EMPA N 3-48'453
The values include an allowance of 0 354 in (9 mm) for drawn-in of wedges' during test.

tio visible distortion was observed in VSL Anchor head after rupture of tendon.,

C P
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3.d Test 13

Test date: January 30, 1969 o
c-Test personnel: Mr. Ginzery

Mr. Vol lenweider ))
e.

EM PA . OMr. Blaser

ObJ ec tive : As per 31.

3 2.1 Specimen: Ac per 3..l.1.

3 2.2 Resul ts of test B

_ _ _ _ _ . _ _ _ ._ . . _ _ _

Load Number of broken wires * Extension
sho rt tons metrje tons % of f *s total % of total wires in mm %

i,0 l'J31 l'o26 99 6 i 1 0.26 3.84 97 5 3 19h 1'124 1'020 99.o 3 0 78 3 86 96.0 3 20N 1']30 J'025 99 5 4 1.04 4.11 104.5 3 42
1'L35 1'030 99 9 5 1 30 4 45 113 0 3.69
1'135 1'030 99 9 6 .l.56 4.57 116.0 3 79
l'136 l'031 100.0 7 1.82 4.82 122 5 4.00

<

*

l'142 a'036 100.6 8 2.08 5 16 131 4.28c ) _
. _ . _

C 3

$ * Extensions taken from diagram EMPA H 3-48'454.
#

' 4
The values include an allowance of 0 354 in (9 mm) for draw-in of wedges during test.

J .

No visible distortion was observed in VSL Ancho'r head af ter rupture of tendon.
|

Swiss Federal Laboratory for
Lubendorr, . January 30, 1969

Testing Materials and flessarch
1

e I

*

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Teat Inata11ation

Photograph EMPA No 52'879
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TEST
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eurRua,: D4H/ 583i - .

! - Ct1 u^n 2nd Augu:t, 1968..

? B RITIS H ROPES lim Teo " ' ' " " " ' " " =
{ , . . , . Cus tomer (S )
i INSPECTION DEPARTMENT - K.V.Longbottom Esq. (1)-

: 'f- 1
~ '

V Pile (1),( DO NCASTER MILL
.

,

(i; :. ; _ a.R. si.Ri^t 32/6792
. --

'

)
TEST! REPORT

. ru< rnui n.

" > ' " * "
__

STRAND FOR PRESTRESSED CONCRETE sTRAso sEN s TO :

e
-

Ill3/D

INSPLCTION ON BtIIALF OF ;

E.M.P.A.
Herr Dietrich,

E.M.P.A.
_

i
'

1/2" 'Supa' 7 P.S.C. Strand. (L R) v. u s.: o 1(y)
M ATL RIAI. :

REPRESI NitNG : 1 Coil'~
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, |- - ~ '
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Eidgen6s:ische M:terirlprOfung2- und V:rsuchsen; trit fur Indu;trie,
' _

Cruwesen und Gew;rbe,8600 Dubendorf

Swiss Federal Laboratory for Testing Materials and Research
- 8600 DUbendorf -,-

(

Untersuchungsbericht
71 620/1TEST-REPORT E M P A No.

Customer: Loainger & Co. A.-G. Berne

Object : one anchor head type "VSL E 5-55, 1:29.1.69"

made of Ck 45, standardized, W 12,5" x 5,9"

Concern: order 291/ Die /bf dated 27.8.1969

- Data supplied by the client -

Date of receipt: 27.8.1969 Execution of investigation:

( Investigation order : 1) Tension test with strain controls and impact tess

with Charpy-V-notch.
.

2) A photograph of the cut anchor head with

representation of the samplings.

|

TES? RESULTS

1. Tension test with strain control

2. Impact tests

3. Photograph EMPA-Nr. 56 988

Remark
.

1

The results of further tests at the anchor head follow in a separate 1

| test-report.

./.

Remark: The use of this report for the purpose of publicity of any kind, including me. ) reference
to it, requires the approval of the directors of the EMP A

0187
F. 94147 .
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K rbschlagversuche
Essais de r6silience - Prove di resilienza

IMPACT TESTS

a

s
f f Selagarbeit des Pende4hameners

I ,10, Tm , du oo lh o2mm y =0,25mm mm
Iainct energy of the Ia

n '
ha-ar: 217 ft.lb lem of a 4 .p VNm

, , , , , . .

j rarm.de r*prouv.iio: cnarpy-v-xeroe,

40 mm
.

'
Form cf the l
sp-: Charpy-7-cotch '

v.reue.- I

Temperatur Quersenetts- Kerbechlag- "

eerseauno Tempd,ature a*** zahiokeit so.m ffenae't der ervetiaca.,_ ,_Desegnatton sessai R I Etat de la section de ruvure,

Designation Temperature Dimanaions sagt p ; t Q as
~

~

Caniition of fzsctuzw eeres |angle
'

| " *** ''*
fielb _ __ |

'

lLB sampling a ml Ln the |:nniter of the anch q head ;
i

1 -24 1.00 0.80 0.80 3.6 2 gritty

2 -24 1.00 0.80 0.80 43 2 gritV

3 -24 1.00 0.80 0.80 43 2 gritty

sampling in axial diroption on the half radius of t,he anchor head
(.

4 -24 1.00 0.80 0.80 Sol 2 gritty i

5 -24 1.00 0.80 0.80 3.6 2 gritty

6 -24 1.00 0.80 0.80 51 2 critty

I

!

|

|

OiS8
(~

RT Raumtemperatur nn4 ^ - i
iTA = Temperature ambeante ggj 7

TA - Temperatura d ambtente .

sea 29
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F 79280
TE'TSION TEST WI"H STRAI'I C0" ''ROL

Indications about Tmail test specimens with circular ernes-sectim ard threaded heads, taken from the anchor head;
test tatorial: Polished surface.

f.iethodo of tests f of 2 Jo Pemanent set, reconled with inductive strain-ciecouring instrument, L - 50 m
a o

Designation Dimension Cross Elastic Tanaile Con- Elongation after-

size section limit strength Os 1;ractice br akpge
- V '10 05 8Cl ReaarkaEf the bars Ao fa ERpm m2 mm2 kg7m2 gB

% g g j

IB samplings axia1 in the oatter of die anchor head

22.6 14 0 toothed, lan6uid fraction1 9 98 78.2 27 9 62 5 0 45 37 -

i

aamplings in azial direction on t m half reilus of the ancbor head

2 9 98 78.2 26 5 62.0 0 43 45 24 4 15 2 toothed,1=e,u freatim-

t

e

C b
C D ,Q

.-- .

r - CD
DL 1

t' . ., ', 5" .|e! . W e * ! ". .*

Dilbendorf, September 4,1969
'
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ANCHORAGE MATERIALS USED IN EMPA TEST NO. 71' 620/1

12.5" ~

( g
.

VS'l ES-55 Steel
0"ANCHOR HEAD:

u
- - . . , -

- CHEMISTRY: C Mn Si S P
_,

0470 0715 0300 0032 .0012

MECHANICAL Heat Treatment Y.P. U.T.S. % Elongation

PROPERTIES: Normalized 48.25 ksi 85-106 ksi 18 %

(.
1.03" = ',

L

VSL WEDGES:

#* * '
1.57" FAG 180

l_

CHEMISTRY: C Mn Si P S Ni Cr Mo

.16 .77 .33 .018' .006 1.30 .87 .17

MECHANICAL Heat Treatment
(

PROPERTIES: Case hordened to .016" depth'/

7pn1
_

Upi 4

~

0191 "
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RELATIVE DEFLECTIONS, STRAINS AND STRESSES

IN A VSL E5-55 STRAND BEARING PLATE
(
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Date and Location of Tests: March 11,1969 and June 3,1969 at
University of California
Structural Research Laboratory
Richmond, California

Purpose: To test the acceptability of the VSL E5-55 strand benring plate whose
dimensions and composition are os follows (typical for both Tests No. I,.

and No. 2): |

l

.20Carbon =

1.25Mongonese =-

.02 )Phosphorus =

Sulphur .25=

Tensile Strength 67,000 psi=
;

Yield Point, 45,000 psi=

Elonootion in 2" - 30 % |

Reduction of Area - 60 %-

Brinell Hordness 149=

30 x 106 (max.)( =

24" x 24" x 3-1/2" with a 9" diameter IDimensions of Plate =

center hole |
|

|
l

l
i

I

b nntnn'

""0193 --
4
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.

- These tests were performed to demonstrate the acceptability of the VSL ES-55 Strand |
Bearing Plate. The investigation was conducted in two parts . In Test No.1, rela- '

tive deflections of the surface of the bearing plate were measured as various percentages |

of the ultimate load for a 55-strand tendon were applied. In Test No. 2, a second
identical plate was loaded in the some fashion except in this instance, strain gage
measurements were made on the top surface and edges. Loads were applied to the
anchor heads on both tests with a rom. In both tests the plates had no tmnsition
trumpets, and the concrete blocks on which they were tested had exactly the some
cross-section as the plates themselves. Neither of these conditions is presumed to have
offered structumi advantages to the sample plate not present in on actual field condition.
Of equal importance to these deflection and stress spot checks was a general inspection
of the plates from both tests after the load had been released to ascertain the location
and magnitude of any permanent deformations er cracks which would indicate yield,
relaxation or brittle failure .'

Test No.1 - Deflection Test

Measurements were made by placing a straight edge along numbered lines on the plate
surface and measuring with a feeler gage the gap between the straight edge and the
plate surface . The corners of the plate were used as datum. Edge of plate elevations
for straight edge position parallel to edges of the plate were calculated assuming a
parabolic curve from the corners to the measured low point on the center of each edge.,

To these calculated deflections were added the feeler gage measurements.

At 100% f's (2,272 K) the corners of the plate were observed to have lifted clear of
the concrete 0.014 inches . This gap reduced to zero about 2 inches down each edge
from the corner. Upon release of load, the plate evidenced no permanent deformation
other than permissible initial set. The concrete block on which the bearing plate was
tested was 24' x 24' x 24' . Interfaces between the block and bearing plate and the
block and floor were grouted level with hydrostone.

Block failed after about 10 minutes of sustained load at 2,272,000 pounds. Failure was
non-explosive in nature, there being no sound of fragmentation . Cause was apparently
insufficient curing time, as the second test block being reinforced in the same fashion
did not fail at 109% of f's. The most important conclusions from Test No.1 were that
the top surface of the plate, from a plot of contours, appeared to be concave toward
the concrete . This assessment was later borne out to be correct on Test No. 2 which
indicated radial tension and circumferential compression over the entire top surface of
the plate.

After removal of 2,272 K load, there was no visible deformation of the bearing plate
other than permissible initial set, indicating on essentially elastic action.

1

Of>94 '"'' ' ' -
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VSL Corporation
, ,

Los Gotos, California

REDUCED DEFLECTION DATA'

.

For conditions of maximum loading of 2,272 K and 0.00 K ofter removal of loading.
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Plate: 24" x 24" x 3-1/2"
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Load = 2,272 K Load = 0.00 K

Absolute deflections were obtained by assuming a parabolic curve between datum
cornen along on edge, calculating the deflection of points of bearing of straight

,

L edge'ond adding to them the feeler gage measurements.
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Test No . 1
Test set-up demonstrating method of measuring deflection .
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b b. Test No . 11

Bearing plate showing initial set deformation af ter removal of 2,272,000 lb . lood .
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Test No. 2 - Stiesses Associated with Strain Gage Readings

This test was conducted in the some fashion as Test No.1. A plate identical to that
used in Test No. I was centered on the test block, the anchor head centered on the
plate and ther, the rom force applied in incremental percentages of the 2,272,000
pound ultimate load. On this test, however, stroins in the planes of the top surface
and the edges were measured rather than vertical deflections of points on the top
surface . Initial set deflections on this plate were measured with a straight edge
ofter ihe final load of 2,470,000 pounds (109% f's) had I;een removed . These final
deformations were marginally less than those in Test No.1. The concrete block in
this fest, having attained its 28-day strength, showed only hairline cracks under
maximum lood. The maximum stress resolved from observed strain gage readings was
47,900 osi compression at 109% of f's. After removal of the 2,470,000 pound lood,
there wcs no visich deformation of the b4cring plate other than permissible initial

! set, indicating on essentially elastic action.
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VSL Cciporntion
los Geros, California

['
,

VSL E5-55 BEARING PLATE ,

LOCATION OF STRAIN GAGES

.

Tested on June 3,1969 at University of Californic Structural Research Lahorotory,
Richmond, California.
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Strain Gage Readings in Micro inchss P.sr inch

Plug A

r 's 40 % 60 % 80 % 90 % 100 %

008
hips) Zero 680 910 1,135 1,360 1,590 1,710 1,820 1,930 2,020 2,160 2,270 2,370 2,47G

1 1745 1720 1710 1700 1695 1690 1685 1690 1680 1675 1670 1655 1650 164I

2 3005 3005 3020 3030 3035 3040 3040 3045 3050 3060 3070 3085 3090 311[

3 2190 2170 2160 2155 2150 2145 2145 2145 2145 2140 2135 2125 2120 2112

4 2760 2720 2720 2720 2710 2690 2675 2660 2650 2640 2620 2600 2585 2555

5 1740 1760 1765 1775 1790 1810 1820 1845 1850 1870 1885 1910 1925 196C

6 2775 2755 2760 2760 2760 2745 2735 2725 2725 2715 2700 2690 2680 266

7 2300 2245 2235 2220 2210 2190 2180 2170 2160 2140 2115 2080 2060 202

6 3420 3465 3500 3530 3555 3580 3590 3610 3625 3645 3670 3705 3725 377

9 1480 1465 1460 1450 1445 1440 1435 1435 1425 1415 1395 1375 1360 133

10 2100 2035 2030 2020 2010 1975 1960 1940 1925 1910 1890 1855 1835 178

11 2910 2940 2955 2970 2985 3015 3030 3050 3060 3075 3095 3110 3130 316

297f12 3210 3175 3170 3160 3145 3115 3100 3090 3080 3060 3045 3015 3000

13 2140 2055 2035 2015 2000 1965 1945 1920 1900 1870 1845 1795 1770 170

14 2/45 ?820 2855 2885 2915 2950 2965 2980 2995 3010 3035 3070 3095 315

15 3960 3025 3000 2975 2950 2915 2900 2890 2875 2850 2820 2790 2765 274

16 1040 1915 1920 1920 1915 1905 1895 1890 1885 1880 1870 1860 1855 184

17 1570 1570 1570 1575 1575 1590 1595 1610 1615 1620 1630 1645 1655 167'

. T MSO 2530 2535 2535 2535 2520 2515 2510 2505 2500 2495 2490 2480 247

1530 1500 1490 1480 1475 1470 1465 1465 1460 1450 1440 1425 1415 140'

20 1965 i995 -2020 2035 2050 2060 2065 2080 2090 2100 2115 2140 2155 218

21 1110 1u80 1070 1060 1050 1040 1035 1030 1020 1005 990 965 950 93.

22 ?205 2150 2150 2140 2130 2110 2100 2085 2075 2060 2045 2025 2010 1980

23 1770 1815 1835 1850 1870 1905 1920 1940 1Y55 1970 2000 2030 2050 208g

24 2435 2410 2415 2410 2400 2380 2365 2350 2340 2320 2300 2275 2255 2235

25 2220 2165 2145 2130 2115 2095 2085 2075 2065 2050 2030 2005 1985 1943

26 2770 2815 2840 2860 2880 2895 2900 2915 2925 2940 2960 2985 3000 3032

27 1180 1120 1110 1095 1080 1065 1060 1055 1050 1035 1020 1000 985 955

28 2845 2760 2745 2720 2690 2620 2585 2535 2500 2445 2360 2325 2325 232go

29 1290 1350 1370 1380 1385 1380 1375 1360 1350 1335 1295 1310 1345 143n

30 7040 1940 1920 1900 1870 1815 1780 1740 1715 1680 1625 1625 1600 1635

31 1640 1620 1615 1615 1610 1615 1615 1620 1620 1620 1620 1620 1620 1620

'32 3170 3150 3160 3165 3165 3160 3150 3150 3150 3150 3150 3145 3145 3142

33 lo30 1610 1605 1600 1595 1590 1585 1585 1585 1580 1575 1560 1555 154@

34 2680 2090 2110 2130 2145 2160 2165 2175 2185 2195 2210 2230 2245 227@

35 1025 1010 1005 1005 1000 1005 1005 1010 1015 1010 1010 1010 1010 101@

36 1680 1665 1675 1675 1680 1670 1665 1660 1665 1660 1660 1655 1660 1655

37 1695 1680 1675 1670 1670 1660 1650 1650 1645 1635 1620 1605 1590 1560

38 2290 2290 2305 2315 2330 2355 2365 2380 2395 2410 2435 2470' 2500 2550

L
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Strain Gaga Readings in Micre Inches Per inch
,

Plug B
:

96Ts 4096 6096 8096 9096 10096
Load
(kips) Zero 680 910 1,135 1,360 1,590 1,710 1,820 1,930 2,020 2,160 2,270 2,370 2,47@

1 1945 1925 1915 1910 1905 1900 1900 1900 1900 1900 1890 1890 1880 1880
2 3355 3360 3370 3380 3385 3390 3390 3395 3400 3405 3420 3425 3440 3450
3 1860 1835 1825 1820 1815 1810 1805 1800 1800 1800 1785 1780 1770 1765
4 2720 2695 2700 2695 2685 2670 2660 2655 2645 2640 2625 2620 2605 2600
5 1395 1415 1420 1430 1440 1460 1475 1490 1505 1515 1535 1550 1580 1595
6 2825 2800 2810 2805 2800 2780 2765 2760 2745 2740 2720 2710 2685 2675
7 1945 1920 1900 1895 1880 1870 1865 1870 1855 1850 1825 1870 18f,0 1790'

8 2655 2700 2735 2760 2785 2805 2820 2835 2855 28/0 2900 2920 2965 2990
9 2480 2455 2445 2435 2420 2410 2395 2390 2370 2365 2335 2320 2290 2270

10 3085 3035 3030 3015 3000 2970 2950 2940 2920 2910 2880 2865 283s 2820.
11 2295 2320 2335 2350 2370 2390 2410 2430 2445 2455 2485 2500 2535 2553
12 3120 3090 3085 3080 3070 3045 3025 3015 3000 2990 2960 2945 2910 289@
13 1975 1900 1860 1830 1790 1750 1720 1700 1650 1615 1525 1450 1270 1190
14 2905 2970. 3000 3030 3050 3060 3055 3050 3040 3035 3010 2990 3000 3040
15 2220 2175 2150 2130 2090 2055 2020 2000 1955 1925 1830 1780 1645 1545
16 2360 2350 2355 2355 2350 2345 2330 2330 2325 2320 2310 2310 2300 2295
"/ 2020 2625 2625 2630 2630 2645 2650 266S 2670 2680 2690 2700 2720 2730
( 7540 2525 2530 2525 2520 2510 2500 2500 2490 2490 2480 247S 2460 2459
19 1870 1850 IMO 1835 1820 1810 1805 1805 1795 1785 1760 1745 1720 1703
20 2855 2885 2910 2930 2940 2955 2965 2975 2990 3000 3020 3040 3065 3083
21 1905 1870 1860 1850 1840 1835 1830 1830 1820 1815 1800 1795 1780 177@
22 2280 2280 2285 2280 2270 2255 2235 2220 2205 2190 2160 2140 2095 2063
23 2010 2060 2080 2100 2120 2150 2170 2195 2215 2225 2260 2280 2310 2333
24 2100 2050 2045 2040 2030 2015 2000 1990 1980 1970 1950 1945 1920 191@
25 1920 1890 1875 1860 1840 1825 1815 1810 1800 1790 1760 1740 1710 169@
26 2450 2485 2510 2535 2550 2570 2580 2590 2610 2620 2645 2665 2690 271@
27 2380 2330 2310 2295 2280 2260 2255 2250 2240 2230 2210 2195 2170 215@
28 3810 3790 3785 3775 3750 3720 3695 3680 3660 3645 3600 3570 3540 3539
29 3210 3270 3290 3310 3340 3370 3395 3415 3440 3455 3490 3510 3630 370@
30 2955 2885 2870 2855 2830 2800 2770 2750 2730 2715 2670 2635 2610 261@-
31 3275 3265 3260 3255 3255 3255 3260 3265 3265 3260 3260 3260 3260 3263
32 2785 2775 2780 2785 2785 2780 2770 2770 2770 2770 2765 2770 2770 2763
33 2195 2190 2180 2180 2170 2170 2170 2170 2170 2165 2155 2150 2140 2133
34 2355 2350 2365 2380 2390 2405 2415 2425 2435 2445 2465 2480 2505 2533
35 1830 1820 1815 1810 1810 1810 1815 1820 1820 1820 1820 1820 1820 1820
36 N95 2485 ?490 2495 2495 2490 2480 2480 2480 2480 2480 2480 2480 2475
37 1970 1910 1900 1895 IH90 1885 1H80 1880 1870 1865 1840 1825 1840 178@
3H 2600 2610 2630 2645 2660 2670 2680 269S 2715 2/25 2/60 2/80 281S 2848
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Stress:s in psi = Diff;r:nca in Strain Gaga Recdings in Micro inches Per inch

Plug A
..

%f's 40 % 60 % 80 % 90 % 100 %

Load
(kips) 680 910 1,135 1,360 1,590 1,710 1,820 1,930 2,020 2,160 2,270 2,370 2,47C

1 -750 -1050 -1350 -1500 -1650 -1800 -1650 -1950 -2100 -2250 -2700 -2850 -315C
2 0 +450 4750 4900 41050 +1050 11200 +1350 41650 41950 +2400 42550 43150
3 -600 -900 -1050 -1200 -1350 -1350 -1350 -1350 -1500 -1650 -1950 -2100 -2750
4 -1200 -1200 -1200 -1500 -2100 -2550 -3000 -3300 -3600 -4200 -4800 -5250 -6150
5 4 00 -1750 +1050 41500 +2100 42400 43150 43300 43900 +4350 45100 +5550 46600
6 -600 -450 -450 -450 -900 -1200 -1500 -1500 -1800 -2250 -2550 -2850 -3450
7 -1650 -1500 -2400 -2700 -3300 -3600 -3900 -4200 -4800 -5550 -6600 -7200 -8250
8 +1350 +2400 +3300 +4050 +4800 +5100 +5700 % 150 4750 +7500 +8550 49150 +10500
9 -450 -600 -900 -1050 -1200 -1350 -1350 -1650 -1950 -2550 -3150 -3600 -4350

10 -1950 -2100 -2400 -2700 -3750 -4200 -4800 -5250 -5700 -6300 -7350 -7950 -9600
11 +900 +1350 +? 800 +2250 43150 +3600 44200 44500 +4950 +5550 +6000 +6600 +7650
12 -1950 -1200 -1500 -1950 -2850 -3300 -3600 -3900 -4500 -4950 -5850 -6300 -7200
13 -2550 -3150 -3750 -4200 -5250 -5850 -6600 -7200 -7100 -7950 -10350 -11110 -13050
14 +2250 +3300 +4200 +7100 4150 +6600 +7050 +7500 +7950 +8700 49750 +10500 +1215@
15 -1050 -1800 -2550 -3300 -4350 -4800 -5100 -5550 -6300 -7200 -8100 -8850 -9603
16 -750 -600 -600 -750 -1050 -1350 -1500 -1650 -1800 -2100 -2400 -2550 -2850
17 0 0 +150 +150 +600 +750 +1200 +1350 +1500 +1800 +2250 +2550 +315@
18 -600 -450 -450 -450 -900 -1050 -1200 -1350 -1500 -1650 -1800 -2100 -2250

( 19 -900 -1200 -1500 -1650 -1800 -1950 -1650 -2100 -2400 -2700 -3150 -3450 -3900
20 4900 4750 +1200 +1650 11950 42100 -13450 13750 14050 1450 15250 -15700 16600
21 -900 -1200 -1500 -1800 -2100 -2250 -2400 -2700 -3150 -3600 -4350 -4000 -5400
22 -1650 -1650 -1950 -2250 -2850 -3150 -3600 -3900 -4350 -4800 -5400 -4850 -6750
23 41350 11950 42400 +3000 +4050 +4500 +5100 +5550 46000 +6900 17800 48400 49450
24 -750 -600 -750 -1050 -1650 -2100 -2550 -2850 -3450 -4050 -4800 -5400 -6150
25 -1650 -2250 -2700 -3150 -3750 -4050 -4350 -4650 -5100 -5700 -6450 -6750 -8250
26 +1350 +2100 +2700 +3300 +3750 +3900 +4350 +4650 +5100 +5700 +6450 +6900 +7800
27 -1800 -2100 -2550 -3000 -3450 -3600 -3750 -3900 -4350 -4800 -5400 -5850 -6750
28 -2550 -3000' -3750 -4470 -6750 -7800 -9300 -10350 -12000 -14550 -15600 -15600 -15750
29 11800 +2400 +2700 42850 +2700 +2550 42100 +1800 +1350 +150 + 600 +1650 44200
30 -3000 -3600 -4200 -5100 -6750 -7800 -9000 -9750 -10800 -12450 -12450 -17600 -12150
31 -600 -750 -750 -900 -750 -750 -600 -600 -600 -600 -600 -600 -600
32 -600 -300 -150 -150 -300 -600 -600 -600 -600 -600 -750 -750 -750
33 -600 -750 -900 -1050 -1600 -1350 -1350 -1350 -1500 -1650 -2100 -2250 -2700
34 1300 +900 +1500 +1950 +2400 +2550 +2850 +3150 +2550 +3900 +4500 +4950 +5700
35 -450 -600 -600 -750 -600 -600 -450 -300 -450 -450 -450 -450 -450
36 -450 -150 -150 0 -300 -450 -600 -450 -600 -600 -750 -600 -750
37 -450 ' 600 -450 -750 -1050 -1350 -1350 -1500 -1800 -2250 -2700 -3150 -1050-

38 0 4450 4750 +1600 41950 +2250 +2700 43150 43600 44350 15400 46300 17800
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Stressss in psi - Diffarencs in Strain Gaga Readings in Micro inches Per inch

Plug Bc
<

% Ps 40 % 60 % 80 % 90 % 100 %

l ead
(Lips) 680 910 1,135 1,360 1,590 1,710 1,820 1,930 2,020 2,160 2,270 2,370 2,470

1 -600 -900 -1050 -1200 -1350 -1350 -1350 -1350 -1350 -1650 -1650 -1950 -1950
2 +150 +450 4750 +900 41050 +1050 +1200 -1350 +1500 41950 +2100 +2550 +2850
3 -750 -1050 -1200 -1350 -1500 -1650 -1800 -1800 -1800 -2250 -2400 -2700 -2850
4 -750 -600 -750 -1050 -1500 -1800 -1950 -2250 -2400 -2850 -3000 -3450 -3600
5 4600 1750 +1050 41350 11950 47400 42850 13300 16600 44200 14650 +5550 46000
o -750 -450 -600 -750 -1350 -1800 -1950 -2400 -2550 -3150 -3450 -4200 -4500
/ -750 -1350 -1500 -1950 -2250 -2400 -2250 -2700 -2850 -3600 -3750 -4350 -4650
8 +1350 +2400 43150 +3900 +4500 +4950 +5400 +6000 +6450 +7350 +7950 49300 +10050
9- -750 -1050 -1350 -1800 -2100 -2550 -2700 -3300 -3450 -4350 -4800 -5700 -6300

10 .-1500 -1650 -2100 -2550 -3450 -4050 -4350 -4950 -5250 -6150 -6600 -7500 -7950
11 +750 +1200 +1650 +2250 +2850 +3450 +4050 +4500 +4800 +5700 +6150 +7200 +7800
12 -900 -1050 -1200 -1500 -2250 -2850' -3150 -3600 -3900 -4800 -5250 -6300 -6900
13 -2250 -3450 -4350 -5550 -6750 -7650 -7250 -9750 -10800 -13500 -15750 -21150 -23550
14 11950 42850 14050 44350 14950 I4500 14350 I4050 13v00 43150 F2550 42850 44050
la -1350 -2100 -2700 -3900 -4950 -6000 -6600 -/950 -8850 -11500 -13200 -17750 -?O250
16 -300 -150 -150 -300 -450 -900 -900 -1050 -1200 -1500 -1500 -1800 -1950
17 4150 +150 +300 +300 +750 4900 +1350 +1500 +1800 +2100 +2400 +3000 +3300

f

t _ i8 -450 -300 -450 -300 -900 -1200 -1200 -1500 -1500 -1800 -1950 -2400 -2550,

19 -600 -900 -1050 -1500 -1800 -1950 -1950 -2250 -2550 -3300 -3750 -4500 -5100
20 4900 +1650 +2250 +2250 4a000 43300 +3600 +4050 +4350 +4950 +5550 +6300 46900
21 -1050 -1350 -1650 -1950 -2100 -2250 -2250 -2550 -2700 -3150 -3300 -3750 -4050

,

22 0 1150 0 -300 -750 -1350 -1800 -??50 -7700 -3600 -4200 -5550 -6450
23 41500 42100 12700 13300 14200 14800 45550 :o150 I6450 17500 48100 49000 19750
24 -1500 -1650 -1800 -2100 -?550 -3000 -3600 -3600 -3900 -4500 -4650 -5400 -5700
25 -900 -1350 -1800 -2400 -2850 -3150 -3300 -3600 -3900 -4800 -5400 -6300 -6900'

26 +1050 +1800 .+2550 +3000 +3600 +3900 +4200 +1600 +5100 +5850 +6450 +7200 47800
27 -1500 -2100 -2550 -3000 -3600 -3750 -3900 -4200 -4500 -5100 -5550 -6300 -6900
28 -600 -750 -1050 -1800 -2700 -3450 -3900 -4500 -4950 -6300 -7200 -7100 -8400

i 29 +1800 +2400 +3000 +3900 +4800 +5550 +6150 +6900 +7350 48400 49000 +12600 +14700
30 -2100 -2550 -3000 -3750 -4650 -5550 -6150 -6750 -7200 -7550 -9600 -10350 -10350
31 -300 -450 -600 -600 -600 -450 -300 -300 -450 -450 -450 -450 -300
32 -300 -450 0 0 -150 -450 -450 -450 -450 -600 -450 -450 -600
33 -150 -450 -450 -750 -750 -750 -750 -750 -900 -1200 -1350 -1500 -1950
34 -150 +300 4750 +1050 +1500 +1800 +2100 +2400 42700 +3300 43750 +4500 +5250
35 -300 -450 -600 -600- -600 -450 -300 -300 -300 -300 -300 -300 -300
36 -300 -150 0 0 -150 -450 -450 -450 -450 -450 -450 -450 -600
37 -300- -600 -750 -900 -1050 -1200 -1200 -1500 -1950 -2400 -2850 -3600 -4200
38 6300 +900 +1350 11800 42100 42400 42850 +3450 43750 ~+4800 +5400 +6450 47350.
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Bearing plate showing initial set deformation af ter removal of 7,470,000 l b . loa d .
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BERKELEY * DAVI5*IRY:NE * LOS ANCELES * It!YERSIDE * SAN DIECO * SAN FRANCISCO SANTA BARDARA * SANTA CatUZ

9,

1968 #963

pt:l'AltThtENT OF CIVIL 1:NCIND:HINC f 3Of SOUTIl 4tiTII STitECT
I:14 th!ON UP NTitUCIURAL l{M;4Ni i blNC lt!Cllhf 0ND, CALIFOHN LS 94804

AND STitUCTUltAL 18 tsCilANits
hTItUCTUILAL ttESEAltCII LAllOHATottY

July 7, 1969

VSL Corporation

Post Office Box 459
Los Gatos, California 95030

Attn: Mr. Ed. Davis

Re: E.S. 7053

Gentlemen:

This letter is written to certify that two VSL E5-55 post-

( tensioning anchorage bearing plates were loaded as shown in Tables
I and II at the Structural Research Laboratory of the University of
California, Berkeley.

