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Computed by:] SRS
COMPUTATION SHEET Dater| 1179795
- Checked by:| & &
US Army Corps Date:| 1% -
of Engineers Page| &,
Ohia River Division SUBJECT: Panama Canal Miter Gate Study
Pinsburgh District COMPUTATION: SKin Plate Destgn
Lake Elevation Seul Elevation Plate Elevation Design Head
[Gatun Highest = T 8751 [35717 o [ 35.133) [ 3% sﬂﬁ
Water Density = 62.5 pef
WATER PRESSURE q= 2273  Priconservative uniform b
SKIN PLATE DESIGN free
1= 0.6875 inchplae
Stee} Fy = 36000 psi
Steel E= 295000000 psi
s Skin Plate a s
PANEL a= 18.968 inch ab= 0.7158
PANEL b= 26.5 inch = Simple Supported
Difference = 00488 f >\
Three edpes simphe supported and onc end free Case 22 S(iff:n/ §
r Stiffene
c
AB[ 03 T567 T 5 p) 3
B 036 035 G567 0.7700 0.79 X 04822 Tnterpoiate
a 0.08 0.106 0.14 0.1600 0.165 0.167 0.1110 interpolate
prq*b’
" O = ——— " . .
Max. Bending Stress = 2 = 16284 < 22410 psi Type B Lowding EM 1110-2:2105  REFepe,ya g 4
4 atlowable strens = 832.75*Fy T
Good
Max. Deliection = = 21326 inch
PANEL 2= 2635 uwh b = T3971
PANEL b= 12.968 inch
Difference = 0.40
Three edges fixed and one edge free Case 10a:
AB| 025 0.5 0.75 1 LS 2 3 0.5
[y 002 0.081 0173 0321 0727 1236 7103 06434 micrpolate
2 0.016 0.066 0.148 0.259 0.484 0.605 0.519 04377 imerpolate
83 0.031 0.126 0.286 0.511 1073 1.568 1.982 09573 interpolate
7 [A3E} 0.23 0.341 0.457 0673 0.845 1.012 0.6285  interpolate
72 0.125 0248 0371 0.51 0.859 1212 1.0627 07872 interpalate
At x=+A72, 7=B):
pi*q*b’
Max. Bending Swress = (7 = 3 = 16563 < 22410 psi Tepe BLoading EMUIB-22105 P erppsizez Ao
tZ allowable steess = .83+ 75*Fy
Good

R is the reaction force per unit length normal 10 the plate surface exerted by the boundary support on the cdge of the plate

R atlocation Z = 0 and X=0 R: }/1 *q*b

270.97 Ibfinch

a »
4
free
fixed Skin Plate b fixed
X
stiffen fixed
Stiffene

r

11/16 inch Plate is Good
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STAAD SPACE 54'-8" MITER GATE EXTENSION

START JOB INFORMATION

JOB NAME Panama Canal Miter Gate Study

JOB CLIENT PCC

JOB PART 54'-8" skin plate extension

JOB COMMENT Extension of skin plate due to the LOWER SILL OPTION - 1 ft
ENGINEER NAME SRS

ENGINEER DATE 10-Nov-99

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

1 000; 200.1580; 300.3160; 40 0.474 0; 5 0 0.632 0; 6 0 0.79 0;
70 0.948 0; 8 0 1.106 0; 9 0 1.264 0; 10 0 1.422 0; 11 0 1.58 0; 12 0.221 0 0;

13 0.221 0.158 0; 14 0.221 0.316 0; 15 0.221 0.474 0; 16 0.221 0.632 0;
176.221 0.75 0; 18 0.221 0.948 0; 19 0.221 1.106 0; 20 0.221 1.264 0;
21 0.221 1.422 0; 22 0.221 1.58 0; 23 0.442 0 0; 24 0.442 0.158 0;

25 0.442 0.316 0; 26 0.442 0.474 0; 27 0.442 0.632 0; 28 0.442 0.79 0;
29 0.442 0.948 0; 30 0.442 1.106 0; 31 0.442 1.264 0; 32 0.442 1.422 0,
33 0.442 1.58 0; 34 0.663 0 0; 35 0.663 0.158 0; 36 0.663 0.316 0;

37 0.663 0.474 0; 38 0.663 0.632 0; 39 0.663 0.79 0; 40 0.663 0.948 0;
41 0.663 1.106 0; 42 0.663 1.264 0; 43 0.663 1.422 0; 44 0.663 1.58 0;
45 0.884 0 0; 46 0.884 0.158 0; 47 0.884 0.316 0: 48 0.884 0.474 0;

49 0.884 0.632 0; 50 0.884 0.79 0; 51 0.884 0.948 0; 52 0.884 1.106 0;
53 0.884 1.264 0; 54 0.884 1.422 0; 55 0.884 1.58 0; 56 1.105 0 0;

57 1.105 0.158 0; 58 1.105 0.316 0; 59 1.105 0.474 0; 60 1.105 0.632 0;
61 1.105 0.79 0; 62 1.105 0.948 0; 63 1.105 1.106 0; 64 1.105 1.264 0;
65 1.105 1.422 0; 66 1.105 1.58 0; 67 1.326 0 0; 68 1.326 0.158 0;

69 1.326 0.316 0; 70 1.326 0.474 0; 71 1.326 0.632 0; 72 1.326 0.79 0;
73 1.326 0.948 0; 74 1.326 1.106 0; 75 1.326 1.264 0; 76 1.326 1.422 0;
77 1.326 1.58 0; 78 1.547 0 0; 79 1.547 0.158 0; 80 1.547 0.316 0;

81 1.547 0.474 0; 82 1.547 0.632 0; 83 1.547 0.79 0; 84 1.547 0.948 0;
85 1.547 1.106 0; 86 1.547 1.264 0; 87 1.547 1.422 0; 88 1.547 1.58 0;
89 1.768 0 0; 90 1.768 0.158 0; 91 1.768 0.316 0; 92 1.768 0.474 0;

93 1.768 0.632 0; 94 1.768 0.79 0; 95 1.768 0.948 0; 96 1.768 1.106 0O;
97 1.768 1.264 0; 98 1.768 1.422 0; 99 1.768 1.58 0; 100 1.989 0 0;

101 1.989 0.158 0; 102 1.989 0.316 O; 103 1.989 0.474 0; 104 1.989 0.632 0;
1051.989 0.79 0; 106 1.989 0.948 0; 107 1.989 1.106 0; 108 1.989 1.264 0;
109 1.985 1.422 0; 110 1.989 1.58 0; 111 2.21 0 0; 112 2.21 0.158 0;
113 2.21 0.316 0; 114 2.21 0.474 0; 115 2.21 0.632 0; 116 2.21 0.79 0;
117 2.21 0.948 0; 118 2.21 1.106 0; 119 2.21 1.264 0; 120 2.21 1.422 0;
121 2.21 1.58 0;

ELEMENT INCIDENCES SHELL

1112132; 221314 3; 331415 4; 44 1516 5; 55 16 17 6; 6 6 17 18 7;
7718 198; 8 8 19 20 9; 9 9 20 21 10; 10 10 21 22 11; 11 12 23 24 13;

12 13 24 25 14; 13 14 25 26 15; 14 15 26 27 16; 15 16 27 28 17; 16 17 28 29 18;
1718 29 30 19; 18 18 30 31 20; 19 20 31 32 21; 20 21 32 33 22; 21 23 34 35 24;
22 24 35 36 25; 23 25 36 37 26; 24 26 37 38 27; 25 27 38 39 28; 26 28 39 40 29;
27 29 40 41 30; 28 30 41 42 31; 29 31 42 43 32; 30 32 43 44 33; 31 34 45 46 35;
32 35 46 47 36; 33 36 47 48 37; 34 37 48 49 38; 35 38 49 50 39; 36 39 50 51 40;
37 40 51 52 41; 38 41 52 53 42; 39 42 53 54 43; 40 43 54 55 44; 41 45 56 57 46;
42 46 57 58 47; 43 47 58 59 48; 44 48 59 60 49; 45 49 60 61 50; 46 50 61 62 51;
47 51 62 63 52; 48 52 63 64 53; 49 53 64 65 54; 50 54 65 66 55; 51 56 67 68 57;
52 57 68 69 58; 53 58 69 70 59; 54 59 70 71 60; 55 60 71 72 61; 56 61 72 73 62;
57 62 73 74 63; 58 63 74 75 64; 59 64 75 76 65; 60 65 76 77 66; 61 67 78 79 68;
62 68 79 80 69; 63 69 80 81 70; 64 70 81 82 71; 65 71 82 83 72; 66 72 83 84 73;
67 73 84 85 74; 68 74 85 86 75; 69 75 86 87 76; 70 76 87 88 77; 71 78 89 90 79;
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Compuied by:] SRS
COMPUTATION SHEET Dater] 1159799
Checked by:|  J# o
US Anmy Corps Date:[ 2%
of Engineers Yoz | 7
Ohio River Division SUBJECT: Panama Canal Miter Gate Study
Pinsburgh District COMPUTATION: SKin Piae Design for 79 Muer Gaie
Lake Elevation Seal Elevation Plate Elevation Dexsign Head
[Gavun Fighest = I BB [0 0 [T [ 76.083)
Whater Density = 62.5 pef
WATER PRESSURE q= 33.02  Psiconservative uniform < b
SKIN PLATE DESIGN free
1= 08125 inchplae
Steel Fy = 36000 psi
Steel E= 29000000 psi
5 Skin Plate a 5
PANEL 2= 18.968 inch ab = 07158
PANEL b= 26.5 inch $= Simple Supported
Difference = 0.0488 / b\
Three edges simple supported and one end free Cave 28 S:ilten; s
- Stiffene
x
AB[ 03 0.667 7 15 H )
B 036 045 0.67 0.7700 079 (3 (X155 Imerpolate
a 0.08 0.106 0.14 0.3600 0.165 0.167 0.1110 interpolate
Brq*b’
Max. Bending Stress = - 2 16939 < 22410 psi Tvpe B Loading EM 1110-2-2105
14 allowable stress = .83%.75*Fy
Good
Max. Deflection = = 0.1162 inch
PANEL a= 265 mch o = 13971
PANEL b= 18.968 inch
Difference = 0.40
Three cdges fized and one edpe free Case 10a:
AB[  ba2s 0.5 0.75 1 1.5 2 3 05
Bl 0.02 G081 [A¥} 0321 0727 1126 7105 06933 interpolate
B2 0016 0.066 0.138 0.259 0.484 0.605 0.519 04377 interpolate
p3 0.031 0.126 0.286 o.511 1.073 1.568 1.982 0.9573  interpolate
i 0114 0.23 0.341 0.457 0.673 0815 1.012 06285  interpolate
y2 0.125 0.248 0.371 0.51 0.859 1212 1.0627 0.7872  imerpolate
At xtA?, 7=B):
pi*q*b’
Max. Bending Swess = 7 = L2 2 = 17229 < 22410 psi Tvpe B Laading EM 1110.2.2105
t2 allowable stress = .83¢.75¢Fy
Good

R is the reaction force per unit length normal 1o the plate surface exerted by the boundary support on the edge of the plate

R at location Z = 0 and X=0

R=y,*q*b

393.70 Ib/inch
< » >
z
free
fixed Skin Plate b fixed
\ X
stiffen fixed
stiffene

T

13/16 inch Plate is Good
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PAG E 2

STAAD SPACE 79' MITER GATE EXTENSION

START JOB INFORMATION

JOB NAME Panama Canal Miter Gate Study

JOB CLIENT PCC

JOB PART 79' Miter Gate Skin Plate Extension

JOB COMMENT Extension of skin plate due to the LOWER SILL OPTION - 1 ft
ENGINEER NAME SRS

ENGINEER DATE 10-Nov-99

END JOB INEFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

1000; 200.158 0; 30 0.316 0; 4 0 0.474 0; 50 0.632 0; 6 0 0.79 0;

7 0 0.948 0; 8 0 1.106 0; 9 0 1.264 0; 10 0 1.422 0; 11 O 1.58 G; 12 0.221 0 0;
13 0.221 0.158 0; 14 0.221 0.316 0; 15 0.221 0.474 0; 16 0.221 0.632 0;
17 0.222 0.79 0; 18 0.221 0.548 0; 15 0.221 1.106 0; 20 0.221 1.264 0;
21 0.221 1.422 0; 22 0.221 1.58 0; 23 0.442 0 0; 24 0.442 0.158 0;
25 0.442 0.316 0; 26 0.442 0.474 0; 27 0.442 0.632 0; 28 0.442 0.79 0;
29 0.442 0.948 0; 30 0.442 1.106 0; 31 0.442 1.264 0; 32 0.442 1.422 0;
33 0.442 1.58 0; 34 0.663 0 0; 35 0.663 0.158 0; 36 0.663 0.316 C;
37 0.663 0.474 0; 38 0.663 0.632 0; 39 0.663 0.79 0; 40 0.663 0.948 0;
41 0.663 1.106 0; 42 0.663 1.264 0; 43 0.663 1.422 0; 44 0.663 1.58 0;
45 0.884 0 0; 46 0.884 0.158 0; 47 0.884 0.316 0; 48 0.884 0.474 0;
49 0.854 0.632 0; 50 0.884 0.79 0; 51 0.884 0.948 0; 52 0.884 1.106 0;
53 0.884 1.264 0; 54 0.884 1.422 0; 55 0.884 1.58 0; 56 1.105 0O 0;
57 1.105 0.158 0; 58 1.105 0.316 0; 59 1.105 0.474 0; 60 1.105 0.632 0;
61 1.105 0.79 0; 62 1.105 0.948 0; 63 1.105 1.106 0; 64 1.105 1.264 0;
65 1.105 1.422 0; 66 1.105 1.58 0; 67 1.326 0 0; 68 1.326 0.158 0;
69 1.326 0.316 0; 70 1.326 0.474 0; 71 1.326 0.632 0; 72 1.326 0.79 0;
73 1.326 0.948 0; 74 1.326 1.106 0; 75 1.326 1.264 0; 76 1.326 1.422 0;
77 1.326 1.58 0; 78 1.547 0 0; 79 1.547 0.158 0; 80 1.547 0.316 0;
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* *
* STAAD.Pro *
* Version 2001 Build 1005 *
* Proprietary Program of *
* RESEARCH ENGINEERS, Intl. *
* Date= DEC 7, 2001 *
* Time= 15:31:57 *
* *
* *
* *

USER ID: US Army COE - Pittsburgh
222 I R R e T L L E R R LR R R

STAAD PLANE

START JOB INFORMATION
ENGINEER DATE 07-DEC-01

END JOB INFORMATION

INPUT WIDTH 79

UNIT FEET KIP

JOINT COORDINATES

1 000; 2100; 32.500; 4400, 5500
MEMBER INCIDENCES

11 2;, 22 3; 334, 445
MEMBER PROPERTY AMERICAN

1 TO 4 TABLE ST W6X15
SUPPORTS

2 TO 4 PINNED

UNIT INCHES KIP

CONSTANTS

E 29000 MEMB 1 TO 4

POISSON 0.3 MEMB 1 TO 4
DENSITY 0.000283 MEMB 1 TO 4
ALPHA 6E-006 MEMB 1 TO 4
UNIT FEET KIP

LOAD 1

MEMBER LOAD

1 TRAP Y 0 -0.932 0 1

2 TRAP Y -0.932 ~-2.33 0 1.5
3 TRAP Y -2.33 -3.73 0 1.5
4 TRAP Y -3.73 -4.66 0 1
PERFORM ANALYSIS

PAGE NO.

1

C:\Claybaugh\Rich.anl

Page 1 of 3



Friday,

December 07,

2001, 03:32 PM

++
++
++
++

STAAD PLANE

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 4/
ORIGINAL/FINAL BAND-WIDTH= 1/ 1/ 4 DOF

TOTAL PRIMARY LOAD CASES = 1, TOTAL DEGREES OF FREEDOM =
SIZE OF STIFFNESS MATRIX = .1 DOUBLE KILO-WORDS
REQRD/AVAIL. DISK SPACE = 12.0/ >2000 MB, EXMEM =
Processing Element Stiffness Matrix. 15:31:57
Processing Glcobal Stiffness Matrix. 15:31:57
Processing Triangular Factorization. 15:31:57
Calculating Joint Displacements. 15:31:57
Calculating Member Forces. 15:31:57

29. PRINT SUPPORT REACTION ALL

PAGE NO.

