Fort Worth Central City
Preliminary Design

Civil/Structural
Preliminary Design

Draft Environmental
Impact Statement

Appendix C

May 2005

|

2
8
2
S
<
£
o
2
IS
j=2
£
o
=
=4
]
K]
o
2
<
o
<7}
b}
(5]
=
o
(&)
]
>
3
€
E
o
8
P
f<&}
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Section 1
Lower Level Retaining Walls -
Computer Runs for the Retaining Walls
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Lower Level Retaining Walls: IINSLL

Normal pool condition

1. Short-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at normal pool level, El 524.3, on resisting side
4. Passive soil pressure neglected on resisting side

5. 100 psf vertical surcharge pressure applied
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Date: **/11/14 Time: 13.33.33

Flood Wall Stability Analysis Using CTWALL
Filename: I1NSLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 £t
Heignt of stem (HTS) = 12.00 ft
Thickness top of stem (TTS) = 1.17 ft
Thicxness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bot. of stem (TBSR)-= .00 £t
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 £t
Width of base (BWIDTH) = 10.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key {TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (fu)

00 516 .50

.00 518.00
6.83 518.00
€.83 530.00
8.00 530.00
8.00 518.09
10.00 518.00
10.00 516.50

NOT=Z: X=0 is located at the left-hand side
ct the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.

Phi C Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
00 1.000 100 .130 00 530.0¢C

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X

point (ft) (ft)
1 -1493.17 530.00
2 6.83 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi o) Unit wt. wunit wt. soil Batter
(deg) (ksf) (kct) (kcf) (ft) (in:1ft)
00 1.000 100 .130 516 .50 00

Soil X y

point (ft) (ft)
1 10.090 516.50
2 510.00 516.50

Foundatcion prcoperty data:

phi for soil-structure interface = .00 {deq)
¢ for soil-structure interface = 1.000 (ksf)
phi for soil-scil interface = .00 (deg)
¢ for soil-soil interface = 1.000 (kstf)

Water data:

Driving side elevation = 530.00 ft
Resisting side elevation = 524.30 ft
Unit weight ci water = .0625 kcf

Seepage pressures computed by Line cf Creep method.

Gniform lcad data:
Magritude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack *is* down to bottom of heel
o0 Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*%%x%* Summary of Results ****xx*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkhkhkhkkhkkkkhkkxk * k k Satlsfled * k %k
* Qverturning * Required base in comp.
khkkkkkkkkkkkkkk Actual base in comp.

Overturning ratio

Xr (measured from toe) = 3.58 ft
Resultant ratio = .3584

Stem ratio = .2000

Base pressure at heel = .1477 kst
Base pressure at toe = 1.8173 kst
kkkhkkkkhkhkkkk * k %k Satleled * k %

* Gliding * Min. Required = 1.5¢C

ok ok ok ok ok ok ok K Actual FS = 2.64

100.00 %
100.00 %
1.57
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Date: **/11/14 Time: 13.33.33

Flood Wall Stability Analysis Using CTWALL
Filename: I1NSLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Walli location:

Walls at bypass channel
Computed by: BDA

khkkkhkhkkhkkkhkhkkkkkkhkikkkkkkkkkk*k

** Qverturning Results **
kkkhkkkkhkkkkhkkhkhkkhkhkkkhkkkkkhkkkkhkkkkk*k

Solution converced in 1 iterations.

SMF used to calculate X's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .0000
Resisting side at rest Kc = .00CO

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = 13.50 ft
Crack extends —c bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
{(ft) (ksf}
530.0¢C 0000
516 .5C 8438

Surcharge pressures:
Elev. Press.
(ft) (ksf)

** Registing side pressures **



Water pressures:

Elevation Pressure
(ft) (kstf)
524 .30 0000
516.50 4875
516.50 4875

** Uplifz pressures **

Water pressures:

x-coord. Pressure
(fz) (kstf)

00 .8438

10.00 .4875

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) '

Structure:

Structure weight........... 4.356 -3.83 -16.69
Structure, driving side:

Moist soil................. .000 .00 .00

Saturated soil............. 10.655 -6.58 -70.16

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .683 -6.59 -4 .50

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. 1line loads...... .000 .00 .00
Structure, resisting side:

Moist soil................. .000 .00 .00

Saturated soil............. .000 .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .787 -1.00 -.79
Driving side:

Effective earth loads...... .000 .00 .00

Shear (que to delta)....... .C090 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads............ .. 5.695 4 .50 25.63
Resisting siaqe:

Effective earth loads...... .009 .00 .00

Water loads................ -1.9C1 2.60 -4 .95
Foundation:

Vertical force on base..... -9.825 -3.5 35.21

Shear on base.............. -3.7%4 00 00

Cplift... ... .. o ... -6.656 -5.45 36.25

** Statics Check ** SUMS = .000 .000 .00



Anagle of base = .00 degrees

Normal force on base = 9.825 kips

Shear force on base = 3.794 kips

Max. available shear force = 10.000 kips
Base pressure at heel = .1477 kst

Base pressure at toe = 1.8173 kst

Xr (measured from toe) = 3.58 ft
Resultant ratio = .3584

Stem ratio = .2000

Base in compression = 100.00 %
Overturning ratio = 1.57

Volume of concrete = 1.08 cubic yds/fr of wall

NOTE: The engineer shall verify thkat the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall Zoundation.
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** Gliding Results **
*hkkkkkhkhxkhxkhkhkkrkdkhkhkhxkxhkhkkxkxkk%x

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
2 000 000
2 3.794 1.470
3 000 .000

Water pressures on wedges:

Top Bottom
Wedge press. press. Xx-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 0000 .0000
2 C000 8438
2 ~0.C000 4875
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 516.50 ft
Point 2 (right), x = 10.00 ft, y = 516.50 ft
Depth of cracking = 13.50 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
numker (deg) (fr) (kips) (ft) (kips)
1 000 000 .000 000 000
2 000 10.000 Z5.011 10.000 6.656
3 000 000 .000 000 coo
Wedge Net force
number (kips)
1 000
2 000
3 000
SUM = 000
e +
| Factor of safety = 2.635 |
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Lower Level Retaining Walls: IINLLL

Normal pool condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at normal pool level, El 524.3, on resisting side
4. Passive soil pressure neglected on resisting side

5. 100 psf vertical surcharge pressure applied
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Date: **/11/14 Time: i3.37.21

Flood Wall Stability Analysis Using CTWALL
Filename: I1NLLL.DAT

Company name :

CDM
Project name:
TRWD-FWCC

Prcject location:

Fort Worth, TX / Tarrant Regional Water District
Wall locatcion:

Walls at bypass channel
Computed py: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top of stem (TTS} = 1.17 ft

Thickness bottom of stem (TBS) = 1.127 ft

Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.50 £

Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOCE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 fc

Distance of batter for toe (BTRT) = .00 fc

wWidth of base (BWIDTH) = 1€.00 ft
Cepth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Cist. of batter at bot. of key (RTRK) = .00 ft

Structure cocrdinates:

x (ft) y {£t)

00 516.50

00 518.00
12.83 518.00
12.83 530.00
14.00 530.00
14.900 518.00
16.00 518.00
16.00 516.50

NOTZ: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kctf) (kcf) (deg) (ft)
27.00 000 100 .130 00 530.00

Driving side soil gecmetry:

Soil Batter Distance
point (in:1ft) (ft)

1 .CO 500.00

2 .CO .00

3 .00 500.00

Driving side soil profile:

Soil X vy

point (ft) (ft)
1 -1487.17 530.00
2 12.83 530.00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. vunit wt. soil Batter
(deg) {ksf) {(kcf) (kcf) (ft) (in:1ft)
27.00 0G0 100 130 516.50 00

Soil X

poinc (ft) (ft)
1 16.00 516.50
2 516.00 516.50

Foundazion property data:
rhi for soil-structure interface

27.00 (deg)

¢ for soil-structure interface = .100 (ksf)
phi for soil-soil interface = 27.00 (degqg)
c for soil-soil interface = .100 (ksf)

Water data:

Driving side elevation = 530.00 ft
Resisgting side elevaczion = 524.30 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line oI Creep method.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
8liding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning aralysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**x*** Summary of Results ***x*x*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

k ok kkkkkokkkohkkokhkk * k k Sa:isfied * %k
* Qverturning * Required base in comp.
ook ko ko ke ok ok ke ok ok ok ok Actual base in comp.

Overturning ratio

Xr (measured from toe) = 6.68 ft
Resultant ratio = .4172

Stem ratic = .1250

3ase pressure at heel = .58C2 ksf
Base pressure at toe = 1.7255 kst
* %k ok k kkok ok ok kX * % % Satisfied * % %

* Sliding * Min. Required = 1.50

*hkdk ok ok kkkkkk Actual FS = 1.53

~00.00
100.00
2.02

o0 o



kkkkkhkhkhkhkhkhkhkhkhkdhkhkhkhhkxx Output Results kkkkkkkhkkkhkkhkkkhhkkikkhkkkhkkx*k

Date: **/11/14 Time: 13.37.21

Flood Wall Stability Analysis Using CTWALL
Filename: I1NLLL.DAT

Company r.ame:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BLCA

kkkkhkkhkhkhkkkhkkkkhkkkkhkkkkkxkxkxkxk*%k

** Qverturning Results **
khkkkkkhkhkkkkhkkkhkhkkhkkhkhkkhkkkhkikikhtk*k

Solution converged in 1 iterations.

SMr used to calculate K's = .6667

Alpha for the SMF = -54.4285

Calculatred earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)
530.00 0000
516.50 6807

Earth pressures:
Elevation Pressure
(ft) (ksf)



Surcharge pressures:

Elev. Press.
(ft) {ksf)
530.00 0351
516.50 051

** Resisting side pressures **

Water pressures:
Elevation Pressure

{ft) (ksf)

524 .3C 0000
516.50 4875
516.50 4875

**x Uplift pressures **

Water pressures:

Xx-coord. Pressure
(ft) {(ksf)
00 6807



**x Forces and moments **

Structure:
Structure weight.........
Structure, driving side:
Moist soil...............
Saturated scil...........
Water above structure....
Water above soil.........

External vertical loads....

Vert.

. 20

Ext. horz. pressure loads..

Ext. horz. line loads....
Structure, resisting side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........
Driving side:
Effective earth loads....
Shear (due to delta).....

..

Horiz. surcharge effects...

Water loads..............
Resisting side:

Effective earth loads....

Water loads..............
Foundation:

Vertical force on base...

Shear on base............

Angle of base =

Normal force on base = 18.

Shear force on base

Max. available shear force =

. .

.000
.015
.000
.000
.283

.000
.000
.000
. 787

.000

Base pressure at heel = .5802 kst
Base pressure at toe = 1.7255 kst
Xr (measured Ifrom tce) = 6.68 ft
Resultant ratio = L4172
Stem ratio = .1250
Bage in compression = 100.00 %
Overturning ratio 2.02

Volume of concrete =

1.41 cubic

yvas/ft of wall

(kips)

.000
.000

722

.693
.595

.000
.901

(ft)

(ft-

-12

5 |

.00
-191.
.00
.00
.30
.00
.00

84

.00
.00
.00
.79

.75
.00
.68
.67



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkkkkkkkkkhkhkhkhkhhkhkhkhkhkkik%k

** gliding Results **
khkkkhkhkkkkkkkhkhkkkkdhhkikkk

Sclution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
i 003 .973
2 -1.901 2.070
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (kst) (fr) (ksf)
1 0000 6807
2 .0000 .6807
2 16.0000 .4875
3 .0000 .0000
Points of sliding plane:
pPoint 1 (left), x = .00 ft, y = 516.50 ft
Point 2 (right), x = 16.00 ft, vy = 516.50 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (fr) (kips)
i ~-54.230 16.638 8.534 16.638 5.663
2 .0C0O 16.000 25.721 16.000 9.346
3 .000 .000 .000 .000 .000
Wedge Net force
numper (kips)
1 -9.073
2 9.073
3 .000
SUM = 000
i +
| Factor of safety = 1.534 |
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Lower Level Retaining Walls: I1FLLL

Flood / Drawdown condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at El 516.50 on resisting side

4. Passive soil pressure neglected on resisting side (conservative)

5. No surcharge pressure applied
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*kkkkkxkkkkkkk* k% k% Echoprint of Input Data ***sxxxxkxxxdd*xx

Date: **/01/06 Time: 17.34.23

Flood Wall Stability Ana.ysis Using CTWALL
Filename: I1FLLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 £t
Height of stem (HTS) = 12.00 ft
Thickxness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel {(BTRH) = .00 ft
Depth of toe (TTOE) = 1.5¢ £t
Width of toe (TWIDTH) = 2.00 ft
Disrance of katter for toe (BTRT) = .00 fc
Width of base (BWIDTH) = 13.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TX) = .0c ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 516.50

00 518.0¢C

g.83 518.00
9.83 530.00
11.0¢C 530.00
11.00 518.00
13.00 518.00
13.00 516.50

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi C Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) {ft)
27.00 000 i00 .130 00 530.00

Driving side soil geometry:

Soil Ratter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .06 .00

3 .00 500.00

Driving side soil profile:

Soil X Y

point (ft) (ft)
1 ~-1490.17 530.00
2 9.83 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) {(kcf) {ft) (in:1ft)
27.00 000 100 .13D 516.50 00

Soil X Yy

point (ft) (ft)
1 13.00 516.50
2 513.00 516.50

Foundation property data:

phi for soil-structure interface = 27.00 (deg!

¢ for soil-structure interface = .100 (ksf)

phi for soil-soil interface = 27.00 (deg)

c for soil-soil interface = .100 (ksf)
Water data:

Driving side elevation = 526.00 ft

Resisting side elevation = 522.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = L6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*** %% gummary of Results **x**

Flood Wall Stability Analysis Using CTWALL

Project name:

*hkkkhkkhkhkhkkkhkkkkkk

* Overturning *
*hkkhkhkhkhkhkhkhkhkkdkkk*k

TRWD-FWCC

*** Satigfied **+*
Required base in comp.
Actual base in comp.
Overturning ratio

Xr (measured from toe) = 5.40 ft
Resultant ratio = .4155

Stem ratio = .1538

Base pressure at heel = .5416 kst
Base pressure at toe = 1.6551 kst
khkkhkhkkkkkk*k * % % Satleled * % *

* Sliding * Min. Required = 1.50
*khkkkhhkkkk*k Actual S = 1'53

it

100.00 %
100.00 %
2.20
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Date: **/01/06 Time: 17.34.23

Flood Wail Stability Anaiysis Using CTWALL
Filename: I1FLLI.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

I Z 2 S SRS S SRR R R R EEEREEESEES

*%  Overturning Results **
I EE RS SRR RS EER SR SRR SRR EE SRS N

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54,4285

Caiculated earth pressure coefficients:
Drivino side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest X = .0000
Resisting side at rest Kc = .0000

Full passive X calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
526.00 0000
516.50 4882

Earth pressures:

Elevation Pressure
(£t} (kstf)
530.06¢C 0000
526.03 2053
516.50 5886

** Resisting side pressures **



Water pressures:

Elevation Pressure
(fr) (ksf)
522.00 0000
516 .50 3438
516.50 3438

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (kst)

00 4882

13.00 3438

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) ’

Structure:

Structure weight........... 5.031 -4.86 -24 .46
Structure, driving side:

Moist soil....... ... ....... 3.932 -8.08 -31.79

Saturated soil............. 10.223 -8.09 -82.65

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... . 000 .00 .00
Structure, resisting side:

Moist soil......... .. ...... .0CO .00 .00

Saturated soil............. .000 .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .500 -1.00 -.50
Driving side:

Effective earth loads...... 4.182 4.66 19.48

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water lcads................ 2.319 3.17 7.34
Resisting side:

BEffective earth loads...... .000 .00 .00

Water loads................ -.945 1.83 -1.73
Foundation:

Vertical force on base..... ~14.279 -5.40 77.13

Shear on base.............. ~-5.555 00 00

Uplift.. ... ... . . -5.408 -6.88 37.18

** Statics Check ** SUMS = .000 .000 .00



Angle of base = .00 degrees

Normal force on base = 14.279 kips

Shear force on base = 5.555 kips

Max. available shear force = 8.575 kips
Base pressure at heel = .5416 kst

Base pressure at toe = 1.6551 ksf

Xr (measured from toe) = 5.40 ft
Resultant ratio = .4155

Stem ratio = .1538

Base in compression = 100.00 %
Overturning ratio = 2.20

Volume of concrete = 1.24 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perfcrm a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



*hkkhkhkhkdkxkkddkdhkhkdxkkddhhhh

** Gliding Results **
hkhkhkxhkhkhkhdkhkdkrkkkhrhhkhkdkdkdxhih

Sclution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number {(kips] {kips)
1 000 000
2 -.945 .500
3 0co .000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 0000 4882
2 .0000 .4882
2 13.000¢C .3438
3 .0000 .0000
Points of sliding plane:
Point 1 (lefr), x = .00 ft, y = 516.50 £
Point 2 {right), x = 13.00 ft, y = 516.50 ft
Depth of cracking = .00 fc
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -54.339 l6.616 7.510 11.693 2.854
2 .000 13.000 19.186 13.000 5.408
3 .000 .000 .000 .000 .000
Wedge Net force
number (kips)
1 -6.552
2 6.553
3 .000
SUM = 001
e +
| Factor of safety = 1.529 |
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Lower Level Retaining Walls: I1IFSLL

Flood / Drawdown condition

1. Short-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at El 516.50 on resisting side

4. Passive soil pressure neglected on resisting side (conservative)

5. No surcharge pressure applied

4-26



khkkkkhkhkhkhkkkkkkkkkkkk Echoprlnt of Input Data kkhkkhkhkkkhkkhkkdhkdkkihik

Date: **/01/06 Time: 17.24.35

Flood Wall Stability Analysis Using CTWALL
Filename: I1FSLL.DAT

Company name:

CDM
Project name:
TRWD-EFWCC

Project location:

Fort Worth, TX / Tarrant Regicnal Water District
Wall location:

Walls at bypass channel
Computed by: WCS

Structural geometry data:

Elevation of top of stem (ZLTS) = 530.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 fc
Dist. of batter at bot. of stem (TBSR)= .00 ft

Depth of heel (THEEL) = 1.50 fc

Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Wid-h of toe (TWIDTH) = 2.00 £
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 12.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .0C ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 516.50

00 518.00
8.83 518.00
8.83 530.00
10.00 530.00
10.00 518.00
12.00 518.00
12.00 516.50

NOTE: X=0 is located at the left-hand side
cf the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.

Phi C Unit wt. wunit wt. Delta s0il
(deqg) (ksf} {(kct) (kct) (deq) (ft)
.00 1.000 .100 .130 .00 530.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X Yy

point (ft) (ft)
1 ~14981.17 530.00
2 8.83 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. wunit wt. soil Batter
(deg) (ksf) (kcf) (kcft) (ft) (in:1fc)
00 1.000 100 .130 516.50 00

Soil X

point (ft) (ft)
1 12.00 516.50
2 512.00 516.50

Foundation property data:

phi for soil-structure interface = .00 (deg)
¢ for soil-structure interface = 1.0090 (ksf)
phi for soil-soil interface = .00 (deg)

¢ for soil-soil interface 1.000 (ksf}

il

Water data:
Driving side elevation 530.00 ft
Resisting side elevation 516.51 ft
Unit weight of water = .0625 kcf
Seepage pressures computed by Line of Creep method.

(]



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in ccmpression
Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



***x*x*x Summary of Results *****
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkhkhkkkhkddkdhkhkkk * % % Satlsfled * k%

* Qverturning * Required base in comp. = 100.00 %

Fkdkkkkdkkkkkkhx Actual base in comp. = 100.00 %
Overturning ratio = 1.51

Xr (measured from toe) = 4.44 ft

Resultant ratio = .3699

Stem ratio = .1l667

Base pressure at heel = .2470 kst

Base pressure at toe = 2.0054 kst

khkkxhdkdkkhkkk * k * Satisfled * % %

* gliding * Min. Required = 1.50

khkkkhkkkkdk* Actual FS = 2.11



khkkkkhkhkhkkdkhkhrkdrrkhkkhkhkhkkkk Output Results khkkkkkkkkhkhihkhkhkhkhkhkhkhkkhkkk

Date: **/01/06 Time: 17.24.35

Flood Wall Stability Analysis Using CTWALL
Filename: I1FSLL.DAT

Company name :

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

IS E SR ES SRS S RS EERERE RS S S

**  QOverturning Results **
Ahkhkhkrhkhkdrhddhkhkhkhkdhkhkhkdddrdhhdk

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = 13.50 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (xsf)
530.00 0000
516.50 8438

** Resisting side pressures **

Water pressures:
Elevation Pressure

(ft) (kst)
516.t1 0000
516.50 0006



** Uplift bressures **

Water pressures:

x-coord. Pressure
(£t) (kst)

00 .8438

12.00 0006

Part Force (kips! Mom. Arm Moment
Vert. | Horiz. (ft) {(ft-k) I
Structure:
Structure weight........... 4.80¢ -4.50 ~21.64
Structure, driving side:
Moist soil................. .000 .00 .00
Saturated soil............. 13.775 -7.59 -104.48
Water above structure...... .0G0 .0¢C .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .Coo .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .000 .00 .00
Saturated soil............. .000 .00 .00
Water above structure...... .060 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... .000 .00 .00
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge eiffects... .000 .00 .00
Water loads................ 5.695 4 .50 25.63
Resisting side:
Effective earth locads...... .000 .00 .00
Water loads................ .000 2.33 .00
Foundation:
Vertical force on base..... -13.515 -4 .44 59.99
Shear on base.............. -5.695 .00 .00
Uplife. ... .. i i -5.C66 -8.00 40.52
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 13.515 kips
Shear force con base = 5.695 kips

Max. available shear force = 12.000 kips

.2470 kst
2.0054 kst

Base pressure at heel
Base pressure at toe

W



Xr {(measured from toe) = 4.44 ft

Resultant ratio = .3699

Stem ratio = .1667

Base in compression = 100.00 %

Overturning ratio = 1.92

Volume of concrete = 1.19 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed thne
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkkkkkkkkkkkkkkkkhkkkkkk

** Sliding Results **
2SR RS R SRS S SRR R R ESEEE N

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 000 0CO0
2 5.695 .000
3 000 .000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coord. press.
number (ksf) (ksf) (ft) (xsf)
1 0000 .0000
2 .000¢C .8438
2 12.0000 .0006
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 516 .50 ft
Point 2 (right), x = 12.00 ft, y = 516.50 f:
Depth of cracking = 13.5C ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
numbexr (deg) (ft) (kips) (ft) (kips)
1 .000 .000 .000 .000 .000
2 .000 12.000 18.581 12.000 5.066
3 .000 .009 .000 .000 .000
Wedge Net force
number (kips)
1 .000
2 .000
3 .000
SUM = 000
el +
| Factor of safety = 2.107 |
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Lower Level Retaining Walls: I3ESLL

Earthquake condition

1. Short-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at normal pool level, El 524.3, on resisting side
4. Passive soil pressure neglected on resisting side

5. No surcharge pressure

6. Lateral seismic forces included
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Date: **/11/18 Time: 14.55.54

Flood Wall Stability Analysis Using CTWALL
Filename: I3ESLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel {(THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 It
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 1.00 ft
Distance of batter for toe (BTRT) = .00 ft
Widthk of base (BWIDTH) = 16.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 fc
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) vy (ft)

00 516.59

00 518.00
13.83 518.00
13.83 530.00
15.00 530.00
15.00 518.00
16.00 518.00
16.00 516.50

NOTE: X=0 1is located at the left-hand side
of Zhe structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kct



Driving side soil property data:

Moist Saturated vlev.