The24"x24"x31"bearingplateswereloadedusingthetest
setup shown in Figure I which was assembled in the four million pound
capacity Universal Testing Machine located at this laboratory. Each
bearing plate was placed atop a 24" x 24" x 24" concrete block whose
cross-section was the sace as the bearing plates in the plane perpen-
dicular to the line of action of the applied load. The bearing plate-

and blo'ck each have 9" diameter center holes. The hole through the
block was of constant cross-section, and was not tapered to accept a
transition trumpet. To assure an even bearing surface for the bear-
ing plate, a hydrostone grout was used between the bearing plate and
the concrete block. The concrete block itself was seated in hydro-
stone between its bottom and the base plate of the testing machine.
In each test the load was. applied by the testing machine acting on a
VSL Type E5-55 Anchorage bearing directly upon the bearing plate.

The first bearing plate loading was conducted on April 11, 1969
During this loading, personnel from.the VSL Corporation using a straight
edge and feeler gauges, measured and recorded the deflection of several ,

points on the top surface of the bearing plate at the values of load as ,

shown in Table I. After sustaining this maximum load for approximately
five minutes, the concrete block supporting the bearing plate railed.

_ 001'o
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V8L Corporation July 7, 1969
Page Three

,

TABLE II

Load Used for V8L E5-55
Bearing Plate Strain

.nine 9,1969

Pounds

680,000
910,000

1,135,000
1,360,000
1,590,000

' 1,710,000
1,820,000
1,930,000
2,020,000
2,160,000
2,270,000
2,370,000
2,470,000

0
(
s

Upon conclusion of this second bearing plate loading, the plate was
inspected and showed no apparent sign of any permanent bending, or any sign
of or=eH na. As on the first plate tested, there was a slight indentation
into the bearing plate at the location where the anchorage had pressed upon
it.

Loading of the two bearing plates was conducted under the supervi-
sion of Eugene R. Berez, Associate Development Engineer at the Structural
Research Laboratory.

Very tru3y yours, 1

AA/V\] )g ,

pw ,s. a. ,0 -.

Professor of Civil Engineering

JGB:edu ERS
Enc, 1

,
y.n n'i ~i{

.

Ow--- - - - . . - - _. - - - - - , . - . . - .. , .-,
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VSL Corporation JuAy 7, 1969i ,.-

( Page Two,

Block failure was by cracking verticalAy down the exposed faces parallel
to the line of action of the applied load. As the load-deflection measure-
ments were not actually taken by laboratory personnel, we cannot certify
any conclusions made as a result of those measurements mndo by V8L percon-
nol. Inspection by our personnel after the test revealed no apparent
visible permanent deformation of the bearing plato other than a very slicht
indentation of the anchorage into the bearing plate. No cracks in tha
bearing plate were apparent during this visual inspection.

TABLE I

Loads Used for Deflection Measure-
monts of VSL E5-55 Bearing Phte

April 11, 1969

Pounda

568,000
( 1,135,000
' 1,705,000

1,820,000
2,045,000
2,160,000
2,270,000*

* Concreto block failed after sustaining
load for approximately five minutes.

The second bearing plate was tested on June 9, 1969 This bearing
plate had been instrumented on its top surface with 60 strain gages and on
eacn of its four edges with 4 strain gagea for a total of seventy-six gages.
Measurements of the strain at each gage were made at the loadings shot:n in
Table II. These strain measurements were recorded by VSL Corporatica
employees and witnessed by Structural Research Laboratory personnel. The
values of strain recorded are not included in this report as this data is
already in the possession of VSL Corporation. This data is in the files of
the Structural Research Laboratory should there be an occasion that VSL or
its representatives need accoes to it.

L
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Anchorage VSL Type E5-55
,

Bearing Plate8 '

24"x24"x3t", ,

; w/9" T.D. Hole'

I
e ,

2' x 2' x 2' Concrete' =

( l Block w/9" I.D.
| Hole Straight Through
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Testing Macnine Base

V8L CORPORATION

Betring Plate Test Setup
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Test No. 3 - Computer Analysis

As a supplement to Tests No.1 and No. 2, a three-dimensional stress analysis of the
VSL ES-55 strand bearing plate was made at the University of Stuttgart in Germany.
The Finite Element Method was applied to the analysis of deformations.
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Summary

The finite element method (1, ,6) is op lied to the analysis of deformations and

stresses in a bearing plate (type E 5-55) which is a part of a prestressed concrete

construction .

A very short summary of the Displacement Method is given at the beginning

of the report. This method is the basis of the ASKA Language . ASKA (Automatic

System for K,inematic Analysis) is a problem-oriented language to solve one , two-
and three-dimensional structural problems. The analysis of the problem was done

on our UNIVAC 1107 computer. Finally, some typical results are plotted for the

various sections and the behaviour of the structure is shown.

i

M
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Notation

Matrices

a kinematic connection,

k element stiffness'

K structure stiffness

P element forces

Y displacements

g element displacements

G displacement function

6 stresses

\

Scolors

I length

rA radiuse

p pressure

p force

p ongle

|

-e
0221
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A Short Resume of the Displacement Method.

The ASKA-Languageisbuildonthe Matrix Theory of Structures, Displacement

Method (DM). It is therefore perhaps oppropriate to give o short description of the DM.

For those seeking a deeper understanding of the basic theory, refs.1,2,6 should be

suitable .

When working with the DM it is os a rule convenient to introduce all nodal displacements

as unknowns. The deformations of the finite elements are then calculated in terms of the

displacements at the nodal points. From the deformations of the elements the internal

forces can be found using the stress-strain relationship. Then applying the equilibrium

criterion at each nodal point a set of linear simultaneous equations is obtained, giving

the unknown forces necessary to cause the imposed displacements.

( Although the displacements are chosen as single nodal displacements, more complex

generalized displacement functions may be also used.

The idealised structure is divided into a set of standard finite elements, os in Fig.1.

For each standard element the variation of the displacements within the element and between

adjacent nodal points has already been decided upon, from which the element stiffness

k con be found. All the element stiffness matrices are referred to the samematrix t

basic co-ordinate system (OXYZ). They are,however, best calculated by using the natural

stiffness approach in the local co-ordinate system (O'x' y' z') and then by successive congruent

transformations the basic stiffness matrices ora computed. And finoily the " summation"

of the element stiffnesses at the proper nodal points produces the stiffness matrix K for the

assembled structure .

The element stress vector P represents the generalized stresses in all elements, where the

stresses in one element are expressed as those forces acting at the points on the boundary of the

element in the direction of the global axis (OXYZ). Corresponding to this matrix the

element strains e represent the displacement vector of the element boundary points.

Arranging the element stiffnesses in the super diagonal stiffness matrix -.--

hUl J

rw, % % y i6 ~ 0222k -

where a is tha umber of elements in the assembled structure, the following matrix _
_ _ _, _
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relation holds

P-k 3 (2)

Now let the unknown displacement vector of the structure r have entries for each

nodal point, giving the displacements as components along and around the basic oxis (OXYZ).

Therefore, since the boundary points of the various elements and their displacements are

identical with those of the corresponding nodal points of the structure to which they are

connected, the kinematic connection matrix & contains only 'ones' and ' zeros' ,

or in matrix notation

3*IP (3)

If, for the applied loading, only concentrated generalized forces at the nodal points

along or about the major axis are allowed, Aen expressed with the load matrix R

and applying the principle of virtual work 'II , it follows that

y' R = g ' P H)

or
'

r* R - va*Pt

(5)

and finally

R - a* P - a* k g - (a* k a) 7 kr (6)=

so that

"I E
(7)

In ords: to avoid singularities in the ossembled stiffness matrix of the structure (egn.(7)),

it is necessary that all modes of deformations be linearly independeni from one another. This is

orsured in ASKA by eliminating all superfluous degrees of freedoms already in the transformation

matrix & . Once the assembled stiffness matrix of the structure is known to be non-singular,

a direct solution gives the unknown displacements

r - K-' R (8)
|

This elementary and short description of the DM does not intend to give on up.-to-date 0223

survey of the latest achievements and refinements of the method, but is meant as on

, explanation of the theory behind ASKA. ,, n . . , _

UVIs/ '
,
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. As is evident from above reflections, the greatest problem is to idealise and describe

the structure and to provide the necessary input data (co-ordinates, thicknesses, loading,etc.)
.

in a short and concise manner suitable for the computer. We might also mention that ofter

the computations are completed the understanding ef the printed results may not be

without its difficulties .

The main purpose of ASKA is concentrated on trying to minimize these difficulties by

offering on engineer-oriented computer longuage which con be used with hardly any pre"ious

computer experiences. By no means is it thought to be the best and final solution, but rather

o hopeful and practical step in the right direction.

Description of the Problem.

The bearing plate is part of a construction of prestressed concrete (type E 5-55,

potent Losinger, see also ). The bearing plate (a thick square plate with a hole in the middle

i3 fixed on the concrete (Figs. 2 and 3). The prestressing cables which are going through

( the plate are clamped in the anchor head. The main part of the structure is the bearing

plate which is elastically supported by the concrete. The anchor head presses the plate,

whereby the surface of contact is on important region.

A good idealisation should contain all three features.
.

Idealisation of the Structure.

The structure is given and the idealisation is then the first step. To simulate the elastic

support the plate is analysed with a 10" concrete socle. (Fig .4) The socle is rigidly fixed.

The stress concentrations are expected on the surface of contact between anchor head

and bearing plate.

To study these interactions and to apply the loads a part from the head is also idealised.

For a detailed investigation of the stresses in this region, a finer mesh is used. The corners

of the plate are not important for the stress distribution. To simplify the idealisation, a circular

plate is analysed. In this case the problem is on axisymmetric problem and could be solved !

( with the TRIAX6 element (Fig .5). The elastic properties are shown in Fig . 4. )
'

0224
)
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External Load 3.

The breaking food of the prestressing cables is applied as a censtant pressure on

the top of the anchor head. The nodal loads =re kinen.atically consistent with the

applied presssure which means that the virtual work or the nadal forces and the nodal

displacements is equal to that of the distributed foods and the corresponding displacement

functions (modes) of the element. Consider now, for example, o constant pressure p

to one surface of a TRIAX6 element. The displacement functions ca , corresponding

to the nodal displacements 3-1 are shown in Fig . 6. The forces actica

at the nodal points are found using the principle of virtual work in the form

P= G) P dA (9)

4

For TRIAX 6 -

L A r dp dr
,

( l00)'

av . R Ay
_

Load at point 1 of the element

r h61 3

P, - | 0 P T dr dh = ?P O(N$5 0nE
s

0 f, $s

The results for p. const . and 41

P = t% 2P1

P -}fI F2 02)2

Ps4 !P3
-

(

| where / is the length of the loaded side of the element.
| Ant 4 ,

VV4
! .

|
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Results .

For 6 cross-sections the calculated stresas are plotted in the Appendix. Normal

stresses in the radial (G,,) , the vertical (G,z) and the circumferential(6 ) directionste

are shown for the different cross-sections. Shear stresses 6,., are also plotted.

Figs. 7 - 12 display the distribution of the von Mises equivalent stress 6 (eqn . (13),' ,

which indicates the stress concentration on the surface of contact between anchor hecd

and bearing plate.

.

5= ((G,,- G )%(%- Gft (GC-G,) +6G ') (13)n re

'

t

_n n * '

V U i :-

.
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Swiss Federal Experiment Station of Testing Materials f or Industry,
( Construction Engineering and Trade,8600 DUbendorf

COPYUntersuchungsber. htic
,

TEST-REPORT E M P A No. bb'b29/2 '

)

Customer: Loainger & Co SA, p_E R N E / Switzerland
Licensor for the VSL Prestressing System

Object : One VSL Tendon consisting of '.2 x V2" 270 k strands and
one VSL Anchorage, type E 5-12 i

j

Order of February 3,1969

Iow temperature test
{

Date of receipt: February 5,1969 Execution of investigation:

( out on February 6,1969

|

Results of ultimate load test

Test carried out in the Laboratories of the EMPA

1. Testing installation

2. Test procedure

3 Test results |

Appendix 1: Testing installation

Appendix 2: Photographs

|
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, Remark: The use of this report for the purpose of publicity of any kind, including mere reference
to it, requires the approval of the directors of the EMP A
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1. Testing installation

(
'

one test frame-

one VSL Post-tensioning jack 400 tons-

one gauge calibrated to I V2 %.-

one electric power pump-

2. Test procedure

2.1 Obj ective : The purpose of the test was at ultimate load
to demonstrate the ductility of the steel
used in the VSL anchorage under low temperature
conditions.

2.2 Test date: February 6,1969

23 Test personnel: Mr. Dr. A. Roesli
Mr. H. Wernli EMPA.
Mr. W. Stuerzinger

(- 2.4 Test specimen (data supplied by. customer)

One VSL tendon consisting of

a) 12 strands 270 k, stabilized.

Manufacturer: CF & I, Denver / Colorado.
,

!

b) One standard VSL anchor head E 5-12 and
12 standard VSL wedges V2".
Manufacturer: Losinger & Co SA, Be rne .

c) One special bearing plate enbedded in concrete.

Material: High Strength low Alloy Structural Steel
(fully killed) normalized.

Chemical composition

0.14 - 0.20 S 0.040 max.C = =

0.40 - 0 55 CrSi 0.030 max.= =

( Mn 1.20 - 1 50 N1 0.030 max.= =

0.040 max. Cu| P 0.030 max.= =

| 0265 00'I'~
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d) One conc rete block 13 3/4" x 13 3/4" x 22" reinforced.

Cylinder strength: approx. 4.800 psi.

25 Procedure

The anchorage on the concrete block (see appendix 1) is placed
in a container filled with alcohol and dry ice tc _ provide a
temperature of approx. -31*F (-35*c) . The anchorage was cooled
down during 1 hour.

The tendon was then stressed to failure by means of a hyoraulic
VSL Post-tensioning Jack.

3 Test results

At the load of 2513 short tons (corresponding to 1015 % of f's)
the first wire rupture occured.

No visual distortion and no damage was observed at any of the
anchorage parts.

No failure of the concrete block took place at ulttnate load of the
tendon and no visible cracks were observed.

|

.

.-

0266
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TESTING INSTALLATION

alcohol and dry ice
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i k_. ANCHORAGE MATERIALS USED, IN EMPA TEST NO. 66' 829/2

|
-- 5.50" -

. . .

VSL ' E5-12 Steel
Ck 45

ANCHOR HEAD: 2.40"

o

_ _ _ _ . .

~

C HEMISTRY: C Mn Si S P.

.0470 0715 0300 0032 .0012

MECHANICAL Heat Treatment Y.P. U.T.S. */o Elongation

PROPERTIES: Normalized 48.25 ksi 85-106 ksi 18 %

'
- 1.03" - ',

1 -

VSL WEDGES:
.

#* * b1.57" FAG 180

'

I

CHEMISTRY: C Mn Si P S Ni Cr Mo

.16 .77 .33 .018' '.006 1.30 .87 .17
7

MECHANICAL Heat Treatment ' r'
PROPERTIES: Case hardened to .016" depth '

0270
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COPY
Eidgenussische Materialgrufungs. und Versuchsanstalt fur industrie,

Bauwesen und Gewerbe,8600 Dubendorf
Swiss Federal Laboratory for Testing Materials and Research-

- 8600 Dubendorf -

Untersuchungsbericht-

TEST-REPORT E M P A No. 57'749-E

Customer: Losinger & Co SA, B E R N_E
Contractors and Civil Engineers / VSL International

Object : a) Cable with 12 x Y2" dia. Supa-7 (270 k) strands
and 2 clamping rings.

b) 2 anchor heads E.5-12, are injected with NO-0X-ID
Grease.

Order N' 2911/731 of January 15th 1968
Fatigue tests for Three Mile Island Nuclear Station USA
(Tne data as supplied by the client]

Date of receipt: January 17th 1968 Execution of investigation: until
February 1968

(

Results of fatigue test

Test carried out in the Laboratories of the EMPA

1. Test procedure

2. Test installation

3 Results of test

an< ~

( 70 <

0Z71

Remark: The use of this report for the purpose of publicity of any kind, including mere reference
to it, requires the oppvoval of the directors of the EM P A



1. Tact proccdurs
G-

Tendon 12 x V2" dia. Supa-7 (270 k) strands
( with 2 anchor heads E.5-12

(Data as supplied by the client)

12 x V2" dia. Supa-7 (270 k) strands: A strand consists of 1 center

wire with a diameter of 4,4 mm and 6 outer wires with a diameter of

4,2 mm. The length of the cable is approximately 3400 mm. The strand
bundle is reduced to the diameter of the sheath by means of 2 clamping

rings. For dimensions see test installation.

Anchor heads

top: Anchor head E.5-12 provided specially for the purpose of this

test with a thread. The anchor head rests on a bearing plate

which in turn is supported on the framework by sandwich plates

(see test installation) . A ' ring nut is threaded into the anchor

head. The space immediately below the anchor head is subse-

quently sealed with a fabric material and injected with NO-0X-ID

( Grease, supplied by the client (see picture N' 52'394) .

bottom: Anchor head E.5-12 connected to the calibrated steel bar (fitted-

with strain gages) by means of a threaded sleeve and a coupling

nut. The space between the calibrated bar and the anchor head is :

also injected with NO-0X-ID Grease (see pictures N* 52'395 and
N* 52'477).

.

Test eouipment

2 coupled Amsler Pulsators of approximately 250 load cycles per min.

1 Amsler slow-cycling Pulsator, approximately 1,7 load cycles per min.

2 Amsler 50 ton Jacks.
Framework and a hinged beam which allow one cable to be submitted to a
greater load than if the jacks were positioned symmetrically about the
cable.

Test procedure 0m2 I

Determinatio.n of load levels with the calibrated bar according to cali-
(

bration chart of June 26th 1966; test report N* 45'189 [[][[
Time instant recording of loading variations and wire rupturing by means

of a sensitive vibration detector, a photoelectronic meter and a digital

c:nochromato r.
, . _ _



57'749-E
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2. Test installation for Fatigue t est-

1|25
o o

I .

Il

11,|j space in.Wred with Ring nur g

ei NO-0X-10 Grease Anchor head VSL E.5-12 with thread a!
I' Bearing plate ( 270 a 240, hole 1009 ) ||
||

. ! Steel plate (360:360, hole 120p 1 ||

9 "l n
h[ Steel plore ( 570:450, hole 180$ )1,)

| ;..ig3

|| J g|
+

. _ _ ,

k I tM$ 3 mm of wood- cnip-board V ||
-

le -

" "- ; s , a
I. , k *Ispace sealed with fabric meterial 1 isl i

!E l |

E 11 l S I
* I |||| 1=

|| I 1 Il
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jl ||isc

Clamping ring') 65/100 !|
|| reducing the strand ( -C0ble !I
|| bundle to the diameter 8 q
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!,I 11
'i ||
'' V ||

( l ,' | ||||l' I ig
li I 8 || ;|! I m
i I | ||:i,| \ i il
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|g '\ space injected with I! )( ll
''NO-Ox-10 Grease; ||

;; _ :n threaded sleeve [[
II
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li *
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AEWA uffrogs Nr Auf froggeber: Gersechnet : | Zetchnungsnummer:
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57'749-E

Date of tests:

Cable A Janua ry 18th - 22nd 1908

Cable B Janua ry 24 th - 31st 190c

|
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3. Results of FaHgue test-

2 cables ( A and B) with 12 x 1/2 "dio.Supo-7 (270 K ) strandsand anchor heads E.5 -12 fully errbedded
.

in NO -OX-ID Grease. (above datosupplied by Ihe chent )
s

1188 mm* ( 1.836 in 2 )Steel creo - A =

( ff = 190IgImm'( 270.000 psi)

upper levet = 0.66 fi = 125,4 kg/mm' Lu = 14%0t6Fatigue tes NcL 1 *

lover lewt = 0,60 f's = 114.0 kg/mm* Li = 135,4t
a11,4 kg/mm above datoAmplitude A =

Requred 500'000 lood cycles with a frequence of 250 lood cycles per min. 'jd> '"

!

Fatioue test No 2 toper fewt = 0. 711 ts = 135,1 kg/mm' L = .St ju
= 110.4 t jlower lewel = 0489 ff = 92.9 kg/mm' Li

A mplii ud e A = 42.8 igimm' )
Required 50 load cycles with a frequence of 1,7 lood cycles per min. ,

ta LOADS STR ESS ES * NO.OF E
@ *O LOAD W3 REMARKS l'

L L upper lower A E 0-
2 a MW 3@t t kg I mm' kg /mm kg imm

0 CABLE A

1 349.0 i35.4 i25,4 in. 0 n4 50i. 00 uo ,u,,u,e a w,e

0 CA
0 - 160.5 0 - 11 0 , 4 0 - 135,1 0 - 92.9 0 - 42,8

,d d WW

.

- 160,5 110,4 13 5,1 92.9 42,8 62( Eoic) (with full load) of w re

0 CABLE 5
0 - 16 0.5 0 - 11 0, 4 0 - 135) 0 - 92,9 0 - 42,B ny

2 * ' ' ' ' ' " * ' " ' ' ' ' ' *i",, . ,, 92'9 u8
8 58 1: 50 le) (with full lood)

%9,0 13 5,4 125.4 1%.0 11 , 4 0 CABLE B
,

iest resumed wished byj
c$e'Nquest h ent%9.0 13 5.4 125,4 11 4 ,0 11, 4 . ,

14 9.0 135,4 126,9 11 5.3 a.6 1 259'100 End of test| .

NThe stresws relate to the remaining steet ores atter rupture of wve

LOCATION OF RUPRJRE * ct t@ orxhor head rupture
of on cuter wwe.

O h
i

O O;O_O c nie, inne

| Of tr51 rnochine,

O O O $rection of socks

O O
OTd76

Sv.im N:re! Labora! cry for
,.

Ter.:rej l'!.-c r.r.d llecearch'

,
,

.- _nnie '

| Dubendorf, 28. Feb.1968 /3 /')[ |
' ""'

l Engineer of Test : /h #er/est |
|

0 EMPA
Auferees Nr. Avh.__^ . Gene 4& net: Ze6enungsnummer

57 749-E Lomnaer & Co Bern Feb 68 sc 4-99'386 1
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ANCHORAGE MATERIALS USED IN EMPA TEST NO. 57' 749-E

( -

--- . ._._._. 5 . 50" -

. . .

.

VSL E5-12 Steel
Ck 45 2.40"

ANCHOR HEAD:

v

CHEMISTRY: C Mn Si S P
.

.0470 0715 0300 0032 .0012

MECHANICAL Heat Treatment Y.P. U .T.S. % Elongation

(- PROPERTIES: Normalized 48.25 ksi 85-106 ksi 18 %
'

- 1.03" -- "

i
_ _ _ _ _ _ _

.

VSL WEDGES: ,

#* * '
1.57" FAG 180 |

!

1

CHEMISTRY: C Mn Si P S Ni Cr Mo

.16 .77 .33 .018 .006 1.30 .87 .17{
'

MECHANICAL Heat Treatment 02,77'

nn4r_
PROPERTIES: Case hardened to .016" depth

,,

vv- s

: |
|

_

|
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Eidgen5ssische Materialpr0fungs- und Versuchsanstalt fur Industrie,
Bauwesen und Gewerbe,8600 Dubendorf

(
Swiss Federal Experiment Station of Testing Materials f or Industry,

Construction Engineering and Trade,8600 Dubendorf

Untersuchungsbericht
TEST-REPORT E M P A No. 66'829/1

Customer: Loainger & Co SA, B E R N E / Switzerland
Licensor for the VSL Prestressing System

Object : one VSL Tendon consisting of 12 x V2" 270 k strands and
two VSL Anchorages, type E 5-12

Order of February 3,1969

Dynamic test

Date of receipt: February 5,1969 Execution of investigation:-

out on February 6,1969

Dynamic test of a VSL Tendon

500 cycles of rapid loading between 0 70 f's and 0 75 f's

Test carried out in the Iaboratories of the EMPA

1. Test specimen

2. Testing installation

3 Test procedure

4. Test results

Appendix 1: Testing installation

Appendix 2: Defomation of concrete,
bearing plate and anchor head

nnte -
'

vv ,
,

Remark: The use of this report for the purpose of publicity of any kind, including mere reference
to it, reevires the oppsoval af the dirrcra of the EMP A |



66'829/1 2

l. Test specimen('
One VSL tendon and one concrete block supplied by customer.

