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Structural Review Committee

Time: 9:30 a.m., March 9th, 1377
Place: Boardroom B, West Building.

‘Attending: Messrs. A. E. McKim - Constructicn Branch
T W. Hashizume - Construction Branch
M. Stoyanoff. - Structural Office.
W. McFarlane - Structural Office (part tlme)
W. Lin - Structural Office (part time)
V. Boehnke - Hydrology Section (part tlme)
E. Van Beilen - Structural Maintenance

B. Ly , - 50il Mechanics Section

' Projects Reviewed (a) Cavanville Creek Bridge,
s [ ) Site 26~120, W.P-’91f72'08-

(b) Credit River Bridge Repairs,
Site 24-203, W.P. 30-76=01. "~
{c) Credit,RiVer‘BridgefWidening,
Site 24-128, W.P. 34-73-03.

(d) Derry Road Bridge Widening, |
Site 24-124, WWP 34—73‘02;"

  The pro;ects were plesented by Messrs. McFarlane: ‘and Lln,
fyCavanvxlle Creek by ME. McFarlane and the rest by Mr. Lin.

',,The follow1ng itens were brought up and_dlscussed.

 fCavanv1lle Creek Brldge (W P 91~72—08),

‘ 3,derologx

¥

:The hvdrologlcal requlrements were rev1ewed, and the
~design lncorporates all the recommendations of the
Hydrology Sectign. ;

Foundations

The pile lengths called for at the piers are to be
reviewed by the desxgner to ensure that sufflﬁlent
length is prov1ded. :

Structure
(a) A plan layout is to be added to ‘the draw1ngs for.

the expansion joint assembly provxdlng dimensions
for fabrlcatlon purposes.
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, (b))  The use of'Stabilized strand for the prestressed
o beams is .to be identified on the drawings.

(¢) Allowable alternative classes of expansion joint
~assembly should be shown on the drawings.

. N ) .
(d)‘vThe deck is to be machine finished.

Credlt Rlver Brldge Repalrs (W. P. 30-76-01)

_',The detalled staging of the work was rev1ewed and in.
'fpartlcular the concrete operatlon.' o o

. The COmmlttee felt there could be a problem in developlng
" the required strength of concrete to permit traffic the

- -next day after placing. 1t was also felt that the

contractor would have to take some steps to ensure tha:
the minimum temperature requlred for the proper curing.

- of the concrete overnight is maintained.  The committee

 concluded that as this control depended on ambient -

":_Condltlons at the time of construction the problem could

‘be dealt with in the field prior to placing concrete, and
: the contractor paid for any extra requlrements.;

7 VCrPd1t River. Brldge Wldenlng (W. P. 34~ 73 03)

f,f“eTemporary Roadwax_Protectlon

“The p0551b111ty of an alternatxve scheme to the one

",shown on the drawings and the ramlflcatlons of appro?ing

the alternate -scheme were dlscussed..

7

'It ‘was eugaested that soil pressurns mlght be 1dent1f1ed
“on the design drawings which would provide some- criteria

-~ 4o assist the contractor in "agcertaining an alternate Shege
scheme and also. provide the Ministry a.gauge for determlnlnqv‘,fykﬂ

Skhe acceptablllty of a&ternate schemes.

Rip-Rap ”

The detail for rip-rap was reviewed and the Hydrology“
Section recommended the toe of the rip-rap be adjusted
to provide more stability, that is, a horizontal toe be
‘shown instead of the vertical toe. -

Deck

Machine finish of the deck is not required.

;.’0'3
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_Derry'Road‘Bridge Widening_(WQP. 34-73-02)
Falsework v
_The construction clearance dlagram 1nd1cates that: the:
‘sidewalk under the structure may be blocked off durlng
construction. Care should be taken to ensure that St
depassageway is provxded ln the falsework. ' L
Deckc |
Machine,finish‘of the deck is not required.