464.0 MB

2

C:\Claybaugh\Rich.anl

Page 2 of 3



Friday, December 07,

2001, 03:32 pM

STAAD PLANE -

SUPPORT REACTIONS -UNIT KIP FEET STRUCTURE TYPE = PLANE
JOINT LOAD FORCE-X FORCE-Y FORCE-~2Z MOM-X MOM-Y
2 1 0.00 1.32 0.00 0.00 0.00

3 1 0.00 2.53 0.00 0.00 0.00

4 1 0.00 7.80 0.00 0.00 0.00

hk ok ok ok kok ok ok ok ok ok ok ok END OF LATEST ANALYSIS RESULT #****k*kx %% %%k *x*x*%x%

30. PERFORM ANALYSIS

++ Processing Element Stiffness Matrix. 15:31:57

++ Processing Global Stiffness Matrix. 15:31:57

++ Processing Triangular Factorization. 15:31:57

++ Calculating Joint Displacements. 15:31:57

++ Calculating Member Forces. 15:31:57
31. FINISH

Kk kkkkk ok Kk ok ok ok END OF THE STAAD.PI’O RUN Kok ok ok ok ok ok ok kK ok

***x% DATE= DEC 7,2001 TIME= 15:31:57 ***x*

*******************************************************
* For questions on STAAD.Pro, please contact

* By Email - North America : support@ca.reiusa.com

* By Email - International : support@reiusa.com

* Tel. (USA) : 714-974-2500 ; Fax {(USA) : 714-974-4771

*******************************************************

PAGE NO.
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DYWIDAG Threadbar
Rock and Soil Anchors




OYWIDAE

The Dywidag Threadbar System is manu-
factured in the United States exclusively by
Dywidag Systems Interpational. Used world-
wide since 1965, the threadbar system pro-
vides a simple, rugged method of efficiently
applying prestress force to a wide variety

of structural systems including posttensioned
concrete, rock and soil anchor systems.

Available in %", 17,17 " and 18"
nominal diameter, Dywidag Threadbars are
hot rolled and proof stressed alloy steel
conforming to ASTM A 722.

The Dywidag Threadbar has a continuous
rolled-in pattern of threadlike deformations
along its entire length. More durable than
machine threads, the deformations allow
anchorages and couplers to thread onto the
threadbar at any point.

The strength of the Dywidag Threadbar
anchorages and couplers exceeds the
requirements of AC| 318. Test reports are
available for the main components

of the system.

Conforming to the requirements of
ASTM A 615, the threadbar deformations

develop an effective bond with cement or
resin grout. The continuous thread simplifies
stressing. Lift off readings may be taken at
any time, and the prestress force increased
or decreased as required.

The anchor plate need not be perpendicular
to the Dywidag Threadbar. The curved
surface of the anchor nut accommodates up
to 5° misalignment. As much as a 25°
misalignment of the threadbar with the
bearing plate can be corrected by using a set

of wedge washers with the anchor nut.

Available in mill lengths to 60, threadbars

may be cut to specified lengths before

shipment to the job site. Or where

circumstances warrant, the threadbars may

be shipped to the job site in mill lengths

for field cutting'with a portable friction or band

saw. Threadbars may be coupled for easg w-. "
of handling or to extend a previously o
stressed bar.

The Dywidag Threadbar System is used
extensively in rock and soil anchor
construction because of its versatility,
strength, performance characteristics and
off-the-shelf availability of most components.

“Anchorage

Coupling




Threadbar Rock and Soil Anchors

s

" Prestressing steel properties

ek | | SE SIS | Preoresaing roree — e | e, | VBT | Mommer
Diameter (fou-ksi) Area (fou A ps) : (Ibs./ft.) Bending Diameter
(inches) (Aps-inches?) 0.80fpu A ps o.70fpuApsIo.60fpuA:{ Radius (ft.) | (inches)
{ % 157 0.28 43.5 34.8 30.5 ‘ 26.1 ’ 0.98 ‘ 26 0.693
1 150 0.85 127.5 102.0 89.3 ‘ 76.5 3.01 52 1.201
1 160* 0.85 136.0 108.8 95.2 81.6 3.01 49 1.201 ]
1Va 150 1.25 187.5 150.0 131.3 112.5 439 64 1.457
1Ya 160* 1.25 200.0 160.0 140.0 120.0 4.39 60 1.45‘7
134 150 1.58 237.0 189.6 165.9 142.2 5.56 72 1.630
1% 160~ 1.58 252.8 202.3 1 177.0 151.7 5.56 67 | 1.630

*Grade 160 Dywidag Threadbars available on special order when lead time permits.

**Prebent bars are required for radii less than the minimum elastic radius.

Steel stress levels

Dywidag Threadbars may be stressed to

the allowable limits of ACI 318. The maximum
\& :king stress (temporary) may not exceed

0.80 fe, and the transfer stress (lockoff)

may not exceed 0.70 feu.

The final effective (working) prestress level
depends on the specific application,
installation procedure, stressing sequence,
and the rigidity of the structural system. In
the absence of a detailed analysis of the

Actual loss calculations require structural
design information not normally present on
contract documents.

structural system, 0.60f« may be used as an
approximation of the effective (working)
prestress level.

Dywidag Threadbars may be used
individually or in multiples depending upon
the magnitude of force requirements or
upon drilling considerations.

Nedge Washer
Ass\ambly

Anchorage Details

Threadbar Diameter
(inches) s 1 1Ya 1%
Anchor Plate Size 2x5x1 4x6Y2 x 14 S5x8x1vz Sx9% x 13,
Wast (inches) 3x3x % S5x5x 1Y |6Ya x 8% x 1%2| 7X7Va x 1%
asher Nut Extension e
] (inches) ap 1% 17 2Ve 23,
Bearin Min. Bar Protrusion
Washeg (inches) s 2Y2 3 3% 4
Coupler Details
Threadbar Diameter
(inches) 78 1 17 1%
Length (inches) ¢ 4% 5V2 6 8% |
Diameter (inches) 1a 2 2% 2% [

*7V2" long coupler available on special order.



1% ” Dywidag Threadbar soil anchors
installed in a dry sand and gravel to
tieback H-beam and concrete under-
pinning wall in 40 ft. deep excavation.
Anchor design and installation by
Richard Goettle Inc., Cincinnati, Ohio.

1%8” Dywidag Threadbar soil
anchors installed in wet sand to
tieback H-beam and timber
lagging system in 40 ft. excavation.
Anchor design and installation by
Schnabel Foundation Co.,
Washington, D. C.

Corporate Office: 301 Marmon Drive, Lemont, IL 60439-3006 (708) 739-1100 Systems and Ildeas

07 Beaver Brook Road, Lincoln Park, NJ 07035 (201) 628-8700 39059 Guardino Drive, Suite 107, Fremont, CA 94538 (415) 792-4315
624 Belle Vista Drive East, St. Petersburg Beach, FL 33706 (813) 360-5648 2154 South Street, Long Beach, CA 90805 (213) 531-6161

Suite H-1, 1341 Canton Road, NE, Marietta, GA 30066 (404) 421-9872 483" Anjou Drive, Grand Junction, CO 81504 (303) 434-9194

17— *Joppa Road, Baltimore, MD 21234 (301) 882-6111 P.O. Box 422, Parker, CO 80134 (303) 841-6879
[N e Tree Place, 360-1002, Route 101, Bedford, NH 03102 (603) 472-7050 7225 S.W. 86th Street, Portiand, OR 97223 (503) 245-8917 Q
01 Marmon Drive, Lemont, IL 60439 (708) 739-1100 Dywidag Systems Intemational, Canada LTD.

5421 Trail Bend Drive, Florissant, MO 63033 (314) 741-5044 65 Bowes Road, Unit 5, Concord, Ontario L4K 1H5, Canada (416) 669-4952

1474 Grandview Avenue, Suite 1, Columbus, OH 43212 (614) 486-8793 100 Alexis Nihon Boulevard, Suite 216, St. Laurent, Quebec H4M 2N7, Canada (514) 744-6429
76 Creekside Drive, Avon Lake, OH 44012 (216) 933-7965 2702 Ware Street, Suite 204, Abbotsford, BC V2S 5E6, Canada (604) 852-6466

169 Ruggles Drive, Grand Prairie, TX 75050 (214) 647-8152 3701 19th Street, N.E., Calgary, Alberta T2E 6S8, Canada (403) 291-4414




QHW Designation: A 722/A 722M — 98

Standard Specification for

Uncoated High-Strength Steel Bars for Prestressing

Concrete!

This standard is issued under the fixed designation A 722/A 722M;; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers uncoated high-strength steel
bars intended for use in pretensioned and post-tensioned
prestressed concrete..construction_or._in_ prestressed . ground
anchors. Bars are of a minimum ultimate tensile strength level
of 1035 MPa (150 000 psi).

1.2 Two types of bars are provided: Type I bar has a plain
surface and Type II bar has surface deformations.

1.3 Supplementary requirements of an optional nature are
provided. They shall apply only when specified by the pur-
chaser.

1.4 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

2. Referenced Documents

*1 ASTM Standards:

.1 370 Test Methods and Definitions for Mechanical Testing
of Steel Products?®

A 700 Practices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment?

E 30 Test Methods for Chemical Analysis of Steel, Cast
Iron, Open-Hearth Iron, and Wrought Iron*

3. Ordering Information

3.1 Orders for material under this specification should
include the following information:

3.1.1 Quantity,

3.1.2 Name of material (uncoated high-strength bars for
prestressing concrete),

3.1.3 ASTM designation and year of issue,

3.1.4 Size and length,

3.1.5 Type, :

3.1.6 Special inspection requirements, if desired (see Sec-
tion 12),

! This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommiittee
A01.05 on Steel Reinforcement.

Current edition approved April 10, 1998. Published December 1998. Originally
published as A 722 — 75. Last previous edition A 722/A 722M — 97a.

2 Annual Book of ASTM Standards, Vol 01.03.

3 Annual Book of ASTM Standards, Vol 01.05.

“ Annual Book of ASTM Standards, Vol 03.05.

Copyright © ASTM, 100 Barr Harbor Drive, West Gonshohocken, PA 19428-2959, United States.

344

3.1.7 Special preparation for delivery, if desired (see Sec-
tion 11), and
3.1.8 Supplementary requirements, if desired.

Note 1—A typical ordering description is as follows: 50 uncoated __
high-strength steel bars for prestressing: concrete to--ASTM-A-722/ -

A 722M - ; 26 mm diameter, 12.20 m long, Type II; packed in accordance
with A 700; meeting supplementary bending properties.

4. Materials and Manufacture

4.1 The bars shall be rolled from properly identified heats of
ingot cast or strand cast steel. The standard sizes and dimen-
sions of Type I and II bars shall be those listed i in Table 1 and
Table 2, respectively. =

4.2 The bars shall be subjected to cold-stressing to not less
than 80 % of the minimum ultimate strength, and then shall be
stress relieved, to produce the prescribed mechanical proper-
ties.

5. Chemical Composition

5:1 An analysis of each heat of steel shall be made by the
manufacturer from test samples taken during the pouring of
each heat.

5.1.1 Choice and use of chemical composition and alloying
elements, to produce the mechanical properties of the finished
bar prescribed in 6.2, shall be made by the manufacturer,
subject to the limitations in 5.1.2.

5.1.2 On heat analysis, phosphorus and sulfur shaH not
exceed the following:

Phosphorus
Sulfur

0.040 %
0.050 %

5.2 A product analysis may be made by the purchaser from
the finished bar representing each cast or heat of steel. The
phosphorus and sulfur contents thus determined shall not
exceed the limits specified in 5.1.2 by 0.008 %.

5.3 Method E 30 shall be used for referee purposes.

6. Mechanical Properties

6.1 All testing for mechanical properties shall be performed
in accordance with the requirements of Methods and Defini-
tions A 370.

6.2 Tensile Properties:

6.2.1 Finished bars shall have a minimum ultimate tensile
strength of 1035 MPa (150 000 psi).




:C-

ted
122/
mce

s of
en-

ind

less”
be
per-

the
» of

/ing
hed

Ter,

not

‘rorg )
The -.-
not

med
fini-

1sile

i A 722/A 722m

TABLE 1 Dimensions for Type | (Plain) Bar

Nominal Diameter Nominal Mass (Weight) Nominal Area”

mm in. kg/m Ib/ft mm?2 in.2
19 Ya 2.23 1.50 284 0.44
22 3 3.04 2.04 387 0.60
25 1 3.97 2.67 503 0.78
29 1% 5.03 3.38 639 0.99
32 1Va 6.21 417 794 1.23
35 1% 7.52 5.05 955 1.48

“The nominal area is determined from the nominal diameter in inches. Values
have been converted from inch-pound units to metric units.

TABLE 2 Dimensions for Type ll (Deformed) Bar

Nominal Area®

Nominal Diameter* Nominal Mass (Weight)

mm in. kg/m Ib/ft mm? in.2
15 % 1.46 0.98 181 0.28
20 3a 2.22 1.49 271 0.42
26 1 4.48 3.01 548 0.85
22 1V £.54 4.39 808 1.25
36 1% 8.28 5.56 1019 1.58
46 1% 13.54 3.10 1664 2.58
65 212 27.10 18.20 3331 5.16

“Nominal diameters are for identification only. Values have been converted from
metric to inch-pound units.

BThe nominal area is determined from the bar weight less 3.5 % for the
ineffective weight of the deformations.

LN
{\6"'/ 6.2.2 The minimum yield strength of Type I and Type II bars

#" shall be 85 % and 80 %, respectively, of the minimum ultimate

tensile strength of the bars. The yield strength shall be

determined by either of the methods described in Test Methods
and Definitions A 370; however, in the extension under load
method, the total strain shall be 0.7 %, and in the offset method
the offset shall be 0.2 %.

6.2.3 The minimum elongation after rupture shall be 4.0 %
in a gage length equal to 20 bar diameters, or 7.0 % in a gage
length equal to 10 bar diameters.

6.3 Test Specimens—Tension tests shall be made using
full-size bar test specimens. Machined reduced section test
specimens are not permitted. All unit stress determinations
shall be based on the nominal area shown in Table 1 or the
effective area shown in Table 2.

6.4 Number of Tests—The number of tensile specimens
tested shall be one from each 36 Mg (39 tons) or fraction
thereof, of each size of bar rolled from each heat but not less

__than two from each heat. The spe01mens shall be randomly
+—-selected following the final processing operation.

6.5 Retests:

6.5.1 If any tensile property of any tension test specimen is
less than that specified, and any part of the fracture is outside
the middle third of the gage length, as indicated by scribe
scratches marked on the specimen before testing, a retest shall
be allowed.

6.5.2 If the results of an original tension test fail to meet
specified requirements, two additional tests shall be made on
samples of bar from the same heat and bar size, and if failure

-occurs in either of these tests, the bar size from that heat shall

be rejected.

6.5.3 If any test specimen fails because of mechanical
reasons such as failure of testing equipment, it shall be
discarded and another specimen taken.

6.5.4 If any test specimen develops flaws, it shall be

345

discarded and.another specimen of the same size bar from the
same heat substituted.

7. Requirements for Deformations

7.1 Material fumnished as Type II bar shall have deforma-
tions spaced uniformly along the length of the bar. The
deformations on opposite sides of the bar shall be similar in
size and shape. The average spacing or distance between
deformations on both sides of the bar shall not exceed seven
tenths of the nominal diameter of the bar.

7.2 The minimum height and minimum projected area of the
deformations shall conform to the requirements shown in Table
3.

7.3 Mechanical Coupling—For those bars having deforma-
tions arranged in a manner to permit coupling of the bars with
a screw-on type coupler, it shall be the responsibility of the
finished-bar manufacturer to demonstrate that a bar cut at any
point along its length may be coupied to any other iength of bar
and that a coupled joint supports the minimum specified
ultimate tensile strength of the coupled bars. The coupler type
shall be provided or designed by the finished-bar manufacturer.

8. Measurements of Deformations

8.1 The average spacing of deformations shall be deter-
mined by dividing a measured length of the bar specimen by

‘the number of individual deformations and fractional parts of

deformations on any one side of the bar specimen. A measured
length of the bar specimen shall be considered the distance
from a point on a deformation to a corresponding point on any
other deformation on the same side of the bar.

8.2 The average height of deformations shall be determined
from measurements made on not less than two typical defor-
mations. Determinations shall be based on three measurements
per deformation: one at the center of the overall length, and the
other two at the quarter points of the overall length.

8.3 To indicate adequately the conformity to the dimen-
sional requirements, measurements shall be taken at random
from one bar from each 30 Mg (33 tons) of each lot or fraction
thereof.

8.4 Insufficient height, insufficient projected area, or exces-
sive spacing of deformations shall not constitute cause for
rejection unless it has been clearly established by determina-
tions on each lot that typical deformation height or spacing

TABLE 3 Deformation Dimensions for Type Il Bar

Deformation Dimensions

Nominal Maximum Minimum Minimum
Diameter Average Average Projected
Spacing Height Area”
mm in mm in. mm in.  mm#mm in.%in.
15 2 111 0.44 0.7 0.03 2.4 0.09
20 Ya 13.3 0.52 1.0 0.04 3.4 0.13
26 1 17.8 0.70 13 0.05 4.4 0.17
32 1Va 22.5 0.89 1.6 0.06 54 0.21
36 1% 25.1 0.99 1.8 0.07 6.1 0.24
46 1% 30.1 1.18 2.2 0.09 7.3 0.28
65 2 445 1.75 2.9 0.1 9.7 0.38

ACalculated from eguation, min projected area = 0.75wd h/s
where:
d = nominal diameter,
h = minimum average height, and
s = maximum average spacing.
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accordance with this specification. All tests (except product

does not conform to the minimum requirements prescribed in
€ on 7. No rejection shall be made on the basis of measure-

L. s if fewer than ten adjacent deformations on each side of
the bar are measured.

Note 2—The term “lot” shall mean all bars of the same nominal mass
(weight) per metre (Linear foot) contained in an individual shipping release
or shipping order.