Data (supplied by customer)

A) One VSL tendon 1 = 14' consisting of:

a) 12 2/2" 270 k strand, stabilized.

Manufacturer: CF & I, Denver / Colorado.

Strand manufactured in accordance with ASTM A-416.
Strand reference number: 1648 P - C 4 L / III.

b) two VSL anchorages E 5-12

Manufacturer: Iosinger & Co SA, Berne.

late of the upper end anchorage is embedded
The bearing p(see appendix 1).in concrete

( This bearing plate was before used for a low temperature
test as described in EMPA test report N' 66'829/2.

B) One concrete block 13 3/4" x 13 3/4" x 22" reinforced.

Age after casting: 2 days.

Concrete compression strength, determined at the EMPA:

5900 psi cube strength

= approx. 4800 psi cylinder strength.

2. Testing installation (see appendix 1)

minute) pled AMSLER pulsators (max. capacity 500 cycles per
Two cou-

.

I Two AMSLER 50 ton Jacks.-

Framework and a hinged beam to allow a tendon to be subject-

to a greater load than if the two jacks were positioned sym-
metrica11y around the tendon.

0279 nni e c
,. -



66'829/1
,

3

3 Test procedure

k.
'

31 Objective

The purpose of the test was to determine the following:

Ioss of strength if tendon is subject to 500 cycles of-

rapid loading from a stress level of 0 70 f's to a
stress level of 0 75 T's and return to 0 70 f's.
One complete cycle shall take place in 0.1 second.

10
J:

Deformation of concrete, bearing plate and anchorage-

assembly.

32 Test date: February 6,1969

33 Test personnel: Mr. Dr. A. Roesli
Mr. H. Wernli EMPA.
Mr. W. Stuerzinger

34 Procedure

a) VSL tendon subject to rapid loading as specified under
3 1 above

upper level (0 75 f's) 186.6 short tons,=

lower level (0 70 f's) 174.2 sho rt tons .=

Frequence: 500 load cycles per minute |

(one complete cycle takes place in 0.12
second).

In order to obtain the upper stress level approx.
500 load cycles with increasing amplitude had to be
applied prior to the 500 cycles with the given
amplitude.

b) Concrete block

In order to determine the deformation of the concrete,
a number of strain indicators were attached on the
four faces of the block in vertical and horizontal

, direction (see appendix 2).(' '

02EH) on '. ' -,

c) Anchor head and bearing plate -

1 1

In order to determine the deformation, these parts
were measured befonf and after the rapid loading was
applied.



&

66'829/1
4

( 4. Test results

a) No failure of the tendon' took place during the time it was
subject to the rapid loading. No damage at any parts of the

tendon was observed after the test.

b) No failure of the concrete block took place during the time

it was subject to the rapid loading. No visible cracks were

observed.

c) Defomation of the concrete see appendix 2.

d) Defomation of bearing plate and anchor head see appendix 2.

b

N

(

| 0281
.

,. _ _ . , _ _ _ _ _ _ _ _ _ . _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Appendix 1
TESTING INSTALLATION

.

t| }VSL Anchor head ES - 12
6" diam. 'ii.

l:
(~ l

_

-VSL Bearing plate ES-12 I|
|i 10% " x 10Y4 " x 1% " ||?}}},fi|

1, 11-
,

|l ! e. e--Concrete block 13%" x 13% " x 22" 11

i Il

||I
. .

.

.. . Il
gE 2 bearing pods 15%"x15Yo " x%" ||

"" ' "' '

j! i N ; ii
11 | bearing plate 1 IIo

"
~ 175" x 17% " x 4% " y|

|| ; n
-

si,

% ji A ||
l ||

I|| ||;

I VSL Tendon h
1Il 11

li ! 11
Il ||

"

|| M v ii
11 i j ||-q

||| 1 h
| 11

|| |
[

| il
'

| | 111 'il I b l ||,
:

|| j h II'

11 i j. ||
~

load cell ll

h 2 x 50t ||p
s( jacks ii11 w| # ii

||
,

's 111 o-

[d-|
~

|||| -

0 | X : b ||
' '

|| h

[ ..,

H 028a ||&

|| | t, !

||
(' II : ! p

il 25" | 43"
'

nni e1 ||i < _ . _ y >
,1 UV ' '' ||

| | | |
_.

VI I I I

/ / / / / / / / / / / / / / / / / / / / / / / / / / /// ////// / / / / / ,

n- EMPA ^66'829 /1
" " * " * ^ " " " " * " '* " * * * ' " * " " " " " " "

r ccm (7 Losinger & Co., Be rn Febr. 69 se 4 45'561
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3 (' C,~ -

L- Deformation of the concrete=

p._.I change 4

po
jYa i m I

q Layout of the strain indicators Vertic01; ,, a
g

D ",3} horizontal: D,, - D4h
g ,,,,, 3ag ,,,3 ,y,,,, ,i ,

I s' measured length : 10"

22 j 2':
. j D,
*

n O,e D 0, e D. AverageiD, %, D,I e g goto,i ,
g| | Verh. col : Dtv - D4y

rneasured length: 20"#

||
'

-45 -25 -35 -40 -25 -33 -34
I
5 .

' q_g

Horizontal
( oirer f00 food cycles )

0,, D*' *'' *'' 'D D b'h D* h t totali th 2_,
e s ,

n

I' l +90 +90 +90 +80 +90 +85 +R7
''

% 2}4 413 , D.,- 0,34

I i i

| L _- ..,L _. J
,

1
s , Disernensions in micro inch / inch

0,, 0,, + = Tension ,,

- = cornpression
13'4"3'

= =

c D
C ,)

Deformation of bearing plate and anchor head. -

" Oa >
j, h Chrsge of onchor Deflection

Deflection of bearing piore head diom. of onchoe headN
roc. roc ,

9,, ,, ,

1 3 2 2 4 2

Dubendorf, February 7, 1969 8WISS fedml Lnh0ral0ry l0F +o,ml6 +o,m16 +o,m| 6 no,m12 'o,0004 to,0008 4,m24 -o,mi2

lesting i:.t:r;m ard flrarch {cm,;,,ee, ,, ,,,,
I 3

[ [ , ,,[ | Dimensions in inches; for deflezion t -

[///ri for upier> --

* * ' ' * ' ' ' * * " ' " '"*""" **""'""""" "
EMPA *66 829 /tLosinger & Co., Be rn Febe.1969 3 - 48'562

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ - _ _ _ _ _ _
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ANCHORAGE MhTERIALS USE0 IN EMPA TEST NO. 66' 829/1
,

"
,

-.5.50", . -

C .

.

VSL E -12 Steel
Ck 45

ANCHOR HEAD: 2.40"
_

P
__-_

!.

C HEMISTRY: C Mn Si S P(

.0470 0715 0300 0032 .0012

MECHANICAL Heat Treatment Y.P. U.T.S. % Elongation

PROPERTIES: Normalized 48.25 ksi 85-106 ksi 18 %

C
- 1.03" - !

.

1

VSL WEDGES:

S '* * |1.57"
FAG 180

.

1
_.

CHEMISTRY: C Mn Si P S Ni Cr Mo

.16 .77 .33 .018 .006 1.30 .87 .17

MECHANICAL Heat Treatment ,

'

PROPERTIES: Case hardened to .016" depth

0284
-

.
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*
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VSL Corporation
Eidgen6eelsche Materialpr0funge- Post Office Box 459

3 und Versuchesnetalt f0r Industrie, Bauwesen
.
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Laboratoire federal d'eseal des meterlaux

California 95o3o/U.S.A..i inemut d. r.ch.rch.e
Industrie. Genie civit, Arte et Metiere

Leberatorie federale di prova del meteriell
ed letttuto sperimentale ( J

Industria, Genio civile, Arti e Meetiert
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~

lhre Zeichen thre Korrespondenz vom Unsere Zeichen Ueberiendstresse 129 @ 051 / 85 81 31
V. ref V. ref. V. corresp. du - V. corrisp. del N. ref. - N. ref. Postcheckkonto 30 - 520 (Bern)

TeleGrammedresse EMPAPROFUNG
A3/Zei/MG T.i.x Nr. si eir

o.sen tend loth septembre 1969
Objet - Oggetto

Object: A prestressing cable VSL EE 5-12

Preliminary Report

A dynamic test was carried out on a prestressing cable of 12 strands

% 1/2". A high range of stress was applied for few loading cycles. Date
of test was 9th septembre 1969. The important data and test results are.3,

D as followa:

1. Tested Blements

The cable and its anchor heads and wedges were delivered by your
firm. The concrete block, which was used to support the upper

anchor head, was prepared in Switzerland.

2. Purnose of the test

To observe the behavior of a VSL prestressing cable under the action
- of a very high stress range, which was applied for a few loading

cycles. These loading conditions are assumed to represent the action

of an earthquake.

3. Test Data
Two loading cycles were fristly applied in one minute. Another 6o

loading cycles were applied subsquently with a frequency of 5 repe-
_

titions per minute. The lower and upper loading limits were 9o t and

t respectively.(i.e. the stress range was between o,4 pg ando,8gg)_ 180

J
.
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VSL Corporation,. Los Gatos/ California USA

.

4. Testing Installation

The tested cable was mounted vertically in a testing frame. Its upper
,

anchor head was supported on the concrete block. The movements of one

wire and one wedge were measured during the test. i

5. Results of Test
Slip of the wire after the first two cycles was 2,2 mm

" wedge 2,o mm j" " " " " " " "

,

Additional slip of the wire after the next 60 |
cycles was o,2 mm

" " " " wedge o,2 mm" " " "

6. Condition of the cable after test

No wire failures occured. Any visible deformations either at the

cable or at the anchor heads and wedges could not be observed.

The prestressing cable was intact after the test.

Dilbendorf, loth septembre 1969 Swiss federal Laboratory far

lasting Materials and lissearch

Engineer of Test: .

7
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stATT - 2-VON ROLL AG. -

.
.

1

IGTALLOGRAPHIC EXAliINATION OF }" VSL WEDGES

.

A series of V3L Wedcoa were examined for LOSINGER Jc Co AG, Bern.

The 1;urpoco of the inventication was to datormine the condition
of and ecpecially the possible crack occurence in wedges having
been subject to static and dynamic lo2dinc.

..

'

Test specirens (according to LOSINGF.R 1 Co AG)

condition a) -}" V3L Wedge unused. Specimeno no 1 and 2.
condition b) 3" VUL 'Jedge having been otroceed to 100 % of

A.U.T.S. of a VSL Tendon. Specitena no. 3 and 4.
condition c) l" V3L 'Jodre havint; been used in a VSL Tendoni

which was subject to dyramic loadinc.under the
(~ following conditions :

stress levels : 65 6 f's and 70 % f's
~

frequency : 3 c:cles per coc.,

nut.ber of
,,in excccc of 2 million.cycles obtained :

Specinonn no. 5 and 6. '

-

--

-

I*ctallorraphic nroceduron

The thresde of the used ved",es showed signs of friction at the
points of contact with the spirally stranded uire. The nrena
of contact forced a friction trace that could easy be dictin-

! guished from the black untouched rect of the surface. It una of
| special interent to lool: for eventual crac?:c on or at the base

of tne thrend ulong the fric tion traces nnv. to cor..pe.re uced -

( (condition b and c) and ununed (conditio- n) vedccc.
, -- The used vedges were acetioned along a friction tracc. The 0288| wedgos were then embedded and cround and poliM.od na chown.

in fig. 1. The arrows indicate the curface road:| for mi-
croscopic exar.ination. nn7' -

'
-

.
.
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! VON ROLL AG. etATT -3-r,
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'

Results

!

''
Fig. 2, 3 and 4 show axial acetions of unuced wedges. The
thread has sharp edces and a stooth surface.
Axial sections of wedges after static loading (condition b)
are shown in fig. 5, 6 and 7. The thread edges are slyghtly
deformed. There uns no sign of da::. ace at the thread base
of the specimens exan,ined.
Fig. 8, 9 and 10 finally are picturce of axially oectioned
wedges after dynamic loading (condition c). Again the edge-,-

'

of the thread has undergono some minor deforcation. In ad-.'

dition, at the lower part of the wedge about 10 % of the
throad edges.have surface cracko about 0.004" ,in depth. As
it was the case with the uedges having undergone static
loading no indication of damage'could be found at the thread,

base of the wedges having experienced dynanic loading.
The r.icrograph (fig. 11) of an etched unused wedge reveale
a normally developped case.

d
.,

#
Conclusion, s

The }" VSL '.ledgeo examined cuffered no damago during static
and dynaric loading.

.

%

e

'

vua J
-
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Enbedded wedge.,
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Fig. 2

| 'iedge no. 1 unused.
'

-

Axial section, un--

etched,
t x 25u -

.

.

Fic. 3
'
; .

'Tedge no. 2 unused.
!

,

Axial coction, un-
i etched.

i

x 25
!
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;

I

|

( |
m

i

I Fig. 4 ;

! !
Detail of wedge no. 1.

|(This micrograph was j

made from the counter- I

part of the section j
photographed in fig. 2, I

'

causing the cirror
orientation of the
sectioned thread if
co= pared with fig. 2)
x 100

1

Fig. 5'

| Wedge having been
subject to static-

. ": loading, no. 3.
k Axial section along

,
a friction trace,-

unetched.
' x 25

Fig. 6
,

ned e having been6j
subject to static

i loading, no. 4.
; Axial section along

a friction trace,
unctched.

x 25

( 0291
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VON ROLL AQ. sLATT - 6 -

k , .

-

Fig. 7-

Detail of wedge no. 3.
|

| x 100*

|
.

| .

.

W Wedge having under-

Fig. 8

| gone dynamic
loading, no. 5.

(1 Axial section along
a friction trace,
unetched.

x 25-

M loading, no. 6.

Fig. 9

Wedge having under-
gone dynamic,

!

Axial section along
: a friction trace,

unetched.
I 25

0.119 2
. ,

;
!

!
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Fig. 10-

~.
. . ,

-

Detail from the lower~,

and narrower part of-

#

, wedge no. 5.
. . .

mi Surface crack near
-

,
,

.
-

?) the edge of the thread,
j - - 4; depth ~ 0.004",

- ' unetched.

x 100

i.

:

Fig. 11

Ned e no. 1.G
N

- 'y
1 ''''

Axial section' etched.r=. m,
@p:s,, .; ftgpsy.'
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File No. 2615
Lab. No. 80945 December 13, 1965

*
.

Tested Dec. 1, 1965
L.R. Yegge Co.
P.O. Box 478
Los Gatos, California

ATTN: Mr. Rend Friedrich

Re: VSL Type "E" Anchorage Tests
4
'~

Gentlemen:

We wish to submit the following report of tests made on the
- VSL Type "E" anchorage assemblies submitted.

A simple hole VSL Type "E" (100 KIP) funnel with two wedge
gri s was assembled on each end of a 1/2" diameter (270 KIP,
PSI seven-wire strand, placed in our testing machine and a

b tension load applied.

Test No. 1. . . Equal spacing of wedge grips..

Test.No. 2. . Unequal spacing of wedge grips.. .

Results of Test Test No. 1 Test No. 2

Load Applied, lbs. 42300 41700
'

Location of Failure Strand at Wedge Strand at Wedge
Grips of Anchorage Grips of Anchord

.

Very truly yours,

Testing Division-

AB T A. HANKS.

,

anie aab

DS/ja
5-L.R. Yegge Co.

ATTN: Mr. Rend Friedrich 0294
..

L.
' W
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Testiang Division -,1
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Meterials Engineare
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1300 $AN50Mt Slut ti SAN FRANCISCO CAltf 0RNIa 94111 * TLtti' HONE (415) 397 2464 s

File No. 2615
Lab. No. 81055 January 20, 1966

.

L.R. Ycgge Co. .

P.O. Box 478
'

Los Gatos, Calif.
ATTN: Mr. Rcnd Friedrich -

Re: VSL Type "E" 100 Anchorage Tests
.

Gentlemen:
,

.

Uc wish to submit the following report of tests mado on the
previously used, rustyfour funnel, (tapered hole) VSL Type "E"
100 Anchorage assemblics submitted.

One four funnel anchora'ge was placed on a 1 1/4" thich stcol bearing
plate on the top of the stationary head and one on the bottom of
the moving head of the testing machine.

Four 60" long 1/2" diameter (270 KIP, PSI) seven-wire strands were
then attached to the four funnel ancho' rages with three wedge gripsd

( on cach cnd of the four strands.
The anchorages were very rusty, as they were exposed tb the
weather for 17 days before test. Rusty U.S. Stocl wirc strands

,

were used for the test.,

Results Y

Load applied, lb. 166680
Location of Failure Four. wires of one strand at

wedge grip.

Percent of Rcquired Min.
Strength 100.9

'

' Note: No deformation of the 11/4" bearing plates or anchorages
was apparent.

,
,

Very truly yours, |-

Testing Division
ABBOT A. HANKS 1

( w d v I'# 0735
s Daniel Staab ,

DS/ja
Reports to:
5-L.R. Ycgge Co. b, ,

,

.

ATTN: Mr. Rcnd Friedrich j
~

24 * toca nact - saa nun nani c'awaaa ""a
ie.. e= ann avtnut saura etau . 9soso Catan a sar
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1300 SAN 50MC STREET * SAN TRANCISCO, CALIFORNIA 94111 * TELEPHONE (415) 397 2464 b

File No. 2615
'

April 14, 1966, Lab. No. 81418 Tested April 11,'1966,

L. R. Yogge Co.
P.O. Box 478
Los Gatos, Calif.
Attn: Mr. Rene Friedrich

Re: Tests of VSL Type "E" Anchorages
.

4. ' Gentlemen:

Following are the results of tests made on VSL Type E
anchorages submitted April 11, 1966.

Test No. 1
. .

One four, funnel (4 holes) type "E" anchorage was placed onf ..

.
. the top of the stationary head and one four funnel anchorage

-

" () was placed on the bottom of the moving head of the testing~

machine. One five foot long h" diameter (270 KIP, PSI) seven
wire strand was attached to each anchorage in one hole of the
anchorages.with 2 cicaned VSL wedge grips. ;

Results: Test No. 1 -

Load Applied, lb 43750
Location of Failure In Wedge Grips

-

Test No. 2
.

Assembled as in test No. 1 except that VSL wedge grips were
lightly waxed.

,

Results:of Test No. 2 *

Load Applied, lb 43400+

Location of Failure In Wedge Grips

0296
m
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.

. -

. r' L. R. Ycgge Co. Testing Division'> File No. 2615 Abbot A. Hanks
g April 14, 1966-

Test No. 3

O'ne four funnel (4 holes) Type "E" anchorage was placed on a
1" thick steel bearing plate on the top of the stationsrg head :

and one four funnel Type "E" anchorage was placed on a 1 thick
secc1 bearing plate of the bottom of the moving head of the ;

,

testing machine. Four five foot long 1" diameter (270 KIP, PSI) |5
seven wire strands were attached at the. top and bottom
anchorages with two lightly waxed VSL wedge grips in cach funnel.
Results: Test No. 3

Load Applied, Ib 172300,

Location of Failure One Strand at ifcdge Grips-

There was no apparent distortion of the 1" steel bearing plate.
.

Tent No. 4

-

A five foot long 'j" diameter (270 KIP, PSI) seven-wire strand*

() was placed in the testing machine with a Supreme 630 XX chuck
(with three wedge grips in cach chuck) on the top of the
stationary head and on the bottom of the moving head of the
testing machine. ,

Results: Test No. 4

Load Applied, Ib. 4350o'
Location of Failure In iledge Grips

Testing Division
ABBOT A. HANKS

( w. gj M,

i Danici Staab.

' Reports to:
5-L. R. Ycgge Co. -

Attn: Mr. Rcne Friedrich'

ms

|,- .
,

|

'() I
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INVESTIGATION OF FORCE DISTRIBUTION

IN A 31-STRAND VSL TENDON
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INVESTIGATION OF FORCE DISTRIBUTION IN A 31-STRAND

VSL TENDON

TEST PERIOD: October 1968

'

TEST LOCATION: South Fork of the Eel River Bridge - located
5 miles South of Garberville on U. S.101
in Califomio

TEST PERSONNEL: Mr. Rex Elliott - Califomio Division of Highways
(,'t Mr. Jim Jurkovich, Jr. - Calif. Division of Highways

Mr. Dave Swanson - VSL Corporation

-

|

1

!

l
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STATEMENT OF PURPOSE

This test was initiated by the California Division of Highways to determine the
variation in the force distribution between various stronds in a VSL # -31 tendon.5

b
TEST EQUIPMENT

- Two VSL 500-ton Center Hole Jacks.
Five single-stmnd load cells.

One 1000 K load cell.

PRESTRESSING TENDON

An E5-31 VSL Tendon which consists of 31,1/2", 270 K strands ducted in gol-
vanized 4-1/2" OD diameter corrugated "Spiro" duct. The four tendons investigated
were 692' in length and had on ovemge angle change of .79 radions. The VSL ;

ES-31 tendon has on ultimate strength of 1280 kips. See the enclosed shop plans !
for tendon location. |

STRUCTURE DESCRIPTION
*

Right Bridge - A~ three-span haunched box girder bridge with span lengths of 190',
270' and 225'. The structure depth varied between 8' @ midspan to 15' @ the

;

g piers. .The bridge contained many part length tendons os well as the four continuous '

tendons that were tested.

TEST METHODS

l

Single-strand load cells were put on strands behind the VSL pulling head. The 1000K l

load cell was mounted between the VSL pulling head and jack (see Page # ). When3
the 1000K load cell recorded a load of 950 kips on the tendon, readings were taken

)on the ' individual load cells. A summary of results is shown on Page # .3
l

|
DISCUSSION OF TEST RESULTS

The results show that for these 31-strand tendons the force is well distributed among
the strands. The normal variation between expected force --
[ addition of single-strand load cell readingsh -- and measured force was 1%.No '

\ I of load cells ) 1.

particular core was taken in this structure to guarantee that the strands lay parallel.
No extra precautions were token to insure that the jack was installed parallel to
the tendon path prior to stressing.

)

0300
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Eidgen6ssische Materialpr0fungs- und Versuchsanstalt fur Industrie,
Bauwesen und Gewerbe,8600 Dubendorf

(.
,

Swiss Federal Laboratory forTesting Materials and Research
- 8600 Diibendorf -

COPY - TRANSLATION
'

Untersuchungsbericht
TEST-REPORT E M P A No. 49'292

Customer: Loainger + Co SA BERNE
Switzerland jContractors and Civil Engineers

VSL International

Object : One tendon " VS L E 5 - 31 "
31 strands V2" dia., St 170/190 kg/mm2

(American desiiznation 270 k.)

Subject: Order N' 2911/,904890 of Mar:h 7th 1968
- Data supplied by the client -

|

Date of receipt: - Execution of investigation:

Carried out on December 12th 1967
in the factory IGECO SA in Ipssach

Results of friction test

1) Characteristic of materials

2) Test installation
(Drawing ENPA N L-99'718]

3) Results of test

W

(/

502, o ~
,

- 0302 I

Remark: ihe use of this report for the purpose of publicity of any kind, including mere reference
te 5W9ca tho GIEroval of the directors of the E M P A
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Charae teristic of Testmaterial

- Data supplied by the client -

.1) Prostressing tendon

Tendon "Soupa", type E 5 - 31, consisting of 31 st rands x Y2" dia. (St 170/190 kg/mm2)
Six outer wires with 4.28 mm dia.
1 core wire with 4.41 mm dia.

Manu fac tu re r: British Ropes Ltd., England

2) Duct: Steel pipe St.35, bright, 5 .110/100 mm

3) Stressing accessories

item Type Drawing Material Treatment Manufac ture r

Pulling head ZB-31 VSL G 901.4 St 34 CrNiMo 6 heat treated Maschinenfabrik, Bern

Stressing Gripper Y2" XL CCL - - case hardened CCL, England i
end in 3 parts

'

Ring nut RM-31 VSL G 889 3 St 34 CrNiMo 6 heat treated Maschinenfab rik, Bern

i

Pulling head ZB-31 VSL G 901.4 St 34 CrNiMo 6 heat treated Maschinenfabrik, Bern

Gr1PPer V2" XL CCL - - case hardened CCL, EnglandDead end
in 3 parts

Ring nut RM-31 VSL G 889 3 St 34 CrNiMo 6 heat treated Maschinenfabrik, Bern
r

.
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Phota [MPA Nr. 52211

Test insiallation
Friction test'on a tendon VSL E 5-31, cable length approx. 34'- 3".

(, - Test beam for nuclear reactor -|

9394
F' EMPA "49292

"' " " ""''S""" ' " " " " ' ' ' " * " " " " ' " " " "
losinger LCo. A.G. Bern Marz 68 Ve. L - 99 718 a.
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Reau1ts of Teat

- Temperature + 17*C -

For test installation see drawing EMPA N* L-99'718 a

Post tensioning .iacks

Type ZPE-31 Vdrin-Jack, piston area 695 1 cm2

Pressure gauge

Stressing end ) Type
) Division of dial ) N* 11523428

Dead end Mano o4 500 kg/cm2 N* 11618547
Both gauges were supplied by the EMPA.

Dead end
Stressing end

output force at Jack

Input force at jack Readings of gauge on Jack Calculated( in kg/cm2 force in

P Pressure 1st 2nd Average of ". agey
in tons on gauge reading reading 1st & 2nd readingin kg/crr2 reading

o o o o o 0

50 72 62 63 62,5 43,4
100 144 123 124 123,5 85,8
150 216 186 186 186 129,3

200 288 247 248 247,5 172,0

250 360 310 310 31o 215,5

300 432 374 373 373,5 259,6
350 504 428 427 427,5 297,2

o o o o o o

Swin Neral ldoratory for
8"d Pf, March 13th 1968 usting Malanals and nessas

(, fb' :
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FRICTION TEST

TEST PERIOD: October 1968

TEST LOCATION: South Fork of the Eel River Bridge - located
5 miles South of Gorberville on U. S.101
in Californio

.

TEST PERSONNEL: Mr. Dave Swanson -VSL Corporation
Mr. Rex Elliott - California Division of Highways
Mr. Jim Jurkovich, Jr. - Calif. Division of Highways

b

y2 -

.

|
p
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STATEMENT OF PURPOSE

This test was initiated by the California Division of Highways os a part of
their progrom to determine the friction losses associated with prestressing
tendons ducted in rigid conduit.

TEST EQUIPMENT*

fwo VSL 500-Ton Center Hole Jacks

Two 1000K load cells manufactured by the California Division of Highways

PRESTRESSING TENDON

31, 1/2", 270 K strands ducted in galvanized 4-1/2" diameter corrugated
"Spiro" duct.

{ . STRUCTURE DESCRIPTION

Lt. Bridge - A three span bridge with span lengths of 190' - 270' - 243'.
The tendon length is 710', and the overage angle change is .74 radians.

Rt. Bridge - A three span bridge with span lengths of 190' - 270' - 225'.
The tendon length is 692', and the overage angle change is .79 radians.

TEST METHODS

Load cells were placed on each end of the tendon between the jack and the
pulling head. The load cells were capable of reading opplied force within
on occuracy of 1%. The tendons were primarily stressed from one end;
therefore, the difference in the load cell readings represents the total amount
of friction in the system.

( /

nnv 7
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SUMMARY OF TEST RESULTS

Tendon Number Force at the Dead End Calculated Dead End Force
'

(Refer to Shop Dwgs) For 960 kips at the Live End 4 = 0.25 K = 0.0002

(Left Bridge)

1 792 Avg. 790 684 Avg. 698

17 789 709

(Right Bridge)

1 824 Avg. 809 685 Avg. 686

2 783 675

17 814 690

18 805 695

'DISCUSSION OF Tu eSULTS

The results of these friction tests show that on this bridge the current friction
factors specified by the State of California (# = 0.25 and K = 0.0002) are
very conservative. The measured DEAD END FORCE includes friction loss
in the VSL 31-strand anchor block. The friction less in the anchor block is
due to the overage strand going through a 3.2 degree angle change. This
friction loss amounts to about 2% per anchor block. When the anchor block
friction is taken into account, the overage DEAD END FORCE measured
on the Right Bridge would be 846 kips as compared to on expected force of
686 kips.