‘,Tender ItemS’

(é{ yThe tender item for granular backf111 to brldge is. '
. to be modified to ldentlfy the type of granular T
requ1red : ,

“(b). - The tender 1temq for concrete in abutmtnts and i
: . concrete in‘deck are to be replaced by one tender C}ff;
~ ‘item "Concrete in Bridge" in accordance with current,"
,,ngnlstry practice for this type of structure. ,

-~ Setting up two items may be construed by - Contractors
as a precedence for future work ' L £

~nof:No other matters were: brought up and the meetlng adjourned at'c
’lel 55 a.m, : . L

cMs/im - .. . M, stoyanoff,

~ L : : : . Structural Contract Engineer.
c.c. . J. B. Wilkes '’ : S R :
. E. J. Orr

R. A. Dorton

C. 5. Grebski

J. Keen

A. Radkowski

K. Bassi:

G. Burkhardt

All attending meeting

File



M. 6.C.E. Burkhardgt Sofl Mechanics Section
Ragiona) Structurzl Planning Cupineer - GCattechnical {ffice
Central Ragion West Eullding, Downsview

3501 Sufferin Strect, Dovmsviow L
. Ny, W, rulmatickss | ' Cetobor a.‘lhzj

WP, 34-73-03 Site 24-128
WP, 34-73-02 Site 24-123
- Bistrict #6, Toronto

~in rasponse 10 your gamorandan dated September 2§, 1973, the ahovc ;

. wentioned two struclure sites ware vistied by Messrs, V. Xoriu,
¥, Lin and M. Devata on Septewber 30, 157€. Our comments, based
on tha gite tnsgection af Lha structnraa. are as follows: -

ay’ﬁr@ﬁit River oridge at By, 401 (4.p. 34- 73-03, Site ?4-1231

The axisting three span 5tru g ap»a&ra to b in a S&»iSw

factory condition without any visibla sions of distrass. The
"widenfnw by means of nri'ﬁiwﬂ the gap In the mwadian Lotuean the
o two structyres can be carried out and for desion purposes the

daty contalined in our oviging) foundation ipvestication raport
¥.d. 56-F-§ may Le used. In the area of the abutments after
the coupletion of the prelfininary desion drawings, this Section
may carry out additional subsurface invesiigation in order to
assess tha properties of the fiil materiua as well as the coa
ditfon of the Leﬁrac%., - , e

.__zzarry Road_Structure at iy, 481 'tw;v 34-73-22. m:e 28-12%)

. Tha existing ﬁrraatura i3 2 cinale span uriir¢‘wit% closed
cpeabutnents,  The strugturs is supported on Spread featings §
and the abytment walls s the wadfan area ars already zxtenﬁeé
to the ynderside ofthe deck.. In our opinfon there are ag ~
provlens anticipated from the 3011 mechanics polnt of view
since no nev footing construction will be requived. In view
of this we suggest that no subsurface investigation will be
required, however, this Ssetfon will review the dasign drawings
- and provide necessary coments at the aspropriate time, :

.. B, Davata

- Supervising Enginzer
#h/gs
et 0.5, Grebskl

. H Li?/

Files
- Record Services



Minstry. ot . .
Transportation and. ) . : e ,

Communications

Ontario . . Memorandum
To: Mr. M. R. Ernesaks, - From: Structural Office,
; Manager, Planning & Design, ’ West Building, Downsview.
Central Region, Toronto. ' ' ~
| Altention: M George Celmins. Date: * March 1, 1977.
Our File Ref.. S ‘ v In Reply to ’
Subject:

RQadway Protecrlon,

Credit River Bridge: Widening,
W. P. 34-73-03, Site 24-128,
'nghway 401, Dlstrlct 6

A “‘eetmg was held on March lst, 1977 at the Central Region
Offlces. The follow1ng were present. : it

Thrasher
~McDonald
Tremain -
.~ Dunham

. Lin

. Kunkel
,G. Pearce

‘21210F4tlb

r""The ccntract documents for roadway protectlon durlnq constructlon
":have been revised as’ follows-~ ,

Ln 1A spec1al SP ‘has been added for the tender 1tem Roadway Protectlon.'f°;7f
v The spe01al SP Shall read: S

‘"Roadway Protectlon. Ttem No. 1

The contract price for the above tender item shall also L
include the earth excavation shown on the contract draw1ngs.
Howevzr, when excavation overlaps excavation required for.
placing granulax backfill to bridge then payment will be
made for backfill excavation as though no . excavatlon were
required for roadway protection.™ ; :