Phi < Unit wt. unit wt. Delta soil
(deq) (ksf) (kcf) (kcf) (Geqg) (ft)
00 1.000 100 .130 00 530.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X 0%

point (ft) (ft)
1 ~1486 .17 530.00
2 13.83 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. wunit wt. soil Batter
(deqg) (kst) (kct) (kcf) {ft) (in:1ft)
00 1.000 100 .130 516.50 00

Soil X

point (ft) (ft)
1 16.00 516 .50
2 516.00 516.50

Foundation property data:

phi for soil-structure interface = .00 (deg)
¢ for soil-structure interface = 1.000 (kst)
pni for soil-soil interface = .00 (deg)
¢ for soil-soil intexface = 1.000 (ksf)

Water data:

Driving side elevation = 530.00 ft
Resisting side elevation = 524.30 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Horizontal line load data:

Elevation Force

(ft) (kips;
523.25 1.36
Minimum recuired factors of safety:
Sliding FS = 1.10
Overturning = .10% base in compression

Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning énalysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**%%* Summary of Results **x*x**

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

*kkkkkkkkkkkkkk%k * %k k Satlsfled * % Kk

* Qverturning * Required base in comp. = .10 %

Fhrkkkokkkkkkkkx Actual base in comp. = 100.00 %
Overturning ratio = 1.83

Xr (measured from toe) = 6.21 ft

Resultant ratio = .3880

Stem ratio = .0625

Base pressure at heel = .3489 kst

Base pressure at toe = 1.7792 kst

*kkkkkkkkkkk
* Sliding *

kkkkkkkkkk*k

*%% Satisfied *#**
Min. Required = 1.10
Actual FS = 3.10
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Date: **/11/18 Time: 14.55.54

Flood Wall Stability Analysis Using CTWALL
Filename: I3ESLL.DAT

Company name:

CDM
Project nane:
TRWD-=WCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

IR R R E SRS S S S SRS EEEEEEEESERSESES

**  Overturning Results *=*
kkkkkkhkkhkkEdhkkhkhkhkdhkhkdhhhkhhkikk

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculateac earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resgisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full pvassive K calculated for resisting side.
50% of full passive willi be used.

Depth of cracking = 13.50 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
530.00 0000
516.590 8438

** Resisting side pressures **

Water pressures:

EBlevation Pressure
(fr) (ksf)
524 .30 0000
516 .50 4875



*% Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)

00 8438

16.00 4875

Structure:
Structure weight.........
Structure, driving side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........

External vertical loads....

Ext. horz. pressure loads..

Ext. horz. line loads....
Structure, resisting side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........
Driving side:
Effective earth loads....
Shear (due to delta).....

.. .000
.. .000

.. .000

.. .394

.. .000

Horiz. surcharge effects...

Water loads..............
Registing side:

Effective earth loads....

Water loads..............
Foundation:

Vertical force on base...

Shear on base............

Uplift..... ... ... .. ....

.000
.360

.000

.000
.695

.000
.901

(ft)

** Statics Check *x* SUMS

Angle of base =
Normal force on base =
Shear force on base = 5
Max. availakle shear force

Base pressure at heel
Base pressure at toe = 1

.00 degrees

17.025 kips

.154 kips

.3489 kst
.7792 kst

16.000 kips



Xr (measured from toe) = 6.21 ft

Resultant ratio = .3880

Stem ratio = .0625

Base 1in compression = 100.00 %

Overturning ratcio = 1.83

Volume of concrete = 1.41 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowab.e foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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*% G8liding Results *+*
LR SR ERE R EEEEREEREESE RS RS

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 5.154 .394
3 000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number {kstf) (kst) (ft) (kst)
1 000G .0000
2 .0000 .8438
2 16.0000 .4875
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 516.50 ft
Point 2 (right), x = 16.00 ft, vy = 516.50 ft
Deptnh of cracking = 13.50 fc
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
numbexr (deqg) (ft) (kips) (ft) {kips)
1 .000 .000 .000 .000 .000
2 .000 16.000 27.281 16.000 10.650
3 .000 .000 .000 .000 .000
Wedge Net force
number (kios)
1 .000
2 .000
3 .000
SUM = 000
e +
| Factor of safety = 3.104 |
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Lower Level Retaining Walls: I3ELLL

Earthquake condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side

3. Water at normal pool level, El 524.3, on resisting side
4. Passive soil pressure neglected on resisting side

5. No surcharge pressure

6. Lateral seismic forces included
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Date: **/11/18 Time: 15.02.05

Flood Wall Stability Analysis Using CTWALL
Filename: I3ELLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top cf stem (TTS) = 1.17 ft
Thickness bottcm of stem (TBS) = 1.17 fc
Dist. of batter at bot. of stem (TBSR)= .00 £
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .C0 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 1.C0 el
Distance of batter for toe {BTRT) = .00 ft
Width of base (BWIDTH) = 16.00 ft
Depth of key (EK) = .Co ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 fr

Structure coordinates:

x (ft) y (ft)

00 516.5C

00 518.0C
13.83 518.00
13.83 530.0¢C
15.00 530.00C
15.00 518.00
16.00 518.00
16.00 516.50

NOT=Z: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural proverty data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
27.00 .100 .100 .130 .00 530.00

Driving side soil geometry:

Soil Batter Distance
point (in:1£ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Soil X y

point (ft) (ft)
1 -1486.17 530.00
2 13.83 530.00

Resisting side scil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
27.00 10C 100 130 516.50 00

Soil X Y

peint (ft) (ft)
1 16.00 516.53
2 516.00 516.50

Fourdation property data:

phi for soil-structure interface = 27.00 (deg)
¢ for soil-structure interface = .100 (ksf)
phi for soil-soil interface = 27.00 (deg)
c for soil-soil interface = .100 (ksf)
Water data:

Driving side eievaticn = 530.00 ft

Resisting side elevation = 524 .30 ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Horizontal line load data:

Elevation Force

(ft) (kips)
520.62 3.392
Minimum required factors of safety:
Sliding FS = 1.10
Overturning = .10% base in compression

Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Szrength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.

Forces for sliding are calculated for the REQUIRED FS.



**%x% Qummary of Results ****xx*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkhkkkkkkkkkkkk

* Overturning *
khkkkkhkhkkkkhkkkkxk

Xr (measured fr
Resultant ratio
Stem ratio

Base pressure a
Base pressure a

kkkkkkkkkkk

* Sliding *

*hkkkkkkkkkk

***x Satisfied **+*

Required base in comp. = .10 %
Actual base in comp. = 100.00 %
Overturning ratio = 1.81
om toe) = 5.71 ft
= .35€9
= .0625
t heel = .1620 kst
t toe = 2.1291 kst

*** Satisfied ***
Min. Required = 1.10
Actual FS = 1.10



kkkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhhkkx Output Results khkkkhkkkkkhkhkkhkhkkhkhkkhkikhkkk

Date: **/11/18 Time: 15.02.05

Flood Walli Stability Analysis Using CTWALL
Filename: I3ELLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: WCS

khkkkkkkkhkkkkhkhkhkhkhkhkhkhkhkkhkkhkkhkhhkkx*k

**  Overturning Results *x*
khkkkhkkhkkhkhkhkhkkhkhkhkhkdkhkhkhkhkhkhkhkhhkhhkkk

Solution converged in 1 iteratiocons.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.,1821

Calculaced earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side ac rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of Zfull passive will be used.

Depth of cracking = -1.22 f¢t
** Driving side pressures **

Water pressures:

Eievation Pressure
(ft) (ksf)
530.00 0000
531.22 -.0763
516.50 6807

Earth pressures:

Elevatiocn Pressure
(£t) (xsf)
531.22 .0000
530.00 0600
516.50 4559

** Resisting side pressures **



Water pressures:

Elevation Pressure
(ft) (ksf)
524 .30 0000
516.50 4875
516 .50 4875

*x Uplift pressures *x*

Water pressures:

x-coord. Pressure
(ft) (ksf)

00 .6807

16.00 4875

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) ’

Structure:

Struczure weight........... 5.706 -5.63 -32.14
Structure, driving side:

Moist soil................. .000 .00 .00

Saturated soil............. 21.575 -9.09 -196.01

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line lcads...... 3.920 4£.12 16.15
Structure, resisting side:

Mcist soil. ... ... .000 .20 .00

Saturacted soil............. .000 .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .394 -.50 -.20
Driving side:

Effective earth locads...... 3.077 4.50 13.85

Slhear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads.........cuu.v... 4.495 4.3§ 19.74
Resisting side:

Effective earth loads...... .000 .00 .00

Water loads................ -1.901 2.60 -4 .95
Foundation:

Vertical force on base..... -18.329 -5.71 104.67

Shear on base.............. -9.591 .00 .00

Uplift...... . ... ... .. ... .. -9.346 -8.44 78.89

** Statics Check ** SUMS = .000 .000 .00



Angle of base = .00 degrees

Normal force on base = 18.329 kips

Shear force on base = 9.591 kips

Max. available shear force = 10.939 kips
Base pressure at heel = .1620 kst

Base pressure at toe = 2.1291 kst

Xr (measured from toe) = 5.71 ft
Resultant ratio = .3569

Stem ratio = .0625

Base in compression = 100.00 %
Overturning ratio = 1.81

Volume of concrete = 1.41 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



khkkhkkkkkkhkkkkkhkkkkdkki*k

*% G8liding Results **
kkhkkkkhkhkhkkkhkkkhkkhkkhkkkkkhkkkkk

Stationary solution. Static sum of forces.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 2.019 394
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
numoer (ksf) (kst) (ft) (ksf)
1 000¢C 6807
2 .0000 .6807
2 16.0000 .4875
3 .000¢C .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 526.50 ft
Pcint 2 (right), x = 16.00 ft, Yy = 516.50 ft
Depth of cracking = -1.26 ft
Failure Total Weight Submerged Cplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -57.508 17.421 7.364 17.421 5.929
2 000 16.000 27.281 16.000 9.34¢6
3 000 000 .000 000 000
Wedge Net force
number (kips)
1 -6.051
2 7.926
3 .000
SUM = 1.875
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Lower Level Retaining Walls: I4CSLL

Construction / Maintenance condition

1. Short-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side
3. Water at base of wall on resisting side

4. Passive soil pressure neglected on resisting side

5. 100 psf vertical surcharge pressure applied

7-26



kkkkkkkkkkxk*xk**k**x Rchoprint of Input Data ****x*x**x*kkkx ks %4

Date: **/11/14 Time: 13.38.09

Flood Wall Stability Analysis Using CTWALL
Filename: I4CSLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall lccarcion:

Walls at bypass channel
Computed pby: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 ft
Heigkt of stem (HTS) = .00 ft
Thickness top of stem (TTS) .17 fc
Thickness bottom of stem (TBS) = 1i.17 ft
Dist. of batter at bot. of stem (TBSR) .00 ft
Depth of heel (THEEL) .50 ft
Distance of batter Zor heel (BTRH] = .00 fc
Depth of toe (TTOE) .50 It
Width of toe (TWIDTH)

it
=
[l \®)

It
=

il
[

.00 ft
Distance of batter for toe (BTRT) = .00 ft

1l
\V]

Width of base (BWIDTH) = 10.50 £t
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (It) y (£t)

010] 51¢.50

.00 518.00
7.33 518.00
7.33 530.00
8.50 530.00
8.590 518.00
10.50 518.00
20.50 516.50

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevatzion used.

Structural property data:
Cnit weight of concrete = .150 kcf



Driving side soil property data:

Moilst Saturated Elev.

Phi c Unit wt. urit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
00 1.000 100 .130 00 530.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X vy

point (fti (ft)
1 -1492.67 520.00
2 7.33 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi C Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in::1ft)
00 1.009 1C0 .130 516.50 00

Soil X Yy

point (ft) (ft)
1 10.50 516.50
2 510.50 516 .50

Foundaticon property data:

phi for soil-structure interface = .0C (deqg)

¢ for soil-structure interface = 1.00C (ksf)

phi for soil-soil interface = .00 (deg)

¢ for soil-soil interface = 1.000 (ksf)
Water data:

Driving side elevation = 530.00 fc

Resisting side elevation = 516.51 ft

Unit weight of water = .0625 kct
Seepage pressures computed by Line of Creep method.

Uniform load aqata:
Magnitude of Zoad = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack ovtions:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the s_iding analysis.

*Do* iterate in overturning analysis.



*xxkx Summary of Results ***xxx*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

ISR S S S S S S EE R E LSS * % % Satlsfled * k Kk
* Overturning * Required base in comp.
Kohkdkokkkkkkkkkkkk Actual pbase in comp.

Overturning ratio

Xr (measured from toe) = 3.64 ft
Resultant ratio = .3463

Stem ratio = .1905

Base pressure at heel = .0902 kst
Base pressure at toe = 2.2342 kst
khkkkkkkkkkk **% Sagtisfied ***

* Sliding * Min. Recuired = 1.33

khkkkhkhkhkhkkkk Actual ¥8 = 1.84

75.00
100.00
1.78



kkkkkkkkkkkkkkkkkkkkkk QUEPUL Results *kxkxdkkkkkkhkkkhkkkk k&

Date: **/11/14 Time: 13.38.09

Flood Wall Stability Analysis Using CTWALL
Filename: I4CSLL.DAT
Company name:
CDM
Project name:
TRWD-FWCC
Project locazion:
Fort Worth, TX / Tarrant Regicnal Water District
Wa_l Zocation:
Walls at bypass channel
Computed by: BDA

khkkhkhkhkhkhkkkhkhkkkhkhkhkhkhkhkk,khkihkhkik*k

**  Overturning Resultg **
khkkkhkhkhkhkhhkhkhkhkhkhdkdhkhkhkidhhhkkkk*k

Soluticn ccnverged in I iterations.

SMF used to calculate X's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive X calculated for resisting side.
50% of full passive will be used.

Depzh of cracking = 13.50 ft
Crack extends to rottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
ifr) (ksf)
53C.00 0000
£516.50 8438

Surcharge pressures:
Elev. Press.
{(fz) (ksf)

** Registing side pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)

516.51 0000
516.50 0006
516.50 0006

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)

00 .8438

10.50 0006

Part Force (kips) Mom. Arm Moment
Vert . | Horiz. (fr) (ft-k) (

Structure:

Structure weight........... 4.469 -3.99 -17.85
Structure, driving side:

Moist soil................. .000 .00 .00

Saturated soil............. 11.435 -6.84 -78.16

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .733 -6.84 -5.01

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist soil................. .000 .00 .00

Saturated soil............. .000 .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads................ 5.695 4.50 25.63
Resisting side:

Effective earth loads...... .000 .00 .00

Water loads................ .000 2.17 .00
Foundation:

Vertical force on base..... -12.203 -3.64 44 .37

Shear on base.............. -5.695 .00 .00

Uplift. ... -4.433 -7.00 31.02



Angle of base = .00 degrees

Normal force on base = 12.203 kips

Shear force on base = 5.695 kips

Max. available shear force = 10.500 kips
Base pressure at heel = .0802 kst

Base pressure at toe = 2.2342 kst

Xr (measured from toe) = 3.64 ft
Resultant ratio = .3463

Stem ratio = .1905

Base in compression = 100.00 %
Overturning ratio = 1.78

Volume of concrete = 1.10 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



tE RS S S S ESEEEEEEEEEE SRS
** Sliding Results *%*

IR RS SRS SRS RS SRR EREEEEE &S]

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 5.6895 733
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) {ksf) (ft) (ksf)
i 0000 0o0co
2 .0000 .8438
2 10.5000 .0006
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 16 .50 ft
boint 2 (right), x = 10.50 ft, y = 516.50 ft
Depth of cracking = 13.50 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kios)
1 .0G6¢C .000 .000 .000 .000
2 .000 10.500 15.903 10.500 4.433
3 .000 .000 .000 .000 .000
Wedge Net force
number (kips)
1 000
2 00cC
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Lower Level Retaining Walls: I4CLLL

Construction / Maintenance condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 530 on driving side
3. Water at base of wall on resisting side

4. Passive soil pressure neglected on resisting side

5. 100 psf vertical surcharge pressure applied
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kkkkkkkkkkkkkkkkk* Fchoprint of Input Data ***xk*kkkkkkk k% kk*

Date: **/11/14 Time: 13.51.29

Flood Wall Stability Analysis Using CTWALL
Filename: I4CLLL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fcrt Worth, TX / Tarrant Regional Water Diszrict
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 530.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bct. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter fcr heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 12.50 ft
Depth of key (HK) = .00 ft
Width of boztom of key (TK) = .00 ftx
Dist. of bazter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (fr) y (ft)

00 516.50

.00 518.00
G.33 518.00
.33 530.00
1C.50 530.00
16.50 518.00
12.50 518.00
12.50 516.50

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unic weight of concrete = .150 kcft



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (kst) (kcf) {kcf) (deqg) (ft)
27.00 000 100 .130 00 530.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 5C0.00

2 .00 .00

3 .00 5C0.00

Driving side soil profile:

Soil X Yy

point (ft) (ft)
1 -1490.67 530.00
2 9.33 530.00

Resisting side soil property data:

Moist Saturated Elev.

Phi C Unit wt. unit wt. soil Batter
(deqg) (ksf) tkct) (kcf) (ft) (in:1ft)
27.00 000 100 130 516.50 00

Soil X \%

point (ft) (ft)
1 12.50 516.50
2 512.50 516.50

Foundation property data:

phi for soil-structure interface 27.00 (deg)

c for soil-structure interface = .10C (kst)
phi for soil-soil interface = 27.00 (degq)
¢ for soil-soil interface = .100 (ksf)

Water data:

Driving side elevation = 530.00 ft
Resiscing side elevazion = 516.51 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* jterate in overturning analysis.



**xx%x Gummary of Results *****

Flood Wali Stability Analysis Using CTWALL

Project name: TRWD-FWCC

kkkkkkkkkkkkkkk *** Sagtisfied ***
* OQverturning * Required base in comp.
hhkkkhhkkhkkhkk*x Actual base in comp.

Overturning ratio

Xr (measured from toe) = 4.77 ft
Resultant ratio = .3814

Stem ratio = .1600

Base pressure at heel = .4118 kst
Base pressure at toe = 2.4466 kst
khkkkkkkkkkk * k% Satlsfled * % %

* Sliding * Min. Required = 1.33

ok ok ok ok Kk Kk Actual FS = 1.34

75.00
100.00
2.44



Kkkkkkkkkkkkkkkkkk* ¥k % Qutput Results *xxkkkkkkxkkkkkkkkkhkkx

Date: **/11/14 Time: 13.51.29

Flood Wall Stapility Analysis Using CTWALL
Filename: Z4CLLL.DAT

Company name:

CCM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water Discrict
Wall locaciorn:

Walls at bypass channel
Computed by: BDA

kkkkhkkkhkkkhkkhkhkkkhkkkhkkhkkhkkk,kkkkkkk*

** (Overturning Results **
kkhkhkkhkhkkkhkhkhkkhkhkhkkhkhhkhkhkkhkkhkkhkkhkkkk*k*k

Solution converged in 1 iterations.

SMF used to calculaZze K's = .6667

Alpra for the SMF = -54.4285

Calculated earch pressure coeZficients:
Driving side at res:t K = .5133
Driving side at rest Kc = .7164
Resisting side at rest X = .0000
Resisting side at rest Xc = .0000

Full passive K calculated for resisting side.
5¢% of full passive will be used.

Depth of crackirg = .00 =t
** Driving side pressures **

Water pressures:

rlevation Pressure
(ft) {ksi)
530.00 0000
526.50 4060

Earth pressures:

Elevation Pressure
{(ft) (ks<)
530.00 000G
51¢.50 6924



Surcharge pressures:

Elev. Press.
(ft) (ksf)
530.00 051
516.50 051

** Resisting side pressures **

Water pressures:
Elevation Pressure

(£t) (ksf)

516.51 0000
516.50 0006
516.50 0006

** Uplift pressures **

Water pressures:

xX-coord. Pressure
(ft) (ksf)
00 4060



** Forces and moments *x*

Part Force (kips) Mom. Arm Moment
Vert . | Horiz. (ft) (ft-k) ’
Structure:
Structure weight........... 4.919 -4.68 -23.02
Structure, driving side:
Moist soil................. .C00 .00 .00
Saturated soil............. 14 .555 -7.83 -214.04
Water above structure...... .C00 .00 .00
Water above soil........... .G00 .00 .00
External vertical loads.... .233 -7.84 -7.31
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .000 .00 .00
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 4.674 4.50 21.03
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects. .. .693 6.75 4.68
Water loads................ 2.740 4.50 12.34
Resisting side:
Effective earth loads...... .000 .00 .00
Water loads................ .000 2.33 .00
Foundacion:
Vertical force on base..... -17.865 -4 .77 85.16
Shear on base.............. -8.107 .00 .00
UplifC. i -2.541 -8.33 21.16
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 17.865 kips
Shear force on base = 8.197 kips
Max. avalilable shear force = 10.353 kips
Base pressure at heel = .4118 kst
Base pressure at toe = 2.4466 kst
Xr {measured from toe) = 4.77 ft
Resultant ratio = .3814
Stem ratio = .16090
Base ir compression = 100.00 %
Overturning ratio = 2.44

Volume of concrete = 1.21 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allcwable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



I E S A S S SRS SRS SRS RS RS SRS

** Sliding Results *x*

khkkkhkkhkhkhkhkhkhkkhkhkhkhkhkhkhkhhkhkhik

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .0CO 930
2 .0CO 933
3 0GCO 000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coora press
number {ksf) (kstf) (ft) (ksf)
1 0000 4060
2 .0C00 4060
2 12.5C00 0006
3 .0000 .0000
Points of sliding plane:
Point I (left), x = .00 ft, y = 516.50 ft
Point 2 (right), x = 12.50 f¢t, y = 516.50 ft
Depth cf cracxing = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length Zorce
number (deg) (ft) (kips) (£t) (kips)
1 -55.437 16.393 8.162 16.393 3.328
2 000 12.500 19.47 12.500 2.541
3 JC0 .000 000 000 000
Wedge Net force
number (kips)
1 -7.717
2 7.716
3 000
SUM = -.001
i +
| Factor of saf
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Section 2
Mid - Level Retaining Walls -
Computer Runs for the Retaining Walls

2222222222



Mid-Level Retaining Walls: INLML

Normal condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side

4.100 psf vertical surcharge pressure applied

9-26



kkkkkkkkkkkkkkkk*x* Echoprint of Input Data ****kkkkkkkkkkkkk*

Date: **/11/14 Time: 13.44.38

Flood Wall Stability Analysis Using CTWALL
Filename: I1NLML.DAT

Company =name:

CDM
Project name:
TRWD-¥WCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass chkannel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ZLTS) = 540.00 ft
Height of stem (HTS) = 1:.50 ft
Thickness top of stem (TTS) = 1.27 ft
Thickness bottom of stem (TBS) = 1.27 ft
Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel {THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base {(BWIDTH) = 10.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x {(f2) y (ft)

00 527.00

.00 528.50
6.83 528.50
6.83 540.00
8.00 540.00
8.0C 528.50
10.00 528.50
10.00 527.00

NOT=E: X=0 is locatec at the left-hand side
cf the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kctf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kct) (kcf) (deg) (ft)
27.00 000 100 130 00 540.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 00 500.00

2 00 00

3 00 500.00

Soil X Yy

point (ft) (ft)
1 -14583.17 540.00
2 6.83 540.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(ceq) (ksf) (kcf) (kcf) (ft) (in:1ft)
27.00 000 100 130 530.00 00

Soil X Y

point (ft) (ft)
i 8.00 530.00
2 508.00 530.00

Foundation property data:
phi for soil-structure interface
¢ for soil-structure interface .100 (ksf)
phi for soil-soil interface 27.00 (deg)
¢ for soil-soil interface = .100 (ksf)

27.00 (degqg)

i

Water cata:
Driving side elevation 530.50 ft
Resisting side elevation 527.01 ft
Unit weight of water = .0625 kct
Seepage pressures computed by Line of Creep method.