(-
nn .
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The purpose of these friction tests was ta determine oppropriate values for coeffichnts
y and K.

Test No.1

In this test, a curved reinforced girder was equipped with jocks and gauges on each
end. However, no anchor head or wedges were used (except lock pulling heads) so
that no anchorage friction had to be taken into consideration. Thus, knowing the

"

. input force at the stressing jack and the output at the dead end jock, yorious values.

*

of K were assumed and the basic stress formula then solved for values of y .

Number of strands 31=

Diarneter of duct 3.94" 1.D .=

L 34.25'=girder
M = 1.0472 rod.

K 0.0001, 0.0002, 0.0003=

[ock,P given by the test=
d d end

,/40t + KL (basic formula)P p x=
jock dead end

Solving for M we get:

i eklog, - KL
Pdead end[=7

v -

Input Force Force at .

at . lock No.1 Dead End K = .0001 K = .0002 K = .0003
.

Kips Kips /A, /4 y
*110.23 95.68 .1317 .1285 .1252,

220.46 189.16 .1430 .1398 .1365
330.69 285.06 .1384 1352 .1319p
440.93 379.20 .1406 i.1374 .1341,

551.16 475.10 .1384 .1352 .1319 *
661.39 572.32 .1347 .1314 .1282
771.62 655.22 .1528 .1496 .1463,

Average: .1399 .1367 .1334
.

The conclusions thor may be drawn from the above results are that on short, highly
'

curved tendons the value of K is not important. The solved values for # ore
consistently in a range between .13 and .14. 'One 'could not determine from the

. above results which would be most oppropriate of the assumed values for K. A
.

'> 0309
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value for K will be determined on Test No. 2 with t ndons 710 and 692 feet long
(the longest post-t:nsioned bridge in the United St:tes). Here, the value for K
is obviously of major importance and the angular change substantial as well, pro-
viding on ideal cross comparison with Test No.1.

Test No. 2

* This test, conducted on a bridge structure, began by stressing the tendons from one*

end only to o force of 960 kips. The dead end jack was then stressed just enough
to lift the dead end anchor head off its bearing plate. In this operation, the anchor
head, wedges and strand moved as a unit since the wedges had been seated when
jocking previously from the other end. When the dead end anchor just cleared the
bearing plate, the dead end reading was token. Thus, anchorage friction loss (3%)
occurred on the live end only.

31Number of strands =

Diameter of sheathing 4.0" 1.D .=

710'Left Bridge: L =

M 0.74 rod.=

0 0001, .0002, .0003K =

Right Bridge: L 692'=
,

'

0.79c4 =
i !

{, .0001, .0002, .0003 -K =
.

1

@initial force at the live end 960 kips= ,

C931.20 kipsForce at the live end minus 3% onchorage friction =
7

Force at Readings at .

Live End Dead End K = .0001 K = .0002 K = .0003

Kips Kips y p p
e 8, 931.20 792.0 .1227 .0267 (0
em
"5 931.20 789.0 .1279 .0190 (0 '

931.20 824.0 .0673 (0 (0.
-8'
c 931.20 783.0 .1320 .0446 <0

ca

2 931.20 814.0 .0827 (0 (0
m
E 931.20 805.0 .0968 .0094 (0

.____ . . _ .

b .
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vvu=v

'

0310 .

,,

7



v-

The conclusions which may be drawn from the results cf Test N3. 2 nre thnt
although values of K - .0002 and .0003 might hava scemnd possible in ime
No.1, they give negative solutions for /4 in Test No. 2 and therefore mustg

be excluded. At the some time, it should be noted that the maximum value of

l{~} /4 obtained assuming K = .0001 was .1320 which ogrees with the values of #
obtained in Test No.1

Based on the results of the above, the values of// = .14 and K - .0003
currently in use in design on nuclear containment structures appear quite,

conservative .*

.
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QUALITY ASSURANCE PROGRAM FOR THE

. VSL POST-TENSIONING SYSTEM

INSTALLED IN NUCLEAR CONTAINMENT STRUCTURES
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SECTION 1
.

~

( INTRODUCTION
.

The purpose of this manual is to establish on overall Quality Assurance Program-

for the VSL Post-tensioning System to be installed in nuclear containment struc- -~

tures. This manual will deal with the entire spectrum of quality assurance from
the selection of suppliers of materials and fabrication services to the delivery of
the tendons and hardware to the jobsite. (Field erection is outlined in the " Field
Erection Manual for the VSL Post-tensioning System Installed in Nuclear Con-
toinment Structures".) The object of this effort is to eliminate the manufacture
or delivery of discrepont materials or components. " Supplier" as used in this
manual shall mean supplier of either materials or services.

_. _ _ _

lt shall be the responsibility of the VSL Quality Assurance Personnel to insure
that all materials and manufactured parts adhere to all prescribed specifications,
drawings, in-line tests, inspection processes and workmanship standards outlined
hereinafter. Where necessary, the VSL Quality Assurance Program shall be
prepared to offer assistance to suppliers and fabricators in meeting the quality
stondords prescribed. This program shall cover the fabrication of tendons by
the VSL Corporation and the fabrication of all component parts performed by
others .

! The VSL Post-tensioning System is the result of extensive development. Prior
to its first use in 1964, numerous performance verification tests were conducted
to demonstrate the adequacy of the system under a number of parametric varia-
tions. Materials, dimensions with related tolerances, surface finishes and other
requirements for the various anchorage components were established on the basis
of analytic investigations and such tests. These tests included:

Wedge

Effect of variations of the surface finishes on the wedge-cone interface.e

Effect of variations of the angle of the wedge-cone interface.e

Effect of variations in wedge length..

. Effect of variations in outside and inside diameters.

Effect of variations in tooth form and overall thread length.e

Effect of vo~riaticu in cose and core hardness and cose depth..

Effect of using materials with different mechanical properties.e

Effect of temperature extremes..

(
'

.i
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.

Anchor. Head

e Effect of variations in thickness and diameter.(-
Effect of variations in wedge hole diameter and angle..

Effect of using materials with different mechanical properties.
,

o

Effect of temperature extremes.e

Bearing Plate

e Effect of variations in thickness.

Effect of using materials with different mechanical properties.e

Effect of temperature extremes.e

The quality assurance requirements outlined in this manual are the some os
those implemented on the VSL System os used in bridge and building con-
struction with the exception that additional requirements are included to
satisfy conditions of nuclear containment.

This manual has been revised in June of 1969 and supersedes previous VSL
Quality Assurance monools.

(
GENERAL REMARKS

...

Drawings of all anchorage components showing materials and tolerances are
oppended and made a part of this manual.

Prestressing Steel, Sheathing, Grease, Miscellaneous Material.

These items will be purchased as a finished product and will be accepted
by VSL Corporation if they conform to the applicable specifications.

Bearing Plate Assembly, Grease Cop.

The items listed on page of this manual will be inspected by the VSL
Corporation to assure conformance of the bearing plate ossembly to the
opplicable specifications and corresponding drawing. A 100 percent
inspection is considered essential. Every assembly which does not con-
form to the specifications or corresponding drawing will be rejected.
Assemblies whbh do not conform but, in our opinion, could be installed, ;

( shall be set oside and provided with a yellow mark. Such assemblies,
0315
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along with a detailed report describing non-conformance, shall be made
(' available for inspection by the owner to permit his judgment whether or

not this part con be installed.,

. Anchor Head
.

The parameters which will be examined by VSL Corporation to assure
conformance of the anchor ''eod to the specificctions and corresponding
drawings are listed on page 2 sf VSL Form NR2. A 100 percent inspection
will be performed by VSL Corporation on all these items, allhough not all
items listed are considered critical. Since individual handling of the
anchor head is required for tapered hole inspection, these additional
parameters con be included at negligible costs. Anchor heads which do
not conform to specificatiens or corresponding drawings will be rejected.

e Wedges

The parameters which will be examined by VSL Corporation to assure
conformance of the wedge to specifications and corresponding drawings
are listed on page 3 of VSL Form NR3. Agaih, several of these porometers
would not require a 100 percent inspection, but since individual handling

( is required for thread quality inspection, other parameters con be
included at negligible costs. Item (m) refers to carbide precipitation and\

is not omenable to en exact qbantitative onelysis. If, in the opinion of
the examiner, more than 50 percent of the grain boundcry circumferences 1

in the wedge examined are surrounded by carbides, the heat will be !

rejected and the wedges returned for reprocessing. The carbo-nitriding
process is known as the best available and most reliable method of heat
treating such portt as the VSL Wedge. Sample testing for hardness and
cose depth as outiined on page 30 of this manual is therefore considered
sufficient. If any of the samples tested demonst ate non-conformance,
the entire heat will be rejected and the wedges returned for reprocessing.

.

The VSL Strand System for post-tensioned concreie requires little precision for -
the different components compared with other competitive pest-tensioning systems.
This, along with the ease of its installation, is considered the main reason for its
superiority. There are, however, o few parameters, such as the thread quality
of the wedge, the toper angle of the wedge, and the anchor head, which require
close quality control and, therefore, a 100 percent inspection is considered
necessary.

.( /
.
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SECTION 2

[ PERSONNEL'

2.1 Program Supervisor
,

Mr. Donald L. Storn shall be the VSL Quality Assurance Program Supervisor.
Mr. Stern shall have full responsibility for the implementation of the VSL
Quality Assurance Program. These dutics shall include both the performance
of Quality Assurance testing and the gathering and dissemination of all
Quality Assurance documentation as required.

2.2 Assistant to Program Supervisor

Mr. Robert Lotta shall be the Assistant to the VSL Quality Assurance Program .
Supervisor. Mr. Lotta's 6uties shall include assisting the Program Supervisor
and assuming the Supervisor's function in the event of his absence. i

|

2.3 Executive Liaison

Mr. Peter Wick shall be the corporation officer in responsible charge of receiving

{' all documentation on the Quality Assurance Program and will, where necessary,
instigate corrective action against a supplier of materials or services. Mr. Wick
will hold scheduled weekly meetings with the VSL Quality Assurance Program
Supervisor. At these meetings, Mr. Wick will be informed on the progress of
the program and will receive notification of situations requiring executive attention.

President

Executive
Liaison

^" "
Purchasing Engineering------

ro up isor

|

Assistant to Supervisor
|

|

Shop Quality Control -- Anchorage Mfg. Tendon Mfg.--(;
i i

0;U.7.

I
I I

L------------- Shipping p
i |

.. \
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SECTION 3
{~

PRELIMINARY SPECIFICATIONS

3.1 Prior to selecting acceptable suppliers or fabricators, the Quality Assurance
Program Supervisor shall investigate their capabilities, considering such
factors os safety, function, interchangeability, workmanship and production-

capacity.

3.2 Preproduction samples may be requested at this time to evoluote abilities.

3.3 During these investigations, checks shall be made to insure that proposals
being proffered are in every respect compatible with the overall specifications
of the specific project.

3.4 Substitutions by suppliers to the preliminary specifications which are apparently
acceptable shall be evaluated at this time.

I

1,

l

I
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b.
SECTION 4

'

PRELIMINARY SUPPLIER REVIEW

4.1 The selection of suppliers of materials and manufacturing services shall be-

preceded by on interview of which the supplier must give assurances on the
following points:

4.1.1 It possesses a complete understanding of the items to be produced,
their technical requirements and specifications.

4.1.2 It uses adequate quality and material control procedures.

4.1.3 The material it procures or fabricates meets the drawing require-
ments and meets or exceeds the specification requirements.

4.1.4 Its management controls are capable of correcting all deficiencies
early enough to avoid delay in delivery,1

,

b) 4.1.5 Its willingness to provide o specific list of all personnel who will
be employed in fabrication, manufacture, quality assurance and -

reliability functions, with on indication of their tasks, authority
and responsibilities.

4.1.6 Its willingness to permit unrestricted inspection by Quality Assurance
inspectors from VSL Corporation, the owner, the engineer and the
United States Atomic Energy Commission.

!

4.2 The'VSL Quality Assurance Program Supervisor shall at this time be in a position
to submit a list of prospective suppliers to the VSL Purchasing Department. This
list shall be constantly monitored and altered as conditions demand.

..

M'
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SECTION 5-

(
SELECTION OF SUPPLIERS

5.1 In the selection of suppliers of material and manufacturing services, such factors
as incoming inspection, rework, trouble-shooting and supplier liaison costs shall
be taken into account.

5.2 Surveys shall be performed by teams from VSL Quality Assurance, Engineering,
and Purchasing and shall investigate the supplier's ability to meet schedule and
quality assurance requirements. This survey shall not only determine the
supplier's ability to deliver acceptable products on time, but shall also acquaint
the supplier with the basis for acceptance by VSL Corporation, and thereby, the
owner, his engineer and the U. S. Atomic Energy Commission. The VSL Quality
Assurance Program Supervisor shall at this time determine whether the supplier is
intending to sub-let any of his work ond, if so, shall investigate for approval
all sub-suppliers and vendors.

5.3 A review of the organization and facility of all suppliers shall be conducted by
the VSL Quality Assurance Program Supervisor.

b 5.3.1 The supplier must have a well planned, well-designed, systematized
production line. The equipment must permit balanced workloads for i

economical production within the scheduling required. i

5.3.2 The supplier must demonstrate that he can provide positive corrective
action in preventing routing errors, materials shortages, labor diffi-
culties, equipment insufficiency, insufficient or inodequate tools,
insufficient or inadequate material in process and excessive rejection.

5.3.3 The supplier must demonstrate competency in the area of quality assur--

ance. The VSL Quality Assurance Program Supervisor shall ascertain
the supplier's in-house' standards, inspection methods, statistical tech-
niques, inspection records, inspection methods, statistical and vendor
selection. The supplier's quality assurance department must demonstrate
control of row materials and purchased parts, strategically located in-
process test and inspection stations, planned inspection operations,
inspection of inspection equipment, tool calibration program, the |
relationship between the amount of inspection and degree of quality, |
borderline and rejected materials, and shipping. i

/_
On the basis of the above surveys and reviews, suppliers of material and |5.3.4
fabrication services shall be selected for the various components of the |

j
VSL Post-tensioning System.

0320
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SECTION 6

b
SUPPLIER EVALUATION

-

6.i Subsequent to selection of suppliers but prior to production, the VSL Quality
Assurance Program Supervisor shall determine specific information and,

detailed description on how, when and where required tests and inspections
will be perfonned.

6.2 The VSL Quality Assurance Program Supervisor shall explain in detail
to each supplier the VSL Inspection Data Sheet to be provided for
inspection of all materials and operations within his purview. The VSL
Corponstion shall thereafter provide these sheets to suppliers for each of the
material and port elements of the VSL Post-tensioning System to be provided.
Examples of these forms are included in Sections 8 through 12 of this manual.

'

6.3 VSL Inspection Data Sheets shall provide step-by-step fabrication inspection
instructions to the individual supplier. Furthermore, it shall be made clear to the
supplier that he cannot be dependent upon VSL Corporation's material receiving,

inspection but must maintain his own receiving inspection to substantiate the
quality of purchased materials and materials shipped to him directly after purchase,

G by VSL Corporation .

6.4 Tests performed on preproduction items submitted by the suppliers of material
and fabrication rvices shall be evaluated by the VSL Quality Assurance
Program Supervisur. Items passing these tests shall be considered qualified
for production .

1

!

1

i

M7
.

'

a
j 0321- -

,

-

. _ .



a - . . , .x . _ ~ .a .- . -

- 9.

. SECTION 7
,

k.
SURVEILLANCE DURING PRODUCTION

7.1 It shall be the task of the VSL Quality Assurance Program Supervisor to maintain
the standards set during the preproduction runs. It must be assured that no
changes in drawings, processes or materials are made without approval of the
VSL Corporation and that documentation is occurately maintained.

7.2 The VSL Quality Assurance Program Supervisor shall conduct regular audits of
supplier performance and make unannounced spot visits to the supplier's plant.
These audits shall cover the following:

7.2.1 incoming inspection (row materials and components).

7.2.2 In-line and in-process tests.

7.2.3 The proposed plan of tests.

.

7.2.4 Calibration of test equipment.

- 7.2.5 Workmanship.

7.2.6 Storage, handling and shipping.

7.3 The VSL Quality Assurance Program Supervisor shall report to the VSL Corporation
Executive Liaison and the supplier any discrepancies turned up in the audit. The
supplier shall then be required to send the VSL Corporation a written report
within three days stating the corrective action it has taken and outlining the plan
put into effect to prevent recurrence of the problem.

7.4 Surveillance of tendon fabrication shall include unannounced spot visits to
production facilities where audits shall be made on those items listed in 7.2
above. Reports of discrepancies shall be made as outlined in 7.3 above; however,
corrective measures may be stated verbally by the VSL Tendon Fabrication Shop
foreman to the Executive liaison.

(.) _
OA9~9
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SECTION 8

b ~

ANCHORAGE MANUFACTURE QUALITY CONTROL -

8.1 Bearing Plate Assembly.

8.1.1 Material Purchased by VSL Corporation.

8.1.1.1 Bearing Plate.

The material for VSL E5-55 Strand Bearing Plates shall be
purchased by the VSL Corporation for shipment to the fabri-
cator. The purchase order shall contain the following items
of information:

(a) Quantity (dimensions, shipping weight, or number of
pieces .

(b) Price.

(c) Nome of material.

(d) ASTM designation. -

- (e) Grade and condition.

(f) Requirements for test specimens.

(g) Mechanical properties.

(h) Required tests.

(i) End use of plate.

(i) Shipping information.

See following page for sample of executed purchase order for
bearing plates.. .

8.1.1.2 The material supplier shall be required to submit the following
data within five days offer receipt of the purchase order:

.

(a) Availability of required materials.

(b) Whether delivery schedule can be met.
,

(c) Date when notarized mill reports and. test records will be
available.

,

.)
The above information may be given either by telephone or
by letter. 0323

-
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SAMPLE PURCHASE ORDER FOR BEARING PLATE STEEL

URetEGEL: @MM!)

IHis NUMBER

"i'U niu " N o 787V S L CORPORATION L. "INvolCES, ETC.
l j P. O. BOX 459

LOS GATOS, CAUFORNIA 95030 Pt Ass NOTI,Y usinuEDiAtttY is vou ARE UNAttE

TELEPHONE (408) 354-6481 to SHIP COMPLiff ORDER BY D Aff RfoulatD [

DO NOT DEVIATE FROM THIS ORDER IN ANY WAY
twtrHOUT oVR PERMisslON. ;

(

Betra Manufacturin_2 . ._.. (Supplierl . . . . . _ . _ . . . . . . _ . _ ____ _. _ . . _. sHi P v nTO

.N. % vueconncss . _ . acoRess

San Jose,_ Calif. ._.
,city . . _ . . . . . _ .._ _ _ . .. __ _ . .

city . _

DATE OF OROLM DATE REQuimED 5 HIP viA P . C. B. TERh85 THis ORDER 85. mESALE C EmTIFIC ATE NO )

( '/28/69) (8/28/69) RAll. San Jose Net 30 days @ 'J"/7m"|1". . SRGH 26-612993J
I

G $ ^ ',7g o* UNIT PLEASE SUPPLY THE FOLLOWING ITEMS UNIT PRICE AMOUNToo

80,000 lbs. Carbon Stee.1 Plate, 3-1/2" x 24" x 146" flame. cut.
. _ _ _ , . . .

Tolerances: Flame cutting +_ .125; Thickness - mill-

standard. No weld repairs are permitted. .

ASTM A537-67(a) fully killed and modified to3-1/2" !
--- --- thickness. Grade A Normalized. Test specimens are - - - - - - - - - - -- } - -- -

not to be thermally treated other than normalization. j

Guaranteed rhin. yield: 45,000 psi. Transverse Charpy
. . . . . - _ V-Notch of 15 ft.-Ibs. minimum at -11 F. Nil- . . _ - - . . _ - --.--- :_--

ductility transition temperature lower than -11 F. |
_

Notorized test reports are to be submitted to subston-
. _ . _ .. _ - _ . .. ... _..__ ._._.__ _ _ _ . . . . . . . _ .

:

. tiate the following: (a) Heat Number; (b) Chemistry; . . . . - -

(c) Mechanical Proogrties; (d) Impact Properties.
_ _ (e) NDTT below. -11 F. . . . . . _ . _. . . _ . . . _ . . . . _ . ;.

End Use: Post -tensioning bearing plate for nuclear reactor containment vessel. |
Iwj_.s Lt. .Im OJEIn.1:= - 1 .. -

DY

.

,

.-WHITE COPY TO VENDOR~,uRCHAst ORDie "
GRE EN COPY TO "31" 5ECilON OF CREEN ACCOUNis PAYABLE FILEDisfRIBUTION:
YELLOW COPY TO f tLLOW PURCHASE CEDER REGISTER ugggg sq$,yggg pgpy, ,yj
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|
Any changes bearing on the above data which may occur

| offer original reporting must be made known immediately
,

to the VSL Corporation.

!
l 8.1.1.3 A copy of the material purchase order, along with the part

drawings, shall be sent to the fabrication shop at the some-

time the original material purchase order is sent to the
material supplier.

Upon receipt by the fabrication shop of material ordered by
the VSL Corporation, prompt notice shall be given to the'

latter stating whether material in the shipment is according
to the applicable purchase order and drawing. No work
shall be done on bearing plate parts until the VSL Corporation
has been thus notified.

It shall be the responsibility of the VSL Quality Assurance
Program Supervisor to inform suppliers that they will not be
paid for any work which has been done with material which
has not been released by the VSL Corporation.

Non-conforming but acceptable material or fabricated com-
ponents must be opprnved by the owner prior to use. Pages

C 2 and 3 of Form NR1 describe the control of these categories.

8.1.1.4 The material shall be checked against drawings and purchase ,

order for sufficient stock to manufacture parts.

8.1.2 Material Purchased by Fabricator.

8.1.2.1 Trumpet .

Trumpet material, grease vent pipe, and welding wire shall
be purchased by the fabricator to the specifications shown
on the drawings. Notarized mill reports shall be obtained
by the fabricator on these materials showing heat numbers.

.

j nne
L/ d /_'

0325-
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~

VSL Corporation Project:
236 N. Santa Cruz Ave.

f
.,

.
l.os Gotos, Calif. 95030 Owner:

.
.

INSPECTION DATA SHEET

FOR FABRICATION OF VSL E5-55 STRAND BEARING PLATE ASSEMBLY

1. This form shall accompany each shipment of bearing plates (ASTM A537) when
delivered to the jobsite. This fonn shall be signed or stamped by the fabricotton
shop quality control inspector and the VSL Quality Assurance Program Supervisor
prior to shipment. Two copies shall be retained by the VSL Corporation and one
copy by the shop fabricator.

2. Name of fabrication shop:

3. Material for plate: ASTM A-537, Grade A

Manufacturer:{
!! eat No.:

4. Material for trumpet: ASTM A-569-66T

Manufacturer:

Heat No.:

'

5. Welding Wire: ASTM E705-G, GO Shielded
2

Manufacturer:

Heat No.:

6. Material for Grease Vent Pipe: 1-1/4" Schedule 40 Pipe

Manufacturer:

- Heat No.:
j,

npnne
NU' '- Oa26.

. ...

--- - - -
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.

7. List of checks performed by fabricator:

(_ Type of Sampling Method Stompltem *

(a) Material Specifications Mill certification & VSL----

- Corporotteri Purchase Order I I
,

(b) Outside Dimensions 100 % Rule | |

(c) Center hole diom.8 location 100 % Rule | |

(d) Grease Cop stud holes and 100 % Rule
location I I

,
,

(e) Trumpet & Grease Vent Welds 100 % Visual | |

(f) Preservative coating 100 % Visual
| |

8. The items listed below have been inspected by VSL Corporation to assure conformance
of the bearing plate to applicable specifications:

Item Type of Sampling Method Stomp

(a) Material Specifications Mill certification & VSL----

{.
Corporation Purchase Order I I

(b) Outside Dimensions 100 % Rule | |

(c) Center hole diom. 8 location 100 % Rule | |

(d) Grease Cop stud holes and 100 % Rule
location | I

(e). Trumpet & Grease Vent WeIds 100 % Visual |

(f) Preservative coating 100 % Visual
| |

(g) Stomp marked serial number 100 % Visuoi
opplied to plate | I

(h) All documentation in order ---- ----

preparatory to shipment | |

Conforming items shall be marked conspicuously with a green point mark.
,

Non-conforming items which may be acceptable with owner's opproval shall be*

:
* marked conspicuously with a yellow point mark.

| Other non-conforming items shall be marked conspicuously with a red point mark and 0327
| removed from fabrication area.
l

^ nnoev
| . . ~-- -

.
_,

I
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.

9. Documentation oppended to this form shall include:-

~

(a) Unpriced copy of material purchase order for plate, sheet,1-1/4" pipe andr
'

welding wire.

(b) Notorized mill reports showing heat numbers for plate, sheet,1-1/4" pipe
and welding wire.

(c) Notorized test reports for bearing plate steel.

,10. List of the Bearing Plate Assembly Numbers with associated Heat Numbers
(ASTM A537)and Mill Order Numbers from which this shipment of bearing
plate ossemblies was fabricated:

Bearing Mill Order
Plate No. Heat No. Number

_

.

r

C -

.

List of Bearing Plate Assembly Numbers which are non-conforming but acceptable,
and which have been opproved by owner's inspector:

Bearing Mill Order.

_ Plate No. Heat No. Number . Defect or Tolerance Exceeded

,

i

I
\ <

! kJ Shop Inspector Date Donald L. Storn Date 0328
VSL Quality Assurance Program Supervisor

'

nno/4 |

|vv-
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8.2 Anchor Heads

8.2.1 The material for VSL E5-55 strand anchor heads shall be purchased by the
1'

VSL Corporation for shipment to o fabricator. The purchase order shall
contain the following items of information:

(a) Quantity (dimensions, shipping weight, or number of pieces).

(b) Price.

(c) Nome of material.

(d) AISI designation.

(e) Grade and condition. ,

(f) Requirements for test specimens.
,

(g) Mechanical properties.

(h) Required tests.

(i) End use of round.

(j) Shipping information.

See following pages for somple of executed purchase order for anchor head
and VSL Anchor Head Material Specification.

(" 8.2.2 The material supplier shall be required to submit the following data within
five days offer receipt of the purchase order:

(a) Availability of required materials.

(b) Whether delivery schedule con be met.

(c) Date when notorized mill eports and tensile test records will be
available .

The above information may be given either by telephone or by letter.

Any changes bearing on the above which may occur ofter original reporting
must be made known immediately to the VSL Corporation.

8.2.3 A copy of the material purchase order, along with the part drawings, shall
be sent to the fabrication shop of the some time the original material
purchase order is sent to the material supplier.

1
'

Upon receipt by the fabrication shop of material ordered by the VSL Corpor-
otion, prompt notice shall be given to the latter stating whether material

in the shipment is according to the applicable purchase order and drawing.gg

.

w w~ * '''w



17.

.

,+

.

SAMPLE PURCHASE ORDER FOR ANCHOR HEAD STEEL

UWrel|h@ EfbMD

THis NUM8ER

V S L CORPORATION "$A!ng " N 787
'

"
INVoCES. ETC.

L P. O. BOX 459
_,

LOS GATOS, CAUFORNIA 95030 pit,3, nori,;.us iuutoiArctY is You Anf UNA8tt

TELEPHONE (408) 354-6481
fo ship Co=Pttre onore av oArc af ouiero

DO NOT DEVIATE FROM THIS ORDER IN ANY W AY
(WITHOUT oUR PERMis5 ton. ,

_
B 8 C _Engrg s f_ M_fg t.Co.TO _.

(Supplier)
.. . __.....___ __ _ __ ship ro _

525 Roberts Ave.Aonatss . . . .. .__ .Aooacss

Santa Claro, Calif. 95050
cnv _ ... . . . _ _ . . _ ._ _ _ city _ . _ . _ . ... .