Ml T

| o wWL/cf : . W. Lin,
o S Regional Structural Deslgn Englnee

. Zoltay

e § Wear c E
G. Burkhardt @®HNMMLWH2
-
/%: Mirza. ‘ﬁ”gﬁaalﬁwﬁmmbﬁsfw

MH”MWWkTAHOﬁﬁcQ



Ministry of 9 ‘

Transportation and '
¥ et Communications
Ontario ' Memorandum
"To: Mr. G.C.E. Burkhardt From: S011 Mechanics Section
Regional Structural Planning Engineer Engineering Materials O0ffice
Central Region West Building, Downsview
3501 Dufferin Street, Downsview .
Attention: pate: December 21 » 1976
Our File Ref. in Reply to . A :
susject: Widening of Hwy. 401 2o Hi2- 32A

Credit River Bridge
W.P. 34-73-03

Site 24-128
District #6, Toronto

It is proposed to widen the existing twin structures at the above-mentioned
~location by means of bridging the gap in the median between the E.B.L. and

the W.B.L. structures. 1In order to assess the site condition, the above- ,

mentioned site was visited by this Section, and the pertinent comments were

submitted in a memo dated October 6, 1976 to your Section. In this, it was

agreed that a subsurface investigation would be carried out in the median ,
~area of the abutments of the twin structure in order to assess the properties ,
-of the fi11 material as well as the recommendations for the foundation of the -
proposed widening. A subsurface investigation consisting of two boreholes

was compieted after the issue of the preliminary bridge design drawings.

The investigation revealed that the fi1l material in the median area was

~mainly composed of soft to firm clayey silt, sand and occasional gravel with
random pockets or layers of organics. The thickress of the fill material
was found to be 15 feet in the west approach and about 19 feet in the east
approach. Beneath the fill material is the predeminent deposit of glacial
tiil consisting of a heterogenecus mixture of clayey silt, sand and gravel
extending to a depth of at least 8 feet. On the west approach, the glacial
till is underlain by shale bedrock at elevation 525.5, and generally in a
weathered condition. No attempt was made to prove the sound bedrock surface.
The water level was found to be within the fill material at approximate
elevation 536.0 and the river water level at the time of investigation was
at elevation 527.0. This indicated that the hydraulic gradient is towards
the river.

Recommendations

The pier extensions can be founded on sound shale bedrock as indicated in
our foundation report W.0. 56-F-6 submitted initially for the existing twin
structures. An allowable Toad up to 10 t.s.f. may be used for design purposes.

The widening for the east and west abutments may be founded on spread foctings
located on sound shale bedrock using an allowable load of up to 10 t.s.f.

The bedrock elevations shown in the foundation report W.0. 56-F-6 should be
used. In the median area at the east and west approaches, the existing fili
material should be removed and replaced with compacted granular backfill as
per current M.T.C. standards.

.72



Mr. G.C.E. Burkhardt
December 21, 1976
Page 2

 The above-mentioned details were already incorporated on the f1na1 br1dge i
drawings (#1, #2, and #3) submitted by the Structural Office dated SRR
December 8, 1976 and consequent]y, we have no comments pertaining to the S
f1na1 brxdgo draw1ngs. i

/%/édé

V.. Korlu, P. E€ng.
Progect Engineer

© For: M. Devata, P. Eng. |
Supervising Enginégrik'~»