It



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*¥*x*x* Summary of Results ***%%*

Flood Wall Stability Analysis Using CTWALL

Project name:

khkkkkhkkkkkkkkk*x

* Qverturning *
kkkkkkkkhkkkkhkkk

TRWD-FWCC

*** Satisfied ***
Required base in comp.
Actual base in comp.
Overturning ratio

Xr (measured from toe) 3.3%4 ft
Resultant ratio = ,3935

Stem ratio = .2000

Base pressure at heel = .4341 kst
Base pressure at toe = 1.9694 kst

kkkkkhkkkhkkk*k
* Sliding *

kkkkkkkkkk*k

*** Satisfiead
Min. Required = 1.50
Actual FS = 1.72

* % %

100.00 %
100.00 %
2.93



dhxkkhkkkkhkxkkkxkxkkxkxk Qubtpuc Results I E S R A S SRR RS SRS R ERR]

Date: **/11/14 Time: 13.44.38

Flocd Wall Stability Analysis Using CTWALL
Filename: I1NLML.DAT

Company name:
CDM
Project name:
TRWD-FWCC
Project 1ocation:
Fort Worth, TX / Tarrant Regional Water District
Wall locazion:
Walls at bypass channel
Computed by: BDA

khkkhkkhkkkhkkhkhkhkkhkkhkhkdkkhkhkkhkkxxkkkkhkkhkkx*k

** QOverturning Results **
kkkkkkkhkkhkhkkkkkhkkkkkkkkkkk*k

Soluticn converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.5245

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Full pvassive K calculated for resiscting side.
50% cf full passive will be used.

Depth of c¢cracking = .00 ft
** Driving side pressures **

Water prressures:

=levatiocn Pressure
{ft) (kstf)
530.50 0000
527.00 1622

Earth pressures:
Elevation Pressure

{ft) (ksf)

54C.00 0000
53C.50 4876
527.0C 6375

** Resisting side pressures **



Water pressures:

Elevation Pressure
(ft) (kst)
527.01 000D
527.00 0008

Earth pressures:

Elevation Pressure
(ft) (kst)
530.00 0009
527.00 3988

** Uplift pressures *x*

Water pressures:

x~cooxrd. Pressure
(ft) (ksf)
00 1622



**x Forces and moments **

(ft-~

k)

Structure:
Structure weight.........
Structure, driving side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........

External vertical loads....

Ext. horz. pressure loads..

Ext. horz. line loads....
Structure, resisting side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........
Driving side:
Effective earth loads....
Shear (due zZo delta).....

Horiz. surcharge effects...

Water loads..............
Resisting side:

Effective earth loads....

Water loads..............
Foundation:

Vertical force on base...

Shear on base............

Uplift......... ... ... ...

.59
.58

.00
.00
.00
.00
.00

.00

.00
.00
.00

.37

.00
.00

.17

-16.

-42.
.69
.00
.00
.00
.00
.00

-11

18

47

73

.30
.00
.00
.00

.74
.00
.00
.33

** Statics Check *x* SUMS

Angle of base =

Normal force on base = 12
Shear force on base = 3
Max. available shear force

Base pressure at heel

Base pressure at toe 1

Xr {measured from toe)
Resultant ratio

Stem ratic

3ase in compression =
Overturning ratio =

Volume of concreze = 1.

Force (kips)
Vert . | Horiz.
.. 4.268
.. 6.489
.. 1.776
.. .000
.. .C00
.000
.000
.. .000
.. .3090
. . .000
.. .C00
- .000
.. 4.286
.. .000
.000
.. .284
.. -.598
.. .000
.. -12.017
.. -3.971
.. -.815
= 000 000
.00 degrees
.017 kips
.971 kips
= 7.123 kips
.4341 kst
.9694 kst
3.94 ft
.3935
.2000
100.00 %
2.93

05 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential sectlement of
the wall foundation.



khkkkkhkkhkkhkhkhkhkhkhhkhk ki hkkhkhhkk

** Sliding Results **
kkkkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkkhkkhkkkkkk

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kios) (kips)
1 000 000
2 0G0 000
3 0COC 000
Water pressures on wedges:
~op Bottom
Wedge press. press. X-cocrad press
number {kstf) {(kstf) (fe) (ksf)
2 0000 1622
2 .000¢0C 1622
2 10.0C00 0008
3 .0000 .0008
Poincs of sliding plane:
Pcint 1 (left), x = .00 f¢t, y = 527.00 £t
Pcint 2 (right), x = 10.00 ft, y = 527.00 £t
Depth of cracking = .00 ft
Failure Total Weight Submeraged Uplift
Wedge angle length of wedge length force
numper (deg) (fc (kips) (ft) (kips)
1 -53.386 16.196 6.415 4.360 354
2 000 10.000 12.833 10.0060 815
3 36.912 4£.995 599 c17 GO0
Weage Net force
number (kips)
1 ~4.943
2 4.136
3 807
SUM = cGo
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Mid-Level Retaining Walls: I1IFLML

Flood / Drawdown condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 535.5 on driving side
3. Water at El 531 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied

10-26



Xkxkkkkkkkkx*kkx** Echoprint of Input Data ***x*xkxkkkkkkkkx*

Date: **/11/14 Time: 13.55.26

Flood Wall Stability Analysis Using CTWALL
Filename: I1FLML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 540.00 ft
Height of stem (HTS) = 11.50 ft
Thickness top of stem (TTS) = 1.17 fc

Thickness bottcm of stem (TBS) = 1.17 fc

Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 11.50 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 £t

Structure coordinates:

x (ft) y (ft)

00 527.00

.00 528.50
8.33 528.50
8.33 540.00
9.50 540.00
9.50 528.50
11.50 528.50
11.50 527.00

NOTE: X=0 s located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kct



Driving side soil proverty data:

Mois: Saturated Elev.
Phi c Unit wc. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg:; (it)
27.00 000 100 130 .00 54£0.00
Driving side soil geometry:
Soil Bactter Distance
point (in:1ft) (ft)
1 00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Scil X vy
point (ft) (fr)
1 -1492% .67 540.00
2 8.33 540.090
Resisting side soil property data:
Moist Saturatea Zlev.
FPhi c JUnit wt. wunit wco. scil Batter
(deg) (ksf) {kcf) {(kcf) (ft) fin:1ft)
27.00 000 1090 130 530.00 00
Resisting side soil profile:
Soil X y
point (ft) (fz)
z 9.50 530.090
2 509.50 530.00
Fourdation property data:
phi for soil-structure interface = 27.00 (deqg)
c for soil-structure interface = .100 (ksf)
phi for soil-socil interface = 27.00 (deg)
c for soil-soil interface = .100 (ksf)
Water data:
Driving sice elevation = 535.5C ft
Resisting side elevation = 531.0C ft
Unit weight of water = .0625 kcf
Seepage pressures computed by iLine of Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



***%*% SGummary of Results **x**xx*
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

kkkkkkkhkkhkkhkkxkk* * % % Satleled * % %

* Overturning * Required base in comp. = 100.00 %

Fhkkkkkokkkkkkkkk Actual base in comp. = 100.00 %
Overturning ratio = 2.18

Xr (measured from toe) = 4.60 ft

Resultant ratio = .3996

Stem ratio = .1739

Base pressure at heel = .4271 kst

Base pressure at toe = 1.7197 ksf

*kkkkkhkkk k% *%**x Qgtisfied ***

* Sliding * Min. Required = 1.50

Xkkkkhkhkkhkk %k Actual FS = 1.54



kkkkhkkhkkhkkhkhkkhkhkhkhkkhkkhkikkkhkkhkkkkk Output Results kkkkkkkhkhkhkhkkhkkkhkkhkkkkkkkkk

Date: **/11/14 Time: 13.55.26

Flood Wall Stability Analysis Using CTWALL
Filename: IZ1FLML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkhkkkkkhkkhkkhkkkkkkkkkkkhkkkkkkkkk

*x Overturning Results **
khkkhkhkkhkhkhkkhkkhkkhkhhkkdhhkhkhhhhkdhiii

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54 _.5386

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
**x Driving side pressures **

Water pressures:
Elevation Pressure

(fx) (kst)
535.50 0000
527.00 4273

Earth pressures:
Elevation Pressure

(ft) (ksf)

540.00 0000
535.50 2310
527.00 5788

** Resgisting side pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)

531.00 0000
530.00 0625
527.00 2867

Earth pressures:
Elevation Pressure

(ft) (ksf)
530.00 0000
527.00 2208

** Uplift pressures **

Water pressures:

x-coord. Pressure
{ft) (ksf)
00 4273



** Forces and moments **

{(ft-k)

Structure:
Structure weight.........
Structure, drivirg side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........

External vertical loads....

Ext. horz. pressure loads..

Ext. horz. _ine loads....
Structure, resisting side:
Moist soil...............
Saturated soil...........
Water above structure....
Water above soil.........
Driving side:
Effective earth loads....
Shear (due to delta).....

Hcriz. surcharge effects...

Water loads..............
Resisting side:

Effective earth loads....

Water loads..............
Foundation:

Vertical force on base...

Shear on base............

Uplift...................

.34
.33

.00
.00
.00
.00
.00

.00

.00

.00

.00

.47

.00
.20

.83

-27.50
-55.60
.00
.00
.00
.00
.00

.00

.00

17.72

.00
.00

** Qtatics Check *x* SUMS

Angle of base =

Normal force on base = 12.
Shear force on base = 4.,

Max. available shear force

I

Base pressure at heel
Base pressure at toe

Xr (measured from toe)
Resultant ratio

Stem ratio

Base in compression
Overturning ratio =

Volume oi concrete = 1.

Force (kips)
Vert | Horiz.
.- 4.606
.- 3.748
.- 7.580
.- .000
.. .000
.000
.000
.. .000
.. .000
.. .390
.- .000
- .125
.. 3.961
.. .000
.000
.. 1.816
.. -.331
.. -.555
.. -12.344
.. -4.891
.. -4.105
= 000 000
00 degrees
344 Xkips
891 kips
= 7.440 kips
.4271 kst

4.60 £
.3996
.2739
100.00 %
2.18

14 cubic

1.7.97 kst

t

yds/fc of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
kearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkkkkhkhkkkkkhkkkkhkhkhkhhkhk ik

** GSliding Resultsg **
kkhkkhkkhkhkhkhkkkkhkhkhkhkkkhkhkkkhkik

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loaas Loads
Number (kips) (kips)
1 0G0 .000
2 -.031 .125
3 000 .259

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) {ft) (kstf)
1 0000 L4273
2 0000 L4273
2 12.5000 2867
3 .0625 .2867
Poirts of sliding plane:
Point 1 (left), x = .00 ft, y = 527.00 ft
Point 2 (right), x = 11.50 ft, y = 527.00 Zt
Depth cf cracxing = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -54 .301 16.008 6.851 10.467 2.236
2 .000 11.500 16.325 11.500 4,105
3 35.908 5.115 .808 5.115 .893
Wedge Net force
number (kips)
1 -5.850
2 4.851
3 1.000
SUM = 000
B T T T e
| Factor cf safety = 1.544 |
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Mid-Level Retaining Walls: I1IFSML

Flood / Drawdown condition

1. Short-term soil properties assumed - “Study” case
2. Full-depth water filled crack on driving side

3. Water at El 531 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied

11-26



kkkkkkkFkkkkkkkk ¥+ Echoprint of Input Data *** % kkkkkkkkkkkk*

Date: **/11/14 Time: 14.05.32

Flood Wall Stability Analysis Using CTWALL
Filename: I1FSML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 540.00 ft
Height of stem (HTS) = 11.59 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bot. of stem (TBSR)= .00 f¢
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft

Depth of toe (TTOE) = 1.50 £

Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 7.50 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (£t) y (ft)

00 527.00

.00 528.50
4.33 528.50
4.33 540.00
5.50 540.00
5.50 528.50
7.50 528.50
7.50 527.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kct



Driving sice soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. Delta soil
(deqg) (ksf) (kcf) (kcf) (deg) (ft)
00 1.000 100 .130 00 540.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (£t)

1 .00 500.00

2 .00 .00

3 .00 500.0C

Driving side soil profile:

Soil X

point (ft) (ft)
1 -1495.67 540.00
2 4 .33 540.00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deqg) (ksf) (kcf) (kcf) (ft) (in:1ft)
00 1.000 100 .130 53C.00 00

Soil X

point (ft) (ft)
1 5.50 530.0¢C
2 505.50 530.0¢C

Foundation property data:

phi for soil-structure interface = .00 (deq)
c for soil-structure interface = 1.000 (kst)
phi for soil-soil interface = .00 (deg)
c for soil-soil interface = 1.000 (kstf)
Water data:
Driving side elevation = 535.50 ft
Resisting side elevation = 531.00 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overzurning = 100.00% base in compression
Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**%** Gummary of Results ***%%*

Flood Wall Stability Analysis Using CTWALL

Project name:

kkhkhkhkhkhkhkhkhkhkhkhkhkhkx

* Overturning *
khkkhkkhkkhkhkhkhkhkhkhkihkhk

Xr (measured from toe) =

Resultant ratio
Stem ratio

Base pressure at heel
Base pressure at toe

*hkkhkkhkhkkhkhkkkk

* Sliding *

kkkkkkkkkkk

Actual FS

TRWD-FWCC

*** Satisfied **+*
Required base in comp.
Actual base in comp.
Overturring ratio

2.54 ft

= .3383

= .2667
= .0305 kst
= 2.0047 kst

*%%x Satisfied **x*
Required = 1.50
3.02

100.00 %
100.00 %
1.74



khkkhkhkhkhkhkhkhkhkhkkkhkhkhkkhdh ki o'utput Results hkhkkhkhkkkhkhkhkhkkhkkkhkkkhkkhkkik

Date: **/11/14 Time: 14.05.31

Flood Wall Stability Analysis Using CTWALL
Filename: I1FSML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Recional Water District
Wall location:

Walls at bypass channel
Computed by: RBRDA

kkkhkkdkdkdhkhkhkhkhkhkhkhkhkdhkdhkdhkdhkdhkdhkhkkkkk

** Overturning Results **
khkhkhkhkhkhkhkhkhkhkhkhkhkhbkhkhbhkhdhkhkhhthithi

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = 1.0000
Resisting side at rest Kc = 1.0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = 13.00 ft
Crack extenrnds to bottom of base of structure.

** Driving side pressures **

Wazer pressures:

Elevation Pressure
(ft) (ksf)
540.00 0000
527.00 5313

** Resistirg side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
£531.00 0000
530.00 0625



Earth pressures:

Elevation Pressure
(fr) (kstf)
530.00 .0000
527.00 1.0209

** Uplift pressures **

Water pressures:

x-coord. Pressure
{ft) (ksf)

00 .5313

7.50 .1295

Mom. Arm

Structure, driving side:

Moist soil.................
Saturated soil.............
Water above structure......
Water above soil...........
External vertical loads....
Ext. horz. pressure loads..
Ext. horz. line loads......

Structure, resisting side:

Moist soil.................

Water above structure......
Water above soil...........

Driving side:

Effective earth loads......
Shear (due to delta).......
Horiz. surcharge effects. ..
Water loads................

Resisting side:

Effective earth loads......
Water loads................

Foundation:

Vertical force on base.....
Shear on base..............

Force
Vert.

.949
.940
.000
.0090
.000

.000
.390
.000
.125

.000

(kips)
Horiz.

|

.000
.000

.000

.000
.453

.531
.319

(ft)

Moment
(ft-k)

-10.40
-21.02
.00
.00
.00
.00
.00

.00
.00
.00
.00

.00
14 .96

** Statics Check ** SUMS



Angle oI base = .00 degrees
Normal Zorce on kase 7.632 Xips
Shear force on base 1.603 kips

il

Max. availapble shear force = 7.500 kips

Base pressure at heel = .0205 kst

Base pressure at toe = 2.0047 kst

Xr {measurea from tos) = 2.54 ft

Resultant ratio = .3383

Stem ratio = .2667

Base in compression = 1060.00 %

Overturning ratio = 1.74

Volume of concrete = .92 cubic yds/ZIt of wall

NOTE: The engineer shall verify that the computed
bearing pressures belcw the wall do not exceed the
allowable foundation bearing tressure, or, periorm a
bearing capacity analysis using the program CBEAR.
Also, the engineer sha__ verify chat tre base pressures
do not result in excessive differential sertlement of
the wall fcundation.



kkkkkkhkkkhkkkhkkkkkkkkkkx

** Sliding Results *x*
kkkkkkkkhkhkkhkhkhhkhkhxdhhxx

Solution converged. Summation of forces = 0.
Horizontal Vertical
Weage Loads Loads
Numbex (kips) (kips)
1 000 .00¢C
2 5.250 125
3 000 187
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord Dress
number (ksf) (kst) (ft) {ksf)
1 C000 0000
Z 0000 53313
2 7.5000 .1295
3 .G€25 .1295
Points of sliding plane:
Point 1 {left), x = .00 ft, Yy = 527.00 f:z
Point 2 {right), x = 7.50 fc, Yy = 527.00 fc
Deopth of cracking = 13.00 ft
Crack extends to bctzom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge lengzh force
number {deqg) {f2) {kips) (ft) (kips)
1 .G0G COGC .0€C 00C 0CoO
2 .000 7.560 9.985 7.5CC 2.478
2 45.C3¢ 4.240 584 4.24C .&07
Wedge Net force
number {kips)
1 .C00
2 -2.762
3 2.763
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Mid-Level Retaining Walls: I3ELML

Earthquake condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side
4. No surcharge pressure

5. Lateral seismic forces accounted for

12-26



kkkkkkkkkkxkkkkk %% Tchoprint of Input Data ***kskkkkkkkkk*kkx*

Date: **/11/16 Time: 10.18.38

7lood Wall Stabilicty Analysis Using CTWALL
Filename: I3=ZLML.DAT

Company name:

CDM
Project name:
TRWD-=WCC

Project locartion:

Tort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Compuced by: 3DA

Structural geomecry data:

Elevatior of top of stem (ELTS) = 540.00 ft
Height of stem ({HTS) = 11.50 ft
Thickness top of stem (TTS) = 1.17 Z=
Thickness bottom of szem (TBS) = 1.17 f:z
Dist. of batter at bot. of stem (TBSR]= .00 ft
Depth of heel (TEEEL) = 1.506 ft
Distance of batter for heel (RTRH) = .00 ft
Depth of toe (TTOZ) = 1.50 £t
Wicdth of toe (TWIDTH) = 1.00 ft
Distance of batter for toe (3TRT) = .00 f:z
Wiath of base (BWIDTH; = 11.50 ft
Deoth of key (HX) = .05 ft
Widcn of bottom of key {(TX} = .Co ft
Disz. oI batczer at bot. cf key (BTRX} = .00 It

Structure coccrdinates:

x (fz} y (ft)

0 527.00

(030 528.50

9.33 528.50
9.33 540.00
10.50 540.00
10.50 528.590
11.50 528.50
11.50 527.00

NCTE: X=0 is located at the lefz-nand side
cf the structure. The Y values correspond
to the aczual elevation used.

Structura. prcperty data:
Unit weight of concrete = .150 kct



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kct) (kcf) (deg) (ft)
27.00 100 100 130 00 540.00

Driving side soil geometry:

Soil Batter Distance
point (in:1£ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X

point (ft) (ft)
1 -1490.67 540.0¢C
2 9.33 540.00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil 3atter
(deg) (ksf) (kct) (kcf) (ft) (in:ift)
27.00 100 100 130 530.00 00

Soil X Yy

point (ft) (ft)
1 10.50 530.00
2 510.50 530.00

Foundation propercy data:
phi for soil-structure interface
¢ for soil-structure interface .100 (kst)
phi for soil-soil ZInterface 27.00 (deg)
c for soil-soil interface = .100 (ksf)

27.00 (deg)

H

Water data:

Driving side elevation = 530.50 ft
Resisting side elevation = 527.10 ft
Unit weight of water = .0625 kcf

Seepace pressures computed by Line of Creep method.



Minimum required Zfactors of safety:
Sliding FS = 1.10
Overturning .10% base in compression

Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces cn the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**%%*x*x Summary of Results ****x*

F_ood Wall Stapility Analysis Using CTWALL

Project name: TRWD-FWCC

khkkhkhkhkkhkhkhkkkkkk * % %k Satlsfled * % %
* Overturning * Required base in comp.
ko ok ok ok ok ko ok ok ok ok Actual base in comp.