OseDER DAT E REQUIREO SMeP V6A P . O. 8 TERMS THe 5 ORDER 45 nE SALE CEMfir eCA f r. NON

(IMtf of(7/28/69) (8/28/69) RAll Santo Clara Net 30 days 8 ^ 'y~;""'J0", SRGH 26-6129932s

( gy|,',' J_/ UMI MEASE SUPPLY THE FOLLOWING ITEMS UNIT PRICE AMOUNT

V Forged carbon steel round, in bor lengths of 126", j j
40,000 lbs. per VSL Standard Specification AHS-1. :

'

Tolerances: Forged to size 12-1/2",

.
Diome ter + .25", -0.000. _ _ _. _ . _ . . _ . . . . _ . .

_ . _ . ..
AISI 1_02_6 va.cuum_degossed; normalized and
tempered. Test specimens are to be removed from
mid-radius ofter normalization .and tempering . _

_ _ _. . .. j__
Guaranteed minimum yield of 50,000 psi, Charpy !

~" ---

V-Notch of 15 ft.-Ibs . 6t'-11 F- Nil-ductility -
~~ - -"~ ~ ~

!~-

transition temperature lower than -11 F. i
_ _ ,,_ _

Notorized test reports are to be submitted to substantiate
- the following: -(c) Heat' Number;- (b) Chemistry;- - - - - -

c Mechanical Properties; (d) Impact Properties
e NDTT no-break . '-

' - - - ~ ~- - - - --

-

L- i
t._u e n m iw:rrt:W ---i gnd Use: Post-tensioning anchor head for use in a nuclear
_ . - - . _ _ . _ reactor containment structure. oY

k _ _ . _ . _ _ _ _ ._i - . _ _ _ _ _ _ _ _ . . _ . _ _ _ _)
-

*
Whit [ CCpY fo V ENDOR *g .(URCHr.5E otDER *
Cff f N COPY TO "31" 5ECflON oF GREEN ACCOUNTS PAYACLE F'Lt .n,

Of5ftittJfloN;
YttLCW CCPY fo YtltoW PURCHASE ORDER REGISTER vocat 3.'5%E35 5; sus jega ie

|./

; 0330
m . .n n - -
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VSL STANDARD SPECIFICATION FOR
- FORGED CARBON STEEL ROUNDS, HEAT TREATED

("3
,

FOR POST-TENSIONING ANCHOR HEADS

VSL DESIGNATION AHS-1

1. Scope

1.1 This specification covers normalized and tempered forged carbon steel
rounds up to and including 13 inches in diameter intended for use os
anchor heads in the VSL Post-tensioning System.

1.2 Heat treating procedures and techniques are of fundamental importance
and it is pre-supposed that such hoot treatment will be in accordance
with methods necessary to produce the physical properties required.

2. General Requirements for Delivery

Nterial shall be produced in such fashion as to allow cleon-up turning to 12"
diameter without surface imperfections such as :,coms, cracks or forging lops.

b
3. Basis of Purchase

The material for VSL ES-55 strand anchor heads shall be purchased by the VSL ;
Corporation for shipment to o fabricator. The purchase order shall contain the '

following items of information:

(a) Quantity (dimensions, shipping weight, or number of pieces.

(b) Price.
'

(c) Nome of material: Forged carbon steel round.

(d) AISI designation: AISI 1026.

(e) Grade and condition: Vocuum degassed, normalized and tempered.
.

(f) Requirements for test specimens: Test specimens to be removed from mid-rodius
ofter normali:ation and tempering.

(g) Mechanical properties: 50,000 psi min. yield; Charpy V-Notch of 15 ft.-lbs. ot
-11 F. Nil-ductility transition. temperature lower than
-11 F.x~-

0331
n- -

t UVL' /,

!
t
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(h) Required tests: Heat nu'mber, Chemistry, Mechanical Properties, impact
Properties, NDTT no-break.

U
(i) End use of round: Post-tensioning onchor head for use in a nuclear reactor

containment structure.

(i) Shipping information .

4. Manufacture

The steel shall be made by degossed electric fumace process.

5. Chemical Requirements

AISI Designation C Mn P Smax. max._

1026 .22/.28 .60/.90 .040 .050

6. Specimen Preparation

Tensile test, NDTT and Charpy V-notch specimens shall be removed from the mid-
radius location. Specimens for NDTT and tensile test shall be longitudinal and for
V-Notch transverse.

,

k. '

7. Tensile Requirements

Yield Point or Yield Strength at mid-radius, min. psi = 50,000.

Tensile strength, elongation in 2", and reduction of area to be reported for
information only.

8. Impact Requirements

Minimum Charpy V-Notch impact values of 15 ft.-lbs. at -11 F. substantiated by
impact testing as outlined in ASTM A370 for each heat treat lot.

9. Nil-Ductility Transition Temperature Requirements

An NDT temperature lower than -11 F. shall be subs +cntiated by drop weight
testing as outlined in ASTM E208 for each mill heat.

_

0332
gf
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No work shall be done on anchor head ports until the VSL Corporation
has been thus notified.,,

U
lt shall be the responsibility of the VSL Quality Assurance Program
Supervisor to inform suppliers that they will not be paid for any work
which hos been done with material which has not been released by the-

VSL Corporation .

8.2.4 The material shall be checked against drawings and purchese order for
sufficient stock to manufacture parts.

,

.

+

0
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VSL Corporation . Project:
*

236 N. Santa Cruz Ave. _ _

Owner:Los Gatos, Calif. 95030 i
,

L' -

.

INSPECTION DATA SHEET

FOR FABRICATION OF VSL E5-55 STRAND ANCHOR HEADS

1. This form shall accompany each shipment of anchor heads when delivered to'
the jobsite. This form shall be signed or stamped by the fabrication shop quality
control inspector and the VSL Quality Assurance Program Supervisor. Two
copies shall be retained by the VSL Corporation, and one copy by the shop
fabricator.

2. Nome of fabrication shop:

3. Material for anchor head: AISI 1026, VSL Standard Specification AHS-1

Manufacturer:,

< Heat No.:
L-

4. List of checks performed by fabricator:

Item Type of Sampling Method Stamp

(a) Material Specifications Mill certification & VSL----

Corp. Purchase Order I I

(b) Outside Dimensions 100 % Rule | |

(c) Hole drilling template Before drilling each head VSL Template 001 | |

(d) Hole spacing 100 % VSL Gauge 002 | |

(e) Toper angle Statistical 5 per head VSL Gauge 003 | |

(f) Toper roundness Statistical 5 per head VSL Gauge 003 | |

(g) Toper max. diameter Statistical 5 per head VSL Gauge 003 | |

(h) Topor finish Statistical 5 per head Visual | |

(i) Rear radius Statistical 5 per head Visual | |

~ (i) Preservative coating 100 % Visual | |
'

~

_

,

_
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5. The items listed below have been inspected by VSL Corporation to assure conformance
of the anchor head to applicable specifications:

0- ,

item Type of Sampling Method Stamp

Mill certification & VSL
'

(a) Material Specifications -----

Purchase Order I I.

(b) Outside Dimensions 100 % Rule | |

(c) Hole Spacing 100 % VSL Gauge 002 | |

(d) Toper ongle 100 % VSL Gauge 003 | |

(e) Toper roundness 100 % VSL Gauge 003 | |

(f) Toper max diameter 100 % VSL Gauge 003 | |

(g) Taper finish 100 % Visual | |

(h) Rear radius 100 % Visual | |
c

(i) Preservative coating 100 % Visual | |

b (i) Stamp marked serial number 100 % Visual
;

applied to anchor head

(k) All documentation in order
I I

preparatory to shipment ---- ----

Conforming items shall be marked conspicuously with a green paint mark.
!

Non-conforming items shall be marked conspicuously with a red point mark and removed
from fabrication area.

6. Documentation appended to this form shall include the following:

(a) Unpriced copy of material purchase order for forged round.

(b) Notarized test reports for anchor head steel indicating mid-radius tensile strength.

-(c) Notorized mill reports showing heat numbers and chemistry.

i 0335 -
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I

7. List of Anchor Head Numbers with associated Heat Numben (AISI 1026)and Mill
Order Numbers from which this shipment of onchor heads was fabricated: -

Q -

Anchor Head Number Heat Number Mill Order Number
.

.

.

e

U
.

.

,

Shop Inspector Date Donald L. Storn, Date
VSL Quality Assurance Program Supervisor

_

w
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8.3 Wedges

(~ 8.3.1 The material for VSL ES-55 Strand Wedges shall be purchased by the
VSL Corporation for shipment to a fabricator. The purchase order
shall contain the following items of information:,

.

(a) Quantity (dimensions, shipping weight or number of pieces).
'

(b) Price.

(c) Name of material.
(d) AISI designation.

(e) Required tests.

(f) End use of wedge.

(g) Shipping information.

See following pages for sample of executed purchase order for wedges
and VSL Wedge Material Specification.

8.3.2. The material supplier shall be required to submit the following data
within five days after receipt of the purchase order:

(a) Availability of required materials.

y (b) .Whether delivery schedule can be met.
,

(c) Date when notorized mill reports and bordenobility reports will be
available .

The above information may be given either by telephone or by letter. l

Any changes bearing on the above data which may occur ofter origin 61
reporting must be made known immediately to the VSL Corporation.

8.3.3 A copy of the material purchase order, along with the part drawings,
shall be sent to the fabrication shop at the some time the original ;

material purchase order is sent to the material supplier. |

Upon receipt by the fabrication shop of material ordered by the VSL j

Corporation, prompt notice shall be given to the latter stating whether
.

material in the shipment is cecording to the opplicable purchase order |
and drawing . No work shall be done on wedge ports until the VSL

'

Corporation has been thus notified.

| )

- o337 1
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SAMPLE PURCHASE ORDER FOR WEDGES

UNierJMitLn M tu

r m
THIS NtlAARER

V S L CORPORATION fu'L^!n u " N o 787
L ;b P. O. BOX 459

"INV ICES, ETC.
!" LOS GATOS, CAUFORNIA 95030 PtE:,5E NOMFY USIMMEDIATELY IF YOU ARE UNA8tf

To SHIP COMPttit ORDER BY D ATE REQUWEDTELEPHONE (408) 354-6481
DO NOT DEVIATE FROM THI5 ORDER IN ANY WAY

(Wrtwout out PERMI551oN. j

VS.L . Corpora.ti.on
_

.
. (Supplier) _ snie roTo . . . . . _ . . . . . _ . _ . _ _

U M Dey be.nue
AOOaEss . . . _ . _ . . _ . . . . _ . . _ _. AOOnEss

city
._ . .. _ _ . . . . _ _ . . . . . city .

Campbell, California
,

[8JATEOFORDt.R DA TE REQUIRED SHar VIA F. O. B. TERMS THeS ORDER 85: RESALE CERTtFlCA TE NO.

t (7/28/69) (8/28/69) RAll Campbell Net 30 days @ a co~ria"'" SRGH 26-612993"
N.iQI FOR RESALE(

I * j' N'g'o* UNIT PLEASE SUPPLY THE FOLLOWING ITEMS UNIT PRICE AMOUNToo

C i
40,000 lbs. 1-3/16" x 10 to 12' Hot-Rolled Annealed Round i

iCorburizing Grade Alloy Steel; AISI 86L20, per -
-

. - _ . _ _ _ - - . . - . - .__i._ _ _ . . _ _ . VSL Standard Specification.WS-1..

-. .. .- Furn'ish hardenobility report and mill report stating._ - _ . . __ . . . . -___

chemistry and heat number for each bar.
_ . _ _ . _. .. ---.._. _ . . _ _ . . . _ _ _ . . . .

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

.. . _ _ _ . . _ . . .. .. . . . . . . - . _ .

.. _ _ . . _ _ . . . _ . _ . _ _ _ _ . . . _ . __ .. ._. _ ...

:

End use.of bar: Wedges for post-tensioning anchorage . .. i .. .
on nuclear containment structure . i

i l
*i * il i itt iKIl_.t C iW W 7f

I
I

- f BY

~*

WHliE COPY TO VENDOR
FURCHASE ORDER

, , ,
GREEN COPY TO "31'* SECilON OF GREEN ACCOUNTS PAYABLE FlthN51RIBUllON:
YELLOW COPt TO VELLOW PURCH ASE ORDER REGISTER uocoE oo5'rIESS FGaus, it.-

g ,,

. |
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VSL STANDARD SPECIFICATION FOR COLD-DRAWN
*

OR HOT-ROLLED ANNEALED ROUNDS FOR POST-TENSIONING WEDGES

VSL DESIGNATION WS-1
.

1. Scope

1.1 This specification covers cold-drawn or hot-rolled annealed carburizing
gmde alloy steel for use as wedges in the VSL Post-tensioning System.

1.2 Later heat treating procedures and techniques will be of fundamental
importance. Hardenobility reports will accompany each mill heat.

2. General Requirements for Delivery

All bars shall be straight within 1/4 inch in any 5 feet of length. Hot-rolled
product annealing shall be performed for optimum machinobility.

3. Basis of Purchase

(a) Quantity (dimensions, shipping weight or number of pieces).

(b) Price.

(c) Name of material: Hot-Rolled Round.

(d) AISI designation: AISI 86L20.

(e) Required tests: Fumish hardenability report and mill report stating chemistry
and heat number for each bar.

,

(f) . End use of bar: Wedges for post-tensioning anchorage on nuclear reactor
containment structures.

(g) Shipping information.

4. Manufacture

The steel shall be made by the open hearth, basic-oxygen or electric fumace
processes.

i
( , .

nnor-
- 0339-- "
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.

5. Chemical Requirements

- AISI Designation C , Mn P S SI. Ni(s max. max.
86L20 .18/.23 .70/.90 .04 .04 .20/35 .40/.70

,

.

'

Cr. Mo. Pb.

.40/.60 .15/.25 .15/.35

6. Tensile Requirements

Yield point, tensile strength, elongation in 2", reduction of area and Brinnell
Hardness to be reported for information only.

.

l

.

nnor _

,
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It shall be the responsibility of the VSL Quality Assurance Program
Supervisor to inform supplien that they will not be paid for any work

( which hos been done with material which has not been released by
the VSL Corporution.

8.3.4 The material shall be checked against drawings and purchase order-

for sufficient stock to manufacture parts.

.

s

\.,
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VSL Corporation Project:
236 N. Santa Cruz Ave.

- ~

Owner:Los Gatos, Calif. 95030
'

-C

.

INSPECTION DATA SHEET

FOR FABRICATION OF VSL WEDGES

1. This form shall accompany each shipment of wedges fabricated from o
niven heat number of steel when delivered to the jobsite. This form shall
be signed or stamped by the fabrication shop and heat treatment shop quality con-
trol inspectors, and the VSL Quality Asst.rance Program Supervisor prior to shipment.
Two copies shall be retained by the VSL Corporation, one copy by the fabrication
shop and one copy by the heat treatment shop.

2. Nome of fabrication shop:

3. Name of heat treating shop:

V 4. Material for wedge: AISI 86L20, VSL Standard Specification WS-1
-

Manufacturer:

Heat No.:

5. List of checks performed by fabricator:

. Sample
Item Condition Type of Sampling Method Stamp

'

(a) Material Speci- Mill certificates & VSL
Corp. Purchese Order I !fication --- ---

,

(b) Taper angle, Unsplit First piece from each Sine bar or comparator
body bar loaded (approx. | |

120 ports per bar).

~

$25[J~

0:Ma
.
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List of checks performed by fabricator (continued)

Sample

(~;; Item Condition Type of Sampling Method Stomp
v.

(c) Toper angle, Unsplit First piece from each Comparator or Gauge
leod-in bor loaded (opprox.

120 parts per bar). I I-

(d) Outside diom., Unsplit First piece from each Dial caliper or
length bor loaded (approx. comparator

120 ports per bor). I I

(e) Diameter Unsplit First piece from each Dial caliper or
concentricity bor loaded (approx. comparator

120 ports per bar). I I

(f) Thread form Split First piece from each Dial caliper or
bor loaded (approx. comparator
120 ports per bar).

Statistical 10 per food. I I

(g) Thread quality Split First piece from each Visual
bor loaded (approx.
120 parts per bar).

Statistical 10 per load. I I

b (h) Surface finish Split First
bor Ibrece from eachVisual (Fairfield

>

ded (approx. Microfinish
, 120 parts per bar). Comparator)

Statistical 10 per food. I I

(i) Split width and Split One first piece-off. VSL Gauge 004
symmetry, and 1

Slot Statistical 10 per day. I I |

(i) Slot Split One first piece-off. Visual

Statistical 10 per day. I I

(k) Case hardness Split One per heat treatment. Micro hardness
| |

.

(1) Case depth Split One perheat treatment. Microscopic
| |

(m) Core hardness Split One perheat treatment. Microhardness
| |

(n) Corbide precipi- Split One per heat. Microscopic
totion l I

(o) Burrs and chamfers Split One first piece-off. Visual
Statistical 10 per day. | |

u.'
(p) Black oxide finish Split 100 % Visual | |

W0;M3
-2- VSL Form NR3 !

. . _ _ .. - --|
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6. The items listed below have been inspected by VSL Corporation to assure conformance
of the wedge to applicable specifications:

,

U
Sample

item Condition Type of Sampling Method Stamp

Mill certificates & VSL(a) Material ----

Specificatic.n Corp. Purchase Order | |

(b) Toper angle, Split 100 % Sine bor or comparator
I Ibody

(c) Taper angle, -Split 100 % VSL Gauge 005
I Ilead-in

.

(d) Outside diam., Split 100 % Dial caliper or
I Ilength comparator

(e) Diameter Split 100 % Dial caliper or
I Iconcentricity comparator

(f) Thread form Split 100 % Visual |
,

(g) Thread quality Split 100 % Visual | |
*

(h)' Surface finish Split 100 % Visual | | |
1

(i) Split width and Split 100 % VSL Gauge 005 | |

symmetry

(i) Case hardness Split 2% per heat. Micro hardness | |

(k) Case dep'h Split One per heat. Microscopic | |t
l

(I) Core hardness Split One per heat. Micro hardness | |

(m) Carbide Split One per heat. Microscopic
g ;

precipitation

(n) Burrs and chamfers Split 100 % Visual | |

(o) Black oxide finish Split 100 % Visual | |

(p) Stamp marked heat --, Each bag. ----

number on each bag | |

of 110 wedges ,v.

(q) All documentation ---- ---- ----

I",,hp Parotory
.

0344 M' '
, n
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l

!

Conforming lots shall be togged for release with a green tag stating wedge bag I

number. Wedges from a given bag shall be used in the like-numbered anchor ,

('. head.

:

7. Documentation appended to this form shall include:
.

(a) Unpriced copy of material purchase order for steel round.

(b) Notorized mill reports, including heat numbers, and hardenability reports
." for steel rounds.

I

(c) Notarized heat treatment certificates. j
|

8. List of Wedge Bag Numbers with associated Heat Numbers (AISI 86L20) and Heat
Treatment Numbers from which this shipment of wedges was fabricated:

Wedge Bag Anchor Head Number to Heat Treatment

Number which Wedge Bog Assigned Heat Number Number

q,.
'

. _ . - .

.

I

Shop' Inspector Date Heat Treatment inspector Date

.

.

Donald L. Stam Date nnn -

VSL Quality Assurance Program Supervisor
~

vvu t

.
0345

'
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"

330
'

.

8.4 Grease Cap and Seal
1
1

/ '
\. Grease cop and gasket material shall be purchased by the fabricator to the

specifications shown on the drawings. Notorized mill reports shall be obtained
,

by the fabricator on steel and batch certificates obtained on gasket material.

All grease caps and seals shall be pressure tested by VSL Corporation pric. to
shipment to jobsite. Cops possing inspection shall be marked conspicuous!y
with a green point mark and metal stamp marked with the some serializatior, as
the bearing plate, anchor heads and wedges.

(.

,nna
t_.yyu

.
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SECTION 9
.

f'

C STRAND MANUFACTURE QUALITY CONTROL

~

9.1 The strand used in VSL E5-55 Strand Tendons shall be purchased by the VSL
Corporation for shipment to the VSL Corporation Tendon Fabrication Shop. The
purchase order shall contain the following items of information:

(a) Quantity,(dimensions, shipping weight, or number of pieces).

(b) Price .

(c) Name of material.

(d) ASTM designation .

(e) Grade and condition.

(f) Requirements for test specimens.

(g) Mechanical properties.

(h) Required tests.

(i) End use of strand.

,

(j) Shipping information .

C
See following page for sample of executed purchase order for strand.

9.2 The material supplier shall be required to submit the following data within five
days after reccipt of the purchase order:

(a) Availability of the required materials.

(b) Whether delivery schedule can be met.

(c) Date when notorized mill reports and tensile test records will be available.

The above information may be given either by telephone or by letter.

Any changes bearing on the above which may occur after original reporting must
Ibe made known immediately to the VSL Corporation.
i

:

i

!
|

.'- nno '
_

uv- -

%
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'

.

*
..

k' ,\'

SAMPLE PURCHASE ORDER FOR SEVEN-WIRE STRAND

s

r ,
THISNUMBER I

V S L CORPORATION. "ft''# n a " N 2 787 '

1

1 1 P. O. BOX 459 m ICES ETC.

LOS GATOS, CAllFORNIA 95030 PLEASE NOTIFY US IMMEDIATELY IF YOU ARE UNABLE i

TELEPHONE (408) 354-6481 ' 5"'' c "'t"' ' '' '' ^'E a f uinED.

DO NOT DEVIATE FROM THIS ORDER IN ANY WAY |
(WITHOUT OUR PERMis5 ION. j

TO _. .
_ . (Supplier)

. _ _ _ _ - SHIP Tn .__.. __

ADDRESS .. _ . . . _ . . . _.A_.. . . . . . . _ ~ _ _ . . _ . ADDRESS . . . . .. ..

ClfY . . . . . . . _ . _ . _ . _ CITY . .. . _..

DATE OF OROLR OAIL REQuenED 5M 7 vlA P. O. B. TERMS TH+5 ORDER th: RESALE CERTIFICA TE NO.
~

\{7/28/69) (8/28/69) RAIL Net 30 days b ^nM~/J"Rld "E .SRGH 26-612993
^

( h^N'g'd UNil PLEASE SUPPt.Y THE FOLLOWING ITLMS UNIT PRICE AMOt sNT
1 o

*
12,000' i

]110 reels ASTM A416-68. Stabilized 1 2" seven-wire post . .
.
._j

tensioning strand; weldless grade; modified to include j
-- .. Iow-relaxation stabilized strand (4%ct68 at.7f's in- 40 years. - - !

Strand shall have a minimum ultimate tensile strength _ _ . . , . _ _ _
of 270 ksi and elongation of 3-1/2%.

- - - - - ' - - ~ ~

A notarized test report shall be required for each reel
~ ~ ~ "

~[
~

Cf stron,d to substantiote mechanical properties. A i-

. ....

notorized mill report for each reel shall include heat i
'

.. . . numbers.for all wire used in.1he. strand on that. reel... . _ . . _ . . .__. _ . . .

. . . _ . . .. _ _ _ _.

w

_ _ _ . . . . _ . _ _ . _ _ _ . _ . - . _ _. . . . . _ . .

:
End Lse: Pos t-tensioning of nuclear reactor containment structure. i

W Jf=fL1.of259tUr_q4r.R h j , . . .

BY -

~( _. H
c

WHITE COPY TO VENOctPUICHASE ORDER ,
Gef EN COPY TO "31" SECTION OF G9EEN ACCOUNTS PAYABLE FILE,5fRIBUtlON:,

YELLOW COP ( TO YELLOW PURCHASE ORDER REGISTER ra'30e t t.usir4Es1 e 'JWFA %. tr ef, , ,

g.-

ca4s l
'
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VSL Corpomtion
~

Project:
236 N. Santa Cruz Ave.

^

Los Gatos, Calif. 95030 Owner:,

() M

. <

INSPECTION DATA SHEET

FOR MANUFACTURE OF SEVEN-WIRE STRAND

1. Upon delivery of each shipment of strand to the VSL Corporation Tendon
Fabrication Shop, this form shall be signed or stamped by the VSL Quality
Assurance Program Supervisor. This form shall be retained by the VSL
Corporation Tendon Fabrication Shop.

2. Nome of manufacturer:

3. Manufacturing specification: ASTM A416-68 Weldless Grade, modified to include low
refoxotion stabilized strand.

;"; Quality control checks to be verified on the following items by the VSL Quality4.
Assurance Program Supervisor prior to release of strand to VSL Tendon Fabrication
Crews.

(a) Check mill certificates and test to insure material is as required by
specifications, purchase order and drawings.

(b) Strand shall be free from any rusting which is sufficient to cause
pitting visible to the naked eye.

(c) All documentation in order preparatory to tendon fabrication.

5. Documentation oppended to this form shall include:

(a) Unpriced copies of strand purchase order.

(b) Notorized mill reports showing heat numbers of all wire incorporated into the
strand for any one reel.

(c) Notorized tensile test reports for each reel of strand.

, -nn,
VV" '

0349
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6. List of Reel Numbers, Mill Report Numbers and Heat Numbers for all reels in this
'

shipment:

{T'

Mill Report Number Reel Number Heat Numbers

.

.

.

.

()

!

.

f- Donald L. Starn Date ,

|V VSL Quality Assurance Program Supervisor j

t

t nn, -

| . 0350
""" "

i

4 N
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SECTION 10

C TENDON SHEATHING QUALITY CONTROL

'

10.1 The sheathing used in VSL E5-55 Strand Tendons shall be purchased by the VSL
Corporation for shipment directly to the jobsite. The purchase order shall con-
toin the following items of information:

(a) Quantity (dimensions, shipping weight, or number of pieces).

(b) Price.

(c) Nome of material.

(d) ASTM designation.

(e) Grade and condition.

(f) Requirements for test specimens.

(g) Mechanical properties.

(h) Required tests.

(i) End use of sheathing.

(i) Shipping information.

b
,See following page for sample of executed purchase order for sheathing.

10.2 The material supplier shall be required to submit the following data within five
days offer receipt of the purchase order:

(a) Availability of required materials.

(b) Whether delivery schedule con be met.

(c) Date when notorized mill reports on sheathing will be available. -

The above information may be given either by telephone or by letter.

Any changes bearing on the above which may occur offer original reporting
must be made known immediately to the VSL Corporation.

,

--

3,-

uut i
i

~

035:1
-
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39.
.

.
SAMPLE PURCHASE ORDER FOR TENDON SHEATHING

TH:S NUMBER

. V S L CORPORATION E L "C n f e " N E 787
L [ l P. O. BOX 459 INV ICES ETC.

LOS GATOS, CAllFORNIA 95030 PLEASE NORFY US U.WEDIATQY IF YOU ARE UNASLE
-

TELEPHONE (408) 354-6481 TO $ HIP COMPLETE CRDER 8Y DATE REQUNED.

DO NOT DEVIATE FROM THIS ORDER IN ANY WAY
twrrHOuf out PERMISSION. ;

(Supplier) ? (.lobsite Address)yo ,, yn

ADDRES4- ACORESS

CITY CITY

DATE OF ORDER DATE REQUIRED $ Hip VIA F. O. S. TERMS THIS ORDEA 45: RE$ ALE CERTIFICATE NO. i

(7/28/69 (8/28/69) RAll .iobsite Net 30 days @ ^yc ",L"",^E0"E . SRGH 26-612993) j'

$^y'o UNIT PLEASE SUPPLY THE FOLLOWING ITEMS UNIT PRICE AMOUNTo E

L- t
|12,000 feet 24-gage galvanized spiral wrapped sheathing. |

- '
40-ft. lengths. j
Six-inch _outside_diamete.

I
Sheathing steel shall conform to ASTM A366-66T i i
cold-rolled carbon steel . | |
.. . . ... . . .- : i
INotorized miti reports are required on sheathing i
steel stating heat number and conformance to ASTM i
Specification .

End use of pipe: Sheathing for post-tensioning of
nuclear reactor containment structure.

FeU.19f.1 IlZ194 ermoIm J

. BY

. )

i
s -' m

. L b

0352'
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.

1

!40
l

.
I

10.3 % material used in the fabrication of sheathing must conform to the V5L
Purchase Order and drawing. It shall be the responsibility of the VSL

Q Quality Assurance Progrum Supervisor to inform suppliers that they will
. not be paid for any work which has not been done with materials that are

not in accordance with the specifications.
.