MD/ VK/ Jf

cc: R.S. Pillar

.0 .S, Grebski-
B.J. Giroux
~G.A. Wrong

M.R. Ernesaks
- R.D. Gunter

,"LR} Hore,
Files/

2




MINISTRY OF TRANSPORTATIOMN AND COMMUNICATIONS—-ONTARIO

HIGHWAY ENGINEERIN

VISION - ENGINE

ERING “MATERIALS  OFFICE -

MECHANICS - SECTION

b

RECORD OF BOREHOLE N¢< 1 ;
we 34-73-03 LOCATION Sta. 488 + 51 Cp Med. A Lo/ ORIGINATED BY _V-Ro 1
DIST & HwY Lo/ BORING DATE Nov. 29, 1976 COMPILED BY S
DATUM Geodetic BOREHOLE TYPE - 3%" Hollow Stem Augers & Cone Test CHECKED BY MZ =
2 IDYNAMIC CONE PENETRATION LIQuUID UMW——-—Wi e
SOIL PROFILE SAMPLES £ |Resistance wior " euastic umir —we | = Z
o) ol 3 Jo_ 4o o 80 0o | WATER CONTENT=cw 125 o o oo o
. Of e w ) 3; | 4
ELEV &yl w |32] g [SHEAR STRENGTH we w wy 3| REMARKS.
REPTH DESCRIPTION sl > | 2.8 |o unconrineo +FIELD VANE © Ay =
me 22| *" & | ® QUICK TRIAXIAL - X (A3 VANE -J WATER CONTENT %t 5 o} =g
= = : ) ; S
547.5 Ground Level v | Z 1 ELEV : , __Jorsasiciy
0.0 Clayey silt, some R 8 B
sand and gravel, 1138 : 7
trace of organics b 1
(Fill Material) 2155 14 "SZK
: . X 3.-88 8 [
;Soft-to stiff. 4
; Z1ss a5 B
533.5 c 5158 ;";(‘," Nl
14.0 god, Mix of clayey ' 6185 |20 ! S \l\
 silt, sand and gravel:|? 8 s 4 ]
(Glacisl Till) | R LEERE R :
Very stiff to hard. {'le
T S Esam o a7 AUREN
Bedrock - o\ :
weathered shale. S‘Za,,..a

G End of borehole.

20
150-5 % STRAIN AT FAILURE
10



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO .. - 7
HIGHWAY ENG!NEERI'NESEON = ENGINEERING "MATERIALS  OFFICE ‘EAECHANICS SECTION . -

RECORD OF BOREHOLE N¢ 2

T WP 34-73-03 LOCATION Sta. 485 + 04 - CL Méd. &y Lo/ ORIGINATED BY . VoKi |
DIST__ & nwy _Lor BORING DATE _ HNov. 29, 1976 _ COMPILED BY__ i
S DATUM Geodetin BOREHOLE Type 34" Hollow Stem Augers- & -Cone Test CHECKED BY ‘ff L
. SOIL PROFILE SAMPLES & |oyNamic CONE: PENETRATION LIQUID LIMIT . —=%
4% |RESISTANCE  PLOT PLASTIC LIMIT ——=Ws |
ol « e R Fo__do do R0 8o | WATER CONTENT—W
ELEV alw|w |31 g [SHEAR STRENGTH we w W
: S oW b
SEFTE DESCRIPTION sl > 1 €] 8 o unconmmep + FELD VANE R
o = S 1'® QUICK TRIAXIAL - X LAB VANE FWATER CONTENT %
543.5 Ground Level w Z LELeV '

0.0 |Clayey silt, some
| sand-and’ . gravel,

<
3
~

i : B ~ i SS 8
. trace of organics. 4 - ‘;540
S | (pill Material) [~ 2| SS1IZL{y
150ft to stiff. ACAEIN > .
Y NETTSS T A .
SSoufe ) u¥
e ’ . Clayey silt, some i 14 )
X sand’ and. few gravel | b 55 K] ::e)"f ) (
e ‘ . (A T 888 et \ '
Hed. Mix of clayey i . )
‘|'silt, sand and 1P 5 555 fgf« B mare 0 SREGRE I
gravel. (Glacial ti113Te =120
| Bard. S i '
“I'End df‘;borehole AN

~|Frobable Bedrock

510

20
15 9-5 % STRAIN AT FAILURE
10



"N'= STANDARD: PENETRATION RESISTANCE :
12 INCHES INTO THE SUBSOIL, DRIWEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A  DISTANCE OF 30 INCHE

DYNAMIC PENETRATION: RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANCE ‘A" 2 INCH, 60 DEGREE  CONE.. ;
TO THE END OF DRILL RODS, =12 INCHES INTO THE SUBSOIL, TME DRIVING ENERGY. BEING 350 FOOT POUNDS PER BLOW. |

SOFT’
LFIRM
L STYFF
. VERY. STIFF
- HARD -

THE. CONSISTENGY OF COMESIVE ‘SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COMESIONUESS SCILS
SUINTTHE FOLLOWING TERMS o= i i : S

CONSISTENCY

VERY SOFT..