9. Permissible Variation in Size or Weight

9.1 For Type I bars, the permissible variation from the:

nominal diameter specified in Table 1 shall not exceed +0.75,
—~0.25 mm (+0.030, -0.010 in.).

9.2 For Type T bars, the permissible variation from the
nominal weight specified in Table 2 shall not exceed +3 %,
-2 %. ‘ '

10. Finish T T

10.1 The bars shall be free of defects injurious to the

mechanical properties and shall have a workmanlike finish.

11. Dehvery

11.1 Unless otherwise spemﬁed in the contract or purchase
order, bars shall be packed for delivery in accordance with the
finished-bar manufacturer’s standard commercial practice.

11.2 When specified in the contract or purchase order, bars
shall be packed in accordance with Practices A 700.

11.3 Marking:

11.3.1 Unless otherwise specified in the contract or pur-

" order, bars shall be sorted by size and each bundle or lift
shaut be properly tagged showing heat number, size, specifica-
tion number (ASTM A 722), and the name of the finished-bar
manufacturer in order to assure proper identification. The tags
shall display the following statement: “High-Strength Pre-
stressing Bars.” The tags shall be made of durable material and
marked in a legible manner with waterproof markings; not less
than one tag per bundle or lift, attached by wire (see Note 3).
In addition, both ends of each bar shall be painted yellow.

Note 3-—1It should be recognized that the legibility of markings on tags
has a finite life. When bundles or lifts of bars are stored outdoors for along
period of time, fading of the markings on non-metallic tags, or oxidation
of the markings on metal tags, can be expected to occur. '

11.3.2 When specified in the contract or purchase order,
bars shall be marked in accordance with Practices A 700.

12. Inspection

12.1 The inspector representing the purchaser shall have
free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer’s
works that concemn the manufacture of the material ordered.
The manufacturer shall afford the inspector all reasonable
facilities to satisfy him that the material is being furnished in

analysis) and inspection, shall be made at the place of
manufacture prior to shipment, unless otherwise specified, and
shall be so conducted as not to interfere unnecessarily with the
operation of the works.

12.2 If specified in the purchase order, the purchaser shall
reserve the right to perform any of the inspection set forth in
the specification where such inspections are deemed necessary
to assure that the material furnished conforms to prescribed
requirements.

12.3 If outside inspection is WalVCd the finished-bar manu-

facturer’s certification that the material has been tested in
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accordance with, and meets the requirements of, this specifi-
cation, shall be the basis of acceptance of the material.

13. Rejection

13.1- Unless otherwise specified, any rejection based on tests °

made in accordance with 5.2 shall be reported to the manufac-
turer within 5 working days from the receipt of samples by the
purchaser. ‘

13.2 Material that shows injurious defects subsequent fo its
acceptance at the manufacturer’s works shall be subject to
rejection, and the mantifacturer shall be notified.

14. Rehearing

14.1 Samples tested in accordance with 5.2 that represent
rejected material shall be preserved for two weeks from the
date rejection is reported to the manufacturer. In case of
dissatisfactidn with the results of the tests, the manufacturer
shall be permitted to make claim for a rehearing within that
time.

15. Certification

15.1 If outside inspection is waived, a manufacturer’s cer-
tification that the material has been tested in accordance with
and meets the requirements of this specification shall be the
basis of acceptance of the material. The certification shall
include the specification number, year-date of issue, and
revision letter, if any.

15.2 The manufacturer shall, when requested in the order,
furnish a representative load-elongation curve for each size and
grade of bar shipped.

15.3 A modulus of elasticity value of 205 GPa (29 700 000
psi) shall be used for the purpose of elongation calculation for
Type 1T bars. '

Norte 4—Experience has shown that plotted load elongation curves
from mill tests on Type Il vary excessively and are not sufficiently reliable
for use in calculating E-moduius vaiues.

16. Keywords

16.1 high-strength steel bars; prestressed concrete; post-
tensioning; deformed bars; plain bars
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Fig. 5.25 Moments develbped in panels stripped flat

resisting section

w = weight per unit area

(a) Two point pick-up

Maximum Moments (Approximate)

+M, = -M, = 0.0107 wa®b
+M, = -M, = 0.0107 wab?

M, resisted by a section of width 15t
or b/2, whichever is less.

M, resisted by a section of width a/2.

(b) Four point pick-up

Maximum Moments (Approximate)

+M, = -M, = 0.0054 wa’b
+M, = M, = 0.0027 wab? -

M, resisted by a section of width 15t or
b/4, whichever is less.

M, resisted by a section of width a/2.

mechanisms to increase the angle of lift. Any such
special handiing requirements should be clearly
shown on the shop drawings.

In addition to longitudinal bending moments, a
transverse bending moment may be caused by the

orientation of the pick-up points with respect to the

transverse dimension (Fig. 5.2.8). For the section
shown, a critical moment could occur between the
ribs because of the thin cross-section. _

The design guidelines listed above apply to ele-
ments of constant cross-section. For elements of
varying cross-section, the location of lift points is
usually determined by trial and error. Rolling blocks
can be used on long elements of varying section (Fig.

5.2.10), which makes the forces in the lifting lines
equal. The member can then be analyzed as a beam
with varying load supported by equal reactions.

The force in inclined lift lines cah be determined
from Fig. 5.2.7.

5.2.8 Handling Devices

The most common lifting devices are prestres-
sing strand or cable loops projecting from the con-
crete, threaded inserts, or special proprietary de-
vices.

Since lifting devices are subject to dynamic
loads, ductility of the material is part of the design

5-8 PCI Design Handbook/Fourth Edition



Fig. 5.2.6 Stripping from a tilt table

side forms

TN
]
l
(a) hardened panel prior

to stripping

IF1eS

(b} panel tilted by table

|
(c) panel stripping

Fig. 5.2.8 Pick-up points for equal stresses of a
ribbed member

¢

Fig. 5.2.7 Determination of force in inclined lift
lines

crane line load = W

-
|

= sling load
= WF
2

angle of lift

.k Ctotal load = W

Multiplication factor “F” for the total load on
hoisting sling with a lift angle of 8

8 90° 75° 60°_ | 45° [ 30 | 15

F 1.00 1.04 1.16 | 1.41 2.00 | 3.86

Note: 8 is usually not less than 60° to 70°
“Not recommended

Fig. 5.2.9 Moments caused by eccentric lifting

_ P
P ~ sin 6 cos ¢
P
Tﬁe Py = Y
& —C- tan 6 -
e
| T3 T - T
—cC.g.

Mx = PHYc
P
M, = — Ye
; tan 6
M, = P.e
M

N

= Pe tan 6

PCI Design Handbook/Fourth Edition 5-9
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Rebar Fastening Guide

i =1L

Curing time

Drill bit diameter

Injection volume

[0¢]

The curing time is dependent on temperature.

Base Material Gel Time Curing Time
Temperature EQLel teure
23°F (-5 °C) 25 Minutes 6 Hours
32°F ( 0°0) 18 Minutes 3 Hours
41°F ( 5°C) 13 Minutes 1.5 Hours
68°F (20 °C) 5 Minutes 50 Minutes
867F (30 °C) 4 Minutes 40 Minutes
104°F (40 °C) 2 Minutes 30 Minutes
Maintain foil pack temperati tween 41°F and °F {5°C and 40°C).

The correct drill bit diameter is important for the perfomance of
the adhesive bond as well as for the economy of the appli-

cation.
Nominal Maximum
Rebar Recommended Hole
Diameter Diameter*
dp D
#3  (3/8") 1/2"
#4 (172" 3/4"
#5 (5/8") 7/8"
#6  (3/4") 1"
#7  (7/8") 11/8"
#8 (1" 11/4"
Nominal Drill Typical Ad_hesive
Rebar Bit Volume Required
Diameter Diameter* per inch of
(in.) Embedment
(in.%)
#3 or 3/8” 1/2 0.105
#4 or 1/2” 5/8 0.131
#5 or 5/8” 3/4 0.176
#6 or 3/4” 7/8 0.218
#7 or 7/8” 1 0.236
#8 or 1 11/8 0.284
#9 or 1 1/8” 15/16 0.466
#10 or 1 1/4” 13/8 0.433
#11 or 1 3/8” 19/16 0.820

NOTE: Useable volume of HIT HY 150 refill pack is 16.5 in.*(270 ml)

Useable volume of HIT HY 150 large cartridges is 61.0 in.® (1000 ml)

. L

“Rebar diameter may vary. Use smallest drill bit which will accomodate rebar,
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3.3.2 Bond to Rebar

The force, F, which can be
transferred in bond between
rebar and adhesive increases
linearly with the development
length, but only with the square
root of the rebar diameter.

Design Strength of Adhesive:

Fp= 2260 ¢y v,
[Ib] i) fin.]
Fp = 78 ¢ Vdp
N * fmp * mm]

The square root takes into consideration that small rebar
diameters are typically used in groups, whereas larger

teo

diameters occur more often as single anchorage points.

This equation allows 7

Rebar Fastening Guide

for the performance
of the adhesive. It
was developed by
Professor Peter Marti
of the Swiss Federal
Institute of Technology
(ETH), Zurich, based

Ib=3d

on a review of
comprehensive test
data.

This value controls when the installed development length is
smaller than the basic development length and the?
compressive strength of concrete is greater than 3,000 psi

21 N/mm?).

Adhesive bond failure

11



Rebar Fastening Guide

Concrete Bond Failure

12

3.3.3 Bond to Concrete

The force, F¢, which can
be transferred in the
bond interface between
adhesive and hole wall
increases linearly with
embedment depth, as
well as in proportion to
the square root of the
compressive strength
times the hole diameter.

Design value of bond strength between
HIT-HY 150 and concrete:

Fe = 34 o W . VF..p
o] fin.] psi] [in]
Fo= 14 o & e oD
[N] [mm] [N/mm?] [mm]

D=hole diameter. See 2.3.

This equation allows for
the performance of the
concrete bond interface.
It was developed by
Professor Peter Marti of
the Swiss Federal
Institute of Technology
(ETH), Zurich, based on
a review of compre-
hensive test data.

Test Arrangement

This value controls when the installed development length is less
than the basic development length and the compressive strength of

concrete does not exceed 3,000 psi (21 N/mm?).




| m Rebar Fastening Guide

The limit at which the strength of adhesive or strength of
N concrete controls, is obtained as follows:

Setting F, = F:
2260 & €4 oVdp =84 o 4 o NFo.
in]  [in] fin.] fin.]

78 o €4 oVdp =14 o € 4 VPo.p

[mm] [mm] [mm] [mm]
Substituting the typical case in the D=1.2dp
above equation yields: f'e = 3680 [psi
£ _ 0 TNH ]
1 c= <O [IN/TTIg)

Consequently, up to and including f'c = 3000 psi, it is the
strength of concrete which controls, but above f'c = 4000 psi,
it is the Hilti HIT HY 150 adhesive strength that is decisive.

Schematic presentation of the controlling equation:

Concrete Compressive

Strength
( f'es psi 4 fF
(N/mm2) b
6000 =
(42) Hilti HIT-HY 150 controls
Fp = 2260 - 4y -{d] ,
[io] in] fin] Rebar yield controls
Fp = 78 - 4y -4, -
IN] [mm]  [mm] Fy = mdy . fy
4000— 4
ib in. ipsi]
(28) N sy
tFe '
3000 —
(21)
- Concrete
aciai controls
2000 -] |[F. =34 -4 -VFc D
(14) ls) {in] [psi] [in.]
Fo =14 . ¢ g {fc-D
[N] [mm]  [N/mm?|[mm)]
(- — Development length
\ 4d,min | lab 4
minimum basic installag



‘Rebar Fastening Guide m

3.3.4 Basic Development Length

The basic development length is derived by setting

y<Fp b2 .t < 2060 e 4, (o
(rebar strength < adhesive —— y - d "7
bond strength) [in] [psi] in] [in]-
f d, 3e
Loz
d 2880
fin] [psi] [in.]
mdp? f, < 78 o 4 {4
4 (&)
mm]  [N/mm?) [mm] [mm]
ly = 1, e 92
100
[mm]  [N/mm2][mm]
and
"y=Fe L S VI
(rebar strength < concrete 4
bond strength) [in] [psi] (in] [psi] fin] O
iy > Jy*dp?
43¢ {f«D
fin.] [psi] fin] »
et .t < u e L, TP
4
fmmj} [N/mmz] mm} IN/mm?2]  [mm)
iy = fyede?
18 {feD

[mm] [N/mm2]  [mm]

As a result, the conservative basic development length useable for all
concrete strengths is obtained as the maximum value of the two limiting
embedment depths:

Basic Development

Length fap = MAX { fyedp®2 . fyedp? }
2880 43 Jf'c )
fin.] [psi] [in.] [psi] [in.]
Ly, = MAX { fyy ® dp3/2 : fy * dp2 }
100 18 o Jf‘c *D
[mm] [N/mm?2] [mm] [N/mmz2] [mm]




Appendix 4. — List of Demolition Contractors Contacted



List of Contractors

Bluegrass Concrete Cutting, Inc
107 Mildred Street

P.O. Box 367

Greenville, AL 36037
800-734-2935

P.C.S. Inc.

P.O. Box 959

Hobe Sound, FL 22475
561-223-7393

Cutting Edge Services Corp.
807 Eight Mile Road
Cincinnati, OH 45255
513-388-0199

Independence Excavating
5720 Schaaf Road
Independence, OH 44131
800 524-DIRT

Kokosing Construction Co., Inc.
17531 Waterford Road
Fredericktown, OH 43019
740-694-6315

Waterjet Tech, Inc.
1803 Beltway Drive
St. Louis, MO 63114
314-428-6900

Tramac

26 Eastmans Road
Parsippany, NJ 07054
800-526-3837

DTI Demolition Technologies Incorporated
P.O. Box 427, 107 Mildred Street
Greenville, AL 36037

800-282-4384
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PROJECT:
_OCATION:

COST LEVEL: December 2001

Precas"c Panel Sill Replacement (Precision Demo)

2a
2b
2c
2d
4a

4b

4c

Panama Canal Miter Gate Study
Panama Canal

Est By ' crc

Checked: pgb

EVAPANAMA\silisup.x
1sjChain Fender Silis

‘Filename: (2)

Date:

Remove 2-0" of existing sill, replace w/ 9" thick precast panels bolted thru to existing concrete, under grout and grout ,ioihts.

Refer to Plate No. 9

Quantities are per Sill

Item Description

Eng

Quantity

Concrete Removal (Precision)
Precast Concrete Panels

Concrete
Reinforcing Steel
Base Grout
Joints Grout
Seal Steel (ss)
Misc Steel

1" Dia Anchor Bolts w/ nuts

(4'-1.5" Long)

1" Dia Threaded Rods w/ nuts &

washers (2'-0" long)

Plates etc.