9

10.4 Material purchased by the fabricator shall be checked against the purchase
order for sufficient stock to manufacture sheathing required.

i

M
.

.

?
'/ 0353.

.
.



41.
"

VSL Corporation Project:
236 N. Santa Cruz Ave. ~

'Los Gatos, Calif. 95030 Owner:

(j -
-

.

.

INSPECTION DATA SHEET

FOR FABRICATION OF VSL ES-55 STRAND SHEATHING
;

!

1. This form shall accompany each shipment of sheathing fabricated from a |
civen heat number of steel when delivered to the jobsite. This form shall be
signed or stamped by the VSL Quality Assurance Program Supervisor prior to shipment
and two copies shall be retained by the VSL Corporation Fabrication Shop.

2. Name of fabrication shop:
l

3. Material for sheathing: ASTM A366-66T

Manufacturer:

b Heat Numbers:

4. Quality control checks to be verified on the following items by the VSL Quality
Assurance Program Supervisor prior to release of sheathing for shipment to the

,

jobsite .
3

(a) Visual inspection of samples of shipment to insure soundness and
freedom from corrosion. ,

-(b) All documentation in order preparatory to shipment. -

5. Documentation appended to this form shall include:

(a) Unpriced copies of material purchase order for steel strip used in sheathing.
. This document shall be supplied by the fabricator of the sheathing.

(b) Notorized mill reports showing heat numbers of sheathing steel included in the
shipment.

.

I '

j

Donald L. Stam Date
VSL Quality Assurance Program Supervisor-

n - ;
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SECTION 11

b TENDON SHEATHING FILLER QUALITY CONTROL

"

11.1 The Tendon Sheathing Filler Material for VSL E5-55 Strand Tendons shall be |

purchased by the VSL Corporation for shipment by the manufacturer to the I

jobsite . The purchase order shall contain the following items of information:

(a) Quantity (dimensions, shipping weight, or number of pieces).

(b) Price.

(c) Name of material.

(d) Grade and condition.

(e) Requirements for test specimens.

(f) Required tests.

(g) End use of sheathing filler.

(h) Shipping information.

See following page for sample of executed purchase order for sheathing filler.

b 11.2 The material supplier shall be required to submit the following data within five
days after receipt of the purchase order:

(a) Availability of required materials.

(b) Whether delivery schedule con be met.

(c) Date when notorized test records will be available.

The above information may be given either by telephone or by letter.

Any changes bearing on the above which may occur offer original reporting must
be made known immediately to the VSL Corporation.

|
|

11.3 The material used in the fabrication of sheathing filler must conform to the VSL
Purchase Order and drawing. It shall be the responsibility of the VSL Quality
Assurance Program Supervisor to inform suppliers that they will not be paid for
any work which has been done with materials that are not in accordance with

| specifications.
1
i

l 11.4 Material purchased by the fabricator shall be checked against the purchase order

(J for sufficient stock to manufacture sheathing filler required.-

nnq ~' i
| 0355 ._?
:

_ _ --
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i

!

|

U

SAMPLE PURCHASE ORDER FOR TENDON SHEATHING FILLER-

mcwrit mun
!

THis NUMBER

V S L CORPORATION %5t#iME" No 785
..[

"
INv ICES ETC.

j P. O. BOX 459I

LOS GATOS, CALIFORNIA 95030 PLEAsE NOTIFY Us IMMEDIATELY IF YOU ARE UNABLE
~

' 5"'' C " ' ' ' ' ' ' ' " * ' ^ ' ' ' ' " ' ' ' -TELEPHONE (408) 354-6481
DO NOT DEVIATE FROM THis ORDER IN AN( WAY

(WITHOUT oVR PERMisslON. ;

(Supplier) - (.lobsite address)Ss,, rnTo

ADDRESE ADDRESS

CITY CITY

T DATE OF ORDER DATE REQUIRED SHIP VIA F. O. 3. TERM S THIS ORDER IS: RESALE CERYlFICATE NO.]

( (7/28/69) (8/28/69) RAll Jobsite Net 30 days @ ^J"/J"RE1"E.SRGH 26-612993)
^'

(U D $ ^ y''o* UNIT PLEASE SUPPLY THE FOLLOWING ITEMS UNrr PRICE AMOUNToo g,

i
12,000 gallona Visconorust 2090P Casing Filler. Nuclear Grade. I

S

Physical Limitations:

(a) Me Iting Psint 120 F Minimum ASTM D-127
(b) Ficsh Foint 385 F Minimum ASTM D-92

Chemical Lim itations:
Compounds Allowable-Max . Test-Method

*

(a) Wcter Sol ;ble 5.0 ppm ASTM Method D512-62 *

Ch!crides- (C1) (Limit of-Accuiuy-0$ppo i)

(b) Wc|ter Sol ;ble_ 4.0 ppm Hoch Chemical Analysis
Niti5Tki~MO)3

ic)_Wctter_ Sol able LO ppm ASTM Method _DJ255
Su fides (S) (Limit of Accuracy 1.0 ppri)

N:torized test results sh all.be required-to-substantiate-required-physical-end. chemical limitations ->

on Cach batch of matericil . Mo Mrial to be delivered to jobsite in insulated tank trucks and pumped
int,, n etnW,na tnnL fnnility ,nenvidad by VSI rnrnnratinn . j

. BY

( End Use: Sleeathing filler material for post-tensioning of nuclear containment structure. g

( .

b
-

,/j 0356
s

|

J
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.

VSL Ccrporation Project:
236 N. Santa Cruz Ave.

f-Los Gatos, Calif. 95030 Owner:

g -

INSPECTION DATA SHEET

FOR MANUFACTURE OF TENDON SHEATHING FILLER

1. This form shall accompany each batch shipment of tendon sheathing
filler when delivered to the jobsite. This form shall be signed or
stamped by the VSL Quality Assurance Program Supervisor prior to shipment;
two copies shall be retained by the VSL Corporation Fabrication Shop.

2. Name of manufacturer:

3. Manufacturer's product nome:

4. Quality control checks to be verified on the following item by the VSL Quality
Assurance Program Supervisor prior to release of tendon sheathing filler for shipment:

(a) The results of the test on physical and chemical limitations shall

g be compared to the limitations specified.
|

S. Documentation oppended to this form shall include:
i

(a) Unpriced copy of material purchase order for tendon sheathing filler. |
1

(b) Notorized report substantiating the physical and chemical limitations required. i

6. List of the Batch Numbers of material in shipment:
|

|
'

|

;

I

I

i
'

|

|
!

I

*

i

( ). -

, Donald L. Stern Date
VSL Quality Assurance Program Supervisor

'

035?'
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.

SECTION 12

C TENDON MANUFACTURE QUALITY CONTROL

12.1 A prefabricated tendon shall consist of the required number of strands lightly-

coated with grease, bound on one end with a Kellum Grip, and spooled on a
weather-proof fabrication reel.

12.2 Tendon shall be fabricated by a VSL Corporation Crew from strand conforming
to that described in Section 9 of this manual.

12.3 A copy of the strand purchase order, along with the tendon drawings, shall
be sent to the tendon fabrication shop at the some time the original material
purchase order is , int to the strand supplier.

Upon receipt of the strand by the tendon fabrication shop, prompt notice
shall be given to the person who signed the purchase order and to the VSL
Quality Assurance Program Supervisor. No work shall be done on tendon
fabrication until both of these parties have been notified.

The VSL Quality Assurance Program Supervisor shall then make the inspection
.

required under item 4 of the Inspection Dato Sheet in Section 9 of this manual

Q - prior to commencement of tendon fabrication.

12.4 The material shall be checked by the shop inspector against drawings and
purchase order for sufficient stock to manufacture te-dons.

.

e

uu2N
.

4

J

0353
.
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- '

VSL Corporation Preiset:-

236 N. Santo Cruz Ave.
Los Gatos, Calif. 95030

- Owner:
'

- Q

.

INSPECTION DATA SHEET

FOR FABRICATION OF VSL ES-55 STRAND TENDONS

1. This form shall accompany each shipment of tendons when delivered to
the jobsite. This form shall be signed or stamped by the VSL Quality
Assurance Program Supervisor prior to shipment, and two copies shall be
retained by the VSL Corporation Tendon Fabrication Shop.

2. List of operations performed by VSL Tendon Fabrication Shops initial Stamp

(a) Place strand spools on fabrication rocks. | |

(b) Dinw strands through corrosion protection applicator. | |

() (c) Bond forward end of tendon. | |

(d) Pull strands to form required length tendon and install Kellum Grip. | |

(e) Band tendon twice and cut tendon to length between bonds. | |

(f) Attach two tendon identification togs, one on each end. | | ,

I

(g) Spool tendon on shipping spool. | |

(h) Cover spool with protective wrapper. j |
-

(i) Attach tendon identification tog to shipping spool. | |

3. List of quality control checks perfomied by VSL Tendon Fabrication Shop Quality
Control:

(o) Inspect strand for rust or domoge. | |

(b) Inspect grease cooting. | |

(d (c) Check to see that tendon identification togs are affached to".4

tendons and shipping spool . ~
r

uvw -

.~

0359>
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.

4. r ality control checks to be verified on the following items by the VSL Quality
Assurance Program Supervisor prior to release of tendons for shipment:

(a) Number of strands. | |

(b) Length of tendons. | |
-

..

(c) Grease coating. | |

(d) Two tendon tags securely attached and in order. | |

(e) All documentation in order preparatory to shipment. | |

5. Documentation appended to this form shall include the following:

(a) VSL Form NR4, inspection Data Sheet for Manufacture of Seven-Wire
Strand with attachments.

6. List of the tendon numbers included in the shipment:

Tendon Number Reel Number Heat Number

.

!

Shop Inspector Date Donald L. Stam Date i
VSL Quality Assurance Program Supervisor

l

~

<) \
:

1

1

0360 M I
. . .
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i

SECTION 13

(' EQUIPMENT

- 13.1 The following pieces of VSL Corporation Equipment shall be inspected,
opproved and tagged by the VSL Quality Assurance Program Supervisor prior
to shipment to the jobsite.

(a) Jack-pump-goge properly numbered and accompanied by up-to-date
calibration charts, in proper working order.

(b) Tendon sheathing filler equipment inspected with preproduction testing
'

to assure it is in proper working order.

(c) Sheathing bending machine in proper working order.

(d) Shipping reels.
'

(e) Uncoiling frames.

| (f) Kellum Grips.

13.2 Recolibration of jocks pump-goge combinations every six months shall be( verified by the VSL Quality Assurance Program Supervisor.

.

. .

1

J

%

! 0361
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SECTION 14

,3 HANDLING, SHIPPING AND PRESERVATION
t

#)(This section applies specifically to Rancho Seco Unit 1

14.1 The various materials and equipment provided by the VSL Corporation shall be
prepared and loaded for shipment in such a manner as to protect them from
damage in transit. Where necessary, heavy parts of equipment shall be mounted
on skids or shall be crated, and any articles or materials that might otherwise
be lost shall be boxed or wired in bundles and plainly marked for identification.
Any part having a shipping weight exceeding four (4) tons shall have its gross
weight pointed thereon with white point. All material and equipment shall be
loaded so that it will not shift or become damaged during hauling. All parts
exceeding two hundred (200) pounds gross weight shal! be prepared for shipment
so that slings for handling by crane may be readily attached while the parts are
on the car or on other methods of conveyance. Boxed parts, where it is unsafe
to attach slings to the box, shall be pocked with slings attached to the part, the
slings to project through the box or crate so that attachment to the hoisting
equipment can be readily made. All finished non-ferrous metalwork and devices
subject to damage shall be suitably wrapped or otherwise protected from damage
during shipment. Proper precautions shall be taken with all electrical equip-
ment and instruments to prevent damage during shipment. The moving elements
of all meters and instruments shall be properly blocked or tied to prevent damage
during shipment. It shall be a function of the VSL Quality Assurance Program

,

L Supervisor to approve shipping methods proposed by suppliers and to verify and
ascertain that all sections and parts shipped shall be of such size and dimensions
as to provide sufficient clearances through all tunnels, underpasses and all other
restrictions that may be encountered in shipment of the contract items to the
point of destination listed in the contract.

14.2 Items disassembled ,for shipment shall be match-marked for ease of reassembly.
-

| All pieces, items and units and their containers shall be piecemarked to an
I ap;iroved master numbering system, and shall be tagged with the Sacramento

Municipal Utility District's purchase order number. .,

14.3 Prior to shipment of materials and equipment to the Rancho Seco jobsite, the VSL
Corporation shall prepare and submit to the Sacramento Municipal Utility District
at least thirty (30) calendar days prior to shipment, a summary of shipping points,
shipping weights, classifications, proposed routings and shipping diagrams, if
any, and shall review proposed carriers with the District.

The VSL Corporation shall also furnish the following information by_ telegram as
early as possible but not later than the day of shipment:

,

(, -

.

_n n v ,
0363 _
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VSL Corporation Project:
236 N. Santa Cruz Ave.

3 Los Gatos, Collf. 95030 Owner:b

.
-

.

_

SHIPPING DATA

Item:

Shipping Point:

Shipping Weight:

U
Classification:

'

Proposed Routing:

Corrier:
,

nnn ,

Remarks: h --

,

( ~

. .oo /,

,
,

\

!

i
.

- __ -- - - - - _- - - - - -



_

'

50.

.

(a) Date of shipment.

.. (b) Routing.
U (c) Car number.

(d) Point of origin.
,

(e) Material being shipped.. i

14.4 The VSL Corpomtion shall submit to the District six copies of unpriced sub-orders
and all other information necessary for expediting the contract and shall provide
free access for representatives of the District to the VSL Corporation shops and
to the shops of the VSL Corporation's subcontractors and suppliers.

The Sacramento Municipal Utility District may elect to establish mandatory hold
points in the VSL Corporation's production schedule which require witnessing
or inspecting by the District's designated representative and beyond which work
shall not proceed without the consent of its designated representative. The VSL
Quality Assurance Program Supervisor shall assist the Sacramento Municipal
Utility District as required in implementing their inspection program and shall
incorporate records of these inspections in the appropriate documents.

O
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SECTION 14

HANDLING, SHIPPING AND PRESERVATION

#)(This section applies specifically to Rancho.Seco Unit 1

-

14.1 The various materials and equipment provided by the VSL Corporation shall be
prepared and loaded for shipment in such a manner as to protect them from
damage in transit. Where necessary, heavy parts of equipment shall be mounted
on skids or shall be crated, and any articles or materials that might otherwise
be lost shall be boxed or wired in bundles and plainly marked for identification.
Any part having a shipping weight exceeding four (4) tons shall have its gross
weight pointed thereon with white point. All material and equipment shall be
leaded so that it will not shift or become damaged during hauling. All parts
exceeding two hundred (200) pounds gross weight shall be prepared for shipment
so that slings for handling by crane may be readily attached while the parts are
on the car or on other methods of conveyance. Boxed parts, where it is unsafe
to attach slings to the box, shall be packed with slings attached to the part, the
slings to project through the box or crate so that attachment to the hoisting
equipment con be readily made. All finished non-ferrous metalwork and devices
subject to damage shall be suitably wrapped or otherwise protected from damage
during shipment. Proper precautions shall be taken with all electrical equip-,

ment and instruments to prevent damage during shipment. The moving elements
of all meters and instruments shall be properly blocked or tied to prevent damage
during shipment. It shall be a function of the VSL Quality Assurance Program.s

U Supervisor to approve shipping methods proposed by suppliers and to verify and
ascertain that all sections and parts shipped shall be of such size and dimensions
os to provide sufficient clearances through all tunnels,' underpasses and all other
restrictions that may be encountered in shipment of the contract items to the !
point of destination listed in the contract.

14.2 Items disassembled for shipment shall be match-marked for ease of reassembly.
*

All pieces, items end units and their containers shall be piecemarked to un
approved master numbering system, and shall be tagged with the Sacramento
Municipal Utility District's purchase order number.

14.3 Prior to shipment of materials and equipment to the Rancho Seco jobsite, the VSL
Corporation shall prepare and submit to the Sacramento Municipal Utility District
at least thirty (30) calendar days prior to shipment, a summary of shipping points,
shipping weights, classifications, proposed routings and shipping diagrams, if
any, and shall review proposed carriers with the District.

The VSL Corporation shall also furnish the following information by telegram as
early as possible but not later than the day of shipment:

,
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FIELD INSTRUCTION MANUAL

FOR INSTALLATION OF VSL E5-55 POST-TENSIONING SYSTEM,

(.)
1. Post-tensioning Materials identification

At the time of arrival at the jobsite, "VSL" Post-tensioning Materials will be-
.

identified as follows:

1. Bearing Plates - Identification number stamped in the upper left-hand
corner on both sides svith a metal stamp.

2. Anchor Heads with Wedges (wedges are held in the anchor head with a
removable retainer plate) - The identification number is stamped on the
side of the anchor head with a metal stamp.

' 3. Tendons - Identification numbers are shown on metal tags attached to each
end of the tendon.

B. The installation contractor shall install each identified piece of post-tensioning
material in the location colled out on the Approved "VSL" Shop Drawings. This
procedure is necessary so that the location of all post-tensioning material will be
o matter of record.

I

U
11 . Bearing Plates

A. Material '

l. VSL ES-55 Bearing Plates weigh approximately 500 lbs. This material must be
stored in a clean dry creo.

B. Installation

1. Forms at +he anchorage must be sturdy enough to provide a secure mounting
for the bearing plates.

2. Bearing plates shall not be lifted or moved using the trumpet end/or grout
vent to rig to, since nei'her is' designed for this type of loading. VSL E5-55
Bearing Plates are provided with threaded lifting holes into which lifting
eyes may be attached.

3. In order to make bearing plate installation and checking possible, bearing
plates shall be installed prior to the mild reinforcing around the bearing plate.

l 1
i r nr 1
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4. Bearing plates shall be installed within a tolerance of 3/4" of the location
shown on the Approved VSL Shop Plans.

5. Bearing plates shall be attached to the forms with two 1/2" machine bolts.

6. During sheathing installation, bearing plates shall be adjusted as required to
correct any deviation from perpendicularity to the tendon path.

,

.

lil . Tendon Sheathing

A. Material

1. VSL E5-55 Tendons will be sheathed in 6" O.D. , 24-gage, galvanized
Spiro sheathing

2. Sheathing lengths will be as follows:

a. Vertical Tendons - 10 ft. I

b. Horizontal Tendons - 40 ft. j

c. Dome Tendons - 40 ft.
|

3. Couplers will be made of the same material as the sheathing with a slightly
(. - larger diameter and will be 18" long. These couplers thread onto the duct.

4. This sheathing material should be stored in a clean dry area where the ends
of the duct are covered, thus eliminating any possible contamination.

B. Installation

1. Sheathing will be installed within a tolerance of 3/4" of the location shown
on the " Approved VSL Shop Plans."

2. Sheathing will be wired to mild steel reinforcing or other sheathing with
i

15-goge tie wire . These ties will be made at close enough intervals to
'

assure that the duct will not be displaced during concrete placing. Experi-
ence has shown that 5 to 7 feet tie spacings are adequate. The ties shall be
made in such a fashion that they will restrain the duct from floating. The
buoyant force on this duct is 29 lbs. per lineal ft.

3. At the buttresses where the reinforcing steel is not adjacent to the horizontal ,

tendons, the installation contractor shall provide chairs to support tho sheathing. |
|

4. At couplers, the two pieces being joined shall be within one-half inch of |
contact and the coupler centered on the joint.

gnqr 7 f
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5. Either or both of the following methods has proved satisfactory in sealing
sheathing splices from laitance intrusion.

Tape all joints with a waterproof tape such as "Arno Duct Tape."a.

b. Seal all joints with a long potlife, flexible epoxy.

6. All open ends of sheathing shall be capped to prevent intrusion of foreign.

'

materials .

7. Sheathing shall be placed through construction joints.

8. After the sheathing has been encased in concrete, a ball 5-5/8" in diameter
shall be'possed through the sheathing to demonstrate it is free of obstructions .
If an obstruction (dent) is encountered, the concrete in this area shall be
removed and the sheathing repaired.

1 IV. Tendons

A. Material

1. Tendons will be delivered to the jobsite on a fabrication reel . The outer end
of the tendon will be fitted with a "Kellums Grip."

('' 2. Storage of tendons and anchor heads:

1

a. Tendons - The tendons will be delivered to the jobsite protected by a |
canvas cover. This cover should not be removed until the tendon is to
be installed.

b. Anchor Heads - Anchor heads containing wedges held in by a retainer
plate will be delivered to the jobsite in boxes. Each box will contain
the two anchor heads for a specific tendon. Anchor head boxes shall
remain sealed until the time for anchor head installation.

B. Installation

1. Prior to installation, horizontal tendon ducts shall be drained at low points.
'

2. Provisions shall be made so that during the pulling operation that portion of
the tendon immediately outside of the structure shall be parallel to the axis
of the duct.

3. The tendons shall be pulled into the structure in one 55-strand bundle.

4. Horizontal tendons will have a retainer plate directly behind the Kellums Grip.( j

This plate will be caught by the bearing plate and comb out the strands as the
tendon is pulled into the structure.

'nna
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5. A tendon that has evidently become snarled as shown by disparities in the
tail end lengths of individual strands shall be removed and repulled.

6. Horizontal and dome tendons will be fumished a minimum of 8' 4" longer
than the length from face of bearing plate to face of bearing plate. This
length is necessary to install the center hole jack. Each end of a tendon
must protrude o minimum of 50" through the bearing plate.

,

,

7. For vertical tendons, the 50" minimum protrusion shall apply only to the
top bearing plate (jacking end).

8. Clean the strand protruding from the bearing plate before installing anchor head.

After the tendon is pulled into the structure, install on anchor head at each
end of the tendon, leaving the loosened wedge retainer plate in place.

V. Stressing
>

A. Equipment

1. See enclosed drawings of jacking equipment and equipment maintenance
instructions .

B. Procedure

C 1. Unbolt wedge cover plate and slide plate away from the anchor head. Plate
will keep the strands combed out inside the jack.

2. Install jack choir over anchor head. The jack chair bolts onto the bearing
plate, centering the anchor head along the axis of the tendon.

|

3. Place jack over strand and ottoch to the jack choir.

4. Slip pulling head over strand and install jacking wedges. Strands must go
through the some relative holes in the anchor head and pulling head. |

|
5. Before stressing, the jack must be lined up with the axis of the tendon to be |

simssed and all pulling head wedges driven into the pulling head snugly.
,

!
6. For~ tendons that are to be stressed from both ends simultaneously (horizontal 1

and dome), the tendon shall be stressed to 10% of design jacking force.
Mark the tendon at both ends for on elongation datum. This shall be
occomplished by putting a tape marker on several strands behind the pulling
head and measuring to the jack base. For vertical tendons which are to be
stressed from one end, the above procedure should be followed at the live
end. The end should be marked at 10% Pjack nd checked at the completion
of stressing.

7
.I
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7. Stress the tendon to design jacking force and record the elongation on
_

both ends. Compare the total elongation with that calculated using
(' the exact modulus of elasticity of the strand. The measured elongation

should agree within 5% + of the calculated value.
_

8. Finally, the tendon is released, anchoring with a 1/4" seating loss.
,

9. On horizontal and vertical tendons, it will be necessary to re-cycle the*
,

jacks in order to obtain the required elongation. This re-cycling opera-
tion shall tako place at one-half of the required jacking force colled out
on the approved "VSL Shop Plans."

10. The form on page 6 shall be used to record stressing information.

VI. Grease

A. Material

1. The material supplier has not been decided upon yet.

B. Equipment will consist of one 15,000 gallon storage tank (heated), a Moyno
pump with a capacity of 50 gpm, accessory hoses and a four-way valve system
capable of recirculating grease.

(,: C. Procedure

1. Heat the grease to an optimum temperature of 120 F. The allowable temper-
ature range for pumping is 100 F. minimum to 170 F. maximum.

,

2. For horizontal and dome tendons, interconnect two tendons so that the grease
will be pumped back and wasted at the source.

3. Prior to pumping.horizont il tendons, close all intermediate low point vents.

4. Always pump uphill.

5. As pumping proceeds, bleed all air bubbles, foreign matter and diluted grease
out of high point and discharge vents before they are closed. |

1
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VSL Corporation | ~ Proj:ct:
236 N. Santa Cruz Ave.

,.; Owner: .

-

Los Gatos, Calif. 95030

YW3Yo dy t, t
'. ' ' '' s> j

STRESSING IN FO RM ATION

End " A" End "B"
Tendon Date Jack- Pump Calibration Pressure Gage Pressure Gage Elonaotion

Number Stressed Combination No. Curve No. Reading @ Pj Reading @ P; Measured Calculated

End "A" End "B" End "A" End "B" End "A" End "B" Total.

.

h

o
O
O '

O

c 5
c 3
r J

_

- a

,
Elongation is measured from o datum established at 10% Piack-

Explanation of Symbols:

iack
Jacking force colled for on " Approved VSL Calculations."P =

1 128 } RepresentsTendon Identification System: 1 -
,

(Tendon #) (Bearing Plate # ot End "A") (Bearing Plate # ot End "B") J 1-1, 128

installation Superintendent:Inspector: _
_ _ _ __ ___
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The Drawing No. 3M

has proprietary information deleted.
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Lon gitudina 1 & Tra 1sverse Cnarpy VNotch Impa et
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a 3v < Test Size{l 12 A-

15 - 411T2163 Ell 875 L 105 118 10 10'/-~2/3 10 x 10 ts.
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U11876 L 1 23 126 100 H 6- 13 .
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n n877 L 129 120 no 119- 23
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c 2' Y111878 L 1:D 136 122 126, 0
' " T 57 61 59 59, 0

Y11.'479 L 105 121 122 n6 <0
T 56 45 52 51eo

, ',

401Y93nnll880 L 65 63 62 63 1/3
? 28 30 27 28- l/3
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November 14, 1968.

' ~ '
rn.c ar.r.

ha# E. A. Reid, Chief Metallurgist

I Joseph Field, Metallurgical Engineer
gg khem Steel Cot 9-

78 -

s m ccr VSL Corporation - Los Getas, California g 15 W ..

Request for Low Temperature Impact Properties

oFFICC OF.

gnuttuG tal l"D""'$t i

Reference: Wire from San Francisco Sales Office dated 9/30/68
.

The reference wire stated that VSL Corporation is currently purchasing alloy
bars from Columbia Steel & Shafting Co., Western Division, Union City, Calif--

ornia who in turn places alloy bar business with Bethlehem. The material
purchased is 8620 leaded 1-1/8"O x 31/34'. The material is reportedly cold
drawn for automatic screw machining, af ter which the material is case hard-

s ened for use as wedges for a post tension anchorage system.

VSL has requested our recommendation for a grade of steel that will meet
15 ft.-lbs. min. Charpy V-Notch impact strength at 0, -25, -30 and -50*F.
The wire states that VSL is bidding.on nuclear reactor jobs and the AEC
has requested that the material must meet 15 ft.-lbs. min. at these test

* temperatures. The wire further states that the material must be covered
by an ASTM specification. VSL is presently using 8620 leaded steel for
post tensioning on California bridges and buildings, but they have not

( been required to guarantee the aforementioned impact test. We assume
that the impact test requirement must be met in the core.

Since the material will be case hardened, we assume that the wedges will
be carburized or carbonitrided, oil quenched and, tempered at approximately
450/500*F. The following longitudinal (mid-radius) impact test data were |

on file on three carburizing grades, 4320, 8620 and 4620: )
*

1

Size of Barstock Charpy V-Notch ).

Grade Treated Oil Quench Temper Impact @ -65'F BHN |

4320 2-1/2"0 1550*F 550*F 18.2 ft.-lbs.
29.2 ft.-lbs. 241
15.6 ft.-lbs.

Avg. 21.0 ft.-lbs.
,

8620 2-1/4"O 1575*F 550*F 12.0 ft.-lbs.
14.4 ft.-lbs. 229
16.9 ft.-lbs.

Avg. 14.4 ft.-lbs.
'~'

4620 2-1/4"O 1550*F 550*F 35.5 ft.-lbs.
32.4 ft.-lbs. 229
40.5 ft.-lbs.