" TERMS TO-BE USED "IN’ DESCRIBING: SOIS -
U TRACE < 0%, SOME 10-25 %, WiTH 25-40% |

ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

PENETRATION RESISTANCE «

- THE NUMBER OF BLOWS REQUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER :

DESCRIPTION OF SOIL

© LB/SQFT. DENSENESS ©
"0 - 280 VERY LOOSE -
‘2504500 LO0SE
500 - 1000 COMPACT
10005 2000 DENSE.

2000 - 4000
L T 4000

VERY ‘DENSE

> 40.% - SITY, SANDY, GRAVELLY, CLAYEY ETC

 TYPE OF SAMPLE.

8.5 $PLIT. SPOON IR <UL tw . THINWALL OPEN

WS WASHED SAMPLE TP THINWALL PISTON
st SLOTTED TUBE SAMPLE ... ' os oesrsnééae, SAMPLE -
AS. AUGER SAMPLE : LES PO SAMPLE ‘
€S - CHUNK SAMPLE RCT o

ROCK CORE

PH. . SAMPLE ADVANCED RYDRAULICALLY
PM. SAMPLE ADVANCED MANUALLY

SOIL TESTS

U UNCONFINED COMPRESSION
yu UNC ONSOULIDATED UNDRAINED TRIAXIAL

CtyU  CONSOLIDATED ISOTROPIC UNDRAINED TRIAXIAL

cin H " DRAINED
CAU (]

CAD ” " DRAINED

ANISOTHROPIC UNDRAINED

L.v
F.V.

LABORATORY  VANE
FIELD VANE
CONSCLIDATION
SENSITIVITY



© RRJNN

b=

Cu

$u

[ CONSISTENCY. INDEX '« ~3-I-—

DENSITY INDEX » SMax T8

- SREARING RESISTANCE,

ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

SOIL. PROPERTIES

UNIT WEIGNT GF SOIL {BULK DENSITY)
UNIT WEIGHT OF SOLID PARYICLES

UNIT WEIGHT OF ‘WATER

UNIT DRY WEIGNT OF 'SOIL {DRY DENSITY)
UNIT WEIGHT. OF SUBMERGED SOii

VOID RATIO

POKOSETY

WATER COMTENT
DEGNEE' OF SATURATION

- LIQUID LIMIT

PLASTIC LiMIT
PLASTICITY INDEX
SHRINKAGE: LIMIT

W W

LIQUIDITY INDEX & o P

I
-
P

" WOID RATIO . IN LOOSEST. STATE
/VOID RATID IN DENSEST STATE

£
max 7 € min

" RELATIVE DENSITY D, 1S ALSO USED

HYDRAULIC KEAD: OR POTENTIAL

| RATE OF DISCHARGE

" ;V/'VELOC|TY OF ‘FLOW

gmmuuuc GRADIENT

COEFFICIENT OF PERMEABILITY
"”sEEPAcs FORCE. PER UNIT VOLUME

'cosrr ICIENT ‘OF VOLUME CHANGE = ~Be
, (i+elbo
~ ,,cosmcneur OF CONSOLIDATION

© COMPRESSION INDEX » ——08

Aloge o
Tm; FACTOR « Ed‘:— {d, DRAINAGE PATH }

DEGREE .OF CONSOLICATION

CSHEAR STRENGTH
. EFFECTIVE COHESION

INTEBCEPT.
EFFECTIVE ANGLE OF

iN TERMS OF
EFFECTIVE STRESS

: Ty= ¢+ ¢ ton ¢
OR FRICTION
APPARENT . COHESION

APPARENT ANGLE OF
SHEARING RESISTANCE,

IN TERMS OF
TOTAL STRESS

OR ERICTION J Tr=cy+otong
COEFFICIENT OF FRICTIOR
SENSITIVITY

¥ 8
e

log, o

GENERAL
= 31416
BASE OF NATURAL LOGHRITHMS 2-7i83
oR Ina NATURAL LOGARITHM OF '@

10g,c0 OR {10g @ .  LOGARITHM OF g TO BASE "0

A Xomeg ®aqq e mrE<e -

20 @ or

Q

OF PRESSUﬁE

"SUFFIXES IN EXPRESSIONS REFERﬂiNG TO NOREAL STﬂ s

TIME -

ACCELERATION -DUE TO GRAVITY
VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRA!N