1/4" Dia Headed Concrete Achors

(2-11/16" long)

Dewaterings

Mob/Demob inside Panama

‘Total Construction Cost, Rounded

Construction Duration per Dewatering

Dewatering
Demolition
Steel/Concrete
Placement
Cleanup/Flooding
Total

2 days
5 days

2 days
1 day
10 days

165

17
6,861
77

2
2,785

84

24

1,351
24

Eng
Unit

cy
cy
Ibs
cf
cf
Ibs
ea

ea

Ibs
ea

ea
ea

Sl
Quantity

126

13
3112
2.18
0.06
1263

613

- 8l

Unit
m3

m3
kg
m3
m3
kg

kg

English Sl
Unit Price Unit Price Amount ont
$1,200.00 $1,570.00 $198,000.00 25%
$800.00 $1,050.00 $13,600.00 25%
$1.00 $2.20 $6,861.00 25%
$12.00 $420.00 $924.00 25%
$15.00 $500.00 $30.00 25%
$12.00 $26.50 $33,423.96 25%
$0.00 25%
$250.00 $21,000.00 25%
$130.00 $3,120.00 25%
$10.00 $22.00 $13,510.00 25%
$15.00 $360.00 25%
Total/Sill
Total/Sill Rounded
12 Sills Total
$30,000.00 $120,000.00 25%
$15,000.00 $60,000.00 25%
Total

Page 1 of 12

4/10/2002

Total Cost
$247,500.00

$17,000.00
$8,576.25
$1,155.00
$37.50
$41,779.95
$0.00
$26,250.00

$3,900.00

$16,887.50
$450.00

$363,536.20
$364,000.00
$4,368,000.00

$150,000.00
$75,000.00

$4,593,000.00

. $4,590,000



FROJECT: Panama Canal Miter Gate Study
L sCATION: Panama Canal : Checked:
COST LEVEL: December 2001
Filename:
’ ; : Date!
Cast-In-Place Miter Sills (Precision Demo) o
Remove 2'-0" of existing sill, install dowels, reinforcing, and seal steel, place 10.5" of 4000 psi concrete.
Refer to Plate No. 6
Quantities are per Sili
Eng Eng Sl Si English Sl
ltem Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont
1 Concrete Removal (Precision) 165 cy 126 m3 $1,200.00 $1,570.00 $198,000.00 25%
2 CIP Concrete $0.00 25%
2a Concrete 20 «cy 15 m3 $500.00 $670.00 $10,000.00 25%
2b Reinforcing Steel 1,756 Ibs 797 kg $1.00 $2.20 $1,756.00 25%
3 Dowgls
3a Drill 7/8" Dia Holes 412 If 126 m $45.00 $147.00 $18,540.00 25%
3b Dowels (#6 bar) 1,031 Ibs 468 kg $2.50 $5.50 $2,576.88 25%
4 Seal Steel (SS) 4,481 Ibs 2033 kg $12.00 $26.50 $53,774.40 25%
5 Misc Steel $0.00 25%
5a 1" Dia Anchor Bolts; Drill and Epoxy 64 ea $150.00 $9,600.00 25%
Grout - (3'-0" Long)
5b 1" Hvy Hex Nuts & Washers 128 ea $5.00 $640.00 25%
Total/Sill
Total/Sili Rounded
12 Sills Total
Dewaterings 4 ea $30,000.00 $120,000.00 25%
Mob/Demob inside Panama 4 ea $15,000.00 $60,000.00 25%
Total

Total Canstriction Cost, Roiinded

it

Construction Duration per Dewatering

Dewatering 2 days
Demolition 5 days
Steel/Concrete

Placement 2-3 days
Cleanup/Flooding 1 day

Total 10 - 11 days

Est By:

Page 2 of 12

cre

pgb

EVARPANAMAY[sillsup:x
IsjChain.Fender Sills
(2)

4/10/2002

Total Cost

$247,500.00
$0.00
$12,500.00
$2,195.00

$23,175.00
$3,221.09
$67,218.00
$0.00
$12,000.00

$800.00

$368,609.09
$369,000.00
$4,428,000.00

$150,000.00
$75,000.00

$4,653,000.00

7 sssj000



PoOJECT:  Panama Canal Miter Gate Study s i prr

L _CATION: Panama Canal ' Sheisiid: S
COST LEVEL: December 2001 : EVIPANAMAYsillsup x
: 1s]JChain Fender Sills
Filename: 2}
Date: 4/10/2002

Cast- In- Place Sills (Alternative "A") (Precision Demo) ,
Remove 1'-0" from existing sill, sawcut 2'-0" wide x 1'-0" deep across sealing edge of sill, remove concrete and embedded steel,
place new steel and concrete.

Refer to Plate No. 7
Quantities are per Sill.

Eng Eng Sl Si English Sl
item Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont Total Cost
1 Concrete Removal (Precision)
1a Precision Removal 88 «cy 67 m3 $1,800.00 $2,370.00 $158,760.00 25% $198,450.00
1b Concrete Demo 9 cy 7 m3 $1,000.00 $1,300.00 $9,100.00 30% $11,830.00
2 CIP Concrete
2a Concrete 8 ¢y 6.1 m3 $500.00 $660.00 $4,000.00 25% $5,000.00
2b Reinforcing Steel 1,756 lbs 797 kg $1.00 $2.20 $1,756.00 25% $2,195.00
3 Dowels
3a Drili 7/8" Dia Holes 135 if 41 m $45.00 $148.00 $6,075.00 25% $7,593.75
3b Dowels (#6 bar) 347 lbs 157 kg $2.50 $5.50 $867.50 25% $1,084.38
4 Seal Steel (SS) 4,481 Ibs 2033 kg $12.00 $26.50 $53,774.40 25% $67,218.00
5 Misc Steel $0.00 25% $0.00
5a 1" Dia Anchor Bolts; Drill and Epoxy 64 ea $150.00 $9,600.00 25% $12,000.00
Grout - (3'-0" Long)
5o 1" Hvy Hex Nuts & Washers 128 ea $5.00 $640.00 25% $800.00
Total/Sill $306,171.13
Total/Sill Rounded $306,000.00
12 Sills Total $3,672,000.00
Dewaterings 4 ea $30,000.00 $120,000.00 25% $150,000.00
Mob/Demob inside Panama 4 ea $15,000.00 $60,000.00 25% $75,000.00
Total $3,897,000.00

$3,900,000

Totai Construction Cost, Rounded: o

Construction Duration per Dewatering

Dewatering 2 days
Demolition 4 days
Steel/Concrete

Placement 1-2 days
Cleanup/Flooding 1 day
Total 8-9 days

Page 3 of 12



PPOJECT:
LCATION:
COST LEVEL:

Panama Canal
December 2001

Panama Canal Miter Gate Study

Cast- fn- Place Sills (Alternative "B") (Prec:smn Demo) _
Remove from existing sill, sawcut 1'-2" wide x 1'-0" deep across sealing surface edge of sill, remove existing concrete &

embedded metals, place new steel and concrete.

Refer to Plate No. 8

Quantities are per Sill.

Eng
ltem Description Quantity
1 Concrete Removal
1a Precision Removal 88
1b Concrete Demo 5
2 Concrete 5
3 Dowels
3a Drill 1-1/8" Dia Holes 135
3b  Drill 1-3/8" Dia Holes 210
3c Dowels (#8 bar) 641
3d Dowels (#10 bar) 1,291
4 Seal Steel (SS) 6,930
5 Misc Steel
- 3/4" Dia Anchor Bolts w/double nut 120
and washers (3.25' ea)
5b  3/4" Dia x 6" Long splice bolts w/ 24
nuts and washers
Dewaterings 4
Mob/Demob inside Panama 4

Total Construction Cost,

Rounded

Construction Duration per Dewatering

Dewatering
Demolition
Steel/Concrete
Placement
Cleanup/Fiooding
Total

2 days
4 days

1-2 days
1 day
8-9 days

Eng
Unit

cy
cy
cy

ea

ea
ea

Sl

Quantity

67

41
64
291
586
3143

Est By:

Checked:

Filename:

Date:

Sl English Si
Unit  Unit Price Unit Price Amount ont
m3 $1,800.00 $2,370.00 $158,760.00 25%
m3 $1,200.00 $1,590.00 $6,360.00 30%
m3 $500.00 $660.00 $2,650.00 25%
m $50.00 $165.00 $6,750.00 25%
m $60.00 $197.00 $12,600.00 25%
kg $1.00 $2.20 $640.80 25%
kg $1.00 $2.20 $1,290.90 25%
kg $12.00 $26.50 $83,160.00 25%
$0.00 25%
$100.00 $12,000.00 25%
$30.00 $720.00 25%
Total/Sill
Total/Sill Rounded
12 Sills Total
$30,000.00 $120,000.00 25%
$15,000.00 $60,000.00 25%
Total

Page 4 of 12

cre

pgb

EVAPANANMAYsillsup:x
IsjChain Fender Sills
(2

4/10/2002

Total Cost

$198,450.00
$8,268.00
$3,312.50

$8,437.50
$15,750.00
$801.00
$1,613.63
$103,850.00
$0.00
$15,000.00

$900.00

$356,482.63
$360,000.00
$4,320,000.00

$150,000.00
$75,000.00

$4,545,000.00



PROJECT:
LOCATION:

COST LEVEL:» December 2001

Precast Panel Sill Replacement (Conventional Concrete Demo)
thick precast panels bolted thru to existing concrete, under grout and grout joints.

2a
2b
2c
2d

4a

4b

4c
4d

Remove 2'-0" of exi'sting sill, replace w/ 9"

Refer to Plate No. 8
Quantities are per Sill

ltem Description

Concrete Removai

Precast Concrete Panels
Concrete

Reinforcing Steel

Base Grout

Joints Grout

Seal Steel (ss)

Misc Steel

1" Dia Anchor Bolts w/ nuts
(4'-1.5" Long)

1" Dia Threaded Rods w/ nuts &
washers (2'-0" long)

Plates efc.

1/4" Dia Headed Concrete Achors
(2-11/16" long)

Dewaterings
Mob/Demob inside Panama

Eng
Unit

Si
Quantity

24

1,351
24

Total Construction Cost, Rounded e

Construction Duration per Dewatering

Dewatering 2 days
Demolition 4 days
Steel/Concrete

Placement 2 days
Cleanup/Flooding 1 day
Total 9 days

cy

cy
Ibs
cf
cf
Ibs

ea

ed

Ibs
ea

ea
ea

613

Panama Canal Miter Gate Study
Panama Canal

Sl English Si
Unit  Unit Price Unit Price
m3  $850.00 $1,110.00
m3 $800.00 $1,050.00
kg $1.00 $2.20
m3 $12.00 $420.00
m3 $15.00 $500.00
kg $12.00 $26.00
$250.00
$130.00
kg $10.00 $22.00
$15.00
$30,000.00
$10,000.00

Page 5 of 12

Est By:

Checked:

Filename:

Date:

Amount Cont
$140,250.00 30%
$13,600.00 25%
$6,861.00 25%
$924.00 25%
$30.00 25%
$33,423.96 25%
$0.00 25%
$21,000.00 25%
$3,120.00 25%
$13,510.00 25%
$360.00 25%
Total/Sill
Total/Sill Rounded
12 Sills Total
$120,000.00 25%
$40,000.00 25%
Total

cre

pgb

EV\PANAMA\sillsup.x
Is]Chain Fender Sills

(2)

4/10/2002°

Total Cost

$17,000.00
$8,576.25
$1,155.00
$37.50
$41,779.95
$0.00

$286,250.00
$3,900.00

$16,887.50
$450.00

$298,361.20
$298,000.00
$3,576,000.00

$150,000.00
$50,000.00

$3,776,000.00

3,780,000



PROJECT:  Panama Canal MxterGateStudy 0 s

L .CATION: Panama Canal oo Soh
COST LEVEL: December 2001 , EVIPANAMAsillsup:
; xIs]Chain.Fender Sills
: : : : Filename: 2)
Date: » 4/10/2002

Cast-In- Place Miter Sills (Conventlonal Concrete Demo)
Remove 2'-0" of existing sill, install dowels, reinforcing, and seal steel, place 10.5" of 4000 psi concrete.

Refer to Plate No. 6
Quantities are per Sill

Eng Eng Sl Si English Sl
ltem Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont Total Cost
1 Concrete Removal 165 cy 126 m3 $850.00 $1,110.00 $140,250.00 30% $182,325.00
2 CIP Concrete $0.00 25% $0.00
2a Concrete 20 cy 15 m3 $500.00 $670.00 $10,000.00 25% $12,500.00
2b Reinforcing Steel 1,756 lbs 797 kg $1.00 $2.20 $1,756.00 25% $2,195.00
3 Dowels
3a Drill 7/8" Dia Holes 412 If 126 m $45.00 $147.00 $18,540.00 25% $23,175.00
3b  Dowels (#6 bar) 1,031 lbs 468 kg $2.50 $5.50 $2,576.88 25% $3,221.09
4 Seal Steel (S5} 4481 lbs 2033 kg $12.00 $26.50 $53,774.40 28% $67,218.00
5 Misc Steel $0.00 25% $0.00
5a 1" Dia Anchor Bolts; Drill and Epoxy 64 ea $150.00 $9,600.00 25% $12,000.00
Grout - (3'-0" Long)
5b 1" Hvy Hex Nuts & Washers 128 ea $5.00 $640.00 25% $800.00
Total/Sill $303,434.09
Total/Sill Rounded $303,000.00
12 Sills Total $3,636,000.00
Dewaterings 4 ea $30,000.00 $120,000.00 25% $150,000.00
Mob/Demob inside Panama 4 ea $10,000.00 $40,000.00 25% $50,000.00
Total $3,836,000.00

$3,840,000

Total Construction Cost, Rounded L

Construction Duration per Dewatering

Dewatering 2 days
Demolition 4 days
Steel/Concrete

Placement 2-3 days
Cleanup/Flooding 1 day
Total 9-10 days
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BBOJECT:  Panama Canal Miter Gate Study “ aRE e

b CATION: Panama Canal | v Checked: pgb
COST LEVEL: December 2001 EVIPANAMAsilisup.x
h i Is]Chain:Fender Sills
' Filename: (2)
Date: 4/10/2002 .

Cast ln -Place Sllls (Alternatlve "A") (Conventlonal Concrete Demo)
Remove 1'-0" from existing sill, sawcut 2'-0" wide x 1-0" deep across sealing ndge of sill, remove concrete and embedded steel,
place new steel and concrete.

Refer to Plate No. 7
Quantities are per Sill.

Eng Eng Sl Sl English Si
Item Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont Total Cost
1 Concrete Removal
1a Concrete Demo 88 «cy 67 m3 $850.00 $1,120.00 $74,970.00 35% $101,209.50
1b Concrete Demo 9 cy 7 m3 $1,000.00 $1,300.00 $9,100.00 35% $12,285.00
2 CIP Concrete
2a Concrete 8 cy 6.1 m3 $500.00 $660.00 $4,000.00 25% $5,000.00
2b Reinforcing Steel 1,756 lbs 797 kg $1.00 $2.20 $1,756.00 25% $2,195.00
3 Dowels
3a Drill 7/8" Dia Holes 135 If 41 m $45.00 $148.00 $6,075.00 25% $7,593.75
3b Dowels (#6 bar) 347 lbs 157 kg $1.00 $2.20 $347.00 25% $433.75
4 Seal Steel (SS) 4,481 |Ibs 2033 kg $12.00 $26.50 $53,774.40 25% $67,218.00
5 Misc Steel $0.00 25% $0.00
5a 1" Dia Anchor Bolts; Drill and Epoxy 64 ea $150.00 $9,600.00 25% $12,000.00
Grout - (3'-0" Long)
5u 1" Hvy Hex Nuts & Washers 128 ea $5.00 $640.00 25% $800.00
Total/Sill $208,735.00
Total/Sill Rounded $209,000.00
12 Sills Total $2,508,000.00
Dewaterings 4 ea $30,000.00 $120,000.00 25% $150,000.00
Mob/Demob inside Panama 4 ea $10,000.00 $40,000.00 25% $50,000.00
Total $2,708,000.00
$2,710,000 .

Total Construction Cost, Rounded

Construction Duration per Dewatering

Dewatering 2 days
Demolition 3 days
Steel/Concrete

Placement 2 days
Cleanup/Flooding 1 day
Total 8 days

Page 7 of 12



PROJECT:  Panama Canal Miter Gate Study : » | ciiEy o

LJCAT!ON: : Panama Canal Checked: pgb
COST LEVEL: December 2001 E[\APANAMA\[SWSL?D'X
s]Chain Fender Sills
: Filename: (2)
Date: . " 4/10/2002

Cast-In-Place Sills (Alternative "B") (Conventlonal Concrefe Demo)
Remove 1'-0" from existing sill, sawcut 1'-2" wide x 1'-0" deep across sealing surface edge of sill, remove exrstmg concrete &
embedded metals, place new steel and concrete.

Refer to Plate No. 8
Quantities are per Sill.

Eng Eng Sl St English SI
ltem Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont Total Cost
1 Concrete Removal
1a Concrete Demo 88 cy 67 m3 $850.00 $1,120.00 $74,970.00 35% $101,209.50
1b Concrete Demo 5 ¢y 4 m3 $1,200.00 $1,590.00 $6,360.00 35% $8,586.00
2 Concrete 5 ¢y 4 m3 $500.00 $660.00 $2,650.00 25% $3,312.50
3 Dowels
3a Drill 1-1/8" Dia Holes 135 If - 41 m $50.00 $165.00 $6,750.00 25% $8,437.50
3b  Drill 1-3/8" Dia Holes 210 If 64 m $60.00 $197.00 $12,600.00 25% $15,750.00
3c Dowels (#8 bar) 641 Ibs 291 kg $1.00 $2.20 $640.80 25% $801.00
3d Dowels (#10 bar) 1,291 Ibs 586 kg $1.00 $2.20 $1,290.90 25% $1,613.63
4 Seal Steel (SS) 6,930 Ibs 3143 kg $12.00 $26.50 $83,160.00 25% $103,950.00
5 Misc Steel $0.00 25% $0.00
5a 3/4" Dia Anchor Bolts w/double nut 120 ea $100.00 $12,000.00 25% $15,000.00
and washers (3.25' ea) )
50 3/4" Dia x 6" Long splice bolts w/ 24 ea $30.00 $720.00 25% $900.00
nuts and washers
Total/Sill $259,560.13
Total/Sill Rounded $260,000.00
12 Sills Total $3,120,000.00
Dewaterings 4 ea $30,000.00 $120,000.00 25% $150,000.00
Mob/Demob inside Panama 4 ea $10,000.00 $40,000.00 25% $50,000.00
Total $3,320,000.00
Total Gonstriction Cost Rounded L T ann irmaamn e e 63.820,000

Construction Duration per Dewatering

Dewatering 2 days
Demolition 3 days
Steel/Concrete

Placement 2 days
Cleanup/Flooding 1 day
Total 8 days

Page 8 of 12



P2OJECT:
L JCATION:
COST LEVEL:

adh WN =

10
11

12

13
14

15

Total Construction Cost, Rounded

vMit_eri Gate_Bdttom ExtgnSion-

Refer to Plate No. 10

Quantities are per set of gate leafs.