Avg. 36.1 ft.-lbs.,

' '

n n .,

* '
0030 -

|
.
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LOK-STRESS Strand is made by a patented process in which . LOK-STRESS
the strand is heated to a stress-relieving temperature and
simultaneously subjected to a tensile force sufficient to produce STRAND
approximately 1% permanent elongation. The molecular struc-
ture of strands subjected to this process is locked in position
resulting in low stress losses due to relaxation of the strand.
Materials and fabrication are identical to those used for stress-
relieved strand up to the final operation which combines
stress-relieving with the stretching operation that produces the
superior qualities.

The physical properties of LOK-STRESS Strand are shown in PHYSICALTable =1. Note that the minimum yield strength is 90% of
catalog ultimate as compared to 85% for stress-relieved strand. PROPERTIES
(See Figure 1)

LOK-STRESS Strand meets all requirements of Standard Speci-
fications for Uncoated Seven-Wire Stress-Relieved Strand for
Prestressed Concrete ASTM Designation A-416 (Latest Revision).

(
'

Its stabilized structure and high yield strength make it possible DESIGN CRITERIAfor LOK-STRESS Strand to sustain high stresses with negligible
relaxation loss. These properties permit the use of LOK-STRESS PRETENSIONED
Strand at initial tensions in excess of 70% of catalog ultimate

Since there is not a corresponding increase in efficiency of MEMBERS
the strand in temporary gripping devices, care should be exer-
cased to insure adequate safety tactor at loads in excess of 70%
of catalog ultimate.

A final effective prestressing force in excess of 60% of the
guaranteed ultimate strength is also entirely feasible with this
material. Since existing codes specify a final stress of 60% of
ultimate, the design procedures suggested herein are worked
to that value.

Table No. 2 shows stress loss calculations for a typical pre-
tensioned member of normal weight concrete. In preparing this
table it was assumed that Es. modulus of elasticity of the strand,
was 28,000,000; that the compressive stress in the concrete at
the center of gravity of the strand group was 1,500 psi and that
this produced a shortening of the concrete that resulted in a
stress loss of 11.000 psi due to elastic shortening and 18,000 psi
due to creep and shrinkage of concrete. Working backward
from a final force of 60% of ultimate, using the foregoing as-
sumptions for losses due to concrete shortening and a total

h relaxation of 2% in the LOK-STRESS Strand we find that the
initial tension required is 72.25% of ultimate as shown in Table

j No. 2. For a different intensity of stress in the concrete or other gp
; conditions which change the stress loss due to shortening of

.

/
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concrete, the initial stress required to provide a final of 60% of
ultimate can be computed in the same manner using the appli-
cable values. In the stress ranges involved,the difference in
relaxation of LOK-STRESS Strand between one stress and
another is negligible and its total is always less than 2% See
Figures 2 and 3.

Table No. 3 shows computations for stress in the LOK-STRESS
Strand immediately after the prestressing force has been trans-
ferred from the casting bed anchors to '.he prestressed concrete
member. This table assumes an initial tent on of 72.25 /o of
ultimate and a loss of 11,000 psi due to elaric compression of
concrete. Other values can be used where applicable. For each
size of strand the net tension after transfer is approximately
67.5% of ultimate. ACI 318-63 and AASHO-1965 permit 70W

DESIGN CRITERIA Figure 3 shows losses due to relaxation when LOK-STRESS
Strand is anchored at 70% of its ultimate strength and held at

POST-TENSIONED constant length. It is conservative to use the values from Figure
3 in computing total losses because, in an actual concreteM MBERS structure, there would be a decrease in stress due to creep and

'

shrinkage with a corresponding, though small, decrease in
relaxation.

ULTIMATE The ultimate moment capacity of most members prestressed
with LOK-STRESS Strand is greater than that of identical mem-

MOMENT bers prestressed witn stress-reiieved stranes of the same uiti-
mate strength. This increase in ultimate moment capacity is dueCAPACITY to ine nigner yieie strengin of LOK. STRESS Strand. Tne foiiow-
ing procedure can be used in computing ultimate moment
capacity of members using LOK-STRESS Strand:

1. Compute fsu for stress-relieved strand using the formulas
given in AASHO or ACI 318-63.

2. Read R from the curve on Figure 4. For values of p less than
0.0010, the increase in ultimate moment using LOK-STRESS
Strand is negligible.

3. Multiply the value of fsu computed in Step 1 by the value of R
determined in Step 2 to get the value of fsu for LOK-STRESS
Strand.

4. Use the value of fsu determined in Step 3 in the AASHO or
ACI 318-63 formulas to compute ultimate moment capacity
of the member.

(The curve on Figure 4 was developed from the same equations j
that were used to develop the ultimate moment equations in
AASHO and ACI 318-63. Calculation sheets showing the deriva-
tion are available on request.) on, 7,
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LOK-STRESS STRAND

-
, >-

.

LOK-STRESS Strand is made by a' process in which the strand is heated to a
stress-relieving temperature and simultaneously subjected to a tensile force
sufficient to produce approximately 1% pemanent elongation. The molecular
structure of strands subjected to this process is' locked in position resulting
in low stress relaxation characteristics.

PHYSICAL PROPERTIES,

%.

n e physical properties of LOK-STRESS Strand are shown in Table #1. Note
that the minimum yield strength is 90*/. of catalog ultimate as compared to 85%
for stress-relieved strand.

LOK-STRESS Strand, when used as proposed herein, will have a maximum stress
. loss due to relaxation in the steel of 2% of in.itial stress.
R
6' LOK-STRESS Strand meets all requirements of Standard Specifications for

Uncoated Seven-Wire Stress-Relieved Strand for Prestressed Concrete ASTM .

Designation A-416 (Latest Revision).

-
.

.

.

DESIGNING WITH LOK-STRESS STRAND

h e attached stress loss calculations and proposed uses are in strict agree-
ment with existing design codes and specifications, i.e. ACI Standard Building -

Code Requirements for Reinforced Concrete, ACI 318-63 and AASHO Standard Specifica- |

tions for Highway Bridges (Latest Edition). -

he design procedure is basically the same as with stress-relieved strand.
The compressive stress required is determined and, using Table 4 to find the final

q
load per strand, a strand patte,rr: is established. Because of the reduced dif-

'

ference between initial and fir:a1 tension and the stability of LOK-STRESS Strand, c

it is possible to predict and control camber more accurately. }
The ultimate moment capacity of most members pre; tressed with LOK-STRESS "

Strand is greater than that of idenrical members prestressed with stress-relieved
strands of the same ultimate strength. This increase in ultimate moment capacity
is due to the higher yield strength of LOK-STRESS Strand, ne following procedure
can be used in computing ultimate moment capacity of. members using LOK-STRESSP Strand :.. v

,

O7i7 -
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1. Compute f for stress-relieved strand using the formulassu
given in AASHO or ACI 318-63.

2. Rend R from the curve on Fig. U4 (attached hereto)*. For*
.

values of p less than 0.0010, the increase in ultimate
moment using LOK-STRESS Strand is negligible.

3. Multiply the value of f computed in Step 1 by the valuesu
of R determined in Step 2 to get the value of f frsu
LOK-STRESS Strand.

4. Use the value of f determined in Step 3 in the AASHOsu
or ACI 318-63 formulns to compute ultimate moment capacity
of the member.

4.
(The curve on Fig. U4 was developed from the same equations that
were used to develop the ultimate moment equations in AASHO and
ACI 318-63. Calculation sheets showing the derivation are
available on request.)

LOK-STRESS Strand with its higher yield strength can be tensioned to
f higher loads without excessive reinxatton. Specifications limit the final

ef fective prestress force to 60% of ultimate af ter all stress losses. Setting
\- this na the desiredfinal stress and adding the stress losses that will occur

in a " typical member", we get an initial tension of 72.25% of ultimate. This -

is permissible because specifications permit a stress of 70/. of ultimate after
t rans fe r. ,

A " typical member" has the following characteristics :

1. Is of the pretensioned type.

2. Is made of regular weight concrete, i.e. 145 to 150 lbs. per
cubic foot.-

3. Concrete strength at transfer is 3500 to 4000 psi and ultimate
strength is 5000 psi.

'

4. Net compressive s' tress ,under final prestress plus dead and any
other pnrmanent loads is 1,500 psi at the center of gravity of
the stread group at the location in the beam where stresses
are computed, in general, stress losses will be higher if
the net compressive stress exceeds 1,500 psi or if lightweight
concrete is used. Conversely, stress losses will be lower
if net compressive stress is bss than 1,500 psi or if con-
crete strengths exceed those listed.

_
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DETERMINATION OF FINAL TENSION AND TENSION
IMMEDIATELY AFTER TRANSFER FOR LOK-STRESS STRAND

.In Tables 4 and 5 the final tension and the tension immediately after,

transfer are determined for the conditions describing c " typical member" and
an initial tension of 72.25% of ultimate.

Table V gives the final effective prestress force for groups of 3/8",
7/16" and 1/2" diameter LOK-STRESS Strand.

USING LOK-STRESS STRAND

g. The improvement in the physical properties of LOK-STRESS Strand pennits
its use at initial tensions in excess of 70% of catalog ultimate strength.
However, there is not a corresponding increase in the efficiency of the strand
in tempotary gripping devices. When using prestressing strand at initial
tensions above 70% of catalog ultimate, it is necessary to insure an adequate
factor of safety. Particular attention should be given to procedures for
maintenance and application of gripping devices and to conditions (such as

,j a drop in temperature) which cause increased tension or otherwise decrease
the factor of safety.
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Table 1

PNYSICALPROPERTIES
.

'

CF&I-ROEBLING LOK-STRESS PRESTRESSED CONCRETE STRAND ,

When Used as Tendons
'

.

~
.

No.:inal Nominal Nominal Minimum
Dia:eter

.
Weight Area Ultimate Yield Strength Requirements -

Of Strand Of Strand Of Strand Strength Initial liin. Load at

Per 1000 ft. Load 1% Extension -

,

,

3/8" 292 lbs. .085 sq.in. 23,000 lbs. 2,300 lbs. 20,700 lbs.

7/16" 400 lbs. .117 sq.in. 31,000 lbs. 3,100 lbs.. -27,900 lbs.

1/2" 532 lbs. .153 sq.in. 41,300 lbs. 4,130 lbs. 37,170 lbs.

O !

; .600" 737 lbs. .215 sq.in. 54,000 lbs. 5,400 lbs. 48,600 lbs.
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COMPARISON OF LOK-STRESS AND STRESS-RELIEVED STRANDS

.

Because of the reduced stress loss due to relaxation and the increase in
yield strength, a more balanced desiEn is obtained with LOK-STRESS strand and
camber problems are minimized.

. For details of physical procerties, see Table 1 of Data. Sheet LS-1.

Tables 2, 3, 4 and 5 show strand tensions immediately after transfer of
load from anchorages to concrete and also after all stress losses for both

stress-relieved and LQK-STRESS otrands. The values used for strand relaxation
used in these tables are based on Icng-time tests by CF&I Stect Corporation and
verified by numercus tests by others, both in the United States and abroad.
The values used for stress loss due to concrete shortening are based on a study

/- of existing test reports and are for a typical member which has the following
( charac t erisitica -

1. Is of the pretensioned bonded type.

2. Is made of regular concrete, i.e., 145 to,150 lbs. per cubic foot.

3. Concrete strength at load trans fer is 3,500 to 4,000 pai and
ultimate strength is 5,000 psi.

4. Net compressive stress under final prestress plus dead and any
other permanent loads is 1,500 pai at the center of gravity of the
strand group at the location in the beam where stresses are being
c ompu t e'd . In general, stress losses will be higher if the net
compressive stress exceeds 1,500 pai or if lightweight concrete is
used. Conversely, stress losses will be lower if net compressive
stress is less than 1,500 psi or if concrete strenghs exceed
those listed.
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In Tables 2 and 3 the initial tension for stress-relieved strand is
given as 70% ultimate and in Tables 4 and 5 the initial tension in LOK-STRESS |
gtrand is given as 72.25% ultimate. The 70% value is used for ,st ress-relieved '

st rand because there is a rapid stress loss even at this value and most of any.

higher load is rapidly lost due to excessive relaxation.

LOK-STRESS strand with its higher yield ' strength can be tensioned to higher
loads without excessive relaxation. ACI 318-63 sets a limit of 607. of ultimate
as the maximum allowable stress after all stress losses. Setting this as the
desired final stress and adding the stress losses that will occur in what we
have defined as a " typical member", we get an initial tension of 72.257. ultima.a.
This is permissibic because ACI 318-63 permits a stress of 70% ultimate af ter
transfer.

4. .

For lightweight members with higher losses than regular concrete, initial
tensions in excess of 72.25% ultimate can be used in LOK-STRESS strand but
only af ter the casting yard operator has satisfied himself of the safety of
the grips, deflecting devices , etc. , that he is using.

DESIGN PROCEDURE is basically the same as with stress-relieved strand.
The compressive stress required is deter.nined and, using' Table 4 to find the''

finst load per strand, a st rand pa ttern is determined. Because of the smaller.

\- dif ference between initial and final tension, camber will be less than with
! s t ress-relieved s trand.

Because of.the higher yield strength of LOK-STRESS strand, the ultimate
moment capacity of most members prestressed with LOK-STRESS strand is greater
than that of identical members prestressed with stress-relieved strand.

*

DESIGN COMPARISON of typical prestressed concrete members under various
performance criteria are attached. In all exampics an economy of strand is
achieved. The required ultimate capacity is met comfortably with the reduced
steel area accompanied by an appreciable reduction of camber. For details on
increase in ultimate capacity, see Figure R-4 of Data Sheet LS-1.

For members not falling into the definition of a " typical member", i.e.,
e member with more or less than 1,500 psi residual prestress or a member
using lightweight concrete, it.'may be necessary to compute the exact losses. -

Criteria for determining a tual losses are available upon request.
{
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Table 2j .

Decemination of Final Tension 3/8" Dia. 7/16" Dia. 1/2" Dia.
ASIN & 270K Stress Relieved Strand ASTM 270K ASTM 270K ASTM 270K

1 Minimum Ultimate Strength Ibs. 20,000 23,000 27,000 31,000 36,000 41,300
,

.

2 Area Sq. inches 0.0799 0.0854 0.1089 0.1167 0.1438' O.1531

3 Initial Tension Ibs. (70% Ult.) 14,000 16,100 18,900 21,700 25,200 28,910

InitialStressIfvp(#3+#2) psi4 175,220 188,525 173,550 185,950 175,240 188,830

5 A C* psi 29,000 29,000 29,000 29,000 29,000 29,000
1

6 6 S** psi 19,274 20,737 19,091 20,455 19,276 20,771
,

7 Total Stress Loss (#5 & #6) psi 48,274 49,737 48,091 49,455 48.276 49,771

8 Final Stress (#4- #7) psi 126,946 138,788 125,459 136,495 126,964 139,059

9 Final Tension 1bs. (#8 x #2) 10,140 11,850 13,660 15,930 18,260 21,290

OAC = Stress Loss in strand due to shortening of concrete
Elastic Compression = 11,000 psi; Creep & Shrinkage = 18,000 psi

**A S = Stress Loss in strand due to relaxation of strand
For Stress Relieved Strand = 111 (fF ) Initial Stress7, -

s

0
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Table 3

Determination of tension in i

ASTM & 270K Stress Relieved Strand 3/8" Dia. 7/16" Dia. 1/2" Dia,

ircmediately after transfer ASTM 270K ASm 270K ASM 270K

1 Mini::ium Ul timate Strength Ibs. 20,000 23,000 27,000 31,000 36,000 41,300

2 Area Sa.' inches 0.0799 0.0854 0.1089 0.1167 0.1438 0.1531

3 Initial Tension Ibs. (707. Ult.) 14,000 16,100 18,900 21,700 25,200 28,910

4 Initial Tension (fF1 )'(#3 #2) psi 175,220 188,525 173,550 185,950 175,240 188,830 s

I
i

5 6 C* osi . 11,000 11,000 11,000 11,000 11.000 11.000 '

6 LL S** psi 4,381 4,713 4,339 4,649 4,381 4.721 i

7 Total Stress Loss (#5 & #6) psi 15,381 15.713 15,339 15,649 15,381 15,721
+

2 Final $ tress (#4- #7) osi 159,839 172,812 158,211 170,301 159,859 173,109

9 Final Tension Ibs. (#8 x #2) 12,770 14,760 17,230 19,870 22,990 26,500
_

*fLC = Stress Loss in strand due to shortening of concrete*

Elastic Co:npression 11,000 psi; Creep & Shrinkage . O psi'

$ C*d S = Stress Loss in strand due to relaxation of strand "

*

For Stress Relieved Strand 2.57. (fy ) Initial Stressy

'

t,

{ )

(t i
:
,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 4

.

Determination of Final Tension 3/8" Dia. 7/16" Dia. I'/2" Dia.
LOK-STRESS Strand

#

1 Minimum Ultimate Strength lbs. 23,000 31,000 41,300 p
li'

2 Area Sq. inches 0.0854 0.1167 0.1531 ):

3 Initial Tension Ibs. (72.257. Ult.) 16,620 22,400 29,840

4 Initial Stress (fp ) (#3 e #2) psi 194,614 191,945 194,905
__

5 [1C* psi 29,000 29,000 29,000
?

6 A S** psi 3,892 3,839 3,898

7 Total Stress Loss (#5 & #6) psi 32,892 32,839 32,898
|

8 Final Stress (#4- 07) psi 161,722 159,106 162,007
i

' '
~

9 Final Tension Ib's. (#8 x #2) 13,810 18,600 24,800

- e,

! *dC = Stress Loss in strand due to shortening of concrete
Elastic Compression = 11,000 psi; Creep & Shrinkage = 18,000 psi

,

t

** S = Stress Loss in Strand due to relaxation of strand
For LOK-STRESS Strand 2.07. (fpI) Initial Stress *

,

o NOTE: Initial Tension of 72.25% or Ultimate was chosen to provide an effective
*J d prestress force of 60% of Ultimate (Reference section 2606 ACI Buildinga
A c ) Code 318-63 and section 1.13-7 AASB0
CIO f Specs.) ;

;<
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COMPARISON OF LOK-STRESS AND STRESS-RELIEVED STRANDS

.

.

Because of the reduced stress toes due to relaxation and the increase in
yiold strength, a more balanced devi n is obtained with (OK-STRESS strand andE
camber problems are minimized.

For details of physical prooerties, see Table 1 of Data. Sheet LS-1.
,

Q
Tables 2, 3, 4 and 5 show strand tensions immediately after transfer of

locd from anchorages to concrete and also af ter all stress losses for both
stress-relieved and LOK-STRESS otrands. The values used for strand relaxation
used in these tables are based on long-time tests by CF&I Steel Corporation and
verified by numercus tests by others, both in the United States and abroad.
The values used for stress lesa due to concrete shortening are based on a study
of existing test reports and are for a typical member which has the following

.

i :harac terisitic s -
ss

1. Is of the pretensioned bonded type.

2. Is made of regular concrete, i.e., 145 to ,,150 lbs. per cubic foot.
~

3. Concrete strength at load transfer is 3,500 to 4,000 pai and
ultimate strength is 5,000 psi. , .

4. Net compressive stress under final prestress'plus dead and any
other permanent loads is 1,500 pai at the center of gravity of the
strand group at the location in the beam where stresses are being
computed. In general, stress losses will be higher if the net
compressive stress exceeds 1,500 pai or if lightweight concrete is
used. Conversely, stress losses will be lower if net compressive
stress is less than 1,50,0 psi or if concrete strenghs exceed *

those listed.
.
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Table 5
.

Determination of Tension in
LOX-STRESS Strands 3/8" Dia. 7/16" Dia. 1/2" Dia..

icmediately af ter transfer

1 Minicu:s Ultimate Strength ' lbs. 23,000 31,000 41,300-

,

2 Area Sq. inches 0.0854 0.1167 0.1531 -

'

3 Initial Tension 1bs. (72.25% Ult.) 16,620 22,400 29,840

'. Initial Stress (fyr) (3 + 2) psi 194,614 191,945 194,905

5 AC* pai 11,000 11,000 11,000

6 AS** p51 1,946 1,920 1,949

7 Total Stress Loss (5 & 6) psi. 12,946 12,920 12,949

'

8 Final Stress (4 - 7) psi 181,668 179,025 - 181,956

9 Final Tension Ibs. (8 x 2) 15,510 20,890 27,860,

' *AC = Stress Loss in stranJ due to shortening of concrete
.

Elastic Co=pression = 11,000 psi; Creep & shrinkage = 0 psi

**ds - Stress Losa in strand due to relaxation of strand
For LOK-STRESS Strand - 1% (fpg) Initial Stress

"

NOIE: Initial tension of 72.25% of Ultimate was chosen to provide an
c 3 effective prestress force of 60% of Ultimate (Reference section 2606 ACI Bldg.

'

c 3 Code 318-63 and section 1.13-7 .

d', - AASRO Specs.) -
-
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CF&I STEEL CORPORATION
..

.> , \~ TABLE IV -

\,

Final Prestressing Force For Groups of 7-wire

Uncoated Stress-Relieved & LOK-STRESS Prestressed Concrete Strands
.

ASTM Stress Relieved Strands 270K Stress Relieved Strands LOK-STRESS Strands -
70% Initial 51% Final 70% Initial 51% Final 72.25% Initial 60% Final

22. of 3/8" 7/16" 1/2" 4o. of 3/8" 7/16" 1/2" No. o f 3/8" 7/16" 1/2"
Strands Dia. Dia. Dia. strands Dia. * Dia . Dia. Stratadt Dia. Dia. Dia.

I 10,140 13,660 18,260 1 11,850 15,930 '21,290 1 13,810, 18,600 24,80

2 20.280 27,320 36,520 2 23,700 31,860 42,580 2 27,620' 37,200 49,60

3 30,420 40,980 54.780 3 35 550 47,790 63,870 3 41,430 55,800 74,40-

4 40,560 54,640 73,040 4 47,400 63,720 85,160 4 55.240 74,400 99,20,
5 50,700 68,300 91,300 5 59,250 79,650 106.450 5 69,050 93,000 124,00,
6 60,840 81,960 109,560 6 71,100 95,580 127,740 6 82,860 111,600 148,80<
7 70,980 95,620 127,820 7 82,950 111,510 149,030 7 96,670 130,200 173,60

8 81,120 109,280 146,080 8 94,800 127,440 170,320 8 110,480 148,800 198,40'
9 91,260 122,940 164,340 9 106,650 143,370 191,610 9 124,290 167,400 223,20_

10 101,400 136,600 182,600 10 118,500 159,300 212,900 10 138,100 186,000 248,00i
11 111,540 150,260 200,860 11 130,350 175.230 234,190 11 151,910 204,600 272,80(

12 121,680 163,920 219,120 12 142,200 191,160 255,480 12 165,720 223,200 297,60(

13 131.820 177,580 237,380 13 154,050 207,090 276,770 13 179,530 241,800 322,401>

t 141,960 191,240 255,640 14 165.900 223,020 298,060 14 193,340 260,400 347 200
55 152,100 204,900 273,900 15 177,750 238,950 319,350 15 207,150 279,000 372,00h
16 162,240 218,560 292,160 16 189,600 254,880 340,640 .16 220,960 297,600 396,800
17 172,380 232,220 310,420 17 201',450 270,810 361,930 17 234,770 316,200 421,60$
18 182,520 245,000 328,680 18 213,300 286,740 383,220 18 248,580 334,800 446,403
19 192,660 259.540 346,940 19 225,150 302,670 404,510 19 262,390 353,400 471,20$
20 202,800 273,200 365.JLDs 20 237,000 318,600 425,800 20 276,200 372,000 496,00$

, .21 212,940 286,860 383,4Sgt 21 248,850 334,530 447,090 21 290,010 390,600 520,80$
22 223,080 300,520 401,720 22 260,700 350,460 468,380 22 303,820 409,200 545,60$

.

23 233,220 314,180 419,980 23 272,550 366,390 489,670 23 317,630 427.800 570,40@
24 243,360 327,840 438,240 24 284,400 382,320 510,960 24 331,440 446,400 595,20@

644,80@$
25 253,500 341,500 456,500 25 296,250 398,250 532,250 25 345,250 465,000 620,00
26 263,640 355,160 474,760 26 308,100 414,180 553,540 26 359,060 483,600
27 273,780 368,820 493,020 27 319,950 430,110 574,830 27 372,870 502,200 669,60@
28 283,920 382,480 511,280 28 331,800 446,040 596,120 28 386,680 520,800 694,40@
29 294,060 396,140 529,540 29 343,650 461,970 617,410 29 400,490 539,400 719,20@
30 304,200 409,800 547,800 30 ' 355,500 477,900 638,700 30 414,300 558,000 744,00@
31 314,340 423,460 566,060 31 367,350 493,830 659,990 31 428,110 576,600 768,80@,
32 324,480 437,120 584,320 32 379,200 509,760 681,280 32 441,920 595,200 793,60@j
33_ 334,620 450,780 602,560 33 . 391,050 525,690 702,570 33 455,730 613,800 818,400;
34 344,760 464,440 620,840 34 402,900 541,620 723,860 34 469,540 632,400 843,200;
35 354,900 478,100 639,100 35 414,750 557,550 745,150 35 483,350 651,000 868,000|
36 365,040 491,760 657,360 36 426,600 573,480 766,440 36 497,160 669,600 892,800j
37 375,180 505,420 675,620 37 438,450 589,410 787,730 37 510,970 688,200 917,600j

385,320 519,080 693,880 38 450,300 605,340 809,020 38 524,700 706,800 942,40(/' 395,460 332,740 712,140 39 462,150 621,270 830,310 39 538,590 725,400 967,20

[=40 405,600 546,400 730,400 40 474,000 637,200 851,600 40 552,400 744,400 992,00t
,

' M xnm
. _ ' . : _ . .__ -. . . .
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CF&I STEEL CORPORATION

(_)
TABLE V

Final Prestressing Force For Groups of 7-wire ,

Unconted LOK-STRESS Prestressed Concrete Strands.
,

72.25% Initial 60% Final
No.~of 3/8'' 7/16" 1/2"

Strands Dia. Dia. Dia.

I 13,810 18,600 24,800

2 27,620 37,200 49,600

3 41,430 55,800 74,400

4 55,240 74,400 99,200
J 5 69,050 93,000 124,000

6 82,860 111,600 148,800
7 96,670 130,200 173,600

9
.

110,480 148,800 198,4008
124,290 167,400 223,200'

,

10 138,100 186,000 248,000

11 151,910 204,600 272,800

12 165,720 223,200 297,600

; 13 179,530 241,800 322,400
g

\/ 14 193,340 260,400 347,200

15 207,150 279,000 372,000 <

'

16 220,960 297,600 396,800

17. 234,770 316,200 421,600

18 248,580 334,800< 446,400 |

19 262,390 353,400 471,200 1

20 276,200 372,000 496,000 !
1

21 290,010 390,600 520,800

22 303,820 409,200 545,600 1
'

23 317,630 427,800 570,400

24 331,440 446,400 595,200

25 345,250 465,000 620,000

26 359,060 483,600 644,800

27 372,870 502,200 669,600

28 386,680 520,800 694,400

29 400;490 539,400 719,200
558,000 744,00030 414,300 -

31 428,110 576,600 768,800 1

32 441,920 595,200 793,600 |.