PORE PRES:;URE
NCRMAL STRESS : : :
NORMAL EFFECTWE STRESS (O’ is ALSO USED)
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON' S RATIO (“ 133 AL.SO USED)
MODULUS OF L'N,EAR DEFORMATKON (YDUN(w MODULUS)
MODULUS OF SHEAR. DEFORMATIOH
MODULUS OF COMPRESS!BILIT\'
COEFFICIENT . OF VlSCOS]TY :

EARTH PRESSURE

DISTANCE FROB{ TOP CF - ‘VALL TO PO!NT OF APPLICATION

ANGLE OF WALL FRICTiON : :
DIMENS!ONLES‘ COEFF!C'ENT TO0 BE USED \VlTH VARO

ON - WALLS SRR
COEFFICIENT: oF EARTH PRESSURE AT REST .

FOUNDATIONS

BREADTH OF FOUNDATiON
LENGTH: OF FDUMDA‘NON
DEPTH  OF FOUNDATEON B‘NEATH GROUND

DIRENSIONLESS COEFFiCiENT USED ‘WITH A SUFFIX. APPL‘{FML .
TC SPECIFIC GRAVITY. DEPTH "AND . COHES!ON ETC IN THE
FORMULA FOHR BSEARING. CAPACITY

MODULUS OF SUBGRADE "REACTION

SLOPES

VERTICAL MEIGHT OF SLOPE
CEPTK BELOW TOE OF SLOGPE TO MARD STRATUM
ANGLE. OF SLOPE TC HORIZONTAL



“on-m1308 10:78"

ST SAND GRAVEL

~FILL MATERIAL - T
T 840
CLAYEY SILT
TRACE OF OR{
g 530}

GLACIAL TITES
HET MIX-OF ClA‘lg\'
AVEL 52

£10::




“7]WIDENING /STRUCTURS

EXISTING
RUCTURE-

- SW STACIACITILL
= [T HET MiXOF QLAYEY,
SHT_SAND-GRAVE!.

"a)




Mr. 6.C.E. Burkhardt ' Soil Hechanics Section

Regional Structural Planning Engineer . Geotechnical Office ;
Central Region : West Building, Downsview
3501 Dufferin Street, Downsview : ~ N S
; ’ ¢ & 19
Hro M. Kulmatickas October e i976

idening of Rwy. 401 :
Credit River and Derry Road Bridges
WP 34<73-03 Site 24-128 :
WP, 34-73-02  Site 24-124 . o L
District #6, Toronto S RN e

- In response to your memorandum~éatedfSéﬁtember,Zé;flgié,,the abo
mentioned two structure sites were visited by Messps. V. Korlu,
H. Lin and M. Devata on September 307, 1976. Our comments, based

. ‘on the site inspection of the structures, are as follows:

1. Credit River Bridge ot Hay. 401 (LP. 38-73-03, Site 74-128)

- - The existing three span structure appears to be in a satis-
- factory condition without any visible signs of distress. The
widening by means of bridging the gap in the median between the
, two structures can be carried out and for design purposes the
- -data contained in our original foundetion investigation report
W.J. 56-F-6 may be used, In the area of the abutments after
the completion of the preliminary design drawings, this Section =
‘may . carry out additional subsurface investigation in order-to
-assess the propertiss of the Till material,as well as the con=
- dition of the bedrock. , S (e

2. Derry Road Structure at Huy. 401 (W.P. 34-73-02, Site 24-124)

- The existing structure is a single span bridge with closed
-type abutments.  The structUFe‘is,supported~on,spread‘fbatingsf Ll
and the abutment walls in the median area are already extended .
to the underside ofthe deck. 1In our opinion there are no o
problems anticipated from the soil mechanics point of view
since no new footing construction will be required.  In view:
of this we suggest that no subsurface investigation will be
required, however, this Section will review the decign drawings -
and provide necessary comments at the appropriate time. L

M. Devata il
Supervising Engineer . s

‘MD/gs
cc: C.S. Grebski
W. Lin

Files
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