Item Description

Mob/Demob

Edge Bulb Seal

2-3/4" x 3/4" St Stl Clamping Bar
Angle (5x3.5x.5)

3/4" Dia x 8" long St. Stl Bolts w/
nuts and washers

11/16" Single V-Groove (Field Weld

11/16" Single V-Groove (Shop
Weld

Bar Stock (2-3/4" x 11/16")
Bar Stock (3" x 3/4")

11/16" Plate (.5 SF/plate)

1/4" Fillet Weld (Field Weld)

1/4" Fillet Weld (Shop Weld)

2" x 1/2" Bar
Metalize

Misc Field Work
(handling/assembling)

Eng
Quantity

1

123
864
1,673
60

123
123
791
942
815

84

24

247

Eng
Unit

Is
If
ibs
tbs
ea

Ibs
Ibs
Ibs
Ibs

Ibs

Sl Sl
Quantity Unit
37 m
392 kg
758 kg
37 m
37 m
359 kg
427 kg
370 kg
38 kg
11 kg
112 kg

Panama Canal Miter Gate Study
Panama Canal '
December 2001

Est By:

crc
Checked: pab
O\ED\EC-
EVAPANAMAVsillsu
p.xlIs]Chain Fender
Filename: Sills (2)
- Date: 41102002
English Sl
Unit Price Unit Price Amount Cont Total Cost
$3,000.00 $3,000.00 25% $3,750.00
$25.00 $83.00 $3,075.00 25% $3,843.75
$7.00 $15.40 $6,044.50 25% $7,555.63
$4.00 $8.80 $6,692.00 25% $8,365.00
$25.00 $1,500.00 25% $1,875.00
$50.00 $166.00 $6,150.00 25% $7,687.50
$35.00 $116.00 $4,305.00 25% $5,381.25
$4.00 $8.80 $3,164.00 25% $3,955.00
$4.00 $8.80 $3,768.00 25% $4,710.00
$6.00 $13.20 $4,890.00 25% $6,112.50
$12.00 $26.50 $1,008.00 25% $1,260.00
$8.00 $17.50 $192.00 25% $240.00
$4.00 $8.80 $986.00 25% $1,232.50
$5,000.00 $5,000.00 25% $6,250.00
$8,000.00 $8,000.00 25% $10,000.00
Total/Set of leafs $72,218.13
Total/Set Rounded $72,000.00
12 Sets Total $864,000.00
Total $864,000.00
4865000

Page 9 of 12



PPOJECT: Panama Canal Miter Gate Study
L UCATION: Panama Canal '
COST LEVEL: December 2001

Emergency Dam Sill Demolition f

Miraflores Locks
Quantities are per sill. Total of two sills, one per lane.

A separate dewatering will have to be done to allow this

work.
Eng Eng Sl Sl English Sl
Item Description Quantity Unit Quantity Unit Unit Price Unit Price
1 Mob/Demob 1 Is $5,000.00
2 Dewater 1 Job $30,000.00
3 Concrete Demolition 178 cy 136 m3 $850.00 $1,110.00

fotal Constriiction Cost, Rounded

Page 10 of 12

Est By:

Checked:
Filenarﬁe

Date:’
Amount ont
$5,000.00 25%
$30,000.00 25%
$151,470.00 25%

Total per sill

Total per sill rounded
2 sills total

Total

ere

“pgb
ON\EDEC-
EVAPANAMA\[sIlISU
p.xls}Chain Fender,

- Sills (2)

. 4110/2002 -

Total Cost
$6,250.00
$37,500.00

$189,337.50

$233,087.50
$233,000.00
$466,000.00

$466,000.00

e 5470’000 .



PPOJECT:  Panama Canal Miter Gate Study
L CATION: Panama Canal
COST LEVEL: December 2001

Chaiﬁ Fendef S’i",s. ’

Pedro Miguel - Miraflores Lake Side
Quantities are per sill. Total of two sills, one per lane.
This work will be done in the wet.

Eng Eng Si i Engiish
item Description Quantity Unit Quantity Unit Unit Price
1 Mob/Demob 1 Is $15,000.00
2 Concrete Demolition (In the wet) 51 «cy 39 m3 $2,200.00

Total Construction Cost, Rounded

Page 11 of 12

Est By: cre
Checked: pgb
O:\ED\EC-
EV\PANAMAL\[sillsu
p.xis]Chain Fender
Filename: Sills:(2)
Date: 4/1.0/2002
Si
Unit Price Amount Cont Total Cost
$15,000.00 25% $18,750.00
$2,880.00 $112,200.00 25% $140,250.00
Total per sill $159,000.00
Total per sill rounded $159,000.00
2 sills total $318,000.00
Total $318,000.00
0 sa20000




POJECT: Panama Canal Miter Gate Study BB e

LCATION: Panama Canal Chidiad: bab
COST LEVEL: December 2001 v OAED\EC-
EVAPANAMA\sillsu
p.xIs]Chain Fender
Filename: Sills:{2)
. : Date: - 4/10/2002
Chain Fender Sills: Between Miter Gates
Pedro Miguel - Between Miter Gates 54 - 57 and 58 - 61
Quantities are per sill. Total of two sills, one per lane.
Concrete Demoalition to be concurrent with other work.
Chamber dewatering covered in the cost of this other lock
work.
Eng Eng Si Sl English Sl
ltem Description Quantity Unit Quantity Unit Unit Price Unit Price Amount Cont Total Cost
1  Mob/Demob 1 s $5,000.00 $5,000.00 25% $6,250.00
2 Concrete Pemolition 43 ¢y 33 m3 $850.00 $1,100.00 $36,380.00 25% $45,475.00
Total per sill $51,725.00
Total per sill rounded $52,000.00
2 sills total $104,000.00
Total $104,000.00

. $105000

Total Construction Cost, Rounded =

Page 12 of 12
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MEMORANDUM OF AGREEMENT (MOA)
BETWEEN
THE PANAMA CANAL COMMISSION (PCC)
AND
THE DEPARTMENT OF THE ARMY
OF THE UNITED STATES OF AMERICA

CONTROL No. 97-003

WORK ORDER No.

Reference enclosed scope of work statement to study and provide a preliminary
design to raise miter gate heights and lower the critical miter gate sills to increase
allowable vessel draft in the Panama Canal, which shall be performed under this
Work Order and MOA 97-003.

Schedule: See Scope of Work.

The total effort will require $ | ( thousand dollars with
00/100). The budget estimate is attached The Panama Canal Commission (PCC )
will provide an Interagency Service Support Agreement (ISSA) indicating the
funding level that the U.S. Army Corps of Engineers (USACE) can bill against.
Account No.

All funds shall be provided to the USACE Mobile District for distribution as required.
Mail funding documents to the Commander, U.S. Army Corps of Engineers, Mobile
District.

The principal representatives for the MOA and Work Order are as listed below:
5.a. The administrative principal representatives for the MOA and Work Order are:

5.a 1. Forthe USACE Mobile District:
Mr. Billy Brown;
Phone no. (334) 694-4253; facsimile no. (334) 690-2327,
E-mail address: Billy R Brown(@sam02 usace. army.mil;
Mailing address: U.S. Army Corps of Engineers, Mobile District,
P.O. Box 2288, Attn.: PM-LA
Mobile, AL 36628,

5.a.2. Forthe PCC Contracting Division:
Ms. Gloria Gibson;
Phone no. (507) 272-4075; facsimile (507) 272-3255;
E-mail address: FMCO-_ (@ pancanal.com;
Mailing address: Panama Canal Commission,

Panama Canal Commission and U.S. Army Corps of Engincers |
ISSA No. 97-003 (Work Order No. )



Unit 2300 (FMCO)
APO AA 34011-2300.

5.b. The technical principal representatives for the Work Order are:

5b.1. For the USACE Pittsburgh District
Mr. Allen Remaly;
Phone no. (412) 395-7257, facsimile no. (412) 644-6815;
E-mail address: Allen. T.Remaly(@lrp02.usace.army. mil,
Mailing address: USACE, Pittsburgh District;
1000 Liberty Avenue
Pittsburgh, PA 15222

5b.2. Forthe PCC Canal Capacity Projects Office:
Mr. Juan Wong H.;
Phone no. (507) 272-5843; facsimile no. (507) 272-6137,
E-mail address: juanwong@pancanal.com;
Mailing address: Panama Canal Commission, CCL,
Unit 2300 (CCL-JW)
APO AA 34011-2300.

6. All communications which may change the terms of this Work Order shall be routed
through the USACE Mobile District administrative principal representative (these are
generally matters dealing with budget, schedule or additional effort). The
communications dealing with the technical aspects of the project shall be addressed to
the USACE-Pittsburgh District technical principal representative.

7. The work/services provided under this Work Order shall be provided by the USACE

Pittsburgh District in-house labor unless otherwise approved.

8. The USACE Pittsburgh District shall provide the following reports in triplicate to the
PCC administrative principal with a copy furnished to the USACE Mobile District
administrative principal:

8.a. Monthly progress report
8.b. Monthly billing with funds status.

9. Intellectual property rights: All information, findings and reports resulting from the
execution of this contract shall become propérty of the Panama Canal Commission.

No use nor reproductions of this information is permitted without the previous written
authorization from the PCC.

Panama Canal Commission and U.S. Army Corps of Engineers 2
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10. Amending or modifying this Work Order: The PCC and USACE Mobile and
Pittsburgh Districts shall mutually agree to any change to this Work Order before
beginning work. No work shall be executed until the PCC and USACE Mobile
District have signed the modification/amendment to the Work Order.

11 Additional coordination of details and responsibilities will be noted in the Scope of
Work.

For the Panama Canal Commission:

Date
Contracting Officer
Contracting Division
Department of Financial Management
For the Department of the Army:
J. David Norwood Date

Colonel, Corps of Engineers
District Engineer, Mobile District

“)
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PANAMA CANAL COMMISSION (PCC)
CONTRACTING DIVISION

DETERMINATION AND FINDINGS
UNDER ECONOMY ACT

ISSA No. 97-003 (WORK ORDER No. )

This determination is made under the authority of the Economy Act, 31, U.S.C. 1535, as
implemented by FAR subpart 17.5 and pursuant to FAR 17.504 (a).

1. BACKGROUND INFORMATION

The Panama Canal operates its locks systems continuously on a 24-hour, 365 days a year,
passage of deep draft oceangoing vessels. The Panama Canal operates with a series of
locks to raise the vessels from the Pacific to the Atlantic Ocean and vice-versa. The
vessels are raised to Gatun Lake to a nominal height of 85 feet above sea level by water
locks. The locks are twin lane with a total of three lift at Gatun Locks in the Atlantic
terminal; at the Pacific terminal, Miraflores Locks provides for two lifts to an
intermediate Miraflores Lake, 54 feet above sea level, and Pedro Miguel Locks for a
single lift to Gatun Lake.

The lock chambers are 110 feet wide by 1,000 feet long. The maximum allowable vessel
draft is of 39.5 feet. The minimum depth over the locks sills is 41 feet and of 45 feet at
the navigational channels. The locks operates with eighty (80) miter gates (MGs), double
skinned, horizontally braced, riveted design, of different sizes ranging in heights of 54 to
82 feet and approximate weights of 500 to 790 tons.

The Canal Capacity Projects Office was formed in 1998 to develop a long-term strategy
for different scenarios for the next 50 years to provide support facilities with the purpose
of designing long-range master plan to augment Canal capacity and capability to meet
future traffic demand and customer service in a reliable, efficient and competitive way.

These studies include the upgrading of current Canal infrastructure; incorporate modern
lock technology and water saving methods to existing facilities; construction of new
locks; study alternate systems for raising and lowering vessels; additional sources of
water supply, storage and hydropower; making navigational channel improvements;

insuring environmental concerns at all phases of study.

The proposals to increase Canal throughput by augmenting vessel draft beyond the
existing 395 feet limitation by means of raising Gatun Lake level, by increasing lake
miter gate heights and by reducing critical sill elevations, require an in-depth study to
define the structural modifications, preliminary designs and extent of work involved in
order to assess a cost/benefit analysis of the alternative solutions.

Panama Canal Commission and U.S. Army Corps of Engincers 4
ISSA No. 97-003 (Work Order No. )



2. FINDINGS

The PCC proposes to issue Work Order No. , under the subject Interagency Service
Support Agreement (ISSA No. 97-003) with the USACE to study and provide
preliminary design of proposal to raise the lake miter gates and to reduce the critical
miter gate sill elevations to provide for additional vessel draft. The study would provide
analysis, preliminary designs, conclusions and recommendations on the results of the
gathered information for improvements in structures and operations of existing and future
facilities.

This action complies with FAR 6.002, in that it is not being entered into with another
agency for the purpose of avoiding competition requirements. Neither the servicing
agency or any contractor has commenced work on this acquisition.

This action is considered to be in the best interest of the Government because:

(a) The PCC has not evaluated the structural requirements to increase the height of lake
miter gates, nor the structural requirements to lower the critical miter gate sills, in
order to increase vessel draft. A limited in-house experience in the structural
modification of riveted double skin miter gates requires contracted support. Due to
the high impact of the locks structures and equipment in the operating efficiency of
the Canal, the PCC requires this critical information based on expert opinion to
insure extended and reliable equipment service life.

(b) This contract requires engineers and technicians with experience in structural
engineering design. The U.S. Army Corps of Engineers (USACE) Pittsburgh District
has performed structural design, modifications, specifications and finite element
analysis on a varied range of miter gates, including those with riveted and with
double skin designs in continental locks and waterways with similar head and load
characteristics.

(c) The USACE Pittsburgh District Structural Design Group and its engineers and
technicians are considered highly knowledgeable and with safe and consistent design
practices for locks and dams by its peers and other District engineers in the Corps.

(d) The USACE Pittsburgh engineers/technicians are knowledgeable of the PCC
mission, structures and operating conditions. They were also involved n different
studies for the PCC such as the 19935 USACE Structures Conditions Assessment
Report which prompted many actions and projects to upgrade facilites, and the 1999
Water Pressures in Locks Chamber Studies.

(e) The locks miter gates and valves are one of the most critical equipment for the
lockages and transit of vessels through the Panama Canal. A delay or failure in its
operations affects the throughput capacity of the entire Canal.  The efficient
operation, reliability, maintenance, repair, and control of the locks miter gates are
thus essential for the expeditious and safe operation of the Canal.

N

Panama Canal Commission and U.S. Army Corps of Engineers
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(h)

3.

The present studies to improve on existing facilities and to consider future capacity
expansion requires the consideration of increased permissible draft for Panamax
vessels. The alternative to increase water level in Gatun Lake requires to make
structural changes to lake miter gates at Gatun and Pedro Miguel Locks. The
alternative to lower the critical miter gate sills at Pedro Miguel Locks requires
structural modifications to the sills and the miter gates. Proper design and evaluation
of modifications at the onset of the contract is critical to successfully comply with all
the design, reliability, cost, time and safety parameters.

The PCC will provide plans and information on existing facilities to facilitate study,
information and discussions as required. The study by an expert, senior structural
engineer in the area of structural designs for miter gates and concrete sills is
necessary to insure that the best system and value is obtained as it is in the best
interest of the PCC.

The cost of the proposed work order is considered to be fair and reasonable because

the USACE Pittsburgh prices are based on GS-9 through GS-13 pay levels, plus
overhead, supervisory, office automation, administrative and costs for supplies.

DETERMINATION

Based on the above. and in accordance with FAR 17.503, Determination and Findings
requirements, 1 hereby determine that the services described in the Work Order No.

cannot be obtained as conveniently and expeditiously by contracting directly with

a private source. It is in the best interest of the PCC to issue this work order to the
USACE Pittsburgh District.