Overturning ratio

Xr (measured from toe) = 4.86 ft
Resultant ratio = .4228

Stem ratio = .0870

Base pressure at heel = .7016 kst
Base pressure at toe = 1.9117 ksf
*hkkkhkhkkkkkk * % %k Satleled * % %k

* Sliding * Min. Required = 1.10

Akhkkhkkhkkhkk*x Actual FS = 2.36

100.
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kkkkkhkhkkkkkkkhkkhkkhkhkikikhkkk*k Output Results kkkkkkkhkhkhkhkkhkkkkkhkkkkkk*k

Date: **/11/16 Time: 10.18.38

Flood Wall Stability Analysis Using CTWALL
Filename: I3ELML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project iocation:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Wa_ls at bypass channel
Computed by: BDA

kkhkkkkkkkkhkkhkkhkhhkhkhkkhkkkkkkkkkk*k

** Overturning Results **
kkhkkkkkkkhkkkhkhkhkhkkhkhkkkkkhkkhkkikhkh*k

Solutior converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -52.7738

Calculilated earth pressure coefficients:
Drivirg side at rest K = .5127
Drivirg side at rest Kc = .7173
Resisting side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Full passive K calculated for resisting side.
50% of full vassive will be used.

Depth of cracking = -.88 ft
** Driving side pressures **

Water pressures:

Elevarion Pressure
(fr) (ksf)
530.590 000C
527.00 166E

Earth pressures:
Elevation Pressure

(ft) (ksf)

540.88 0000
540.00 0000
53C.50 3914
527.00 5378

** Resisting side pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)
527.10 0000
527.00 0077
Earth pressures:
Elevation Pressure
(ft) (ksf)
530.00 0000
527.00 5564

** Uplift pressures **

Water pressures:

X-coord. Pressure
(ft) (ksf)
00 2695



** Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k)
Structure:
Structure weight........... 4.606 -3.92 -18.08
Structure, driving side:
Moist soil....... ... ..... 8.864 -6.84 -60.58
Saturated soil............. 2.426 -6.84 -16.58
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .150 -.50 -.08
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 3.485 4 .33 15.10
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loads................ .297 1.17 .35
Resisting side:
Effective earth loads...... -.835 1.00 -.84
Water loads................ .000 .24 .00
roundation:
Vertical force on base..... -15.026 -4 .86 73.07
Shear on base.............. ~-2.947 00 00
UCplift...... ... .. ... -2.019 ~7.50 7.64
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 15.026 kips
Shear force on base = 2.947 kips
Max. available shear force = 8.806 kips
Base pressure at heel = .7016 kst
Base pressure at toe = 1.9117 kst
Xr (measured from toe) = 4.86 ft
Resultant ratio = .4228
Stem ratio = .0870
Base in compression = 100.00 %
Overturning ratzio = 4.17

Volume cf concrete = 1.14 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures beiow the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wail foundation.



L E R EEEEEEEEEEEEEEEEEEEE]

** Gliding Results *+*
L E S SR E SR EEE SRR R EEREEEERE

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
H 000 .000
2 000 000
3 000 000

Water pressures on wecges:

Top Bottom
Wedge press. press. X-coord. press.
number (kst) (ksf) (ft) (ksf)
1 0300 1695
2 .0000 .1695
2 11.5000 .0077
3 .0000 .0077
Points cf sliding plane:
Point 2 (ieft), x = .00 f£t, y = 527.0¢ ft
Point 2 (right), x = 11.50 fcz, y = 527.00 £t
Depth oZf cracking = -.96 It
Failure Total Weight Submerged Uplift
Wedge angle length of wedge iengchn fcrce
numper (deq) (ft) (kips) il (kips)
1 -48.736 18.567 7.535 4.656 355
2 .000 11.500 16.045 11.500 1.019
3 39.143 4.752 553 158 001
Wedge Net force
nurber (kips)
1 -4 .725
2 3.729
3 1.0C5
SUM = 000
+ ——————————————————————————————
| Factor of safety = 2.361 |
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Mid-Level Retaining Walls: I4CSML

Construction condition

1. Short-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied
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kkkkkkkkkkk*xk*kx** FEchoprint of Input Data ***x*xkx*xkkkkksx*

Date: **/11/14 Time: 14.20.21

Flood Wall Stability Analysis Using CTWALL
Filename: I4CSML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 540.00 ft
Height of stem {(HTS) = 11.50 £
Thickness top of stem (TTS) = 1.17 ft

Thickness becztom of stem (TBS) = 1.17 fc

Dist. of batter at bot. of szem (TBSR)= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heei (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Wicdth of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft

Widtr of pase (BWIDTH) = 10.00 fc

Depth of key (HK) = .00 ft
Width of bottom of key (TX) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinaces:

x (f2) y (ft)

o1¢) 527.00

.00 528.50
6.83 528.50
€.83 540.00
8.00 54C.00
8.0 528.50
10.00 528.50
10.00 527.00

NCTE: X=0 is located at cthe left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 xcf



Driving sicde soil property data:

Moist Saturated Elev.

Phi C Unit wt. unit wt. Delta soil
(deg) (kstf) (kcf) (kctf) (deq) (ft)
00 1.000 100 .130 00 540.00

Driving side soil geometry:

Soil Batter Distance
point (in:1f2) (ft)

1 .00 5006.00

2 .00 .00

3 .00 50C.00

Driving side soil profile:

Soil X Yy

point (ft) (ft)
1 -1493.17 540.00
2 6.83 540.00

Resisting side soil property data:

Mcist Saturated Elev.

Phi C Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kct) (ft) (in:1£ft)
00 1.000 100 13C 527.00 00

Soil X Yy

point (ft) (ft)
1 10.00 527.00
2 510.00 527.00

Foundation property data:

phi for soil-structure interface = .00 {deg)
¢ for soil-structure interface = 1.000 {(ksf)
phi for soil-soil interface = .00 {deg)
¢ for soil-soil interface = 1.000 ¢{ksf)

Water data:

Driving side elevation = 54C.00 ft
Resisting side elevation = 527.01 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.

Uriform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factcr = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**kxkx* SGummary of Results ****x

Flood Wall Stability Analysis Using CTWALL

Project name:

khkhkhkhkkhkkhkhkhkkkkkkx*kx

* Overturning *
d ok ok ok ok ok ok ok ok ok ok ok ok ok k

Xr (measured from toe) =

Resulitant ratio
Stem ratio

Base pressure at neel =

Base pressure at

khkkhkkkhkhkhkkkk

* Slidirg *

khkkhkhkhkhkhkhkkk

TRWD-FWCC

*%% Satisfied **+*
Required base in comp.
Actual base in comp.
Overturning ratio

3.44 fc
= .3445
= .2000
.0743 kst
zoe = 2.1450 kst
*%k% Satisfied ***
Min. Required = 1.33

Actual FS = 1.89

75.00 %
100.00 %
1.76



khkkkhkhkhkxhkhkhkkkhkkhkhkhkhkhkkhx Output R_esults khkkkkhkhkhkhkhkhkhkhkkkkkxkkkk

Date: **/11/14 Time: 14.20.21

Flood Wall Stability Analysis Using CTWALL
Filename: I4CSML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Compuczed by: BDA

khkkhkhkhkhkhkkhkkhkhkhkhkkkhkhkhkkhkkdkhkkhkkkxx

*%* (Overturning Results **
I EE XSRS EESEEEEEEEEEEEEREEEX]

Solution ccnverged in 1 iteracions.

SMF used cc caiculate K's = .6657

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Fu_l passive K calculated for resisting side.
50% of full passive will be used.

Depth» of cracking = 13.00 f:
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
{ft) {kst)
540.060 0000
527.00 8125

Surcharge pressures:
Elev. Press.
{ft) (ksf)

** Resisting side pressures **



Water pressures:

Elevation Pressure
(ft) (ksf)
527.01 000C
527.00 0006
527.0C 0006

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) {(ksf)

00 8125

10.090 0006

*% Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) ' (ft-k) ‘

Structure:

Structure weignt........... 4.268 -3.86 -16.47
Structure, driving side:

Moist sodil................. .000 .00 .00

Saturated soil............. 10.211 -6.58 -67.24

Water above structure...... .000 .00 .CO

Water above soi_........... .0coe .00 .Co

External vertical loads.... .683 -6.59 -4.50

Ext. horz. pressure loads.. .000 .00 .GO

Ext. horz. line lcads...... .000 .00 .CO
Structure, resisting side:

Moist soil................. .0C0 .00 .00

Saturated scil............. .0GO .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .0C0C .00 .00
Driving side:

Effective earth lcads...... .0CG .00 .00

Shear (due to delta}....... .00G .02 .00

Horiz. surcharge effects... .0cCC .00 .00

Water lcads................ 5.281 4 .33 22.88
Resigting side:

Effective earth loads...... .000 .00 .00

Water loads................ .000 .70 .00
Foundation:

Vertical force on bkase..... -11.096 -3.44 38.23

Shear on base.............. -5.281 .00 .00

Uplift. ... . i -4 ,.066 -6.66 27.09

** Gtactics Check ** SUMS = .000 .000 .CC



Angle of base = .00 degrees

Normal force on base = 11.096 Xips

Shear fcrce on base = 5.281 kips

Max. available shear force = 10.000 kips
Base pressure at heel = .0743 kst

Base pressure at toe = 2.1450 kst

Xr (measured from toe) = 3.44 ft
Resultantc ratio = .3445

Stem racio = .2000

Base in compression = 100.00 %
Overturning ratio = 1.76

Voiume of concrete = 1.05 cubic yds/ft of wall

NOTE: The engineer shall verify that thre computed
bearing pressures below the wall do not exceed the
a-lowable foundation bearing pressure, or, perform a
bearing capacizy analysis using the program CBEAR.
AZso, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wail foundation.



khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhkihkhdhkihik

** Sliding Results **
khkkhkhkkhkhkhkkhkhkkhkhkhkkhkkhhhkkhkhkkkkk

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips} (kips)
1 000 .000
2 5.281 683
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
rumber (ksf) (ksf) (ft) (ksf)
1 0000 0000
2 .00CO .8125
2 10.0000 .0006
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 527.C00 ft
Point 2 (right), x = 10.00 ft, y = 527.00 ft
Depth of cracking = 13.00 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle lengch of wedge length force
number {deqg) (fr) (kips) {(ft) (kips)
1 00C 000 .000 000 000
2 000 20.000 14.479 10.000 4.066
3 000 000 .000 000 000
Wedge Net force
number (kips)
i .000
2 .000
3 .000
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Mid-Level Retaining Walls: I4CLML

Construction condition

1. Long-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied
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kkkkkkkkkkkkkkkkx* Fohoprint of Input Data ***kkkkkkkkkkkkkkx

Date: **/11/14 Time: 14.07.57

Flood Wall Stability Aralysis Using CTWALL
Filename: IZ4CLML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Scructural geometry data:

Elevation of top of stem (ELTS) = 540.00 fc
Height of stem {HTS) = 11.50 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottor of stem (TBS) = 1.17 £t
Dist. of batter at bot. of stem {(T3SR)= .00 ft
Depth of heel {THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 f:c
Depth of toe (TTOZE) = 1.50 fc
Width of tce (TWIDTH) = 2.00 fc
Distance of batter for toe (BTRT) = .0C ft
Width of pase (BWIDTH) = 9.00 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 =t
Dist. of batter at bot. of key (BTEKK) .00 ft

Structure coocrdinates:

x (ft) y (Zt}

0X0] 527.00

.00 528.50
5.83 528.50
5.83 540.00
7.00 540.00
7.00 528.50
9.00 528.50
9.00 527.GCC

NOTE: X=0 s lccateqa at the left-hand side
of thke struczure. The Y vaiues correspond
to tne actual elevation usec.

Structural property data:
Unit weight of concrete = .1590 kcf



Driving sicde soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deqg) (ft)
27.00 000 100 130 00 540.00

Driving side soil geometry:

Soil Batter Distance
point (in:1f2) (ft)

1 00 500.00

2 00 00

3 00 500.00

Soil ble Yy

point (fr) (ft)
1 -1494 .17 540.00
2 5.83 54C.00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deq) (kstf) (kct) (kct) (fc) (in:1£t)
27.0C 200 100 130 527.00 00

Scil X

pointc (fc) (ft)
1 9.00 527.00
2 505.00 527.00

Foundation property data:

phi fcr soil-structure interface 27.00 (deg)

¢ for scil-szructure interface = .100 (ksf)
phi fcor soil-soil interface = 27.00 (deg)
¢ for soil-soil interface = .100 (ksf)

Water data:
Driving side elevation 527.01 ft
Resisting side elevation 527.01 ft
Unit weight of watexr = .0625 kct
Seepage pressures computed are hydrostatic.

Uniform load data:
Macnitude of load = .10 k/ft



Minimum required iactors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces cn the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**%%%x% Gummary Of Results ***x+*

Flood Wall Stability Analysis Using CTWALL

Project name:

kkkkkkhkhkkkkkkkk

* Overturning *
* % Kk Kk Kk k kok ok k ok ok ok ok ok

TRWD-FWCC

x** Satisfied **+*
Required base in comp.
Actual base in comp.
Overturning ractio

Xr (measured from toe) = 3.14 ft
Resultant ratio = .3486

Stem ratio = .2222

Base pressure at heel .1149 kst
Base pressure at toe = 2.4017 kst

* Kk kkkkkhkkkk

* gliding *

* Kk kkkkkkkkk

**%* Satisfied
Min.
Actual FS = 1.40

* %k %

|

)
w
w

Required



khkkkkkkkkkkhkkhkkhkkkkkkkkkk 0utput Results khkkkkkkkhkkhkkhkkhkkkkhkkhkkkhkkkkhkk*k

Date: **/11/14 Time: 14.07.57

Flood Wall Stability Analysis Using CTWALL
Filename: I4CLML.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkkkkkkhkkkkkkhkkkkhkhkkhkkhkkkkkkkkkk

** QOverturning Results **
khkkkkhkkkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkkhkhkhkhkkhkkkkk

Solution converged in 1 iterazions.

SMF used to calculate K's = .6667

AZpha for the SMF = -54.5245

Calculated earth pressure coefiicients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 fc
** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (kst)
527.01 0000
527.00 0006

Earth pressures:

Elevation Pressure
(££) (ksf)
540.00 0000
527.01 6667



Surcharge pressures:

Elev. Press.
{(ft) {ksf)
540.00 051
527.00 051

** Resisting side pressures **

Water pressures:
Elevation Pressure

(ft) (kst)

527.01 0000
527.00 0006
527.00 0006

** Uplift prressures **

Water pressures:

x-coord. Pregssure
(£t) (kstf)
00 .000¢



** Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) ‘
Structure:
Structure weight........... 4.043 -3.54 -14.33
Structure, driving side:
Moist soil................. 6.704 -6.08 -40.80
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External verzical loads.... .583 -6.09 -3.55
Ext. horz. pressure loads.. .200 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting sice:
Moist soil................. .000 .00 .00
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soi_........... .000 .00 .00
Driving side:
Effective earth loads...... 4,337 4.33 18.78
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .667 6.50 4,34
Water loads................ .000 -.37 .00
Resisting side:
Effective earth loads...... .000 .00 .00
Water loads................ .000 -.37 .00
Foundation:
Vertical force on base..... -11.325 -3.14 35.53
Shear on base.............. -5.004 00 00
Uplift .o -.006 -4.50 03
** Statics Check ** SUMS = .000 .0060 .00
Angle of base = .00 degrees
Normal force on base = 11.325 kips
Shear force on base = 5.004 kips
Max. available shear force = 6.670 kips
Base pressure at heel = .1149 ksf
Base pressure at toe = 2.4027 kst
Xr (measured from toe) = 3.14 ft

Resultant ratio = .3486

Stem ratio = L2222
Base in compression = 100.00 %
Overturning ratio = 2.53

Volure cof concrete = 1.00 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



khkkkkkkhkkkhkhkhkkkkhkkkkkk

*% Gliaing Resulzs **
kkhkkhkkkkkhkhkkkkhkhhhkhkhkhkihhkik

Solution converged. Summation of forces = 0.
Horizontai Vertical
Wedge Loads Loads
Number {(kips) (kips)
1 000 910
2 000 583
3 000 000

Water pressures on wecdges:

Top Becttom
Wedge press. press. x-coord. press.
number (xsf: {ksf) (ft) (ksf)
1 0000 .0006
2 0000 .0306
2 9.0000 0006
3 .0900 .0000
Points of sliding vplane:
Point 1 (lefz), x = .00 ft, y = 527.00 ft
Point 2 (right), x = 9.00 ft, y = 527.00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
i -55.,003 15.870 5.91e¢ .012 .C00
2 .000 9.000 10.748 9.000 .006
3 .C0C .000 .00C .000 .000
Wedge Net force
number (kios)
1 -4.774
2 4.774
3 .000
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Section 3
Upper Level Retaining Walls -
Computer Runs for the Retaining Walls

2222222222



Upper Level Retaining Walls: IINL14UL
(14-ft clear height)

Normal condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side

4.100 psf vertical surcharge pressure applied

15-26



I E 2SR SRR S SR EEE SRS Echoprint of Input Data ****xkk*xkxkkddhkkkxxk

Date: **/11/14 Time: 14.10.26

Flood Wall Stability Analysis Using CTWALL
Filename: I1NL14UL.DAT

Company name :

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 554 .00 ft
Height of stem (HTS) 15.17 ft
Thickness top of stem (TTS) .75 ft
Thickness boztom of stem (TBS) = 1.75 ft

I
=

Dist. of batz-er at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.83 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.83 £t
Width of toe (TWIDTH) = 4.00 ft
Distance of batter for toe (BTRT) = .00 ft
Wiath of base (BWIDTH) = 16.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 £t
Dist. of batter at bot. of key {(BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 537.00

00 538.83
10.25 538.83
10.25 554.00
12.00 554 .00
12.00 538.83
16.00 538.83
16.00 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
27.00 000 100 130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X 0%

point (ft) (fr)
1 -1489.75 554.00
2 10.25 554.00

Resisting side soil property data:

Moist Saturated =lev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
27.00 000 100 130 540.00 00

Soil X 0%

point (ft) (ft)
1 12.00 540.00
2 512.00 540.00

Foundation property data:
phi for soil-structure interface = 27.00 (deg)
c for soil-structure interface .250 (ksf)
phi for soil-soil intexrface 27.00 (degqg)
c for soil-soil interface = .250 (ksf)

Water data:
Driving side elevation 540.50 ft
Resisting side elevation 537.01 ft
Unicz weight of water = .0625 kcf
Seepage pressures computed by Line of Creep method.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mcbilizazion factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



** k%% SGummary of Results *****
F_ood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

Khkkhkhkkhhkhhhkhh*k **%* Satisfied ***

* Overturning * Required base ZIn comp. 100.00 %
Fhkkkkkkkhkkkhkk Actual base in comp. 100.00 %
Overturning ratio = 3.72

Xr (measured from toe) 7.22 ft
Resultant ratio .4513

Stem ratio = .2500

Base pressure at heel = 1.0831 kst
Base pressure at toe = 1.9777 kst

dod ok ok ok ok ok ok ok ok % *%% Satigfied ***
* Sliding * Min. Required
kkkkkkkkkk*k Actual S =

[
@
o O



kkkkkkkkkkkkkkkkkkkkkk Output Results kkkkkkkkkkkhkkkkkkkkkk*k

Date: **/11/14 Time: 14.10.26

Flood Wall Stability Analysis Using CTWALL
Filename: I1NL14UL.DAT

Company name:

CDM
Project name:
TRWD-~-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkkkkkkkhkkkkkkkhkkkkkkkkkkkkkk

** QOverturning Results **
khkkkkkkkkkkkkkkkkkkkkhkkkhkkk

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4205

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resistinc side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .C0 ft
** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)
5240.50 0000
537.00 _796
zZarth pressures:
Elevation Pressure
{ft) (ksf)
554 .00 0000
540.50 6929



Surcharge pressures:

Elev. Press.
(ft) (ksf)
554 .00 051
537.00 051

** Resisting side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)
537.0% 000C
537.00 0007

Earth pressures:
Elevation Pressure

(ft) (ksf)
£40.00 0000
537.00 398¢

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)
00 1796



** Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert | Horiz (ft) \ (ft-k) ’
Structure:
Structure weight........... 8.374 -6.51 -54 .55
Structure, driving side:
Moist soil................. 13.838 -10.88 -150.48
Saturated soil............. 2.225 -10.87 -24.20
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... 1.025 -10.88 -11.2.5
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting sice:
Moist soil... ... ... ...... .468 -2.00 -.94
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 7.350 5.71 41.96
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .873 8.50 7.42
Water loads................ .314 1.16 .37
Resisting side:
Effective earth loads...... -.598 .95 -.59
Water loads................ .000 ~-.10 .00
Foundation:
Vertical force on base..... -24.487 -7.22 176.81
Shear on base.............. -7.938 00 00
Uplift.... ... .. . ... -1.443 -10.64 i5.36
** Gratics Check =*=* SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 24 .487 kips
Shear force cn base = 7.938 kips
Max. available shear force = 16.477 Kips
Base pressure at heel = 1.0831 kst
Base pressure at toe = 1.9777 kst
Xr (measured from toe) = 7.22 ftt
Resultant ratio = L4513
Stem ratio = .2500
Base in compression = 100.00 %
Overturning ratio = 3.72

Volume of concrete = 2.07 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analiysis using the program CBEAR.
Also, the engineer shall verify that the base pressures

do not result in excessive differential settlement of
the wall foundation.



kkkhkkhkkhkhkkhkhkkhkhkdhkhkkhkkhkhkhkkk

** GSlicing Results **
kkkhkhkkhkkhkkkhkkkkkhkkkhkkkkkkxk

Solution converged. Summation of forces = 0.
Forizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 000 1.295
2 000 1.025
3 0G0 000

Water pressures on weddges:

Top Bottom
Wedge press press x-coord press
numkber (xsf] (ksf) (ft) (ksf)
1 0000 1796
2 .0000 .1796
2 16.0000 .0007
3 .0000 .C007
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 537.00 fc
Point 2 (right), x = 16.00 ft, y = 537.00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge iength force
numnber (deg) (ft) (kips) (ft) (kips)
1 -52.702 21.370 11.147 £.400 .385
2 .000 16.000 24 .905 16.000 i.443
3 37.777 4£.897 .581 .016 .000
Wedge Net force
numker (kips)
1 -9.636
2 8.863
3 773
SUM = 000
i e +
| Factor of safety = 1.859 |
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Upper Level Retaining Walls: [1FL14UL
(14-ft clear height)

Flood / Drawdown condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 549 on driving side
3. Water at El 544 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied
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kkkkkkkkkkkkkk*kx+ Echoprint of Input Data **k*xkkkkkkkkkkkx

Date: **/11/14 Time: 14.29.12

Flood Wall Stapility Analysis Using CTWALL
Filename: I1FL14UL.DAT

Company name:

CDM
Project name:
TRWD-~FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 554.00 ft
Height of stem (HTS) = 15.17 ft
Thickness top of stem (TTS) = 1.75 ft
Thickness bottom of stem (TBS) = 1.75 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 1.83 ft
Distance of batter for heel (BTRH) = .00 fc
Depth of toe (TTOE) = 1.83 ft
Width of toe (TWIDTH) = 4.00 ft
Distance of batter for toe (BTRT) = .00 ft
Wiath of base (BWIDTH) = 14.50 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 ft

il

Structure coordinates:

x (ft) y (ft)

00 537.00

00 538.83
8.75 538.83
8.75 554 .00
10.50 554 .00
10.50 538.83
14 .50 538.83
14.50 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
27.0C 000 100 130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 00 506.00

2 00 00

3 00 500.00

Soil X vy

point (ft) (ft)
1 ~1491 .25 554 .00
2 8.75 554 .00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kctf) (ft) (in:1ft)
27.0C 000 100 130 540.00 00

Soil X vy

point (ft) (ft)
1 10.50C 540.00
2 510.50 540.00

Foundation property data:

phi fcr soil-structure interface = 27.00 (deg)
c for soil-structure interface = .250 (ksf)
phi fcr soil-soil interface = 27.00 (deg)
c for soii-soil interface = .250 (ksf)
Water data:

Driving side elevation = 549.00 ft

Resisting side elevation = 544 .0C ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mopilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



**%x** SGummary of Results ****+*
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkkhkkhkkhkkhkhkkkhkkkk*k * k k Satlsfled * k %

* Qverturning * Required base in comp. = 100.00 %

Fhhkkkkdkhhkdkhhk Actual base in comp. = 100.00 %
Overturning ratio = 1.91

Xr (measured from toe) = 5.86 ft

Resultant ratio = .4039

Stem ratio = .2759
Base pressure at heel .5134 kst
Base pressure at toe 1.9136 kst

*hkkkkhkkhkhkk *%% Satisfied **=*
* Sliding * Min. Required =
*khkkkhkkkkkkkk Actual ¥S =

=
o
o



kkkkhkkkkkkkhkhkhkhkkhkhkkhkkkkk Output Results khkkkkkkkkhkkkhkhkkhkkkhkkdkk

Date: **/11/14 Time: %14.25.12

Flood Wall Stability Anailysis Using CTWALL
Filename: I1FL14UL.DAT

Company name:
CDM
Project name:
TRWD-ZWCC
Project location:
Fort Worth, TX / Tarrant Regional Water Distric:
Wall location:
Walls at bypass channel
Computed by: BDA

khxkkkkkkkhkkkhkdkhkkhkkkhkhkkhkkkhkdkx*k

**  OQverturning Results **
kkkkkhkkkkkkkkhkkkkkhkkhkkhkhkhkkkkkk

Solutior. converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4202

Calculated earth pressure coefficients:
Drivirc side at rest K = .5133
Drivirg side at rest Xc = .7164
Resisting side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Pull passive K calculated for resistirg side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (xsf)
5£9.00 0000
537.00 6229

Earth pressures:

Elevaticn Pressure
It) {ksf)
554 .00 G000%
549.00 2566
537.00 7376

** Resigting side pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)

544 .00 0000
540.00 2500
537.00 4693

Earth pressures:
Elevation Pressure

(ft) (ksf)
540.00 0000
537.00 2273

** Uplift pressures **

Water pressures:

xX-coord. Pressure
(ft) (ksf)
00 6229



*% Forces and moments **

Mom. Arm

(kips)

| Horiz.