33 45'5,730 613,800 818,400 I
,

34 469,540 632,400 843,200

35 483,350 651,000 868,000

36 497,160 669,600 892,800
37 510,970 688,200 917,600

7
' / 38 524,780 706,800 942,400

39 538,590 725,400 967,200

40 552,400 744,000 992,000

Of5dL GCE 2-
.
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APPENDlX VI.
~

Unbonded VSL Tendons

1. Covem of Veytaux, Switzerland

Owner: Forces Motrices de l'Hongrin SA, Lausanne
Engineer: Compagnie d' Etudes de Trovoux Publics SA, Lausanne
General Contractor: Consortium de la Centrole de Veytaux

Losinger + Co SA, Lausanne
Deneriez SA, Lausanne
Sateg SA, Lausanne
Oyex Chessex & Cie SA, Lausanne

Post-tensioning Contmctor: Precontrointe SA, tousanne

14 rock onchors

2. Stutzmauer Darligen, Switzerland

Owner: Tiefbauamt des Kantons Bem
Engineer: Dr. E. Staudocher + R. Siegenthaler, Bem
General Contractor: Konsortium Stampfli, Moeder und Abplanalp
Post-tensioning Contractor: Spannbeton AG, Bem

20 alluvial anchors

t 3. Hongsicherung Tenniken, Switzerland

Owner: Kanton Basel-Land, Liestal
Engineer: Blattner, Sissach
General Contractor: Aschokke AG, Basel
Post-tensioning Contractor: Spannbeton AG, Bem

8 rock onchors

4. Consolidation of Covem El Toro, Chile

Owner: Empreso Nacional de Electricidad SA, Santiago, Chile
Enginee r: Empreso Nacional de Electricidad SA, Santiago, Chile, |

Elektro-Watt AG, Zurich
General Contractor: Empreso Nacional de Electricidad SA, Santiago, Chile

'

Post-tensioning Contractor: Losinger + Co SA, Berne I

20 rock onchors

5. Barrage d'El Konsero, Morocco

Owner: Ministere des Tro cux Publics et des Communications
y' du Royaume de Moroc

Engineer: Electro-Watt, Zurich
General Contractor: Fougerolle-Limousin, Paris

. nn1 -
Post-tensioning Contractor: Introfor-Cofor, Paris 0 55 u u - '

-

5 rock onchors



6. Tunnels de Glion, Switzerland
'

Owner: Deportement des Trovoux Publics du Conton de Vaud,
Bureau des Autoroutes

Engineer: Bonnard & Gardel, Ingenieurs-Conseils, Lousanne
General Contractor: Consortium Tunnels de Glion, Veytaux
Post-tensioning Contractor: Precontrointe SA, Lausanne

10 rock onchom

'

7. Liddell Power Station, Australia

Owner: Electricity Commission of N .S.W.
Engineer: Design by the owner
General Contractor: Transfield Pty, Ltd.
Post-tensioning Contractor: VSL Prestressing (Aust.) Pty. Ltd.

12- and 27-strand rock onchon

8. Marviken Nuclear Containment Structure, Sweden

Engineer: Statens Vattenfallsverk
General Contractor: Statens Vattenfallsverk
Post-tensioning Contractor: AB Spannormering, Stockholm

( 4 post-tensioning tendons
'

9. St. Mary's Cathedral, Son Francisco, California

Owner: Archdiocese of San Francisco
Engineer: Leonard F. Robinson
Architect: McSweeney, Ryan & Lee, Son Francisco
General Contractor: Cahill Construction Co., San Francisco
Post-tensioning Contractor: VSL Corporation, Los Gatos. California
Design Consultants: Pietro Belluschi, Pier Luigi Nervi

68 post-tensioning tendons

10. Moscot Elevated Roodway, Sydney, Australia

Owner: Department of Civil Aviation
Engineer: Mounsell & Partners
General Contractor: Transbridge Pty Ltd. os subcontractor to Costain

(Aust . ) Pty. Ltd . -

Post-tensioning Contructor: VSL Prestressing (Aust.) Pty. Ltd.

2200 feet of elevated roadway in the vicinity of the new International Airport
Complex at Sydney. Spons mainly 120 ft. VSL Cables of 636 and 780 kips.

,
'

The maximum length of cable is 620 feet..
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11. Hunter River Bridge, Newcastle, N.S.W., Austmlio

7 Owner: Dept. of Main Roads, N.S.W.
Engineer: Dept . of Main Roads , N . S .W.
General Contractor: Dillingham Construction Co.
Post-tensioning Contractor: VSL Prestressing (Aust.) Pty. Ltd.

Bridge 3,357 feet long consisting of spans 93 to 270 ft. VSL Cables range from
202 to 780 kips. Total steel tonnage 450 t.

12. 540 Alme Street, Apartment Building, San Carlos, California

Owner: Ray Alves
Engineer: Frank Connelly
General Contractor: Alves Construction Co.
Post-tensioning Contractor: L. R. Yegge Company

190 post-tensioning tendons

13. Son Francisco Intemational Airport Parking Garage

Owner: Public Utility Commission of San Francisco
Engineer: T. Y. Lin, Kulkey Young & Associates
General Contractor: Martinelli Construction Co., San Francisco

74 post-tensioning tendons

included in Appendix Vil is a list of references for greased tendons for the Atlas System.
This list derives its significance from the basic similarity between the Atlas and VSL
Systems .

.
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( ATLAS UNBONDED TENDON INSTALLATIONS
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RECEIVED
SEPTEMBER 8,1%9

9 0 O 1 1969
VSL CORPORATION V $ L (,Oni'ORMiON

236 NORTH SANTA CRUZ AVE.
i

LOS GATOS, CALIFORNIA 95030 ;. .

.

ATTN! MR. PETER WICK

RE: ATLAS PROJECTS |

DEAR MR. WICK:

PLEASE roRGivE ME roR TAKING SO LONG TO COMPLY WITH YOUR REQUEST.
|T IS MY DESIRE TO COOPERATE WITH YOU SY FURNISHING THE INFORMATION
YOU RESUE5TED.

|N THE MORE THAN TEN YEARS THAT THE ATLAS SYSTEM HAS SCEN | N USE,
. IN EXCESS OF ONE AND ONE HALF MILLION ATLAS ANCHORS HAVE SCEN USED

TO POST TENSION UNBONDED TENDONS. [NCLOSED ARE SEVERAL BROCHURES
SHOWING A FEW SAMPLES OF THE PROJECTS IN WHICH THE ATLAS SYSTEM HAS |

BEEN USED.
!
i

ALSO ENCLOSED ARE TWO LISTS WHICH MAY BE HELPFUL TO You. TH E F I RST |
IS A LIST OF STRUCTURAL ENGINEERS THROUGHOUT THE UNITED STATES FOR |

WHON ATLAS HAS POST-TENSIONED PROJECT 3 THE SECOND IS A LIST SHOWING I

A FEW OF THE MORE SIGNIFlCANT PROJECTS ON WHICH THE ATLAS POST-
TENSIONING SYSTEM HAS SCEN USED.

PLEASE CALL ME |F | CAN BE OF FURTHER HELP TO YOU.

VERY TRULY YOURSp

ATLAS PRESTRESSING CORP.

f . o

,
- g *

,1 y~<
,

/

HAROLD D. LONG
,

'

PRESIDENT

W L:xo e '
.

/ENCL. -
"

''
t 57'

.

14649 Lmark Street, Panorama City, C.ihlorne. 91402 Ie'ephorm (213) 182 4291 or H73 4952
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E' PRESTRESSING CORP.
'T--

_WESTCOASJ
. ,

T. Y. LIN & Assoc. A. C. MARTIN & Assoc.'

14656 0xt ARo STREtT Los ANGELES, CALIFORNIA
VAN Nuys, CALIFORN1A 213-484-1440
213-873-3030
(OvCR 100 coHPLETED August WAEGEHAN

STRUCTURES OF ALL TYPES) 20 SECoNo STREET
SAN FRANetsco, CAttrORNIA

W. B. C4AusEN 415-781-8535
780 W. GRAND AvCHuE
OAKL AHo, C ALI FORill A ERNEST D. FRANCIS

9 415-444-4144 1012 J. STnEET
S AC R AM EN TO , CALIFORN!A

HoVARD G.' CARTER 916-442-25S4
815 CAss STREET
MONTEREY, CALIFORNIA YEMUDA VoLFsON
408-373-3119 1285 S. LADREA *

Los ANGELES, cal.1 FORNI A
/ DoNALo B. Rush

.

( 99 BRooxWOoo ROAD RElss & BnowH
ORINDA, CALIFORNIA 1150 S. BEvERLv drive
415-254-1511 Los ANcELEs, CAtt roRNI A

FLEVELLING & MOODY JinMI E N. CARTEE
766 COLORADO 6LVD. 460 W.16TH. 'STnEET
LOs ANGELES, CALIFORNIA SAN BERNARDINO, CALIFORNIA

.

TOM T. KAME GotosMITH-CHI & Assoc.
8417 BEvERLY BLvo. 470 S. SAN VINCENTE
LOs ANGELES, CALIFORNIA los ANGELES, CALIFORNIA

joe KINOsNITA & Asscc. JOHN KARIOrts & Assoc.
470 SAN VINCENTE 1414 FAIR OAns
LOs ANGELES, CALIFORNIA So. PASADENA, CA1.1FORN!A

DONALD R. WARREN CO. NORRI E & Davis
'

930 W. SUNSET * SPOKANE, VAsHI NGTON
LOs ANGELES, CALIFORN1A

russell H. FULLER.

L. f. RostNsoN & Assoc. 171 SEcOND STnEET
80 STONESTOWN SAN FRANCISCO, cat.1FoRN1A
SAN FRANClscO, CALIFORNIA
415-564-9040 DAvIo ALAN WELIsCH

693 MisslON STREET,

- , SAN FRANCISCO, CALIFORNIA

oni a .

'* - ,a-

14649 Lanark Street. Panorama City, California 91402 * Telephone (213) 782 4291 or 873-4952

L OM #6TeTfAf6B(@GUIMD@ffiK1* EN FRAN@lMLb)-@ ALM @ *@L@v2MND * ALEXANDRIA, VIRGINIA
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WEST COAST (CO*1TIMUED)

.

.

'

McANs & GRIBacN JOHN A. BLuut & Assoc.
137 VASSAR 612 HowARD STRccr
Rcno, NcVADA SAN FRAticisCo, CALIFORNIA

FRANK 8uRKc DALTON & DALTCN
1916 HYPERION CONsuLTlHG STRUCTURAL ENcRs.
LOs ANocLcs, CAttronNIA 384 fi nsT STRccT

OAxLAt40, CALironNIA
WALTcR WAGNcR & Assoc.
1830 VAN Ncss AvcNut ERKct & GRccNFicLD

t FRcstlo, CALIFORNIA 8201 BcVcRLY BLVD.
Los ANccLcs, CALIFOnNIA

806 RAILROAo AvcNuc SnlLLING, McLLc, CHRIsTIANscN,
SANTA PAutA, CAttronNIA AND RODcRTsoH

CoNsutTINO SinucTuRAL ENGRS.
KINc-8cNioFr & Assoc. 1840 WAsHINsToH 8 toc.
14921 VcNTuRA 8LVD. ScATTLc, WASHINGTON

. SHERMAN OAKS,. CALIFORNIA
(

ERic ELscsScR & Assoc.
FAxoN, GRuvs & SAYLcn 737 OcAcH
8440 McLRost SAN FRAtlCl sCo, CALI FORN1 A
HoLLywoCo, CALIFORN1A

RuTHcDronD & CNcKcNc
JOHN R. ANocR ota 259 GEARY STRccT
PARnwAv PnorcssicNAL Cct4TcR SAR fnANCisco, CALIFORNIA
495 S. Annovo PARKWAY
PAsAccHA, CALIFORNIA fncOcalC WILHELM

8417 Ocventy 8Lvo.
WoNo & TuAN Los ANGELcs, CAllFORill A
547 HowAno SinccT
SAN FRANCISCO, CALIFORNIA J. ALDcRT PAcucTTc & Assoc.

417 MAsxtr STntcT
RICNARD BRADONAw & Assoc. SAN FRANClsCO, CALIFORNIA
14606 Vicrony 8LVO.
VAN NuYs, CALIFORtilA RicHAno SitecRsTclN

STRUCTURAL EticlNccR
Lcwls K. OssoRNE & Ascoc. FRcsNO, CALIFORill A
8201 BcVcRLY BLVD.
Los ANocLcs, CALIFORill A d. 81LMAN & AssoclArcs

STRucTur.AL ENOlNccRs
5327 SANTA MONICA BLVD.
LOs AHott.cs, CALI FORNI A

_.

.

g g 7 <-)
w -

14649 Lanark Street Panorama City, Cahfornia 91402 Telephone (213) 782 4291 or 873 4952
LOS ANGELES (CorporateOffice) SAN FRANCISCO DALLAS CLEVELAND AL@XAND000a MORPdMFA
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PRESTRESSING CORP. "=
-

'4~
_WESTCOAST(CO:IT1!|UEDJ.

DAYlD TAUGHAN RINHC, HA*dNoHD & PETERSoN
CONSULTING STRUCTURAL ENGI NEER STRUCTURAL ENGINEERS
8217 BEVERLY 8LVD, 2450 EL CANINo REAL
LOS ANGELES, CALIFORNIA PALo ALTO, CAttronNIA

JOHN S. BoLLES CO. RoaERT G. ALBRECHT
14 GotD STREET CoNSULTlHG STRUCTURAL ENGINEER
SAN fRAtlCISCo, CALIFORNIA 4501 N. E. 71sr.

SEATTLE, WASHINGTON
s. DELEuw CATHER & CO.

1246 MARKET STREET M1CHAEL A. JORDAN & ASzoClATES
SAN FRANClSCO, CALIFORNIA STRUCTURAL ENGlflEERS

384 FIRST STREET
LLoYD DYSLAND & assoc. 0AKLAND, CALIFORNIA
STRUCTURAL ENGINEERS
1920 RIVERSIDE DRIVE SutSER ENclNCERS
LoS ANGELES, CALIFoRNI A 799 FLETCHER LANE #203( PAUL KoSHI & ASSoClATES

'

401 Si tvERLAKE BLVD.
LoS ANGELES, CALIFoRNlA '

VlHCENT KEVIN KELLY & ASSOC. '

2325 SANTA MoNICA BLVD.
SANTA MoNICA, calif 0RNIA

-

BRANDow & Jour:SToN ASSOC.
1660 W. THIRD STREET
LOS ANGELES, CALIFORNI A

MARVIN A. HoRNSTEIN
.

CONSULTING STRUCTURAL' ENGR.
485 S. RoDERTSoN 6LVD.
BEVERLY HILLS, CAttrORNIA

,

LI N, KULKA, YANG & assoc.
15 VANDEWATER
SAN FRANCISCO, CALIroRNIA

MorrETT, NICHot & BONNEY
PORTLAND, OREGAoN

nO7 7

vus v ~
.J

.

14649 Lanark Street, Panorama City, Cahfornia 91402 Telephone (213) 782 4291 or 873 4952

LOS ANGELES (CorporateOffice) SAN FRANCISCO DALLAS CLEVELAND ALEXANDRIA, VIRGINIA
o
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t? W PRESTRESSING CORP. %N
SCUTUdEST

$

dOHN PARSONS CHAPPEL, TAYLOR & MITCHELL
505 WEST C At4ELBACK ROAD OALLAS, TEXAS
PHOENIX, AR ZONA
602-274-3589 CHESTER R. REco

STRUCTU*tAL enc NEER
WALTER R LEY - 3511 CEoAR SPRINGS
PHOENsx, AR ZONA DALLAS, TEXAS

RonERT KRAuSE TERRY & RoSENLUND
S CA!4stlo PEQUENO CONSULTING STRUCTURAL Ewc NEERS,

SANTA FC, NEW MExeco DALLAS, TEXAS

SAM CARUSO'
PARKE & CARUSO ,
5201 N. 77H. STREET
PHOENsx, AR ZONA *

T. Y. L N & ASEoc.
DALLAS, TEXAS-

joe STnoTHER & assoc.
HOUSTON, TEXAS

BLANTON & COLE
211 W. PEllNINGTON -

'

TUCSON, ARIZONA

W. C. KRucER & assoc.
P.O. Box 308
SANTA FE, NEW Mexico

FLATow, moore, BRYAN
AND FAlRDURN

FIRST NATIONAL BAtlK Bloc. EAS.T
'

ALBUQUERQUE, NEW hex:co

DANIEL N. CASHDAN
537 E. SAHARA
LAS VEGAS, NEVADA

v Rn? '

ww-
,

!

, .

| 14649 Lanark Street. Panorama City. Califprnia 91407 Telephone (213) 782 4291 or 873 4952
l LOS ANGELES (CorporateOffice)+ SAN FRANCISCO DALLAS CLEVELAND ALEXANDRIA, VIRGINIA



m- PRESTRESSING CORP. T--
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MIDWEST

SvEnDRuP & PARCEL & assoc. VAFIDo R EN-HAz ARD-STA L L I NG S-
91S olive STREET SCnNACKE
Sr. LoulS, MISSOURI 2910 TOPEKA AvcNut

TOPEKA, KANSAS
KETCHUM, KotlM EL, RYAN & HASTI NGS
DENVER, COLORADO

THE KEN R. MilTE Co.
DENVER, Colorado

e
CARL WALxcR & ASSOC, INC.
137 EAST MICHIGAN
KALAMAZoo, MICHIGAN

T. Y. LIN & assoc.
CHICAGO, |LLillolS

RICHARD EASTMAN
C/ P.O. Box 262

YELLOW SPRINGS, OHIO

WISS, JANNEY, ELSTNER & assoc.
570 N. NORTHWEST HIGHVAY ,

DESPLAINES, ILLIflOf S

BoZALIS, RoLorr, & DICKINSoft
OMLAHoMA CITY, OKLAHOMA

JACx GlLLUM & assoc.
BautDER, COLORADO
KANSAS ClTY, MtSSoURI

.

BARBER & HorrnArt, ENGRS.
1900 EuCLlo AvcNuE
CLEVELAND, Oslo

,

ROBERT S. WILLIAMS
CONSULTlNG EtlGR,
21380 LoRAIN ROAD
CLEVELAND, OHlo

| |

b.
'TJ V a 2

'
|n n ''
|

,

b
_ |

14649 Lanark Street. Panorama City. California 91402 Telephone (213) 7824291 or 873 4952

( LOS ANGELES (Corporatedffide) SAN FRANCISCO DALLAS CLEVELAND ALEXANDRIA, VIRGINIA )
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: PRESTRESSING CORP.-

'N
, -EAST COAST & SCUTHEAS_T ,

T. Y. LIN & Assoc. Sxl LLING, HELLE, CHRI STI ANSEN
103 PARK AVENUE AND RosERTsoN
NEW YoRx, flew YoRx 230 PAnx AvcNut

NEW YORK, NEW YORK

DISTASIO & VAN EUREN
NEw YORK, NEW Yonx Hudson, WRicar & Assoc.

Consul. TINS STRUCTURAL ENGR.
CARROLL E. TAYLOR 516 S. 27TN. STREET
410 SUMMER STREET BI stil NGH Ati, ALABt.NA
AuGuRN, MAINE

THOMAS A. HANsoN & Assoc.
200 E. CAliv STREET
R1CHNoND, VI RGItil A '

~

NICHoLS, NORToN & CANADA

ZALDAsTINI
-- 131 CLARENDoN STREET MAXWELL & CAMPDELL

b BOSTON, MASSACHUSETTS 632 - 42ND. AVE. S.E.

HERTzaERG & CANTOR
CONSULTING [NGINEERS CRostER, G'IERNDEf;G & Assoc.
235 E. 42ND. STnEET WINNEPEG,M.*gToDA 1

'

NEw YORK, NEW YoRx y
C.B.K. VAN NORMAN & Assoc.

LINOsEY, TucxER & RITTEq 1030 W. GEonelA
CONSULTING STRUCTURAL ENGRs. vancouver, B.C. CANAoA
415 PINE AvtNut DLDG.
ALBANY, GEORGIA EUROPE

SEVERuO, PERRoNE, STuRM, CoNLI N RAMP ENGINEERING NEDERLAND

AND BANDEL SARPHATISTRAAT 39

415 LExtNGToN AVENUE AMsTERDAH, HOLLAND

NEw YoRx, NEW YORK

'

HEINzMAN & CLIFToN
1101 17TN. STREET
WASHINGTON,.D. C.

RosS R. BRYAN & Assoc.
LlFE & Casual.TY TowCR f

|

NASHVILLE, TENNESSEE I

N) - |
1

.n n r _
'

- CT\) v J.

(, |
'

14649 Lanark Street. Panorama City, California 91402 Telephone (213) 782 4291 or 873 4952

| LOS ANGELES (Corporate Office). SAN FRANCISCO DALLAS. CLEVELAND * ALEXANDRIA. VIRGINIA
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ATLAS PROJECTS

*

, ,

1) T.R.W. OrrlCE ButtolNG - LOS ANGELES
ARCHITECT: A. C. MARTIN = LOS ANGELES
ENGINEER: A. C. MARTIN = LOS ANGELES
Size: 700,000 S.F.
DATA: 40 ' x 64 ' B AY, 3 STORY RIGlo rRAME, 1,000,000# Or POST-TENSION.

2) LOS ANGELES AIRPORT PARKING GARAGES
ARCHITECT: T. Y. LIN & ASSOC. - LOS ANGELES

% ENGINEER: T. Y. LIN & ASSOC. - LOS ANGELES
Size: 4,000 CARS, 1,300,000 S.F.
DATA: '9' x 60' AND 20' x 60' BAYS, 1,300,000f Or POST = TENSIONING,

50,000 ATLAS ANCHORS.
.

.

3) 1000 UNIT DORMITORY - ARIZONA STATE UNIV.
ARCHITECT: CARTMELL & ROSSHAN

( ENGINEER: JOHN K. PARSONS
Size: 15 STORIES'~

DATA: APPROxlMATELY 250,000# Or POST = TENSIONING.

4) F.D.R. POST OrrtCE NCw YORK Ct'TY-

ARCHITECT: max 0. URBAHN
ENGINEER: DISTASIO & VAN BURCN
S8zE: 33 STORIES, 1,250,000 S.F.
DATA: 1,300,000# O'r POST-TENSIONING, 80,000 ATLAS ANCHORS.

5) MAKAHA APARTMENTS HAWAll-

ARCHITECT: M4 L. PEREIRA & ASSOC. - HONOLULU
ENGINEER: DONALD LO - HAWAll
Size: 14 STORIES, 1,000,000 S.F.
DATA: 600,000# Or POST-TENSI ONI NG, 40,000 ATLAS ANCHORS.

6) BOSTON LOGAN AIRPORT PARKING GARAGE
ARCHITECT: PERRY, SHAw, HEPDURN & DEAM
ENGINEER: NICHOLS, NORTON & ZALDASTANI, |NC.
Size: 1,100,000 S.F. 3,200 CARS
DATA: 40,000 ATLAS ANCHORS

nn ,j ,

w. ,

00f8
'

14649 Lanark Street, Panorama City, California 91402 Telephone (213) 782-4291 or 873 4952

LOS ANGELES (Corporate Office) . SAN FRANCISCO. DALLAS * CLEVELAND ALEXANDRIA, VIRGINIA
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7) BoR-SON TOWERS - MINNEAPOLIS
ARCHITECT: THE CERNy ASSOCIATES - MINNEAPOLIS
ENGINEER: CROSI ER, GREENBERG & PARTNERS - WINNIPEG
Size: 22 STORIES

* '

DATA: 300,000# or POST = TENS 10NING.

8) BEL ARBOR APARTHENTS - SAN FRANCISCO
Huo PROJECT No:
ARCHITECT: MOGENS MOGENSON
ENGINEER: L.'F. ROBINSON |

Sizc: 500,000 S.F.
DATA: 500,000# or POST = TENSIONING.

+
''

9) ARCHITECTURE BLoG. - Univ. or WASNINGTON
Huo PROJECT No: 4-9-00246-0
ARCHITECT: DANI EL STREI SSGUTH & GENE ZEMA - SEATTLE
ENGINEER: ROBERT ALBRECHT & EINAR SVENSSON - SEATTLE
Size: 5 STORIES - 150,000 S.F. .

( 10) WATERGATE APARTMENTS - WASHINGTON, O.C.
''' ARCHITECT: LUIGl MoRETTI, CORNING, MOORE, ELMORE & flSCHER - ROME i'

ENGINEER: T. Y. LIN & assoc. - NEw YORK
Size: 13 STORIES, 600,000 S.F.

'
,

)
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SWISS PRESTRESS SPECIFICATIONS

1. Society of Swiss Civil Engineers and Architects

( -

'-

2. Swiss Federal Railway

en, -

VU. . '

.e
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APPENDIX 11

SIA SPECIFICATIONS
T

l/ Article 5.04 - Prestressing Steels

1. For prestressing, only steels with a high ultimate strength should be used, with a
carbon content not exceeding 0.85% and its corrosion resistance having been tested
thoroughly by the manufacturer. (See Recommendation #19.).

,

2. Prestressing wires / strands / bars should be used only if the below listed properties are
known and are in accordance with the specifications.

(a) Values determined from tensile tests (see Recommendation # ).9

- Ultimate tensile strength f',. ,

|

- Sased on a statistical plot of ultimate strength tests carried out over a given )

A~
period of time, not more than 5% of the tests shall be below the specified
value. Such tests, however, shall not be below 97% of the specified
ultimate strength f's. After the manufacture of prestressing strand, a test |
to detennine the tensile strength of each heat shall be performed. i

- Steels having on ultimate tensile strength of less than 97% or more than 10%
of the guaranteed ultimate strength shall be rejected.

ls - Yield point f'y (at .2% permanent deformation).

f'Y- Ratio:
f's .

- Elongation of rupture: d (based on the gage length of 10 times the diameter
of prestressing steel). .,

- Elongation obtained on a length equal to 10 times the diameter of the
prestressing steel excluding the elongation obtained in the " neck-down"
length.

,

Reduction of area y.-

Required Minimum Values
~

Bar Diameters in mm 4; 8.0 8.1 to 14.9 15.0 to 30
2

f's min . 140 130 100 kg/mm

v /f's 0.80 - 0.90 0.75-0.85 -

2.0

2 to min . 5 6 7 %

(d A ,s min . 2 3 5 %

F min . 30 25 20 %

nn? 7 .

vv-
* -1-

. _ - _
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(b) Fatigue Strength

(T A dynamic test shall be ped.amed on on individual strand, wire or bar to
' withstand without failure 2,000,000 cycles from 55 to 70% of its sucranteed

minimum ultimate strength.

(c) Reverse Bending Test
.

'
Reverse bending for wire or bars up to 12 mm in diameter and for a center
wire of a strand around mandrel having a diameter of 10 times the diameter
of the wire or bar.

Bar Diameters in mm (. 8.0 8.1 to IN'

Steels with smooth surface:
without artificial notch 10 6 ,

with artificial notch ~3 ~3 l
1

A~

Steels with profiled surface: I

without artificial deformation 6 -

with deformation ~3 -

(d) Bending for bars having diameters of 12.1 to 30 mm.

A bending over 180 shall be performed on a mandrel having 5 times the
diameter of the bar; thereby no cracks in the pre:tressing steel shall occur. ,

(e) Relaxation (for all diameters of prestressing steel):

The relaxation of a prestressing steel with an initial tension of 55, 65, 70 and
75% f's hall be tested over a period of 1,000 hours (see Recommendation #20). |s

Under on initial stress of 65% f', and a normal temperature, the relaxation
'

after 1,000 houn shall not exceed 5%. Based on stresses measured after 100 hours
and 1,000 hours, the final stresses con be approximated using the below listed
formula .

#(n) "(1000) - 3(o[100) - "[1000)} O in) " #(0) in)
*

In the obsence of test results, such final values for relaxation losses shall be ~

assumed as follows:
,

Initial Stress 0.55f', 0.65 f', 0.70 f', 0.75 f's

d in)!90) 8 /. 11 15 /o
,

V

-70 -. m ..
_w a

,
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The following tolerances for the' overage wire diameter shall be observed:

13
' N- Bar Diameters in mm (. 8 8.1 to 14.9 15.0 to 30

Tolerances of diameter in mm -0.05 -0.10 -0.20
40.10 40.20 40.40

*
,

If prestressing steel is delivered in coils, its diameter shall be such that the
stress occurring in the prestressing steel due to coiling shall not exceed 80%
of the yield point. Each shipment must be accompanied by the proper heat
and identification numbers. The prestressing steel shall be free of grease and
oil, os well as pit marks caused by rust. No welding is permitted.

SWISS FEDERAL RAILWAY REQUIREMENTS

Foligue Testing of a Tendon:

A dynamic test shall be performed on a representative tendon to withstand without failure
2,000,000 cycles from 65 to 70% f', at a frequency of 3 cycles per second.

U
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