Date

Manager

(Tt tis
Lonracung

)

1ror
11wl

Contracting Division
Financial Management Department

Panama Canal Commission and U.S. Ay Corps of Engincers 6
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PANAMA CANAL COMMISSION (PCC)
ISSA No. 97-003 (WORK ORDER No. __)

SCOPE OF WORK FOR THE STUDY AND PRELIMINARY DESIGN
TO RAISE MITER GATE HEIGHTS AND LOWER MITER GATE SILLS
TO INCREASE ALLOWABLE VESSEL DRAFT

1. BACKGROUND INFORMATION

The Panama Canal operates its locks systems continuously on a 24-hour, 365 days a year,
passage of ocean going vessels of up to a maximum allowable draft of 39.5 feet. The
Panama Canal operates with a series of locks to raise the vessels from the Pacific to the
Atlantic Ocean and vice-versa. The vessels are raised to Gatun Lake at a nominal height
of 85 feet above sea level by water locks. The lock chambers are 110 feet wide by 1,000
feet long. The minimum depth is 41 feet over the locks sills and 45 feet in the
navigational channels.

The locks operates with eighty (80) miter gates (MGs) of different sizes ranging in
heights of 54 to 82 feet and approximate weights of 500 to 790 tons. The miter gates are
double skinned, horizontally framed structures with floatation chambers. The miter gates
presently operate with an electro-mechanical system consisting of a 40 hp electrical
motor going through a series of gear reducers, up to a final bullgear which connects to the
miter gate via a strut arm to open/close the gates under 2 minutes.

The lock chambers are fed by one lateral culvert 18 feet in diameter and a shared
centerwall culvert of same cross-sectional area. Water from the main culverts is fed to
the chamber by 10 lateral culverts with 5 openings each, evenly distributed along the
locks chamber floors.

Water movement into and out of the chambers is controlled by rising stem valves
(RSVs). The RSVs work in pairs and are 10 ft. wide and 18 ft high and weigh 12 tons.
The RSVs are positioned at the beginning and the end of each chamber. There are a total
of 116 RSVs in all three locks. Their construction is of welded steel running on sliding
bearings.

The centerwall culvert can move water from either the east or west chambers. These are
regulated by cast iron 7-foot diameter cylindrical valves (CVs) at the lateral culverts.
There are a total of 120 CVs in all three locks.

Present projects to widen the Gaillard Cut are expected to increase the Canal throughput
from 38 vessels a day to a sustainable capacity of 43 vessels per day. Work is expected
to be completed by the vear 2002, Additional capital investment projects to procure
additional tugs, towing locomotives, hydraulic miter gate and valve operators, centralized

Panama Canal Commission and U.S. Army Corps of Engincers 7
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locks control system, rehabilitate locomotive track, and a modern vessel positioning will
complement the cut widening project.

Market studies indicate that by the year 2010 the capacity of the Canal will be saturated.
The average Canal Waters Times (CWT), an internal efficiency measure, will exceed 24-
hours, deteriorating customer service. Restrictions during locks outages for maintenance
and upgrading will further add to transit times.

The Canal Capacity Projects Office was formed in 1998 to develop a long-term strategy
for different scenarios for the next 50 years to provide support facilities with the purpose
of designing long-range master plan to augment Canal capacity and capability to meet
future traffic demand and customer service in a reliable, efficient and competitive way.

These studies include the upgrading of current Canal infrastructure; incorporating modern
lock technology and water saving methods to existing facilities; studying alternate
systems for raising and lowering vessels; constructing new locks; finding additional
sources of water supply, storage and hydropower; and making navigational channel
improvements.

The proposals to increase Canal throughput by augmenting vessel draft beyond the
existing 39.5 feet limitation by means of raising Gatun Lake level, by increasing lake
miter gate heights and by reducing critical sill elevations, require an in-depth study to
define the structural modifications, preliminary designs and extent of work involved in
order to assess a cost/benefit analysis of the alternative solutions.

2. GENERAL INFORMATION

Data analysis and recommendations to improve existing facilities and to consider future
capacity expansion requires experienced and accurate structural design calculanons to
insure structural and equipment reliability and integrity through its expected operating

life cycle.

The objectives of this study are for the USACE Pittsburgh District to study and provide
preliminary designs to alternatives for raising lake miter gates and to lower critical miter
gate sills to allow for increased vessel draft beyond the maximum allowable of 39.5 feet.
Design work on effects and means to reduce impact to locks structures and equipment

affected by increase of vessel draft is also required.

All information, data, findings, recommendations, conclusions, and reports generated
from the execution of this contract shall become sole property of the Panama Canal
Commission. No use nor reproductions of this information is permitted without the
previous written authorization from the PCC. All major equipment purchased under this
contract shall also become property of the PCC.

Panama Canal Commussion and U.S. Army Corps of Engincers 8
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3. DESCRIPTION OF WORK TO BE PERFORMED

The USACE Pittsburgh District shall provide all labor, materials and services to perform
the studies, analysis and preliminary designs to increase allowable draft in the Panama
Canal beyond the present vessel limitation of 39.5 feet maximum for the plans described
below. The study will consider four major alternatives to be analyzed and evaluated. See
attached sketches for miter gate locations and existing sill heights:

a- Increase Height of Gatun Lake Miter Gates: In order to allow increased permissible
draft, one option proposed is to raise the height of Gatun Lake over its nominal 85
feet to the extent possible. In order to contain the water, the MGs nos. 21 through 40
at Gatun Locks and MGs 50 through 69 at Pedro Miguel Locks must be raised
accordingly. The Contractor shall provide structural calculations and preliminary
design on modifications to the miter gates as required. Assessment of impact and
proposed solutions to miter gate machinery recess, other openings at the locks, and
locks walls shall be considered.

b- Increase Height of Miraflores Lake Miter Gates: In order to allow increased
permissible drafi, one option proposed is to raise the height of Miraflores Lake over
its nominal 54 feet to the extent possible. In order to contain the water, the MGs nos.
100 through 119 at Miraflores Locks must be raised accordingly. The Contractor
shall provide structural calculations and preliminary design on modifications to the
miter gates as required. Assessment of impact and proposed solutions to miter gate
machinery recess, other openings at the locks, and locks walls shall be considered.

c- Lower Gatun Lake Miter Gate Sills: To allow for increased vessel draft, the lake
MGs nos. 37 through 40 at Gatun Locks. and MGs nos. 50 through 53 at Pedro
Miguel Locks sills and upstream emergency dam and caisson seat sills may be
lowered accordingly to the extent possible. The Contractor shall provide structural
and civil calculations and preliminary designs on modifications to lower miter gate
sills and to extend the miter gate seals. The Contractor shall also perform an

assessment of the impact and proposed solutions to adjacent underwater structures -

and operating machinery.

d- Lower Critical Miter Gate Sills: To permit increased draft in transiting vessels, the
critical downstream sills of miter gate nos. 54 through 69 may be lowered accordingly
to the extent possible. The Contractor shall provide structural and civil calculations
and preliminary designs on modifications to lower miter gate sills and to extend the
miter gate seals. The Contractor shall also perform an assessment of the impact and
proposed solutions to adjacent underwater structures

The USACE Pittsburgh District shall provide knowledgeable senior and junior engineers
and technicians for the analysis and preliminary design of study to include assessment of
existing structures, consider alternative solutions, evaluate and select best option, prepare
preliminary designs, estimate quantities of labor, materials and performance times for

Panama Canal Conmmission and U.S. Ariny Corps of Engincers Y
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modifications, general project guidance, monthly progress, final reports and
presentations.

The USACE Pittsburgh District will study existing conditions and infrastructures in the
locks, miter gate machinery operating machinery, gate weight, height, construction,
repairs, overhauls, and maintenance, different operating modes, varied vessel
configurations, different water level as it effects to transit operations.

The USACE Pittsburgh District will provide for effective technology transfer to PCC
Canal Capacity Projects Office personnel to create in-house capabilities for future
modification of studies. The completed study shall also address and recommend areas
that require further consideration and analysis.

The proposed modifications and designs shall minimize the effect in Canal operations,
requiring a minimum number and duration of outages to accomplish the modifications.
Ease of installation and maintenance of proposed solutions is very important in this
project. The study will also suggest further studies and considerations in the event that
the PCC decides to proceed with these modification projects.

An on-site familiarization and recognizance 3-day trip of existing field conditions at the
PCC locks and surrounding areas by three performing team members is required and to
discuss needs, gather information, view lockage and transit operations, and define design
limitations. A second 2-day trip by two performing team members is required to inspect
the sill area during the Miraflores Locks MGs 100-101 dry chamber scheduled for
August 16-27, 1999

4. PCC SUPPORT

The PCC will provide plans, drawings, field conditions, operating procedures, mean and
range of water levels, and general information to facilitate studies and discussions.

All traveling from Pittsburgh, PA to Panama should have previous approval by the PCC
Contracting Officer (CO). The PCC will reimburse to the USACE personnel all air
travel, lodging, per diem, and ground transportation according to approved Federal Travel

[ESA RS

Regulations, prescribed by the General Services Administration, in effect on the dates of
performance of this contract and/or any delivery order.

Estimated costs for all travel to be performed under this contract/delivery order must be
included in the total cost of services to be performed. Reimbursement of travel expenses
will be made separately from the cost of services performed on the basis of each travel
occurrence. Reimbursement will be made on the basis of the following:

a- Per diem: Reimbursed based on the established rates ($59 daily in Panama includes
meals and incidentals).

Panama Canal Comnussion and U.S. Army Corps of Enginecrs 10
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b- Lodging: Reimbursed for actual cost incurred up to the stated mits. Lodging will be
arranged in PCC quarters to the extent possible.

c- Airfare and Rental Car/Taxi: Reimbursement will be made on the basis of actual
costs incurred. Airfare will be reimbursed for coach class, 30-day, non-restricted

airline tickets.

d- Miscellaneous expenses: Reimbursement will be made on the basis of actual costs
incurred as permissible in accordance with the established guidelines.

Prior to each travel occurrence, PCC will request the official travel order for the
Contractor by completing Form No. 504 “Request and Authorization for Official Travel”
(pink form) and obtaining the necessary approvals and forward the form to the
Contractor.

Upon completion of travel, the Contractor shall complete the reverse side of the “Travel
Expenses Report” form and return it to the PCC Contracting Division (FMC) with the
original copies of air tickets, receipts and necessary supporting documents on actual
expenses incurred. No allowable expenses will be reimbursed proper documentation and
verification of costs incurred.

5. SCHEDULE

Within two weeks of contract award, the USACE Pittsburgh District shall provide to the
PCC CO for his review and acceptance, a detailed plan with activities, resources,
scheduling, time table, and cost estimates for the study and preliminary design of
proposed work.

The completed study including plans, design, calculations, reference material,
methodology, data gathering and final report presentation shall be completed within four
(4) months from date of contract award.

The USACE Pittsburgh District shall provide written monthly reports in triplicate by the
fifth day of each month. The USACE Pittsburgh District shall submit five (5) copies of
the final report, studies, preliminary design and recommendations with attachments,
drawings, calculations, and supporting documents. Additionally, a copy shall also be
submitted in electronic form on disc in Word, AutoCAD, Microstation, Excel, Access,

and PowerPoint formats, as applicable.

Panama Canal Comnission and U.S. Army Corps of Engineers 11
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Panama Canal Authority

Contract No. » Delivery Order No. 1

SCOPE OF WORK TO COMPLETE THE STUDY AND
PRELIMINARY DESIGN TO RAISE MITER GATE HEIGHTS AND
LOWER MITER GATE SILLS TO INCREASE ALLOWARBLE

VESSEL DRAFT _
1. BACKGROUND INFORMATION

The Panama Canal operates its locks systems continuously on a 24-
hour, 365 days a year, passage of ocean going vessels of up to a
maximum allowable draft of 12.0 m. The Panama Canal operates
with & serigs of locks to raise the vessels from the Pacific to the
Atlantic Ocean and vice-versa. The vessels are raised to Gatun Lake
at a nominal height of 25.9 m above sea level by water locks. The
lock chambers are 33.6 m wide by 305 m long. The minimum depth
js 12.5 m over the locks sills and 13.7 m In the navigational channels,

The locks operates with eighty (80) miter gates (MGs) of different
sizes ranging in heights of 16.5 to 25.0 m and approximate weights of
230 to 360 metric tons. The miter gates are double skinnad,
horizontally framed structures with floatation chambers. The miter
gates presently operate with an electro-mechanical system consisting
of a 40 hp electrical motor going through a series of gear reducers,
up to a final bullgear which connects to the miter gate via a strut arm
to open/close the gates under 2 minutes.

The lock chambers are fed by one lateral culvert 5.5 m in diameter
and a-shared centerwall culvert of same cross-sectional area. Waier
from the main culverts is fed to the chamber by 10 lateral culverts
with § openings each, evenly distributed along the lock chamber

floors.

Water movement into and out of the chambers is controlied by rising
sten valves (RSVs). The RSVs work in pairs and are 3.1 m wide and
5.5 m and weigh 5.5 metric tons. The RSV2 are positioned at the
beginning and the end of each chamber. There are a total of 116
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RSVs in all three locks. Their construction is of welded steel running

on sliding bearings.

The centerwall culvert can move waler from either the east or west
chambers., Tnese are regulated by c¢ast iron 2.1 m diameter
cylindrical valves (CVs) at the lateral culverts. There are a total of

120 CVs in all three locks, -

Present projects to widen the Gaillard Cut are expected to increase
the Canal throughput from 38 vessels a day to a sustainable capacity
of 43 vessels per day. Work is expected to be completed by the year
2002. Additional capital investment projects to procure additional
tugs, towing locomotives, hydraulic miter gate and vaive operators,
centraiized locks control system, rehabilitate locomotive track, and a
modern vessel pasitioning will complement the cut widening project.

Market studies indicate that by the year 2010 the capacity of the
Canal will be saturated. The average Canal Waters Times (CWT), an
internal efficiency measure, will exceed 24-hours, deteriorating
customer service. Restrictions during locks outages for maintenance
and upgrading will further add to transit times.

The Canal Capacity Projects Office was formed in 1998 to develop a
long-term strategy for different scenarios for the next 50 years to
provide support facilities with the purpose of designing long-range
master pian to augment Canal Capacity and capability ta meet future
traffic demand and customer service in a reliable, efficient and

competitive way.

These studles include the upgrading of current Canal infrast
incorporating modern lack technology and water saving methods to
existing facllities; studymg alternate systems for raising and lowering
vessels; constructing new locks; finding additional sources of water
supply, storage and hydropower and making nav:crat]onal channel

improvements,

A~ e
Uico i

The proposals to increase Canal throughput by augmenting vesssl
draft the existing 12.0 m [imitation by means of raising Gatun Lake
level, by increasing lake miter gate heights and by reducing critical sil
elevations, require an in-depth study to define the sfructurs
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modifications, preliminary designs and extent of work involved in

order to assess a cost/benefit analysis of the alternative solutions.

2. GENERAL INFORMATION

Data analysis and recommendations to improve existing facilities and
to consider future capacity expansion requires experienced and
accurate structural design calculations to insure structural and
equipment reliability and Integrity through its expected operating life
cycle.

The objectives of this study are for the Contractor to study and
provide preliminary designs and cost estimates for alternatives for
raising the locks lake miter gates and to lower critical miter gate sills
to allow for increased vessel draft beyond the maximum allowable of
12.0 m. Design work on effects and means to reduce impacts to
locks structures and equipment affected by increase of vesse! draft is
also required. Work under this Scope of Work was initiated in
September 1999 under a previous contract but only partially
completed. The work under this contract is for the full completion of
the work and submission off the required reports.

All Information, data, findings, recommendations, conclusions, and
reports generated from the execution of this contract shall become
sole property of the Panama Canal Authority (ACP). No use or
reproductions of this information is permitted without the previous
written adthorization from the ACP. Ali major equipment purchased

under this contract shall also become property of the ACP,

3. DESCRIPTION OF WORK TO BE PERFORMED

The Coniractor shall provide all {abor, materfals and services to
perform the studies, analysis, preliminary designs and cost estimates
to increase allowable draft in the Panama Canal beyond the present
vessel [imitation of 12.0 m maximum for the plans described below.
The study will consider four major- alternatives to be analyzed and
evaluated. The work was originally started under ISSA No. 97-003,
Work Order Na. 24, and has heen completed to about a 50% ieve) of
completion. The work required under this Delivery Order shall be for
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the full completion of the work required for the study and preliminary

“design with presentation of the required draft and final reports. See
sketches previously provided for miter gate locations and eXisting sill

heights:

a-

Increase Height of Gatun Lake Miter Gates: In order to allow
increased permissible draft, one option proposed is to raise the

height of Gatun Lake over its nominal 25.9 m to the extent

possible. In order to contain the water, the MGs nos. 21 through
40 at Gatun Locks and MGs nos. 50 through 69 at Pedro Miguel
Locks must be raised accordingly, The Contractor shal| provide
structural caleulations and preliminary design on modifications to
the miter gates as required. Assessment of impact and proposed

solutions fo miter gate machinery recess, other openings at the

locks, and locks walls shall be considered.