.000
.000

.607

.000
737

.341
1.579

(ft)

.12
.12

.00
.00
.00
.00
.00

.00

.00

.00

.00

.87

.00
.00

.00

Part Force
Vert.
Structure:

Structure weight........... 7.962
Structure, driving side:

Moist soil................. 4.375

Saturated soil............. 11.568

Water above structure...... .000

Water above soil........... .000

Exterral vertical liocads.... .000

Ext. horz. pressure loads..

Ext. horz. line loads......
Structure, resisting side:

Moist sodil................. .000

Saturated soil............. .608

Water above structure...... .000

Water above soil........... 1.000
Driving side:

Effective earth loads......

Shear {due to delta)....... .000

Horiz. surcharge effects. ..

Water loads................
Resisting side:

Effective earth loads......

Water loads................
Foundation:

Vertical force on base..... -17.596

Shear on base..............

Uplift. ..o, -7.918
*% Statics Check ** SUMS = 000
Angle of base = .00 degrees
Normal force on base = 17.596 kips
Shear force on base = 8.425 kips

Max. available shear force

= 12.591 kips

Base pressure at heel = .5134 ksf
Base pressure at toe = 1.9136 kst
Xr (measured from toe) = 5.86 ft
Resultart ratio .4039
Stem ratio = .2759
Base in compression = 100.00 %
Overturring ratzio = 1.91

Volume o0f concrete

1.97 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures be_ow the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkhkkkkkkhkkhkkkhkkdkkdkhkhkkhkhkdkk*k

** Gliding Results **
RS S SRS SRR EEEEE B EEE R ERES

Solution coaverged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 -.500 1.000
3 000 1.013

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. vress.
number (ksf) (kst) (ft) (kst)
1 0000 .6229
2 .00CO .6229
2 14.5000 .4693
3 .2500 .4£693
Points of sliding plane:
roint 1 (left), x = .00 ft, y = 537.00 ft
Point 2 (right), x = 14.50 ft, y = 537.00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deqg) (ft) (kips) (fz (kips)
1 -54 .345 20.922 11.516 14.769 4.600
2 .000 14 .500 24 .514 14 .500 7.918
3 36.513 5.042 .7990 5.042 1.813
Wedge Net force
number (kips)
z -10.386
2 8.812
3 2.575
SUM = 000
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Upper Level Retaining Walls: [1IFS14UL
(14-ft clear height)

Flood / Drawdown condition

1. Short-term soil properties assumed - “Study” case
2. Full-depth water filled crack on driving side

3. Water at El 544 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied

17-26



kkkkkkkkkkkkkk k% %% Echoprint of Input Data *****skskkkdkkhkk

Date: **/11/14 Time: 14.54.15

Flood Wall Stability Analysis Using CTWALL
Filerame: I1FS14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 554.00 fc
Height of stem {HTS) T
Thickness top of stem (TTS) .75 ft
Thickness bottom of stem (TBS) = 1.75 ft

It i
[
[l
[
~J

1

Dist. of batter at bot. of stem (TBSR)-= .00 £t
Depth of nheel (THEEL) = 1.83 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.83 f¢
Width of toe (TWIDTH) = 4.00 fc
Distance of batter for toe (BTRT) = .00 f:z
Wiatnh of base (BWIDTE) = 11.00 ft
Depth of key (HK) = .00 ft
Wiath of bpottom of key (TK) = .00 ft
Dist. of patter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 537.00

00 538.83
5.25 538.83
5.25 554 .00
7.00 554 .00
7.00 538.83
12.00 538.83
132.00 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
tc the actual elevation usea.

Struccural property data:
Uniz weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kct) (deg) (ft)
00 1.000 100 .130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil bl 0%

point (ft) (ft)
1 -1494.75 554 .00
2 5.25 554 .00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wz. unit wt. soil Batter
(deqg) (kstf) (kct) (kcf) (ft) (in:1ft)
00 21.000 100 .130 540.00 00

Soil b'4 Y

point (ft) (ft)
1 7.00 540.00
2 507.00 540.00

Foundation property data:

phi for soil-structure interface = .00 {deqg)
¢ for soil-structure interface = 1.000 {ksi)
phi for soil-soil interface = .00 {deg)
c for soil-soil interface = 1.000 (ksf)

Water data:

Driving side elevation = 549.00 ft
Resisting side elevation = 544 .00 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Minimum required factors oZ saZfety:
Sliding FS = 1.50
Overturning 100.00% base in compression

i

Crack options:
o Crack *is* down to bottom of heel
o Compuied cracks *will* be fiiled with water
Strength mobilization factor = .6667
50% of full passive *Xs used* in the overturninrg analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*kxkk* Summary of Results *****
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkhkhkkhkhkhkkhkkkhikxk * % %k Satlsfied * % %

* Qverturning * Required base in comp. = 100.00 %

ok ok ok e ok ok ok ke k k ok Kk Actual base in comp. = 100.00 %
Overturning ratio = 1.73

Xr (measured from toe) = 4.17 ft

Resultant ratio = .3788

Stem ratio = .3636

Base pressure at heel = .3130 ksf

Base pressure at toe = 1.9828 kst

khkkhkkkkhkkkhkkkk * k& Satisfled * k%

* 8liding * Min. Required = Z.50

kodkk ok ok ok kokkk Kk Actual FS = 2.36



khkkkkkhkkhkkdkhkkhkkkkhkkhkikx QOutput ReSUltS khkhkkhkhkkkhkhkhkhkhkdkhhbhkhhkhhhkk

Date: **/11/14 Time: 14.54.15

Flood Wall Scability Analiysis Using CTWALL
Filename: I1%¥S14UL.DAT

Company name:

CDM
Proiect name:
TRWD-=WCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkhkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkkhdddhhkhxhxhkk

**%  Overturring Results **
khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhdhhhkhkhkhhk

Sclation convergec in I itexations.
S¥F used to calculacte K's = .6€67
Alpha for the SMF = .0000
Calculated earth pressure coefficients:
Driving side at rest K = .000¢C
Driving side at rest Kc = .00¢CoO

Resisting side at rest K 1.0000
Resiszing side a: rest Xc 1.0000

Full passive X calculated for resisting sicde.
50% of full passive will be used.

holl

Depth of cracking = 17.00 fc
Cracx exterds to bottom of base of struczure.

** Driving side pressures **

Water pressures:

Elevation Pressure
{(ft) {ksf)
=54 .00 .0000
537.00 7500

** Resisting side pressures **

Watexr pressures:

Elevation Pregsure
(£t {ks?Z)
544 .00 00090
540 .00C 25GC



Earth pressures:
Elevation Pressure

(ft) (kstf)
540.00 .0000
537.00 1.0343

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)

00 . 7500

11.00 .2589

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) ’

Structure:

Structure weight........... 7.002 -5.14 -36.02
Structure, driving side:

Moist soil................. 2.625 -8.38 -21.¢98

Saturated soil............. 6.941 -8.37 -58.13

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist soil................. .000 .00 .00

Saturated soil............. .608 -2.00 -1.22

Water above structure...... .000 .00 .00

Water above soil........... 1.000 -2.00 -2.00
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads................ 6.375 5.67 36.13
Resisting side:

Effective earth loads...... -1.551 1.00 -1.55

Water loads................ -1.263 2.62 -3.31
Fcundation:

Vertical force cn base..... -12.627 -4.17 52.61

Shear on base.............. -3.560 .00 .00

Uplift ..................... -5.546 -6.39 35.47



Angle of base = .00 degrees

Normal force on base = 12.627 kips

Shear force on base = 3.560 kips

Max. available shear force = 11.000 kips
Base pressure at heel = .3130 kst

Base pressure at toe = 1.9828 kst

Xr (measured from toe)} = 4.17 ft
Resultart ratio = .3788

Stem ratio = .3636

Base in compression = 100.00 %
Overturring ratio = 1.73

Volume of concrete = 1.73 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



khkkkkkkhkkhkkkhkkhkkhkkhkkikkkhkhkkhkkk*k

**% Qliding Results **
kkkkkkkkkkhkkhkkkhkhkhkkkkkkkk

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips]
1 000 000
2 8.531 1.000
3 00C .746

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 0000 .0000
2 .0000 .7500
2 11.0000 .2589
3 .2500 .2589
Points of slidirng plane:
Point 1 (left), x = .00 f¢, Yy = 537.00 =t
Point 2 (right), x = 11.00 ft, Yy = 537.00 ft
Depth of cracking = 17.00 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle lengcth of wedge length force
number (deg) (ft) (kips) (ft) {kips)
1 .000 .G00 .000 .000 .00C
2 .000 11.000 17.176 11.000 5.549
3 45.169 4.230 .582 4.230 1.076
Wedge Net force
number (kips)
1 .000
2 -2.875
3 2.875
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Upper Level Retaining Walls: I3EL14UL
(14-ft clear height)

Earthquake condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side
4. No surcharge pressure

5. Lateral seismic forces accounted for

18-26



kkkkkkkkkkkk*x**%* Echoprint of Input Data ****kxskksxkkkkskkkk*

Date: **/11/17 Time: 10.08.01

Food Wall Stapility Analysis Using CTWALL
Filename: I3EL14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 554.00 ft
Height of stem (HTS) = 15.17 ft
Thickness top of stem (TTS) = 1.75 ft
Thickness bottom of stem (TBS) = 1.75 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of neel (THEEL) = 1.83 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of zoe (TTOE) = 1.83 ft
Width of ctoe (TWIDTH) = 1.00 £t
Distance of bactter for toe (BTRT) = .00 ft
Width of base (BWILCTH) = 16.00 ft
Depth of key (HK) = .0C ft
Width of bottom of key (TK) = .00 £

Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

20 537.00

20 538.83
13.25 538.83
13.25 554 .00
15.00 554 .00
15.00 538.83
16.00 538.83
16.00 537.00

NCTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Mcist Saturated Elev.
Phi C Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
27.00 000 100 .130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X Yy

point (ft) (ft)
1 -1486.75 554 .00
2 13.25 554 .00

Resisting side soil property data:

Moist Saturated Elev.

Phi C Jnit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) {(ft) (in:1fx)
27.00 000 100 .130 540.00 00

Soil X

point (ft) (ft)
1 15.00 540.00
2 515.00 54G.00C

Foundation property data:

phi for soil-structure interface = 27.00 (deqg)

¢ for soil-structure interface = .250 (ksf)

phi for soil-soil interface = 27.00 (deg)

¢ for soil-scil interface = .250 (ksf)
Water data:

Priving side elevation = 540.50 ft

Resisting side elevation = 537.01 ft

Unit weight of watexr = .0625 kct
Seepage pressures computec by Line of Creep method.



Minimum required factors of safety:
Sliding FS = 1.10
Overturning = .10% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the slidirg analysis.

*Do* iterate in overturning analysis.



**x %% Summary of Results ***x*
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkkhkhkkkhkkkkkk * %k % Satlsfled * %k %

* Qverturning * Required base in comp. = .10 %

khkkhkkhkkhkkkhkkkk Actual base in comp. = 100.00 %
Overturning ratio = 4.12

Xr (measured from toe) = 6.48 ft

Resultant ratio = .4050

Stem ratio = .0625

Base pressure at heel = .7478 kst

Base pressure at toe = 2.7288 kst

dkkkkkkkkkkk ***% Gatisfied **%*

* Sliding * Min. Required = 1.10

khkkkhkkkhkkk*k Actual FS = 2.13



khkkkhkkkhkkkkkkhkkhkhkkkkkkkhk Output Results kkkkkkkhkkkkhkkkkkkkkkkkk

Date: **/11/17 Time: 10.08.01

Flood Wall Stability Analysis Using CTWALL
Filename: I3EL14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

khkkkkkkkkkkkhkhkkkkkkkk,kkkkkxk

*%* Qverzurning Results **
khkhkhkhkhkhhkhkhkhkhkhkhkhkdhhdkhdhkhkhkhkhkk

Solution converged in 1 iterations.

SMF used to calculate K's = .6€67

Alpha for the SMF = -54.4205

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = 2.6629

Resisting side at rest Kc 1.6319
Full passive K calculated for resisting side.

50% of full passive will be used.

\li

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)
540.50 0000
537.00 1796
Earch pressures:
Elevation Pressure
(ft) (ksf)
554 .00 0800
540.50 63929
537.00 8343

** Resisting side pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)
537.01 0000
537.00 0007

Barth pressures:
Elevation Pressure

(ft) (ksf)
540.00 0000
537.00 3989

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)
00 1796



** Forces and moments **

Structure:
Structure weight.........
Structure, driving side:
Moist soil...............
Saturaced soil...........
Water above structure....
Water above soil.........

External vertical loads....

.. 17.888
.. 2.877
.. .000
.. .000
.000

Ext. horz. pressure loads..

Ext. horz. line loads....
Structure, resisting side:
Moist soil...............
Saturazed soil...........
Water above structure....
Water above soil.........
Driving side:
Effective earth loads....
Shear (due to delta).....

.. .117
.. .000
. .000
. .000

.. .000

Horiz. surcharge effects...

Water loads..............
Resisting side:

Effective earth loads....

Water loads..............
Foundation:

Vertical force on base...

Shear on base............

** Statics Check #*%* SUMS

Angle of base =

.00 degrees

Normal force on base = 27.812 kips

Shear force on base =
Max. avallable shear force

Base pressure at heel
Base pressure at toe = 2

Xr (measured from toe)
Resultant ratio

Stem ratio

Base in compression
Overturning ratio =

Volume of concrete = 2.

7.066 kips

| Horiz.

= 18.171 kips

.7478 kst
.7288 kst

6.48 Tt
.4050
.0625
100.00 %
4.12

07 cubic yds/ft cf wall

.000
.000

.350

.000
.314

.598
.000

41 .



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



khkkkkhkhkkhkhkhkhkhkhkhkdhkhhkhi ki

** G8liding Results **
khkkkkhkkkhkhkkhhkhkhhkhhkihikk

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 000 000
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (kst) (ft) (ksf)
1 0000 .1796
2 .0000 .1796
2 16.0000 .0007
3 .0000 .0007
boints of sliding plane:
Point 1 (left), x = .00 fc, y = 537.00 ft
Point 2 (righz), x = 16.00 ft, y = 537.00 £t
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplifc
Wedge angle length of wedge length force
number {deg) (ft) (kips) (ft) (kips)
1 -51.739 21.651 11.541 4.457 .400
2 .C00 16.000 29.255 16.000 1.443
3 38.535 4.815 .565 .016 .000
Wedge Net force
rumber (kips)
1 -9.237
2 8.514
3 .722
SUM = 000
B T T e Tt P
| Factor of safety = 2.134 |
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Upper Level Retaining Walls: 4CS14UL
(14-ft clear height)

Construction condition

1. Short-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied

19-26



kkkkkkkkkkkkk*kx** Echoorint of Input Data *x**kk# ks kkkkkkk*

Date: *%*/11/14 Time: 14.33.59

Flood Wall Stability Analysis Using CTWALL
Filename: I4CS14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 554.00 ft
Height of stem (HTS) = 15.17 fc
Thickness top of stem (TTS) = 1.75 ft
Thickness bottom of stem (TBS) = 1.75 ft
Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.83 ft
Distance of batter for heel (BTRH) = .00 f:=
Depth of toe (TTOE) = ~.83 ft
Width of toce (TWIDTH) = 4£.00 ft
Distance of batter for toe (BTRT) = .0G fu
Width of base (BWIDTH) = 12.50 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 £t

Structure coordinates:

x (fr) y (fu)

00 537.00

.00 538.83
65.75 538.83
6.7> 554 .00
8.50 554 .00
8.50 538.83
12.50 538.83
12.50 537.00

NOTE: X=C is located at the left-hand side
of the structure. The Y values correspond
to the actual elevaticn used.

Structural property data:
Unit weight of concrete = .150 kct



Driving side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. Delta soll
(deg) (ksf) (kcf) (kcf) (deg) (ft)
00 1.000 100 .130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point fin:1ft) (ft)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X

point (ft) (ft)
1 -1493.25 554 .00
2 6.75 554 .00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
00 1.000 100 .130 537.00 0C

Soil X
point (f2) (ft)

1 12.50 537.00

2 512.50 537.00

Foundation property data:

phi for soil-structure interface = .00 (deg)
¢ for soil-structure interface = 1.000 (ksf)
phi for soil-soil interface = .00 (deg)
c for soil-soll iInterface = 2.000 (ksi}

Water data:

Driving side elevation = 554.00 ft
Resisting side elevation = 537.01 ft
Unit weight of water = .0625 kct

Seepvage pressures computed by Line of Creep method.

Uniform load aata:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



***%%* Gummary of Results ***x*
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkkhkkkhkkkkkkkk * % % Satlsfied * % %

* Overturning * Required base in comp. = 75.00 %

ko ok ok ok ok ok ok ok ok ok ok ok Actual base in comp. = 100.00 %
Overturning ratio = 1.83

Xr (measured from toe) = 4.46 ft

Resultant ratio = .3569

Stem ratio = .320¢

Base pressure at heel = .1930 ksf

Base pressure at toe = 2.5401 kst

* k k k Kk kkkk k% * % % Satlsfled * % %

* Sliding * Min. Required = 1.33

kkkkkhkkkhk Actual FS = 1.38



kkkkkkkkkkkkhkkkxkkx%% OULpPUL ReESULLS ***khkkhkhkhhxkkkhkxhxk

Date: **/11/14 Time: 14.33.59

Filood Wall Stapbility Analysis Using CTWALL
Filename: I4CS14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at pypass channel
Computed by: BDA

khkkhkhkkkhkkhkkkhkhhkhkdkhkhkhkhkhxkkhkkkk*x

*% QOverturning Results **
Ahkkkhkhkhkhkdkhkhkhkhkhkhkhkhdhkhhhkhkhkhdtki

Sclution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -45.0845

Calculated earth pressure coefficients:
Driving side at rest K = 1.0000
Driving side at rest Kc = 1.0000
Resisting sice at rest K = .0000
Resisting side at rest Kc = .0009

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = 10.26 ft
Crack exzends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevaticn Pressure
(ft) {ksf)
554 .00 00CC
543.74 6410
537.00 6904

Earth pressures:

Elevation Pressure
(ft) {ksf)
554 .00 0000
543.74 0000



Surcharge pressures:

Biev. Press.
(ft) (kst)
5£3.74 100
537.00 100

** Regsisting side pressures **

Water pressures:

Elevation Pressure
(ft) (kst)
537.01 coo00
537.900 0006
537.00 0006

** Uplifc pressures **

Water opressures:

x-coord. Pressure
(£t) (ksf)
00 .6904



** Forces and moments **

Part
Structure:
Structure weight...........
Structure, driving side:

Moist soil
Saturated soil
Water above structure
Water above soil
External vertical loads....

Ext. horz. pressure loads..
Ext. horz. line loads......
Structure, resisting side:

Moist soil

Water above structure
Water above soil
Driving side:
Effective earth loads
Shear (due to delta)
Horiz. surcharge effects...
Water loads
Resisting side:
Effective earth loads
Water loads
Foundation:
Vertical force on base
Shear on base
Uplift

......

** Statics Check *¥*

Angle of base
Normal force on base
Shear force on base

Force
Vert.