Increase Height of Miraflores Lake Miter Gates: In order to allow
increased permissible draft, one option proposed is 1o raise the
height of Miraflores Lake over its nominal 16.5 m to the extent
pussible. In order to contain the water, the MGs nos. 100 through
119 at Miraflores Locks must be raised accordingly. The
contractor shall provide structural calculations and preliminary
design on modifications to the miter gates as required,
Assessment of impact and proposed solutions fo miter gate
machinery recess, other openings at the locks, and locks walls
shall be considered.

Lower Gatun Lake Miter Gate Sills: To allow for increased vessel
draft, the lake MGs nos. 37 through 40 at Gatun Locks and MGs
nos. 50 through 53 at Pedro Miguel Locks sills and upstream
emergency dam and caisson seat sills may be lowered accordingly
to the extent possible. The contractor shall provide structural and
civil calculations and preliminary designs on modifications to lower
miter gate sills and to extend the miter gate seals. The contractor
snall also perform an assessment of the impact and proposed
solutions to adjacent underwater structures and operating
machinery.

Lower Critical Miter Gate Sills: To permit increa

A W A

, ncreased draft in
transiting vessels, the critical downstream sills of miter
g

gate nos.

4

doos
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54 through 88 may be lowered accordingiy to the extent possible.
The Contractor shall provide structural and civil calculations and

preliminary designs on modifications to lower miter gals sills and
to extend the miter gate seals. The Contractor shall also perform
an assessment of the impact and proposed solutions to adjacent
underwater structures.

The USACE (Pittsburgh District) shall provide knowledgeable senicr
and junior engineers and technicians for the analysis and prefliminary
design of study 1o include assessment of existing structures, consider
alternative solutions, evaluate and select best option, prepare
preliminary designs, estimate quantities and costs of labor and
materials and estimate performance times for modificatiors, develop
general project guidance, and prepare monthly progress and the final
reports and presentations as required.

The Contractor will study existing conditions and infrastructures in the
locks, miter gate machinery operating machinery, gate weight, height,
construction, repairs, overhauls, and maintenance, different operating
modes, varied vessel configurations, different water level as it effects

to transit operations.

The Contractor will continue to provide continuous and effective
technology transfer to ACP Canal Capacity Projects Office personne!
through day-to-day contact to create in-house capabilities for future
modffications of studies. The completed study shall also address and
recommend areas that require further consideration and analysis.

The proposed modifications and designs shall minimize the effect in
Canal operations, requifing a minimum number and duration of
outage to accomplish the modifications. Ease of installation and
maintenance of proposed solutions is very important in this project.
The study will also suggest further studies and considerations in the
event that the ACP decides to proceed with these modification

projects.

An on-site familiarization and recognizance 3-day trip of existing field
conditions at the ACP locks and surrounding areas by three
performing team members was performed under the previous
contract and no further visits to Panema are required to discuss
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needs, gather information, view lockage and transit operations, and
define design limitations. -

3. ACP SUPPORT

The ACP will provide plans, drawings, field conditions, operating
procedures, mean and range of water levels, and general information
{o facilitate studies and discussions.

4. SCHEDULE

Within two weeks of contractor award, the Contractor shall provide to

~the ACP CO for his review and acceptance, a detailed plan with
activities, resources, scheduling, time table, and cost estimates for
the completion of the study and preliminary designt and cost
estimates of proposed wark. In accordance with the requirements of
ine Agreement, no travel to Panama will be needed or accomplished
fo complete the requirements of this Scope of work.

The submission of the draft report including plans, design,
calculations, reference material, methodology and data gathering
shall be submitied for review within 10 weeks of receiving the notice
to proceed. The final report presentation shall be completed within
four (4) weeks from the date of receiving the ACP commenis on the
draft report. The ACP will furnish comments on the draft report within

30 days of receipt,

The Contractor shall provide written monthly reports in triplicate by
the fifth day of each month. The Contractor shall submit five (5}
copies of the draft and final report to include studies, prefiminary
design and recommendations with attachments, drawings,
calculations, and supporting documents. Additionally, a copy of the
final report shall also be submitted in electronic form on disc in
Microsoft Office 2000, AutoCAD, and Microstation, as applicable. All
work shall be prepared in the SI units of measure.
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Appendix 8. — Design Manuals and USACE Engineering Manuals



Ref,
AISC ASD

EM 1110-2-2104

ACI 318-99/
318R-99

EM 1110-2-2703

EM 1110-2-2105

MNL 120-92

Design Manuals and USACE Manuals

Description
Manual of Steel Construction, 9" Ed.

Strength Design for Reinforced-Concrete
Hydraulic Structures

Building Code Requirements for Structural
Concrete (318-99)/and Commentary (318R-99)

Lock Gates and Operating Equipment
Design of Hydraulic Steel Structures

PCI Design Handbook, Precast and
Prestressed Concrete

PCI Design Handbook, Precast and
Prestressed Concrete

Date
1989

30 June 1992

June 1999

29 Feb. 1984
31 Mar. 1993

1992

1971
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Allwes, Rich LRP

From: Allwes, Rich LRP

Sent: Wednesday, November 21, 2001 4:19 PM

To: jgribar@pancanal.com’

Cc: Remaly, Allen T LRP; Zovack, Frank LRP; Harkness, Andy LRP

Subject: MG Sill and Seal Modification
Importance: High

Tracking: Recipient Delivery Read
"igribar@pancanal.com’

Remaly, Allen TLRP  Delivered: 11/21/2001 4:2

"

Zoynrlk Ceanls 1 DD Nabivarads 11/21 /7001 A.
LUVALR, F1diin Lne vTHveicu, 14 a.

Harkness, Andy LRP Delivered: 11/21/2001 4:20 PM Read: 11/23/2001 8:45 AM

IRV FAVVEY

John:

I would appreciate if you or your staff would review the attached document and drawing. | believe that some of
the miter gate sills do not need to be modified as originally proposed. | would appreciate if you could provide a
reply via email or conference call by close of business 27 November. The drawing is in MicroStation format. if
you need the drawing in AutoCad format, | can convert it but some information may not port properly.

Respectfully,
Rich Allwes
Structural Engineer

USACE-CELRP-ED-DS
412-395-7294

4/10/2002



Panama Canal
Study and Preliminary Design to Raise
Miter Gate Heights and Lower Miter Gate Sills
To Increase Allowable Vessel Draft

Richard A. Allwes, USACE-CELRP-ED-DS
21 November 2001

The Scope of Work is to consider the following four (4) alternatives to increase
draft:

1. Increase Height of Gatun Lake Miter Gates:

a. Gatun Locks: raise MGs Nos. 21-40
b. Pedro Miguel Locks:  raise MGs Nos. 50-69

2. Increase Height of Miraflores Lake Miter Gates:
Miraflores Locks: raise MGs Nos. 100-119

Lower Gatun Lake Miter Gate Sills:

L)

a. Qatun Locks: lower MG Sills Nos. 37-40

b. Pedro Miguel Locks:  lower MG Sills Nos. 50-53
lower upstream emergency dam sill
lower upstream caisson seat sill

Lower Critical Miter Gate Sills:

i

a. Pedro Miguel Locks:  lower MG Sills Nos. 54-69
USACE Current Progress and Request for Clarification:

1. The present plan proposed by the Pittsburgh District is to raise the hei ghts of
Gatun Lake and Miraflores Lake by a height of 3 in and not to increase any of
the heights of the miter gates in the three (3) locks as proposed in Items 1 and 2
(a. and b. in the Scope of Work). In order to raise the lake elevations by 3 in
and not increase the heights of the miter gates, the entrance velocity of the

vessels will have to be decreased to prevent overtopping of the miter gates. The

reduced vessel velocity study is completed. Boots are required for the direct-
connect cylinders to prevent floating lake debris and water from entering the
machinery recess areas. In addition, bulkheads are required for the machinery
access areas to protect the galleries from flooding.

2. ACP is requested to review the attached Pittsburgh District’s Minimum Draft
Drawing for concurrence. It was compiled from as-built drawings and plates



Panama Canal

Study and Preliminary Design to Raise
Miter Gate Heights and Lower Miter Gate Sills
To Increase Allowable Vessel Draft
21 November 2001

provided by ACP. The Minimum Draft Drawing serves as the basis for
modifying miter gates sills and seals. The following discrepancy is noted for
the record.

a. The upstream emergency dam sill of Miraflores Locks was removed
according to Isthmian Canal Commission Dwg 7065 M-28 (revised 2-5-68)
and provides a sill elevation EL +11.3. The Panama Canal Elevations
Diagram Plate (NIVELES.DGN) provides a sill elevation EL +13.0 for the
upstream emergency dam. ACP is requested to verify that the emergency
sill elevation is EL +11.3.

. ACP proposed miter gate sills to be lowered for all three (3) locks. However, a
review of the Pittsburgh District’s Minimum Draft Drawing reveals that a
majority of the proposed sills do not need to be lowered, specifically:

Gatun Locks: MG Sills Nos. 37-40

Pedro Miguel Locks: MG Sills Nos. 50-53
Upstream emergency dam sill
Upstream caisson seat sill

A review of the Minimum Draft Drawing reveals that drafts above the sills are
equal to or greater that 42.2 ft.

The miter gate sills planned to be lowered by the Pittsburgh District are MG
Sills Nos. 54-69 of Pedro Miguel Locks. The current draft at minimum Gatun
Lake Elevation (L.W. EL +81.5) is 40.5 ft. The sills will be lowered 1.0 ft.
Accordingly, the miter gate seals of MGs Nos. 54-69 of Pedro Miguel Locks
will be extended 1.0 ft.

. The MG Sills Nos. 13-20 of Gatun Locks should be lowered 1.0 ft since they

restrict draft to 40.58 ft at the lowest chamber pool (EL +27.0). ACP is
requested to provide concurrence to lower these MG sills 1.0 ft and extend the
MG seals 1.0 ft.

The current proposal is to remove approximately 2.0 ft of each sill and then

raise a nominal portion of the sills 1.0 ft. Two methods of concrete removal are
being investigated - hydroblasting and diamond wire concrete cutting. '

Page 2 of 3



Panama Canal

Study and Preliminary Design to Raise
Miter Gate Heights and Lower Miter Gate Sills
To Increase Allowable Vessel Draft
21 November 2001

Three MG sill preliminary designs (steel frame, precast panel, and cast-in-place)
are being investigated and the preliminary designs will be evaluated in terms of
cost and construction time.

A mix design is being investigated to achieve a design strength of 4,000 psi
within 8 hours to minimize construction time. The time to demobilize and flood
the chambers may be incorporated into the cure time of 8 hours to reduce total
chamber outage time. i

Since the miter gates are horizontally framed, the sill extensions will be
designed to resist the maximum hydrostatic pressure corresponding to
maximum lake or chamber pool elevation.

Page 3 of 3
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Allwes, Rich LRP

From: Allwes, Rich LRP

Sent: Wednesday, November 28, 2001 4:17 PM
To: 'igribar@pancanal.com’

Cc: Zovack, Frank LRP; Harkness, Andy LRP
Subject: USACE Miter Gate Sill Modifications

Tracking: Recipient Delivery Read
‘jgribar@pancanal .com’
Zovack, Frank LRP Delivered: 11/28/2001 4:17 PM
Harkness, Andy LRP Delivered: 11/28/2001 4:17 PM Read: 11/28/2001 4:23 PM

Dear John:

I sent an email to you on 21 Nov requesting clarification concerning the sills to
be modified. I plan on calling you tomorrow morning, 29 Nov at 7:30 am to discuss
the email that I sent. Frank Zovack and I tried to call you by phone but you were
out of the office.

In addition, I have been speaking with demolition contractors and the following
guestions have been raised that require input from ACP. I would appreciate if you
or someone on your staff could provide a response to the following questions by
Monday, 3 Dec:

1. Concrete:
a. Availability of logs of any concrete cores taken through the years.

b. Availability of concrete strength data.

¢c. Any information on the type of aggregate used at the different sites. We
are of the opinion that the basalt was used as aggregate on the Pacific
side, the Atlantic side used natural gravel, and we are not sure what

type of aggregate was used for the middle locks.
d. 2ny information on the original concrete mix designs or any info on the

original concrete.

2 Steel reinforcement in the miter gate sills. For Pedro Miguel MG Sills Nos.
54-69, is the steel reinforcement shown in Mitering Lock Gates, Dwg. 5169
present in the sills? When I was there in Sept 1999 at Miraflores Locks
dewatering, it appeared that the sills had been modified and the massive steel
reinforcement was removed. We need to know 1f the steel exists at Pedro
Miguel since this would have an impact on the method, size, and speed of

concrete removal.
Cuttings and slurry: are there special reguirements (environmental) for

(U]

collection and/or disposal?
4. Availability of equipment (cranes and sizes) to handle large slabs of

concrete? Or must demolition contractor arrange for all equipment?

5. Source of power - from lock, generator, or contractor supplied?

6. Bonding requirements for contractor.

7. Anticipated number of weeks/months for lead time for start of work by
contractor — it will take time to schedule equipment, personnel, and arrange
for shipping of eguipment from Miami, Fl1 to Panama - this will affect cost.

4/10/2002
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. The contractor will work 2 12-hr shifts/day — is this a problenm?
9. Housing - supplied by ACP or must contractor arrange for housing.
10. Chamber outage:
a. What is the chamber outage cost per day?
b. What is the maximum acceptable time for the chamber closure for the miter

sill work?
i It is assumed that the period is for dewatering, sill
modification, and flooding chamber.

¢c. What is the length of time to dewater the Pedro Miguel chambers to have
access to MG Sills Nos. 54-687
d. wWhat is the length of time to flood the chambers?
10. Water quality - are sulphates a problem for concrete mix?

Respectfully,
Rich Allwes

Structural engineer
USACE - Pittsburgh District 412-395-7294

4/10/2002



Page 1 of 1

Allwes, Rich LRP

From: Allwes, Rich LRP

sent:  Thursday, January 24, 2002 11:32 AM

To: 'jgribar@pancanal.com’; 'fhdelgado@pancanal.com’

Cc: Zovack, Frank LRP; Remaly, Allen T LRP: Tankosh, John E LRP

Subject: Panama Canal Study to Increase Draft

Dear John and Rigoberto:

The subject report was sent to your office on 13 Dec 01 for review and was most likely received on 17 Dec 01. |
would appreciate if you would let me know when we will receive your comments. In addition, | sent emails to
John on 21 Nov 01 and 28 Nov 01 requesting information on the sills and clarification for the study. | appreciate
the information provided by Rigoberto on his visit to the Pittsburgh District. However, a majority of the information
requested was not received to date. | would appreciate receiving the information, if it is available.

Rigoberto indicated to John Tankosh that the sill elevations are incorrectly shown on the drawing entitled, “Miter
Gate Study — Minimum Draft” for the D/S portion of Pedro Miguel Lock. However, on review, the sills elevations
are correctly shown (according to PCA Dwg 7046), except that the Chain Fender Sill was not included in the

drawing. The Chain Fender Sill was not included in the Scope of Work. Specifically, the sill, sill elevations, and

minimum drafts are:

Sill Description Elevation (ft) Minimum Draft (ft)
MG 62-65 Sills (Safety) +13 40.5
MG 66-69 +13 40.5
MG 70-73 (Lower Guard) +11 1/3 42.2
Caisson Sill +11 1/3 42.2
Chain Fender +13 40.5

As a result, we are currently investigating lowering the Chain Fender Sill by 1.0 ft using in-the-wet demolition
(hydraulic excavator and a rotary rock cutting head). However, we need to know if the emergency chain is in use
or will be used in the future and the impact of lowering the sill by 1 ft on the structure.

Respectfully,

Rich Allwes
Structural Engineer

4/10/2002
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Comments on

Panama Canal Study to Increase Draft
Draft Report by USACE, Pittsburgh District
13 December 2001

Cesar Kiamco, Locks Team
March 14, 2002

USACE Responses

1N AT ANNSD
1U ADIIL LUUL

General Response: The Corps appreciates the comments and insight provided by the
ACP. Mr. Rigoberto Delgado was particularly helpful in providing concrete material
properties and informing us of our omission of the lower chain fender sill during his visit
to the Pittsburgh District in December 2001. This information was important and his
efforts were appreciated. It should be noted, however, that for several aspects of the
project our requests for additional information or clarifications were not addressed (see
Appendix 9). In those areas we used the best information we had available and
engineering judgment to develop assumptions necessary to complete the study. Some of
the comments made concerning the Draft Report are issues originally raised by the
Corps and our responses to those comments reflect our belief that the assumptions made
are sound and result in an accurate evaluation of the alternatives. Richard Allwes, EC-

DS
Page 1
L. Third line: Use caisson instead of bulkhead.
Response: Revision was made to the report. Richard Allwes, EC-DS

2. Last line of first paragraph: Use ACP instead of PCA.

Response: Revision was made to the report. Richard Allwes, EC-DS

3. Third line from the bottom: ACP does not have drawings 5158-9 and 5161-5. Are
you are referring to drawings 5158 and 5161 of the mitering gates?

Response: Yes, the miter gate drawings are referenced and revisions were made
to the report. Miter gate drawing No.s 5158 and 5161 are referenced. Richard
Allwes, EC-DS



Page 2

4. Third paragraph: The statement “Gatun Lake is held at E1 +87.5 ft when
sufficient water is available” is somewhat simplistic. Elevation +87.5 is only a
nominal figure used for purposes of communication. Actual elevations may
exceed the nominal maximum elevation; they are variable and are not controlled
to the millimeter.

Response: Gatun Lake is held at the nominal elevation EL + 26.67 m (+87.5 fi)
when sufficient water is available, although actual lake elevations may exceed
this nominal level. Richard Allwes, EC-DS

5. Gatun Lake has a Ruling Curve that varies seasonally between elevations 25.75m
(84.5%) to 26.7m (87.5"). Gatun Lake elevation exceeds 87.5 feet just 5% of the
time. Without additional water regulation (new lakes), it will be very difficult to
maintain the lake elevation at 87.75 feet.

Response: The operational feasibility of raising and maintaining Gatun Lake to
EL +26.75 m (+87.75) is beyond the Scope of Work. Richard Allwes, EC-DS

6. Miraflores Lake is not held at EL +54.5 ft. This elevation is only a nominal figure
used for purposes of communication. Actual elevations vary greatly about the
nominal elevation and are not controlled to the millimeter. Lake regulation is
based on visual observation, experience and judgment. The elevation of the lake
varies as a function of lockages at Pedro Miguel (one lift lock) and Miraflores
(two lift lock). Every Pedro Miguel chamber spilled to Miraflores Lake increases
the Miraflores lake level about 0.15 ft; while, every chamber taken from
Miraflores locks from the lake decreases the lake level about 0.11 ft.

Response: The nominal elevation for Miraflores Lake is EL +16.61 (+34.5 f1). It
is recognized that the lake elevation is affected by the operation of both Pedro
Miguel and Miraflores Locks. However, the operational feasibility of raising and
maintaining Miraflores Lake to EL +16.69 m (+54.75) is beyond the Scope of
Work. Richard Allwes, EC-DS

Page 3

7. Raising Miraflores Lake 3 inches is something that happens several times every
day. For deep draft ships, we let the lake rise to the maximum elevation.

Response: The Corps recommends raising and maintaining Miraflores Lake level
to EL +16.61 (+54.75). This will permit Vessels to draft up to 40.75 ft, provided
that the critical sills are lowered. Based on this comment, it appears that the
recommendation is feasible, provided from an operations standpoint that the level
may be maintained or an intermediate lake level may be maintained. Richard
Allwes, EC-DS



8. To increase the elevation of Miraflores Lake, we must check Miraflores Dam and
the bulkheads used for dewatering.

Response: A statement will be included in the report that ACP needs to assess the
impact of raising Miraflores and Gatun Lakes by 76 mm (3 in) on the dams,
shoreline structures, miter gates, and other structures. Richard Allwes, EC-DS

9. Raising Miraflores Lake 3 inches seems to entail a high cost since it requires a
reduction in the entrance velocity of the ships. This decrease in velocity will result
in an increase in the lockage time.

Response:  The following points should be considered: 1) while the entrance
velocity for the vessels is decreased, it occurs for only two lake chambers per
transit, 2) the increase in transit time is very small in comparison o the CWT (24-
30 hrs), 3) there is a small cost in terms of the small increase in lockage time for
two lake chambers per transit, and 4) there is significant savings associated with
the increased tonnage due to the increase in draft and this will more than
compensate for the small increase in lockage costs. Richard Allwes, EC-DS

10. The report cites one of the objectives of lowering the miter gate sills as reducing
transit times. How is this obtained? Does the reduction in transit time
compensate for the increase in lockage time?

Response: The statement made in the report (Sec. 3.2.1) was “...reducing transit
times during periods of low lake levels”. The transit time during normal periods
will slightly increase due to the reduced entrance velocity for a vessel for two lake
chambers per transit. The overall transit cost will decrease due to the increase in
tonnage. Richard Allwes, EC-DS

Page 4

11. Bottom of first paragraph: The report recommends that entrance velocity from
the lakes to the upper chambers be reduced by 0.16 ft/sec at Miraflores and 0.36
ft/sec at Pedro Miguel and Gatun. Although they might be provided with velocity
indicators, panamax ships are not this responsive. It is unrealistic to expect that
such exact reductions in velocity will be made in practice.

Response: The lake levels may be raised 76 mm and the entrance velocities of the
vessels need to be decreased to the theoretical velocities provided in the report to
prevent overtopping of the miter gates for a vessel drafting 12.42 (40.75 fi). The
velocity recommendations are based on theoretical values established in the 1996
report. Experience will provide the practical data in establishing achievable
velocities of vessels and the associated surcharges. The theoretical velocities
provide the basis for establishing vessel velocity. It should also be noted that
vessels that draft 12.04 m (39.5 ft) may increase their entrance velocity since the
surcharge is less due to the increase in draft in the lock chambers if the lakes are



raised and the critical sills are lowered. This will decrease the transit time
(CWT) since the entrance velocities may be increased. Richard Allwes, EC-ED

Second paragraph: This year ACP will build two prototypes of rubber boots
around the hydraulic pistons to fully watertight these openings. Depending on the
results, ACP will implement this change at all gates.

Response: Acknowledged. Richard Allwes, EC-DS

13. Third paragraph: Your comment is based on the 1996 report. The condition was
subsequently investigated. Our findings are different: Overloading due to sliding
friction when the valve is lifted under head did not cause problems at some Rising
Stem Valves (RSV). The problem occurred in two RSV’s at Gatun Locks. Of
interest, these valves were not subjected to the greatest operating head.

Response: Of the representative sampling that was tested in the June 1996
report, all RSV motors were overloading, except for the remaining valve at
Miraflores Locks that had the original roller trains. As a result, it is believed that
the friction was increased with the new sliding surface and is causing the
overloading condition. The additional friction load is proportional to head and is
ultimately carried by the H castings. The increased friction load may also
contribute to a fatigue loading condition. Frank Zovack, EC-DE & Richard
Allwes, EC-DS

14. Plate 1 needs to be modified to reflect chain fender sills elevations at lower Pedro
Miguel lock at +13°. These sills are located between miter gates (MG) 58, 59, 60,

and 61; and MG’s 62, 63, 64, and 65. The other two sills are located downstream
of the South caisson sill (East and West).

Response: This change was made to Plate 1 and is discussed in the report.
Richard Allwes, EC-DS.

Page 5
15. First line: Change Table 2 to Table 3.
Response: Revision was made to the report. Richard Allwes, EC-DS
16.  Table 3: Change Meguel to Miguel.
Response: Revision was made to the report. Richard Allwes, EC-DS
17. Paragraph 3.2.2: USACE recommends lowering the miter gate sills. If the sill is

lowered, we must consider the possibility of having the edges rounded (as
recommended by the Texas A&M University study) to improve water flow under



Page 6

18.

deep draft ships. A quarter round of a pipe 10, schedule 80 anchored to the edges
would work.

Response: The embedded quarter round of pipe may be incorporated into the sill
modification if and when the plans and specifications are developed. However,
the Corps is skeptical that the minimal rounding/streamlining will have any
beneficial affect to improve the flow of water beneath deep-draft vessels. Richard
Allwes, EC-DS

Change Meguel to Miguel in Tables 5 and 6.

Response: Revisions were made to the report. Richard Allwes, EC-DS

Page 10

19. Bottom of second paragraph: ACP has equipment and trained personnel to do this
job.
Response: The costs were changed to reflect that ACP or a contractor is Panama
will conduct the work. Richard Allwes, EC-DS

Page 12

20. 3.2.7.1b: Why is a water stop required between existing and new concrete?
Response: A waterstop was initially considered for the cast-in-place sections, but
is not necessary and is not provided in any of the details and drawings. The last
sentence of the paragraph states that water stops will not be used unless they are
absolutely necessary. Waterstop are not necessary. No Revision was made to the
report. Richard Allwes, EC-DS

Page 13

21. Construction Scheme for Precast Option: Add a short description of the leveling
the precast units.
Response: A short description was provided and the combination lifting/leveling
lugs provided in Plate 9, detail 2 was referenced. Richard Allwes, EC-DS

Page 16

22. Bottom of page: The estimate is based on having a contractor from outside of

Panama performing the demolition. Please note, however, that there is expertise
within Panama. ACP owns 14 complete units for concrete wire cutting and 2



complete units of hydro-rehabilitation. Trained personnel have removed up to
10,000 tons of concrete in one year

Response. Estimates are changed 1o reflect the utilization of local contractors,

fabricators, as well as the ACP wire saw units. Craig Carney, EC-EV

Page 17

23.

24.

Y

Bottom of page: 3” raise of Miraflores pool: see “Page 3" comments above.

Response: The response to Comments No.s 7 through 10 are applicable. Richard
Allwes, EC-DS

ACP is constructing a prototype with flexible rubber boots to make the strut arm
connection to the MG watertight.

Response: Acknowledged. Richard Allwes, EC-DS

Page 18

25.

26.

Modification to Miter Gates: ¢, the additional loading on the girder is
insignificant”. A finite element modeling (FEM) study should back this statement.

Response: This statement was made for two reasons. The first is that the miter
gates at Panama are horizontally framed, not vertically framed. The loads
transferred by a vertically-framed miter gate to a sill are significantly higher than
the loads transferred by a horizontally-framed miter gate. The second, is that the
additional loading on the miter gate is minor when Detail 1 of Plate 10 is closely
reviewed. Full hydrostatic pressure acts on both sides of the miter gate extension
and a portion of the existing miter gate skin plate. The net load is essentially the
same as with the omega-type seal. There is a torsional load applied to the miter
gate due to the contact pressure (miter gate deflection) and the offset of the edge-
bulb seal, with respect to the centerline of the bottom girder. The bottom girder
will not be solely required to carry the torsional load. The torsional load will be
distributed through the miter gate by the diaphragms, since the extension
stiffeners match the miter gate stiffeners (diaphragms) between the girders. A
finite element study is beyond the scope of this study. The purpose of the study
was to investigate the feasibility of extending the miter gates and to provide a
preliminary design. A finite element study may be used during the final design of
the miter gate extension to verify loadings and deflections. The report will be
revised to state that the additional loading on the miter gate is minor. Richard
Allwes, EC-DS

The assumption that the rubber seal does not transmit load to the sill is not
correct:



27.

28.

29.

31.

Response: It was not assumed that the miter gate seal does not apply a load to
the miter gate sill as a result of miter gate deflection. This issue was discussed
with John Gribar on 29 November 2001. The lateral load applied to the sills was
made equal to the hydrostatic pressure applied to the tributary area of the lowest
girder with the chamber dewatered. This is an extreme loading condition.
Richard Allwes, EC-DS

Physical evidence in the field shows signs that the sill receives load from the MG
seal. There are imprints in concrete made by the seal.

Response: See comment No.s 26 and 26. Richard Allwes, EC-DS

A FEM analysis of the MG would show that the miter point deflects under load
after the gates are mitered. At this point, the sill limits the deflection of the seal.

The seal deforms, and picks up loads.
Response: See comment No.s 26 and 26. Richard Allwes, EC-DS

Construction and operational variations can cause unintended contact between
concrete and seal and, hence, additional loading on the sill.

Response: The construction and operational variations may be addressed during
final design. Richard Allwes, EC-DS

Welding of an 11/16” bracket plate to the all riveted, watertight bottom girder of
the MG should be recommended with caution. The area is densely populated with
rivets. Heat will cause nearby rivets to loosen. Water tightness will be lost.

Response: The rivets may be ring sealed with weldment or the rivets may also be
replaced with structural bolts to eliminate this potential problem. Richard
Allwes, EC-DS

At the quoin end, you need to provide a detail showing how you will prevent
leaks through the intersection of reduced sill and seal of the miter gate extension.

Response: During the dewatering of the Miraflores Locks, the miter gates, seals,
and quoin areas were inspected. It was determined that lowering the sill 1 ft
would not interfere nor adversely affect the quoin seal. As a result, no
modification is proposed for the quoin seal. Richard Allwes, EC-DS

Page 19

32.

Second paragraph: For the purpose of the estimate, it is assumed that fabrication
is done in the United States. Please note that the fabrication could be performed in
Panama. The estimate would be different.



Response: Cost estimates are amended to reflect that the fabrication along with a
majority of the other will be performed by local fabricators, contractors, or the
ACP. Craig Carney, EC-EV

33, Third bullet from the bottom: Gates 54 through 69 are located at Pedro Miguel,
not at Miraflores.
Response: Change was made to the report. Richard Allwes, EC-DS

Appendix 5

34. An estimate based on costs and construction practices in Panama would be more
useful. We cannot make decisions based on estimates based on US costs. As
examples of differences, we provide following comparison of US costs to those
witnessed in Panama:
Response: Changes are made to the cost estimates to reflect the cost data
information furnished through these comments. Craig Carney, EC-EV

35. Page 1/9: $1,300.00/yd3 of concrete is too high. $500.00/yd’> would be a better
figure.
Response: The unit cost for concrete has been changed in the cost estimates. The
new values are lower than the original furnished estimate, however, the Corps
feels that $500/cy is too low for precast concrete. Craig Carney, EC-EV

36. $2/1b for reinforcing steel is also high, $0.90/1b 1s better.
Response: Unit cost of reinforcing steel was lowered to $1.00/1b. Craig Carney,
EC-EV

37. Floating plant is not required, we pump concrete from the sidewalls.
Response:  Floating plant eliminated from the cost estimates except for the
lowering of the Chain Fender Sills for Pedro Miguel Locks (D/S side adjacent to
Miraflores Lake). Craig Carney, EC-EV

Page 3/9

38. $3,600.00/yd’ is too high. Considering that ACP has equipment and personnel,

$1,200.00/yd’ is a better estimate.

Response:  Precision Demolition unit costs have been lowered. Note that
$1,200/cy has been used for the larger quantity demolition, but a higher unit cost
was used for the smaller quantities for precision demolition. This accounts for



the setup and wire cutting, which is essentially the same for the differing
quantities. Craig Carney, EC-EV

Page 4/9

39. $150.00 per bolt can be reduced to half, as ACP can manufacture them.

Response: Estimate is changed to §100 per bolt. Craig Carney, EV-EC

Appendix 6
40.  Detail 1: Change 3 %", as it is difficult to measure to the middle of plate.

Response: This is a preliminary design drawing, and the dimension provided is
with respect to the centerline of the girder. A shop drawing may provide a
different dimension. Richard Allwes, EC-DS

Appendix 7

41. Bottom of page 6 asks for SI units for all work. ACP is an international
organization. We have agreed to review the draft report in the English system. For
the final report, you must use SI for all work.

Response: The original Scope of Work did not require metric units for all work
(page 11). This requirement was added to the resubmitted Scope of Work (page
6). The report was changed to provide both SI and English units. The drawings
were changed to SI units. The calculations will be provided in English units.

Richard Allwes, EC-DS

42. Plate No. 6: Demolish 24” thick concrete to rebuild 12”7 seems unnecessary.

Response: This was one option that was explored but was not proposed as the
final concept for the study. Richard Allwes, EC-DS

43. Plate No. 10: The existing seals have to be replaced periodically due to damage.
Edge-Bulb Seal proposed looks weaker than the existing Q)’-shaped seal.
Sometimes debris is caught under the gate or between the gate and sill. How will
the extension, the seal and the bottom girder behave?

Response: The edge-bulb seal (pork chop seal) is commonly used for the
horizontally-framed miter gates. The seal is durable. robust, and rarely needs to
be replaced according to Operations. If there is a problem with deflection of the
miter gates (ACP did not state any problems with excessive deflection of the miter
gates during the visit to the locks on 22 September 1999, the edge-bulg seal may
be mounted horizontally with respect to the gate and the miter gate sill may be
extended so that the edge-bulb seals on the top of the miler gate sill. This was not



44.

explored since ACP did not indicate any problems with deflection of the miter
gates. Richard Allwes, EC-DS

What is the expected replacement time for the proposed seal? The proposed seals
do no appear to be as strong as the existing seals.

Response: The Corps experience is that they get stiff with age but have lasted
more than 50 years. According to Operations, the Corps rarely replaces these
seals. Richard Allwes, EC-DS

Today, if a trapped log damages the omega seal, a diver unbolts the damaged
piece and inserts a new one. If the extension were to be damaged, the miter gate

would have to be removed and taken to the Industrial Division for repairs.

Response: The edge-bulb seal may be unbolted and replaced. Richard Allwes,
EC-DS
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