13

.000
.312
.000
.000
.675

.000
.060
.000
.000

.000

.00 degrees
17.081 kips
10.987 kips

(kips) Mom. Arm Moment
!  Horiz. (£t) (ft-k)
-5.51 -40.86

.00 .00

-9.13 -121.47

.00 .00

.00 .00

-9.13 -6.16

.000 00 .00
.000 00 .00

00 .00

00 .00

00 .00

00 .00

2.536 2.25 5.70
.00 .CO

.674 3.37 2.27
7.777 6.22 48 .34
.000 .00 .00
.000 1.01 .00
-4.46 76.20

-10.987 .00 .00
-8.33 35.97

€00 .00

12.500 kips

Max. available shear force =

Base pressure at heel = .1930 kst
Base pressure at toe 2.5401 kst
Xr (measured from toe} = 4.46 ft
Resultant ratio = .3569
Stem ratio = .3200
Base in compression = 100.00 %
Overturning ratio = 1.83

Volume of concrete

1.83 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearirg pressure, or, perform a
bearing capacity analiysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



khkdkhkhkhkhkhkhkhkdhhkhkrhkhkiddhhi ik

** Sliding Results **
I E SR EEEEEEREEEEEEEEEESEL

Solution converged. Summation of foxces = 0.
Horizontal Vertical
Wedge Loads Loads
Numbexr {kips) (kips)
1 000 000
2 9.0631 675
3 c00 000

Water pressures on weadges:

Top Bottom
Weage press. oress. x-ccord. press.
numbex (ksf) (kst) (£t) (ksf)
1 00GO 0000
2 .0000 1.0625
2 12.5000 .0006
3 .00¢G0 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 537.00 £t
Point 2 (right), X = 22.50 =t, Yy = 537.00 ft
Depth of cracking = 17.00 f:<
Crack extends to bottom of pase cf structure.
Failure Total Weight Stupbmerged Uplift
Wedge angle _ength of wedge lerngth force
number (deg) (ft) (kips) (ft) {xips)
1 00¢C 000 .C00 00 000
z 00¢C 12.530 20.725 12.58 6.645
3 600G 000 .060 000 000
Wedge Ne:z force
number (kips)
1 000
2 c00
3 000
SdM = 000
e +
| Factor of safety = 1.384 |
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Upper Level Retaining Walls: 4CL14UL
(14-ft clear height)

Construction condition

1. Long-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied

20-26



kkkkkkkkkkkkk*xx*x REchoprint of Input Data ****x*kkkxkkkkk ks

Date: **/11/14 Time: 14.52.08

Flood Wall Stability Analysis Using CTWALL
Filename: I4CL14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 554.00 ft
Height of stem (HTS) 15.17 ft
Thickness top of stem (TTS) .75 ft
Thickness bottom of stem (TBS) = 1.75 ft

It
)

Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.83 ft
Distance of batter for hee> (BTRH) = .00 ft
Depth of toe (TTOE) = 1.83 ft
Width of toe (TWIDTH) = 4.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 11.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 537.00

.00 538.83
5.25 538.83
5.25 554 .00
7.00 554.00
7.00 538.83
11.00 538.83
11.00 537.00

NOTE: X=0 1s located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side solil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) {ksf) (kcf) (kcf) (deg) (ft)
27.00 0G0 100 130 00 554 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 Go 500.00

2 Go 00

3 co 500.00

Soil X Yy

point (ft) (ft)
1 -1494 .75 554 .00
2 5.25 554 .00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deqg) {ksf) (kcf) (kctf) (ft) (in:1ft)
27.00 0CO 100 i30 537.00 00

Soil X Yy

point (ft) (ft)
1 11.C0O 537.00
2 511.C0 537.00

Foundation property data:

phi for soil-structure interface 27.00 (ceg

Il

)
¢ for soil-structure interface = .250 (ksf)
phi for soil-soil interZace = 27.00 (ceq)
¢ for soil-scil interface = .250 (ksf)

Water data:

Driving side elevation = 537.01 ft
Resisting side elevation = 537.01 ft
Unit weight of water = .0625 kcf

Seepage pressures computed are hydrostatic.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Cverturning = 75.00% base in compression
Crack options:
c Crack depth is to be calculated
c Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *ig used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*¥rkkkk Summary O

f Results **x*x*xx*

Flood Wall Stability Analysis Using CTWALL

Project name: T

kkkkhkkkkkhkkkkkk*k

* Overturning *
khkhkkhkkkhkkkkkkkxk

Xr (measured from toe)

Resultant ratio
Stem ratio

Base pressure a
Base pressure a

kkKkkkkkkkkk

* 5liding *

khkkkkhkkkkkkk

RWD-FWCC

*** Satisfied **x*

Required base in comp. = 75.00 %
Actual base in comp. = 100.00 %
Overturning ratio = 2.16
= 3.72 ft
= .3384
= .3636
t heel = .0427 kst
t toe = 2.7725 kst

*x* Satisfied **xx*
Min. Required = 1.33
Actual FS = 1.37



kkkhkkhkkkhkk*kkhkkhkhkhkhkhkhxkhkhkhkhkk k% Output Results LA S S S S S SEEEEE S S S SRS S S S

Date: **/11/14 Time: 14.52.08

Flood Wall Stability Analysis Using CTWALL
Filename: I4CL14UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project locaticn:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

khkkkkkhkkkhkkhkkhkkkikhkkhkkhkkkhkkhkk*hkkhkkkki*k*%k

** Qverturning Results #**
khkkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkkhkkkkkhk*%

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4205

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:

Elevation Pressure
(ft; (ksf)
537.01 0000
537.00 0006

Earth pressures:
Elevation Pressure
(ft) (ksf)



Surcharge pressures:

Elev. Press.
(fz) {ksf)
554 .00 051
537.00 051

** Resisting side pressures **

Water pressures:

Elevacion Pressure
(fr) (ksf)
537.01 0000
537.00 0006
537.00 0006

** Uplift pressures *x*

Water pressures:

x-coord. Pressure
(ft) (ksf)
00 .0006



**x Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) l
Structure:
Structure weicht........... 7.002 -5.24 -36.02
Structure, driving side:
Moist soil................. 7.964 -8.37 -66.70
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .525 -8.38 -4.40
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. lire loads...... .0C90 .00 .00
Structure, resisting side:
Moist soil................. .000 .00 .00
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 7.417 5.67 42.03
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .873 8.50 7.42
Water loads................ .0CO -.62 .00
Resisting side:
Effective earth loads...... .0CO .00 .00
Water loads................ .0C0 -.62 .00
Foundation:
Vertical force on base..... -15.484 -3.72 57.64
Shear on base.............. -8.289 .00 .00
Uplift. ... ... . -.007 -5.50 .C4
** GSratics Check *+* SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 15.484 kips
Shear force on base = 8.289 kips
Max. available shear force = 10.639 kips
Base pressure at heel = .0427 kst
Base pressure at zoe = 2.7725 kst
Xr (measured from toe) = 3.72 ft
Resultant ratio = .3384
Stem ratio = .3636
Base in compression = 1060.C0 %
Overturning ratic = 2.16

Volume of concrete = 1.73 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowaple foundaticn bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkkkhkkkkhkkkkikkhkkhkikkkikkkkkk*k

** Sliding Results **
khkkkkkkkkkhkkhkkkhkkkkkhkkkk*k

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number {(kips) (kips)
1 CO0 1.177
2 CO0 525
3 CO0 000

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (kstf)
1 00CO 0006
2 .0000 .0006
2 11.0000 .0006
3 .00CO .0000
Points of slidirg plane:
Point 1 (left), x = .00 ft, y = 537.00 ft
Point 2 (right), x = 11.00 ft, y = 537.00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle leangth of wedge length force
number (deg) (ft) (kips) (ft) (kips)
2 -55.311 20.675 10.002 .012 .000
2 .00G 11.0C0 14 .966 11.000 .007
3 .00G .000 .000 .000 .000
Wedge Net force
number (kips)
1 ~-7.787
2 7.786
3 .000
SIM = 000
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Upper Level Retaining Walls: IINL6UL
(6-ft clear height)

Normal condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side

4.100 psf vertical surcharge pressure applied

21-26
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Date: **/11/14 Time: 14.56.36

Flood Wall Stability Analysis Using CTWALL
Filename: I1NL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 546.00 ft
Height of stem (HTS) .50 ft
Thickness top of stem (TTS) .17 £t
Thicxness bottom of stem (TBS) = 1.17 £t

||
H

Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Deptnr oI toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 fc
Distance of batter for toe (BTRT) = .00 f:z
Width of base (BWIDTH) = 6.50 fc
Depth of key (HK) = .00 fc
Width oZ bottem of key (TK) = .00 fc
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

00 537.00

.00 538.50
3.33 538.50
3.33 546.00
4 .50 546 .00
4 .50 538.50
6.50 538.50
6.50 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deqg) (ft)
27.00 000 100 .130 00 546 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 00 500.00

2 00 00

3 00 500.00

Soil X y

point (ft) (ft)
1 -1496.67 546 .00
2 3.33 546.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (kstf) (kctf) (kct) (ft) (in:1ft)
27.00 000 100 130 540.00 00

Soil X Yy

point {(ft) (ft)
1 4.50 540.00
2 504 .50 540.00

Foundation property data:

phi for soil-structure interface 27.00 (deg)

¢ for soil-structure interface = .250 (kst)
phi for soil-soil interface = 27.00 (deqg)
¢ for soil-soil interface = .250 (kst)

Water data:

Driving side elevation = 540.50 ft
Resisting side elevation = 537.01 ft
Unit weight of water = .0625 kct

Seepage pressures computed by Line of Creep method.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*xxkk Summary of Resultsg ***x*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkkkhkkhkkkkkk*k

* QOverturning *
kkkkkkhkkhkkhkhkdhkkkhkk

*** Satisfied ***
Required base in comp.
Actual base in comp.

Overturning ratio

Xr (measured from toe) = 2.33 ft
Resultant ratio = .3580

Stem ratio = .3077

Base pressure at heel = .1285 kst
Base pressure at tce = 1.6079 kst

kkkkkkkkkkxk

* Sliding *

d ok ok ok kkok ok ok koA

***x Satisfied *#**
Min. Required
Actual FS

1.50
1.90

100.00 %
100.00 %
2.24
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Date: **/11/14 Time: 14.56.36

Flood Wall Stability Analysis Using CTWALL
Filename: I1NL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed pby: BDA

AR SRR SR ERRERER R R RERE SRS

** QOverturning Results **
Ahkhkkhkhkdkdkhkdhkhkhkhkhkhkhhkhkhkhkdhdk kht

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4214

Calculated earth pressure coefficients:
Crivirg sidce at rest K = .5133
Criving side at rest Kc = .7164
Resisting side at rest K = 2.6629
Resisting side at rest Kc = 1.6319

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:

Elevazion Pressure
(ft) (ksf)
540 .50 0000
537.00 1425

Earth pressures:

Elevazion Pressure
(ft) (kst)
546.00 0000
540.50 2823



Surcharge pressures:

Elev. Press.
(ft) {ksf)
546 .0C 051
537.00 051

** Resisting side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
537.01 0000
537.0C 0008

Earth pressures:

Elevation Pressure
(ft) (ksf)
540.00C 0000
537.00 3987

** Uplifc pressures **

Water opressures:

x-coord. Pressure
(ft) (ksf)
00 1425



** Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) \
Structure:
Structure weight........... 2.779 -2.94 -8.16
Structure, driving side:
Moist soil................. 1.831 -4 .84 -8.86
Saturated soil............. .866 -4 .84 -4.19
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .333 -4 .84 -1.61
Ext. horz. pressure loads.. .0G0 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moisz soil......... ... .300 -1.00 -.30
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 2.045 3.03 6.20
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .462 4.50 2.08
Water loads................ .249 1.16 .29
Resisting side:
Effective earth loads...... -.598 1.01 -.60
Water loads................ .000 2.15 .00
Foundazion:
Vertica. force on base..... -5.643 -2.33 13.13
Shear on base.............. -2.158 00 00
Uplifo. .o -.466 -4.32 2.01
** Stazics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force cn base = 5.643 kips
Shear force on kase = 2.158 Kkips
Max. avai_able shear force = 4.500 kips
Base pressure at heel = .1285 kst
Base pressure at toe = 1.€6079 kst
Xr {(measured from toe) = 2.33 ft
Resultant ratio = .3580
Stem ratio = .3077
Base in compression = 100.00 %
Overturning ratio = 2.24

Volume of corcrete = .69 cubic yds/fc of wali



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed tiae
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



% %k dk ok ok k k ok ok ok ok k ok k ok ok k ok ok ok kok ok
** Sliding Results **

kkkkkkkhkkkkkkkkkkkdkkkkk

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number {kips) (kips)
1 000 688
2 0600 333
3 coo 0CO

Water pressures con wedges:

Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (kst) (fr) (kstf)
i 00CoOo 1425
2 0000 1425
2 6.5000 0008
3 .00CO .0008
Points of sliding plane:
Point 1 {left), x = .00 ft, Yy = 537.00 ft
Point 2 (right), x = 6.50 ft, y = 537.00 f:
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge lengtn force
number (deg) (ft) (kips) (ft) (kips}
1 -52.608 11.328 3.236 4.405 .314
2 .00C 6.500 5.776 6.500 .466
3 37.717 4.904 .582 .016 .000
Wedge Net force
number (kips)
1 -3.127
2 2.364
3 .764
SUM = 000
i il +
| Factor cf safety = 1.504 |
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Upper Level Retaining Walls: I1IFL6UL
(6-ft clear height)

Flood / Drawdown condition

1. Long-term soil properties assumed

2. Hydrostatic pressure to El 543.5 on driving side
3. Water at El 541 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied

22-26



Xkkkkkkkkkkkkkk**¥*+ mchoprint of Input Data *****xxxdxxxkkrrrkk

Date: **/11/.4 Time: 14.58.57

Flood Wall Stability Analysis Using CTWALL
Filename: I1FL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarranz Regional Watexr District
Wall locacion:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 546 .00 ft

Height of stem (HTS) = 7.50 ft
Thickness top of stem (TTS) = 1.17 ft
Thickness bottom of stem (TBS) = 1.17 ft
Dist. of batter at bot. of stem (TBSR)= .00 fc
Depth of heel (THEEL) = 1.50 fc
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width oZ base (BWIDTH) = 6.50 ft
Depth oZ key (HK) = .00 fc
Widtn oZ bottom of key (TK) = .00 fc
Dist. oZ batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (£t)

00 537.00

.00 538.50
3.33 538.50
3.33 546 .00
4 .59 546 .00
4 .50 538.50
5.50 538.50
5.50 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
o the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
27.00 000 100 130 00 546.00

Driving side soil geometry:

Soil Batter Distance
point (in:1ft) (fr)

1 .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X 1%

point (ft) (ft)
1 ~-1496 .67 546.00
2 3.33 546.00

Resisting side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deq) {ksf) (kcf) (kcf) {ft) (in:1ft)
27.00 0co 100 .130 540.00 00

Soil X Yy

point (ft) (ft)
1 4.50 540.00
2 504 .50 540.00

Foundation property data:
phi for soil-structure interface = 27.00 (degqg)
c for soil-structure interface .250 (ksf)
phi for soil-soil interface 27.00 {deqg)
c for soil-soil interface = .250 (ksf)

Water data:

Driving side elevation = 543.50 ft
Resisting side elevation = 541.00 ft
Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base In compression
Crack options:
o Cracx depth is to be calculated
o Computed cracks *will* be filled witn water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning aralysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*** %% Qummary of Results *****
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkkkhkhkhkhkhkkhkkkkk

**x Sacisfied #***

* Overturning * Required base in comp. = 100.00 %

FoA ok ok ok ok ok ok ok ok ok ok ok ok ok Actual base in comp. = 100.00 %
Overturning ratio = 1.62

Xr (measured from toe) = 2.18 ft

Resultant ratio = .3352

Stem ratio .3077

Base pressure at heel = .0074 kst

Base pressure at tce = 1.3062 kst

khkkkkkkkkkxk * k %k Satleled * k%

* 8liding * Min. Required = 1.50

d* ok ok ok k ok kk ok k ok

Actual FS = 1.78



khkkkkkkkkkkkkkkkkkkhk*k Output Results khkkkkhkhkkkkkkkkkhkhhkkhkkxk

Date: **/11/°4 Time: 14.58.57

Flood Wall Stability Analysis Using CTWALL
Filename: I1FL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkkkkkkhkhkhkhkhkhkhkhkhkkhkhkkhkkkkkkxk

** QOverturning Results **
khkkkkkkhkhkhkkhkkhkhkhkhkkhkhkhkkkkkhkkkkkk*k

Solution converged in 1 iterations.

SMF used o calculate K's = .6667

Alpha for the SMF = -54.4214

Calculated earth pressure coefficients:
Criving side at rest K = .5133
Criving side at rest Xc = .7164
Resisting side at rest X = 2.6629
Resisting side at rest Xc = 1.6319

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = .00 ft
** Driving side pressures **

Water pressures:

Elevazion Pressure
(fT) (ksf)
543 .50 0000
537.00 3428

Earth pressures:

Elevazion Pressure
(ft) (ksf)
546 .00 0000
543.50 1283
537.00C 3861

** Resisting sice pressures **



Water pressures:
Elevation Pressure

(ft) (ksf)
541.00 0000
5490.00 0625
537.00 2793
Earth pressures:
Tlevation Pressure
(ft) (ksf)
540.00 0000
537.00 2306

** Uplift pressures **

Water pressures:

x-coord. Pressure
(fz) (ksf)
00 3428



**x Forces and moments **

Part 1 Force (kips) Mom. Arm Moment
| Vert. | Horiz. (ft) (ft-k) ’
Structure:
Structure weight........... 2.779 -2.94 -8.16
Structure, driving side:
Moist soil................. .832 -4 .84 -4.03
Saturated soil............. 2.165 -4.84 -10.47
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .000 .00 .00
Saturated soil............. .390 -1.00 -.39
Water above structure...... .000 .00 .00
Water above soil........... .125 -1.00 -.13
Driving side:
Effective earth loads...... 2.832 3.12 5.71
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .0060 .00 .00
Water loads................ 1.114 2.17 2.41
Resisting side:
Effective earth loads...... -.346 1.00 -.35
Water loads................ -.544 1.31 -.71
Foundation:
Vertical force on base..... -4.269 -2.18 9.30
Shear on base.............. -2.056 .00 .00
Uplift... ... .. . -2.022 -3.36 6.79
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal Zoxrce on base = 4.269 kips
Shear force on base = 2.056 kips
Max. available shear force = 3.800 kips
Base pressure at heel = .0074 kst
Base pressure at toe = 1.3062 kst
Xr (measured frcm toe) = 2.18 ft
Resulcant ratio = .3352
Stem ratio = .3077
Base in compression = 100.00 %
Overturning ratio = 1.62

Volume of concrete = .69 cubic yds/ft of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures

do not result 1in excessive differential settlement of
the wall foundation.



khkkkkkkhkhkkhkkkkkkkkkhkkk*kk

*% Sliding Results **
khkkkhkkkhkhkkhkkkkkkkkkkkkkk

Solution converced. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Zoads
Number {kips) (kips)
i coo 000
2 -.C31 125
3 coo 245
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord press
number (ksf) (ksZ) (£t) (ksi)
1 00CO 3428
2 00C9O 3428
2 6.5000 2793
3 .0625 L2793
Points of slidirg plane:
Point 1 (left), x = .00 ft, y = 537.00 ft
Point 2 (right), x = 6.50 ft, y = 537.00 ft
Depth of crackirg = .00 fc
Failure Tozal Weight Submergec Uplifc
Wedge angle length cf wedge length force
number (deg) (fc) (kips) (£t) (kips)
1 -53.091 11.256 3.518 8.129 1.393
2 .00C 6.500 6.166 6.500 2.022
3 37.4¢C 4.939 765 4.939 844
Wedge Net force
number (kips)
1 -3.141
2 2.3270
3 .970
SUM = 000
el +
| Factor of safety = 1.776 |
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Upper Level Retaining Walls: I1IFS6UL
(6-ft clear height)

Flood / Drawdown condition

1. Short-term soil properties assumed - “Study” case
2. Full-depth water filled crack on driving side

3. Water at El 541 on resisting side

4. Passive soil pressure included on resisting side

5. No surcharge pressure applied

23-26



kkkkkkkkkkkkkxk**k** Echoprint of Input Data ***x*xx&kkkx* k% ** %%

Date: **/11/14 Time: 15.06.36

Flood Wall Stability Analysis Using CTWALL
Filename: I1FS6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project locatiomn:

Fort Worth, TX / Tarrant Regional Water Diszricc
Wall location:

Walls at bypass channel
Compuced by: BDA

Structuaral geometry data:

Elevation oi top of stem (ELTS) = 546.00 ft
Height of stem (HTS) = 7.50 ft
Thickness top of stem (TTS) = 1.17 ==
Thickrness bottom of stem (TBS) = 1.17 f=
Dist. of batter at bot. of stem (TBSR)-= .00 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter Zor heel (BTRH) = .00 ft
Depth of toe (TTOE) = >.50 ft
Wiatz of toe (TWIDTH) = 2.00 £t
Distance of patczer for toe {BTRT) = .00 Zt
Width of base (BWIDTH) = 4. 50 f=
Devtn oZ key (HK) = .00 f:c
Widcna of bottcom of key (TK) = .00 ft
Disz. cf batter at bot. of key (BTRK) = .00 ft

Struczure cocrainates:

x (ft) y (ft)
.00 537.00

.0C 538.50
1.33 538.50
1.33 546 .00
2.50 546.00
2.50 538.50
4.50 538.50

4 .50 537.00

NOTE: X=0 is located at the left-hand side
of the struccure. The Y valtes correspond
to the actual elevatior. used.

Structural property data:
Unit weiaght of concrete = .150 kct



Driving side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. Delta soil
(deg) {(ksf) (kct) (kcf) (deg) (ft)
00 1.000 100 .130 00 546 .00

Driving side soil geometry:

Soil Batter Distance
point (in:1ift) (ft)

2 .00 500.00

2 .00 .00

3 .C0 500.00

Driving side soil profile:

Soil X Yy

point (ft) (ft)
1 -1498.67 546 .00
2 1.23 546 .00

Resisting side soil property data:

Moist Saturated Elev.
Phi c Unit wt. vunit wt. soi: Batter
(deg) {ksf) (kcf) (kct) (ft) (irn:1ft)
20 1.000 100 .130 540.00 00

Soil X Yy

poinc (ft) (Z%)
1 2.50 540.00
2 502.50 540.00

Foundation property daza:

phi for soii-structure interface = .00 (deq)
c for soil-structure interface = 1.000 (ksf)
phi for soil-soil interface = .00 (deg)
c for scil-soil interface = 1.00C (ksf)

Water data:

Driving side elevation = 543.50 ft
Resisting side elevarion = 541.00 ft
Uniz weight of water = .0625 kci

Seepage pressures computed by Line cf Creep method.



Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression

Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning analysis.



*kxx%* Gummary of Resultg ****xx*

Flood Wall Stability Analysis Using CTWALL

Prcject name: TRWD-FWCC

kkkkkkkkkkkkkkk * k k Satlsfled * k%

* Qverturning * Required base in comp.
kkkhkkkkkkkdkdkkk Actual base in comp.

Overturning ratio

Xr (measured from toe) = 1.52 ft
Resultant ratio = .3378

Stem ratio = .4444

Base pressure at heel = .0159 kst

Base pressure at tce 1.1550 kst

It

kkkkkkkkkk*k **% GSatisfied ***

* Sliding * Min. Required = 1.50
Fokok ok ok ok ok ok ok ok Actual FS = 65.08

100.
100.

o\ o\



Ak khkh kA KAk A XKk khkk*k** QUEPUL Resulbs ***rkkkkkkkdkhkhxk*xkhk %

Date: **/11/14 Time: 15.06.36

Flood Wall Stability Analysis Using CTWALL
Filename: I1FS6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Woxrth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

khkkkhkkhkkkkhkkhkhkkrkhkhkhkkhkhkkhkhkkkhkhkkk*x

** Qverturning Results *%*
khkkkhkkhkhkhkhkkhkkhkhkhkkk kkdkhkhkhxkhxkhkkkkxkk*x*x

Solution converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = 1.0000
Resisting side at rest Kc = 1.0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of cracking = 9.00 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
546.00 0000
537.00 4063

** Resisting sice pressures **

Water pressures:

Elevation Pressure
(ft; (ksf)
541 .00 0000
540.00 0625



Earth pressures:

Elevazion Pressure
(ft) (kst)
540.00 .0000
537.00 1.0387

**x Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (kstf)

00 .4063

4.50 .2188

Part Fcrce (kivs) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) '

Structure:

Structure weight........... 2.329 -2.44 -5.68
Structure, driving side:

Moist soil................. .332 -3.83 -1.28

Saturated soil............. .865 -3.84 -3.32

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .0CO .00 .00

Ext. horz. lire loads...... .GCC .00 .00
Structure, resisting side:

Moisz soil................. .000 .00 .00

Saturated soil............. .390 -1.00 -.39

Water above structure...... .000 .00 .00

Water acove soil........... .125 -1.00 -.13
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads................ 1.828 3.00 5.48
Resisting side:

Effective earth lcads...... -1.558 1.00 -1.56

Water loads................ -.453 1.37 -.62
Foundazion:

Vercical force on base..... -2.634 ~-1.52 4.01

Shear on base.............. 183 00 00

Uplift .o -1.406 -2.47 3.48

** Statics Check ** SUMS = .000 .000 .00



Angle of base = .00 degrees

Normal force on base = 2.634 kips

Shear force on base = -.183 kips

Max. available shear force = 4 .500 kips
Base pressure at heel = .0159 kst

Base pressure at toe = 1.1550 kst

Xr (measured from toe) = 1.52 ft
Resultant ratio = .3378

Stem ratio = .4444

Base in compression = 100.00 %
Overturning ratio = 1.45

Volume of concrete = .57 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.



kkhkkkkkkkkhkkkkhkkkkhkkkhkkkkkk*%k

** Sliding Results *=*

kkhkkkkkkkkhkkkhkkhkkkkkkhkkkkikkk*%k

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads _oads
Number (kips) (kips)
1 COoO0 000
2 2.500 125
3 coo 186

Water pressures on wedges:

Top 3ottom
Wedge press. press. x-coord. press.
number (kstf) (ksf) (fr) (ksf)
1 0000 0000
2 0000 40€3
2 4.5000 2188
3 .0625 .2188
Points of sliding plane:
Poinz 1 (left), x = .00 ft, y = 537.00 ft
Poinz 2 (right), x = 4 .50 f¢t, y = 537.00 ft
Depth of cracking = 9.00 ft
Crack extends tc bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deqg) (ft) (kips) (ft) (kips)
1 000 000 .000 000 000
2 .000 4.500 3.916 £.500 1.406
3 45.159 4.231 .582 4.231 .595
Wedge Net force
number (kips)
1 .000
2 -1.759
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Upper Level Retaining Walls: I3BEL6UL
(6-ft clear height)

Earthquake condition

1. Long-term soil properties assumed

2. Drained soil above drainage pipe on driving side
3. Passive soil pressure included on resisting side
4. No surcharge pressure

5. Lateral seismic forces included
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kkkkkkkkkkkkkxkkx*%x Echoprint of Input Data ***x*xkkkkkkkkkkk*

Date: **x/11/17 Time: 9.40.21

Flood Wall Stability Analysis Using CTWALL
Filename: I3EL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 546.00 ft
Height of stem (ETS) = 7.50 £t
Thickness top of stem (TTS) = 1.17 £
Thickness bottom of stem (TBS) = 1.17 f=¢
Dist. of batter at bot. of stem (TBSR)= .00 fc
Cepth of heel (THEEL) = 1.50 ft
Distance oZ batter for neel (BTRE) = .00 ft
Cepth of toe (TTOE) = Z.50 ft
Width of toe {(TWIDTH) = 1.00 ft
Cistance oZ batter for zoe (BTRT) = .00 £t
Width of base (BWIDTH) = 6.50
Depth of key (HK) = .00 ft
Width of bottom of key (TK; = .00 ft
Dist. of batcrer at bot. of key (BTRK) = .00 fc

Structure coordinates:

x (ft) y (ft)

.03 537.00

.00 538.50
4 .33 538.50
4 .33 546 .00
5.50 546 .00
5.50 5328.50
6.50 528.50
6.50 537.00

NOTE: X=0 is located at the _eft-hand side
of —he structure. Tre Y values correspond
to che actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (kst) {kct) (kcf) (deg) (£t)
27.00 000 100 130 00 546.00

Driving side soil geometry:

Soil Batter Distance
point {(in:1fc) (ft)

1 . GO 500.060

2 .CO0 .00

3 .00 500.00

Driving side soil profile:

Soil X Yy

poilnt (ft) (ft)
1 -1495.67 546 .00
2 4 .33 546.00

Resisting side soil property adata:

Moist Saturated Elev.
Phi c Unit wZ. unit wt. soi Bactcer
{deg} (ksf) kct) {kct) (£t {in:1fz)
27.00 000 100 130 540.00 00

Soil X %
point (ft) (ft)

z 5.5¢C 54C.00

2 505.5¢C 54C .00

Foundaticn rrcperty data:
phi for scil-szZructure interface
¢ for soil-structure incterface .2590 (ksZj
rhi for scil-soil interface 27.00 (ceg;}
c for soil-soil interface = .250 (xsf}

27.00 (deg)

Il

Water data:

Driving side elevation = 5240.30 ft
Resisting side elevation = 537.02 £t
Uniz weight of water = .0625 xcf

Seepage pressures computed by Line of Creep metinod.



Minimum required factors of safety:
Sliding FS = 1.10
Overturning = .10% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning aralysis.

Forces on the resisting side *are used* in the slicing analysis.

*Do* iterate in overturning analysis.



***k*x* Qummary of Resultg *****
Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

khkkhkhkhkkkhkhkkhkkkk **k*% Satigfied **%*

* Overturning * Required base in comp. = .10 %

khkkhkkkkkkkkkkkx Actual base in conp. = 100.00 %
Overturning ratio = 2.67

Xr (measured from toce) = 2.38 £t

Resultant ratio = .3665

Stem ratio = .1538
Base pressure at heel .1827 ksZ
Base pressure at toe 1.6543 kst

khkkkkkkkkk* *x% Gatisfied ***
* Gliding * Min. Required = 1.10
ok ok ok ok ok ok ok ok ok ok Actual FS = 2.24



kkkkkkkkkkkkkkkkkkkkk* OUEPUL ResUlbs **kkkkkkkkkkkkkhhkkhkkk*

Date: **/11/17 Time: 9.40.21

Flcod Wall Stability Analysis Using CTWALL
Filename: I3ELSUL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed py: BDA

khkhkhkhkhkhkhkhkhkhkhkhkhhkhkhbhbhkhkhkhhkhhkk

** QOverturning Results **
khkkkkkhkhkhkhhkhhkhkhkhkhkhhhhhhkhdhdhkdhk

Solutior converged in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4214

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = L7264
Resisting side at rest K = 2.6628
Resisting side at rest Kc = 1.6315

Full passive K calcu:ated for resisting side.
50% oI full passive will be used.

Depth of cracking = .00 It
** Driving side pressures **

Water pressures:

Eievazion Pressure
{(ft) (ksZ®)
540 .50 0000
537.00 1425

Farth pressures:

Zlevazion 2ressure
(f2) (ksf)
546 .00 0000
540.50 2823
537.00 4427

** Resisting sice pressures **



Water pressures:

Elevation Pressure
(ft) (ksf)
537.01 0000
537.00 0008

Earth pressures:

Elevation Pressure
(£t) (kstf)
540.00 0000
537.00 3987

** Uplift pressures **

Water pressures:

X-coora. Pressure
(ft) (kst)
00 1425



** Forces and moments **

Part Force (kips) Mom. Arm Moment
Verc. | Horiz. (ft) (ft-k) I
Structure:
Structure weight........... 2.779 -2.46 -€.84
Structure, driving side:
Meoist soil................. 2.382 -4 .34 -10.32
Saturated soil............. 1.126 ~-4.33 -4.88
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .150 -.50 -.08
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 2.045 3.03 6.20
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loads................ .249 1.16 .29
Resisting side:
Effective earth loadas...... -.598 1.01 -.60
Water Zoads..........c..... .000 2.15 .00
“oundation:
Vertica: force on base..... -5.970 -2.38 14.22
Shear on base.............. -1.696 .00 .00
Uplift.. ..., -.466 -4.32 2.0z
*% Sratics Check ** SUMS = .000 .0GO .00
Angle of base = .0C degrees
Nermal force on base = 5.970 xips
Shear force on base = 1.696 Kips
Max. availab’e shear force = 4.667 kips

.1827 kst
1.654% kst

Base pressure at heel
Base pressure at toe

Xr (measured from toe) = 2.38 ft
Resultant ratio = .36€65
Stem racio = .1538
Base in compression = 100.C0 %
Overzurning ratio = 2.67

Volume cf concrete = .69 cubic yds/fz of wall



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowanle foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall Zoundation.



khkhkhAk kA kX kxkkdkxxkhkdhAkhkddhkxkxx
** GSliding Results **

khkA A A Ahrk A hkhkhrhkhkhkhhhkhhhhi

Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 000 000
2 000 000
3 000 000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 0000 .1425
2 0000 .1425
2 6.5000 0008
3 .0000 .0008
Points of sliding plane:
Point 1 (lefz), x = .00 frt, y = 537.00 fc¢
Point 2 (right), x = €.50 ft, y = 537.00 ft
Depth of cracking = .00 ft
Failiure Total Weight Submerged Uplifc
Wedge angle length of wedge length force
number {deqg) (ft) (kips) (ft) (xips)
1 -51.452 12.508 3.374 £.4£75 319
2 00C 6.500 6.436 6.500 466
3 38.686 4.800 .562 01le 000
Wedge Net force
numpbexr (kips)
: -2.788
2 2.082
3 .706
SUM = 000
i il +
| Factor of safety = 2.242 |
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Upper Level Retaining Walls: [4CS6UL
(6-ft clear height)

Construction condition

1. Short-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied
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kkkkkkkkkkkkkkxx*%x Echoprint of Input Data ***kkkkkkkkkkkk* k*

Date: **/11/14 Time: 15.02.32

Flood Wall Stability Analysis Using CTWALL
Filename: I4CS6UL.DAT

Company name :

CDM
Project name:
TRWD-FWCC

Project locatiorn:

Fort Wortn, TX / Tarrant Regional Water Districc
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:

Elevation of top of stem (ELTS) = 546 .00 ft
Height of stem (HTS) = 7.50 ft
Thickness top of stem (TTS) = 1.17 ft

Thicxness bottom of stem (TBS) = 1.17 ft

Dist. of batter at bot. of stem (TBSR)= .00 fc
Deptnh of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth o toe (TTOE) = 1.50 ft
Width oZ toe (TWIDTH) = 2.00 £t
Distance of batter for toe (BTRT) = .00 £
Width of base (BWIDTH) = 6.50 ft
Depth of key (HX) = .00 fc
Width of bottcm of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK} = .0C ft

Structure coordinates:

x (ft) y (£t)

00 537.00

.00 538.50
3.33 538.50
3.33 546.00
4.50 546.00
4 .50 538.50
6.50 538.50
6.50 537.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevatior used.

Structural property data:
Unit weight of concrete = .150 kc=



Driving side soil property data:

Moist Saturated Elev.

Phi c Unit wt. unit wt. Delta soil
(deg) (kstf) (kcf) (kctf) (deg) (ft)
00 1.000 100 .130 00 54€¢ .00

Driving side soil geometry:

Soil Batter Distance
point fin:1ft) (ft)

i) .00 500.00

2 .00 .00

3 .00 500.00

Driving side soil profile:

Soil X b4

point (ft) (£t)
Z -1496.67 546 .00
2 3.3 546 .00

Resisting side soil propercy data:

Moist Saturated Elev.

2hi c Unit wz. unit wt. soil Bactter
(deg) {ksf) {kctf) (kcf) {(ft) (in:1%t)
00 Z.0G0 100 .130 537.00 a0

Soil ple Yy

poinc (it (tt)
1 6.50 537.00
2 506.50 537.00

Foungation propverty data:
phi for soil-structure interface = .00 (deaq)
c for soil-structure interface 1.000 (ksftf)
phi for soil-soil incerface .00 (ceg)
c for soil-soil incerface = 1.000 (ksZ%)

1l

Water data:
Driving side elevation S46.00 ft
Resistirng side elevation 537.01 ft
Unit weight of water = .0625 xcf
Seepage pressures computed by Line of Creep method.

Uniform load data:
Magnitude of lcad = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Dc* iterate in overturning analysis.



***xx%* Summary of Results ****%*

Flood Wall Stability Analysis Using CTWALL

Project name: TRWD-FWCC

Kk kok ok ok ok ok ok ok ok ok ok ok ok *%% Gatigfied ***
* Overturning * Required base in comp.
Fhkkkkkkkkkkkkk Actual base in comp.

Overturning ratio

Xr (measured from toe) = 2.20 ft
Resultant ratio = .3378

Stem ratio = .3077

Base pressure at heel = .0188 ksf
Base pressure at toe = 1.3745 kst
khkkkkkkkkk*k * %k Satleled * %k %

* Sliding * Min. Required = 1.33

kkhkhkhkhkkdkkkKk Actual FS = 2.57

75.00 %
100.00 %
1.64



kkkkkkkkkkkkkkkkkkkk¥% OQUEpUL Results *x*kdkkkddkdrkdkdhhhhhhdx

Date: **/11/14 Time: 15.02.32

Flood Wall Stability Analysis Using CTWALL
Filename: I4CS6UL.DAT

Company name :

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarran:z Regional Water District
Wall locatzion:

Walls at bypass channel
Computed by: BDA

kkkkkhkkhkkkhkkkkkhkhkhkhkhkhkkiikikkkkhkk*k

** Qverturning Results **
kkkkkkkhkkhkkkkkhkhkhkhkhkkkkkkkkikkkkk

Solution converged in 1 iterations.

SMF used zZc calculate K's = .6667

Alpha for zhe SMZT = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Xc = .G000
Resisting side at rest X = .0000
Resisting side at rest Xc = .0000

Full passive K calculated for resisting side.
50% of full passive will be used.

Depth of crackirg = 9.00 ft
Crack extends to bottom of base of structure.

** Driving side pressures **

Water pressures:

Elevation Pressure
(ft) (kstf)
546 .00 0000
537.00 5625
Surcharge pressures:
Elev. Press.
(fr) (kst)

** Resisting sice pressures **



Water pressures:

Elevaz-ion Pressure
(ft) (ksf)
537.01 0000
537.00 0006
537.00 0006

** Uplift pressures **

Water pressures:

x-coord. Pressure
(fz) (ksf)

00 .5625

6.50 .0006

Part Force (kips; Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k) l

Structure:

Structure weight........... 2.779 -2.94 -8.16
Structure, driving side:

Moist soil................. .000 .00 .00

Saturated soil............. 3.247 -4.84 -15.70

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00

External vertical loads.... .333 -4 .84 -1.61

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist soil................. .000 .00 .00

Saturated soil............. .000 .00 .00

Water above structure...... .000 .00 .00

Water above soil........... .000 .00 .00
Driving side:

Effective earth loads...... .0G0 .00 .00

Shear (dque to delta)....... .000 .00 .00

Horiz. surcharge effects... .000 .00 .00

Water loads................ 2.531 3.00 7.59
Resisting side:

pffective earth loads...... .0CO .00 .00

Water loads................ .0CO 1.68 .00
Foundation:

Vertical force on base..... -4 .528 -2.20 9.94

Shear on base.............. -2.531 00 00

Uplift...... ... iiiiienno.. -1.830 -4 .33 7.93

** Statics Check ** SUMS = .00 .000 .CO



Angle of base = .00 degrees

Normal force on base = 4.528 kips
Shear force on base = 2.531 kips
Max. available shear force = 6.500 kips

.0188 kst
1.3745 kst

Base pressure at heel
Base pressure at toe

Xr {(measured from toe) = 2.20 ft

Resultant ratio = .3378

Stem ratio = .3077

Base in compression = 100.00 %

Overturning ratio = 1.64

Volume of concrete = .69 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differertial settlement of
the wall foundation.
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*%¥ Sliding Resultcs **
khkkkhkhkkhkhkkhkhhhkkhhkhkhhkhkkhhkkdkkk

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads Loads
Number (xips) (kips)
1 .000 C0C
2 2.531 333
3 .00C 009

Water pressures on wedges:

Top Bottom
Wedge press. press. x-coord. press.
numoer (kst) (ksf) (ft) (kst)
1 0000 0000
2 00CO .5625
2 6.500C 0006
3 .0000 .0000
Points of slidirng plane:
Point I (ieft), x = .00 ft, y = 537.00 £t
Point 2 (right}, x = 6.50 ft, v 527.00 *t

Jepth c¢I cracxing = 3.C00 ft
Crack extends to bcttom of base of structure.

Failure Total Weignt Submerced Uplift

Wedge angle lengt> ¢Z wedge lencth force
numrber (deg; (fz; {kips) (£t} (kips}

1 00aC 000 .000 000 000

2 000 6.500 6.025 6.500 1.830

3 000 000 .000 000 000
Wedge Net force
numcer (kips)

1 01 01¢;

2 006G

3 00D
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Upper Level Retaining Walls: [4CL6UL
(6-ft clear height)

Construction condition

1. Long-term soil properties assumed

2. Fully drained soil on driving side

3. Passive soil pressure neglected on resisting side

4.100 psf vertical surcharge pressure applied

26-26



kkkkkkkkkkkkkxk***x Echoprint of Input Data *****xkxkkkkkkkkkhx

Date: **/11/14 Time: 15.04.28

Flood Wall Stability Analysis Using CTWALL
Filename: I4CL6UL.DAT

Company name:

CDM
Project name:
TRWD-FWCC

Project location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

Structural geometry data:
Elevation of top of stem (ELTS) = 546.00 ft
Height of stem (HTS) .50 ft
Thickness top of stem (TTS) .17 fe
Thickness bottom of stem (TBS) = 1.17 ft

I
H

Dist. of batter at bot. of stem (TBSR)-= .00 ft
Deptn of heel (THEEL) = i.50 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 2.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIiIDTH) = 6.00 ft
Depth of key (HK) = .00 ft

Widtn of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 ft

Structure coordinates:

x (ft) y (ft)

00 537.00

.00 538.50
2.83 538.50
2.83 546.00
4.00 546.00
4.00 538.50
6.00 538.50
6.00 537.00

NOTE: X=0 is located at the left-hand side
cf the structure. The Y values correspond
to the actual elevation used.

Structural property data:
Unit weight of concrete = .150 kcf



Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (kstf) (kct) (kctf) (deg) (ft)
27.00 000 100 .130 00 546 .0C

Driving side soll geometry:

Soil Batter Distance
point (in:1ft) (ft)

1 00 500.00

2 00 00

3 00 500.00

Soil X Yy

point (ft) (ft)
1 -1497.17 546.00
2 2.83 546.00

Resisting side soil property data:

Moist Saturated =lev.
Phi c Unit wt. unit wt. soil Batter
(deg) (kstf) (kct) (kcf) (ft) (ir:1£ft)
27.00 000 100 130 537.00 00

Soil X 2%

point (ft) (ft)
1 6.C0 537.00
2 506.C0 537.00

Foundation property data:

phi for soil-structure interface = 27.00 {(deg)
¢ for soil-structure interface = .250 (ksf)
phi for soil-soil interface = 27.00 (deg)
¢ for soil-soil interface = .250 (ksf)
Water data:
Driving side elevation = 537.01 ft
Resisting side elevation = 537.01 ft
Unit weight of water = .0625 kcf

Seepage pressures computed are hydrostatic.

Uniform load data:
Magnitude of load = .10 k/ft



Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
50% of full passive *is used* in the overturning analysis.

Forces on the resisting side *are used* in the sliding analysis.

*Do* iterate in overturning ana’ysis.



*kkkk Summary O
Flood Wall Stab

Project name: T

kkkkkkkkkkkkkk*k

* Overturaning *
khkkkkhkhkkkkkkkkkk

Xr (measured fr
Resultant ratio
Stem ratio

Base pressure a
Base pressure a

kkkkkkkkkkk

* Sliding *

*khkkkkkkkkkk

f Results **x*x**

ility Analysis Using CTWALL

RWD-FWCC
*kx*x Satisfied **+*
Required base in comp. = 75.00 %
Actual base in comp. = 100.00 %
Overturning ratio = 2.22
om toe) = 2.00 ft
= .3339
= .3333
t heel = .0030 kst
t toe = 1.6864 kst

*x* Satigfied ***
Min. Reguired =
Actual FS = 1.56

!
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Date: **/11/14 Time: 15.04.28

Flood Wall Stability Analysis Using CTWALL
Filename: I4CL6UL.DAT

Company name:

CDM
Projecz name:
TRWD-FWCC

Projec: location:

Fort Worth, TX / Tarrant Regional Water District
Wall location:

Walls at bypass channel
Computed by: BDA

kkhkkkhkkkhkkhkhkkhkkhkhkhkkkhkkhkkhkhkkhkkhkkhkkhkhkk*k

** Overturning Results **
khkkhkhkhkkhkhhkkhkhkhkhkhhhkhkAhkhkhkkkdxkkk

Solution converced in 1 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = -54.4214

Calculated earth pressure coefficients:
Driving side at rest K = .5133
Driving side at rest Kc = .7164
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000

Full passive K calculated for resisting side.
50% of full passive will be usead.

Depth of cracxing = .00 fc
** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)
537.01 0000
537.00 0006

Earth pressures:

Elevation Pressure
(ft) (ksf)
546 .00 0000
537.02 4614



Surcharge pressures:

Elev. Press.
(ft) (ksf)
546 .00 051
537.00 051

** Resisting side pressures **

Water pressures:

Elevation Pressure
(ft) (ksf)
537.01 0000
537.00 0006
537.00 0006

** Uplift pressures **

Water pressures:

x-coord. Pressure
(ft) (ksf)
00 0006



*% Forces and moments **

Part Force (kips) Mom. Arm Moment
Vert. | Horiz. (ft) (ft-k)
Structure:
Structure weight........... 2.666 -2.80 -7.45
Structure, driving side:
Moist soil................. 2.123 -4 .59 -5.73
Saturated soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .283 -4.59 -1.30
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil................. .000 .00 .00
Saturacted soil............. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 2.079 3.00 6.24
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .462 4.50 2.08
Water loads................ .000 -.62 .00
Resisting side:
Effective earth loads...... .0G0 .00 .00
Water loads................ .000 -.62 .00
Foundation:
Vertical force on base..... -5.068 -2.00 10.15
Shear on base.............. -2.541 .00 .00
Uplift..... .. ... .. .. ... -.004 -3.00 01
** Statics Check *x* SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 5.068 kips
Shear force on base = 2.541 kips
Max. available shear force = 4.082 xips
Base pressure at heel = .003C kst
Base pressure at toe = 1.6864 kst
Xr (measured frcm toe) = 2.00 ft
Resultant ratio = .3339
Stem ratio = .3333
Base in compression = 100.00 %
Overturning ratio = 2.22

Volume of ccncrete = .66 cubic yds/ft of wallil



NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall Zoundation.
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** Gliding Results **

dokok ok ok dkok ok kkkkhkokhkkkkkhkkkkkk

Solution converged. Summation of forces = 0.

Horizontal Vertical

Wedge Loads _oads
Number {kips) (kips)
1 €00 650
2 €00 283
3 €00 000

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coord. press.
numpbex (ksf) (ksf) (ft) (ksf)

1 00CO .0006

2 0000 0006

2 6.0000 00066

3 .00¢co .0000

Points of slidirg plane:
Point I (left), x = .00 ft, y = 537.00 ft
Point 2 (right), x = 6.00 ft, y = 537.00 ft
Depth of cracking = .00 £t
Failure Total Weight Supbmerged Uplift

Wedge angle length of wedge length force
number (deg) (fr) (kips) (fr) (kips)

1 -54.145§ 11.104 2.927 .012 .000

2 .00¢C 6.000 4.789 6.000 .004

3 .00¢C .000 .000 .000 .000
Wedge Net force
number (kips)

1 -2.609

2 2.609

3 000

SUM = 000
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Section 4
Calculations for Retaining Walls
(Manual Calculations)
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HEN

(3) Simplifying Conditions. For the usual case where kv , ¢, and €
are taken to be zero, the equations reduce to:

2 v
1y KAE = cos (¢ - %) , .
cosZ ¥ 1_+\j§in d sin (¢ - ¥ - R)
. cos b cos Y
cos2 (6 = ¥)
e T ] [3-49]

PE 2 { ’sin ¢ sin (¢ - ¥ + B)}2
cos” Y|1 - 5
cos B cos ¥

where

Y = tan t (i)

and

P Yhz

AE

1335

1/2 KAE

1/2 KPEYhZ

For the case when the water table is above the backfill, PAE and PPE must

be divided into static and dynamic components for computing the lateral
forces., Buoyant soill weight is used for computing the static component below
the water table, with the hydrostatic force added, and saturated soil weight
is used for computing the dynamic component (see paragraph 3-26c(3)).

(4) Observations. General observations from using Mononobe-Okabe
analysis are as follows:

(a) As the seismic inertia angle Y increases, the values of KAE and

KPE approach each other and, for a vertical backfill face (6 = 0), become
equal when Y = ¢ .

(b) The locations of PAE and PPE are not given by the Mononobe-Okabe

analysis. Seed and Whitman (1970) suggest that the dynamic component APAE

be placed at the upper one-third point, APAE being the difference between

PAE and the total active force from Coulomb's active wedge without the earth-

quake. The general wedge earthquake analysis described in paragraph 3-26¢

places the dynamic component &PAE at the upper one-third point alsoc, but

computes APAE as being the difference between PAE and the total active

3-64



EM 1110-2-2502
29 Sep 89

where

sin2 (6 + &) cos §

K =
2
sin & sin (8 - §) [1 + \JSin (6 + &) sin (8 - B)J

A

[3-12]

sin (6 - &) sin (6 + B)
Examples 1 and 2 in Appendix M and the examples in Appendix N demonstrate the
use of Equation 3-12.

(2) Vhen wall friction is neglected (§ = 0), Equation 3-12 reduces to:

sin2 (6 + ¢)

A 7
2 sin ¢ sin (6 - 8)
sin e[l T \sin 6 sin (6 + s)]

[3-13]

(3) For the case of is no wall friction (§ = 0) and a vertical wall
(6 = 90 degrees),

2
K = cos ¢ [3-14]

A 2
sin ¢ sin (6 - B)
[1 t \/ cos & ]

(4) For the special case of no wall friction, horizontal backfill sur-

face, and a vertical wall, Coulomb's equation for KA reduces to:

ﬂj-j _ 1 - sin ¢ _ 2 °
Y/ Ko " TFsing ~ 20 (45

10

) [3-15]

which is identical to Rankine's equation for this special case.

(5) As stated in paragraph 3-llc and demonstrated in Figure 3-6 and
Appendix E, a developed ¢ angle computed by Equation 3-10 using an SMF of
2/3 can be used in Coulomb's equation to compute an earth pressure coefficient
close to that given by the Jaky or Danish Code equations.
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** UpliIf pressure

Water pressures:
X-cooxd. Pre
(ft} (

*% Torces and meoments **

STtruccure:
Structure weight..........
Structure, driving side:

Moist sOZl...... ... .. .....
Sacurated soil............
Wazer abcve structure.....
Water above soil..........

Excerrnal verticalil -oads....
Ext. horz. pressure loads..

Ext. horz. iine loads.....

Structure, resisting side:

Water abcve striucture.....
Water abcve soil..........

Driving side:

=ffective earth loads.....
Shear {due to delta}......

Horiz. surcharge eIiects...

Water loads...............

Resisgsting side:

Effective earch lcaas.....
Water loadsS. ... ..o e,

Foundation:

Vertical force cn base....
Shear on kase.............

** Statics Checx ** SUMS

Ang-e of rcase =
Normal fcrce cn base = 27.025
Shear force on base = 5.154

Max. avallable shear force

Base pressure at heel =

.000
.0CO
e
.394

kios
15.000 Xxips

.3489 kst

Base pvressure at toe = 1.7792 ksZ

.Ca0

o

.360

Morm. Arm

>

N

Lo oo
O OO

.00
.09

O OO
O OO

~ O
0o

(o]

.00
.0C

[al
V]

.30
.60

Momenz |
(fre-kj

-2396.01

00

DRV R,

[aY
~

.09
.Co

Ial
v

.90
.00
25.63
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** 31iding Results **
*kkhkkkhkhkhkkhkkhkkkhkhkihkhhkhkiki

So_ution cocnverged. Summatiorn of fcrces = C.

Heorizeontal Vertical

Wedge Loads Loads
Nurmbexr {kiovs) (kins)
2 saae .00C
2 5..54 .334
3 aGCG .000

Water pressures on wedges:

Top Botzom
Wedge press. press. x-cooxd. press.
numper (ksf) (ksf) (£t) (ksf)
1 cooc 0000
2 .0020 .8438
2 1€.0C00 4575
3 .Co0C .GooC
Poinzs of slicding plane:
Pecint 1 (left), x = .00 =z, y = 516.5C fc
Pcint 2 (right), x = 16.00 ft, y = 5316.50 ft
Depth of cracking = i13.50 ft

Crack ex:tendas to bottom of base oI structure.

Failure Total Weight Submnerged Uplifz
Wedge angle lencth of wedge length force
number (deg) (fr) (kips) (ft; (kips}
1 000 caoo .00C 000 0090
2 000 16.C00C 27.281 16.000 1C.659
3 COG COo0G .00%3 0930 CcG
Weage Net Zforce
rumber (kics)
1 .00¢
2 .0090
3 .000
SUM = 000
E il i it il et +
| Factor of safety = 3.104 |
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T oo AU RS
Water pressures:

Elevaticn Pressure Tor vez  wl rI3cLece RDAT
(ft) {ksf;
524 .30 00300
526.50 4875
5i16.50 4875

** Uplift pressures **

Water pressures:

X-cooxra. Pressure
(£t) {ksf)

ca .6837

156.00 4875

Fart Force (xips) Mom. Arm Moment
Vert. | Eoriz. (ft) {(fr-k; |
Structure:
Scructure weicht........... 5.765¢6 ~ -5.63 -32.14
Structure, driving side: ’
Moist soil. ... ... ..., .G0o¢ .00 .CO
Saturated soil............. 21.575 ) -9.09 -196.02
Water abcve structure...... .00¢C .60 .00
Water abcve soil........... .000 .00 .00
External vertical lcads.... .cooe .0C .00
Ext. norz. pressure loads.. .C00 .0cC .0C
Ext. horz. line loads...... 3.920 4.1 i6.15
Structure, resisting side:
Moist soil................. .0CO0 .0C .00
aturated soii............. .0GC0 .00 .00
Water above structure...... .COC .00 .00
Water above soil........... .394 -.50 -.20
Driving side:
zffective earth loads...... 3.077 4.50 13.85 -
Shear {due to del:za)....... .00C .00 .0C
Horiz. surcharae effects... .C00 .00 .09
Water I0ads........vuveu... 4.495 4.39 19.74 -~
Resisting side:
Effective earth lcads...... .000 .00 .0C
Wacer lcads................ -2.991 2.60 -4 .95
Foundation:
Vertical force cn base..... -18.329 -5.71 104.57
Shear on base.............. -9.591 .00 .00
Uplift. .. i e e e e -9.34¢ ~-8.44 78 .89
*¥% Staczics Check ** STMS = .00C .000 .00

¥ Resderre 9o ForeES
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** Sliding Results **
kkdkhkkhkhkhkhkhkhhkhkrkhkkxhkhkhbhkkk

Stationary solutior. Static sum of forces.

FEorizontal Vertical
Wecae Lecads Loads
Numbexr {kips) {kips)
1 .00¢C 000
2 2.019 394
3 .0C0O (03¢}

Water pressures on wedges:

Too Bottom
Wedge oress. press. X~-coord. press
number (ksf) (ksf) (ft) (kst)
1 0C00 .6807
2 .0000 6807
2 16.0000 .&875
3 .9000 .0009
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 516.50 ft
Point 2 (right), x = 16.00 ft, y = 51¢.50 ft
Depth of cracking = -1.26 ft
railure Total Weight Stbmerged CUplift
Wedge angle lengzh of wedge length fcrce
nurber (deg) (ft) (kics) (ft) {kips)
1 -57.908 17.421 7.364 17.421 5.929
2 .000 16.000 27.281 16.G600 5.346
3 .0C0 .C00 .000 .C00 cooC
Wedge Net force
nurber (xips)
1 6.051 Welee No, T ¢ €t
2 7.926 )
3 .Ca0
SUM = 1.875
NOTE: Forces are calculated for the FS specified pelow.
- e = e e e = e = = = e = = — e +
Factor of safety = 1.100 |
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**x Forces and moments **

CTwALL ANMALNYSS
w I C R ForcsS Fo
LVSE o | T-325LwAL.DAT

Par: Torce (kips) | Mom. Arm Moment
Vert | Horiz. | (ft) {(f=-k} l
Structure:
tructure weight...........  4.€06 -3.92 -18.C8
Struczure, driving side: T
Moisz soil................. . 8.854 -6.84 -e0.58
Saturated soil............. 2.426 -5.84 -1€.58
Water above struczure...... .00¢C .00 .08
Watexr above soil........... .00¢C .00 .00
External verctical lcads.... .000 .00 .09
Ext. hcrz. pressurxe loads.. .009 .00 .00
Ext. hcrz. line loads...... .000 .0C .00
Structure, resiscing sicde:
Moist goil................. .150 -.5C -.08
Saturazed soil............. .000 .00 .CG
Water above structure...... .09%0 .0C .00
Water apove soil........... .CC0 .00 co
Driving sice:
Effective earth loads...... 3.485 4 .33 15.10
Shear (due to delta)....... 0ce .00 .00
Eoriz. surcharge effects... .000 .00 .0¢
WazZer loads........cvunu... .297 1.17 .35
Resiscing side:
vffeczive earth loads...... -.835 .00 -.84
Wazcer icads................ .000 .24 co
Foundazion:
Vertical force on kase..... -15.026 -4.86 72.07
Shear on base.............. -2.947 .20 .00
Uplifeo. ... o -1.C19 -7.50 7.64
*% S-azlcs Check ** SUMS = .C0C .000 090
Argle of base = .00 degrees
Normal fcrce on base = 15.02¢ kips
Shear fcrce on base = 2.947 kips p
Max. available shear force = 8.805 kips # REoISTIN G S¢DC
Foveces 12 RE
Base prressure at neel = .7016 xsf - B - .
Base pressure at coe =  1.9117 ks® NEGqLecT=) Por
. EA A NV SUS
Xr (measured from toe) = 4.86 ft
Resultarnz ra:tio = .4228
Stem ra:tio = .0870
Base in coxrpression = 200.00 %
Overturning racio = 4.17
Volumre c¢f concrece = 1.14 cupbic yds/ft cf wall
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Slicding Results

* %
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Sclution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loacs Loads
Nurker (xips) (kics)
1 0G0 0c0
z €00 090
3 300 000
Water pressures on wedges:
Top Bocttonm
Wedge press. press. X-coord press
numpber (ksf) (ksf) (Zt) (ksf)
1 02090 1695
2 .00CO 1595
2 z1.50cC0 0077
3 00CO 0677
Points of sliding plare:
Point 1 (ieft), x = .00 =g, y = 527.00 ft
Poirt 2 (right), x = 11.530 f¢t, y = 527.00 £t
Deptn of cracking = -.96 f:
Failure Total WeZlght Submerged Uplift
Wedge angle length c¢f wedge lengzh force
numper {deg) (ft) (kivs) (ft) (Kips
1 -48.736 18.567 7.535 4.656 395
2 .00¢C 11.500 16.045 21.500 1.01°9
3 35.143 4.752 553 158 .001
Wedge Ne: force
rurber (kips)
1 -£.735 v
2 3.729
3 1.065
SUM = 000
+ ——————————————————————————————
| Factor of safety = 2.351 |
Fm o m o m o m e m e — e oo +
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**% Forces and moments **

e e . = e e e = e e e e m s e . . = - . e = e = e~ = e = T e e — — — — — —

Part FTorce (xips) Mom. Arm Moment
| Vert | Heriz {(fz) { (fr-k) l
Structure:
Structure weicht........... 8.374 -5.09 -42.60
Structure, driving side: T
Moisz soil.............. ... 17.888 -9.38 -267.70
Saturated soil............. 2.877 -9.38 -26.97
Water abcve struccure...... .000 .CO .00
Wazer apcve soil........... .000 .00 .00
Excernal vertical lcads.... .000 .00 .03
EXt. hcrz. pressure lcads.. .000 .00 .00
EXt. horz. line loads...... .0300 .00 .CO
Structure, resisting side:
Moist scil................. .117 -.50 -.06
Saturated soil............. .000 .00 .06
Watexr akove structure...... .000 .0 .00
Water akove soil........... .00¢C .00 .03
Driving side:
offective earth loads...... 7.350 5.71 472.96
Shear (due to delta)....... .00¢C .00 .00
Horiz. surcharge effects... .00¢ .00 .00
Water lcads................ .314 1.16 .37
Resisting side:
sffeczive earth locads...... ~-.598 .99 -.59
Water loads................ .000 -.10 .00
Foundation:
Vertical force on base..... -27.812 -6.48 1830.24
Shear on base.............. -7.066 00 o
Uplifc. .o -1.443 -10.64 15.36
** Scatics Check *=* SUMS = .000 .000 .G¢C
Angle of pase = .00 degrees
Normal force on base = 27.812 kips
Shear fcrce on kase = 7.066 kips
Max. availlable shear force = 18.171 kips ¥ Zeon 4T, S\ DE
Base pressure at heel = .7478 ksf ForzeES 1o B2
Base pressure at toe = 2.7288 kst NELrLEcTE N T
Xr (measured from toce) = 6.48 ft B AMALY <1 S
Resultan:c ratio = .4050
Stem ratio = .0625
Base ir compression = 100.00 %
Overturning ratio = 4.12

Volume cf concrete = 2.07 cubic yds/It of wall
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** Sliding Resulits **
khkdkhkhkhkkhkkhkhkhkhkhkihkhkhkkkiik

Soluzicn convergecd. Summation of fcrces = 0.

Horizontal Vertical

Wedge Loads Lecaas
Numcer (kips) (kivos)
1 CCo .CC0C
2 coc .C00
3 oac 0Co

Water pressures on wedges:

Top Bottom
Wedge press. press. X-coora. press.
numbex (ksf) (ksf) (ft) (ksZ)
1 ¢000 1796
2 0000 1796
2 16.CC00 0037
3 .C000 .¢007
Points of sliding plare:
Point 1 (ieft), x = .00 fc, y = 537.00 ft
Point 2 (xright), x = 16.090 ft, y = 537.00 ft
Depth of cracking = .0C ft
Failure Tctal Weight Submerged Jplift
Wecge angie rength oI wedge lengtn force
number {deg) (£t) (kips) (fz) (kips;
1 -51.739% 21.€51 11.541 4.457 4GC0
2 000 16.000 29.255 1£.900¢0 1.£43
3 38.535 4.815 .565 015 0ocC
Wedge Nec force
numbex {kips)
1 -9.237
2 8.5x14
2 722
SCM = 040
e +
| Faccor of safety = 2.134 |



m CLIENT TIZw D> joBNO. &4 2Z 715 compLTED BY 194

PROJECT Fwecco DATE CHECKED JN-13v4 paTE (1 -1le - E-ﬁ

DETAIL FLolD  whte SElSwarg CHECKED BY V;hf_// PAGE NO.

chASE ! LTIl VL. DAT

W= 2,779Y% 4 2.382% ¢ 1. 12LY

ZHo. 00 = e LB -
==
=
= T.., : 005 (287"
X a'lf = 63,3 “ -
W / |
h /
. !;" WEDGE MNET Faolkss = 2.783% o
ﬁ_%l
54050 | A
~ = r
/ s
Lﬁ f P | —_—
£ B 5 J 53700

?Aﬁ“\/lalf—m:b/lf\l

P = Y2 (492)102)(55) + (w42)lie2)(5.5)(3.5]
i,

i Z-wzjérzo-&2-5)(35'\% Iy (£25)(35)
Fd
; rd
-f-—

2. ]

NET ADDWL e
Z.08% + 0.3\ - 2.783% - -o.4D° 7
NoTZ -

MEGLELT MNEAATIVe MET ADD I TI2MOAL
Foli= DuE 10 EATTERQUAVEG . PO 7
AEPDITIZOAL SURBCUAZ e LoD REOQULRED.

CDM 3



T AL oSS
wle e FoReea= FoF

** Pcrces ana moments **
UVSE wlT3ELLLOL.DAT

Part Force (kips) | Mom. Arxm Momen:z
Vert : HerZz. | (Zt) ’ (fe-k} )
Structure:
Structure weight........... 2.773 -2.46 -6.84
Structure, driving side: o
Moisz soil................. 2.382 -4.34 -20.32
Saturated soil............. 1.126 -4 .33 -4 .88
Water above structure...... .00¢C .CO .00
Water above soil........... .CGC .00 .09
Exzernal vertical lcads.... .0CQ .00 .09
Ext. horz. pressure loads.. .00C .00 .00
Ext. hoxz. line Zcads...... .0CC .00 .00
Structure, resisting side:
Moist soil................. .15¢ -.50 -.08
Saturated scil............. .000 .00 .00
Water above sctructure...... .0C9 .00 .00
Watexr above soil........... .000 .00 .0C
Driving side:
Sffective eartn lcads...... 2.045 3.03 6.20
Shear (due Zo deltal}....... .00% .00 .00
Horiz. surcharge effects... .009 .00 .00
Water lcads.........iu.... .249 1.18 .29
Resisting side:
Effective earth loads...... -.598 1.01 -.60
Water lcads................ .000 2..5 .00
Toundation:
Vertical force on pase..... -5.970 -2.38 14.22
Shear on base.............. -1.696 .CO .C0
UpLlift. oo -.466 -4.32 2.01
** Szgzics Check ** SUMS = 000 0090 00
Angle of base = .00 degrees
Normal force on base = 5.970 kips
Shear force on base = 1.696 Xips
Max. avai-able shear force = 4.667 kips
Base pressure at heel = .1827 ksf ¥ posmmiee; GC0E
Base pressure at toe = 1.6543 kst ForscS 1t B
Xr (measured from toe) = 2.38 ft MEMLmeED ek
Resultant ratio = .3665 B AMALYSS
Stem razio = .1538
Base in compressiocn = 100.C0 %
Cverzurning ratio = 2.87

.€9 cubic yds/Zz of wall

Vciume of conrcrete
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** Sliding Results **
dok ok ok ok ok kk ok ok ok kkkk ok kkokkkkk

Solution converged. Summaticn of forces = §.
Horizonta: Vertical
Wedge Lcads Lcads
Numcexr (xiops!} (kips)
1 cCOo 000
2 CCo 0CG
3 CCT GCC

Water pressures on wedges:

~op Bottom
Wwedge press. press. x-coord. press
~urker (xsf} {(xsf) {(ft) (ksZ)
Z COoCo L1425
2 .00C0 .1425
2 €.50C0 .0Cco8
3 006C¢C .0008
Ecints of siicing vlane
Point 1 {leZ:z}, X = .COo ft, Yy = 537.00 ft
Point 2 {right), x = 6.50 ft, Yy = 537.00 ft
Ceoth of cracking = .C0 ft
Tailure Tctal Weight Submergec Jp_iit
Wedce angle lengthk cf wedge lengcna force
nunber {deg) (fz) (kips) Sl (kios)
z -£1.452 22.508 3.374 4.475 318
2 .000 6.500 6.43¢5 €.50C 456
3 28.58¢ £.80C 5¢2 Q1% 0CC
Wedge Net force
nuncer (xips}
1 -2.788
2 2.082
3 .7C%
SUM = 000
i it +
| Factor of safety = 2.242 |





