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« St. Francis Dam was a 200-ft high concrete gravity-arch dam constructed by

the City of Los Angeles between 1924-26

« It failed catastrophically on March 12-13, 1928, killing at least 420 people,
making it the worst American civil engineering failure of the 20th Century

From J.D. Rogers, U. of Missouri-Rolla CE 281 Engineering Geology
UC Berkeley



The “Missing Section”
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Elevation in feet

1650—

Orginal ground -l'! \
DOWNSTREAM ELEVATION OF DAM =

The portion of the dam between Blocks 2/3/4 and 5/6/7 (shown in
yellow) was not identified in the debris field until months later.

This was referred to as the “missing section”

2 & CE 2817 ineering Geol:
From J.D. Rogers, U. of Missouri-Rolla ﬁ’gﬂerke?gy d



San Fernando Dam, California, U.S.A.
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Slope Fallure of Carsington Dam

— e Critical slip surface
»re-e=onee Bounds of search for critical surface

Slope protection
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ANNUAL PROBADIUTY OF FAILURE CAUSING DAMAGE

10 r
“HMarginally Accepicd”™ (Whitman)
10-% "Accecpled” {Whilman)
fo-2 ok
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Proposed %
- Criteria
10
10°°

Eztlmaied U.S. damszx

>
UVES LOST (MN) 1 10,00<
COSTINS T m 10m 00 m 1 b 100

Y Very Hiph Consequence Oama - Failkure could resull in more
than 100 faialkies and other losses groster than $1 biakion

Acceptable Risk in Dam Projects (USA)
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MIUAIAAHY (Soil Compaction)
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COMPACTOR ZONES OF APPLICATION COMPACTIVE METHOD

100% 100%
CLAY SIILT SAND

SHEEPSFOOT Static Weight, Kneading

. GRID Static Weight, Kneading

VIBIRATOFIY Static Weight, Vibration

SMOOTH STEEL DRUMS

Static Weight

|
MULTI-TIRED PNEUMATIC Static Weight, Kneading

: I
HEAVY PNEUMATIC

VIBRATORY
TAMPING FOOT

Static Weight, Kneading

| TOWED TAMPING FooT Static Weight, Kneading

HIGH SPEED TAMPING FOOT Static Weight, Kneading, Impact, Vibration

CATERPILLAR CATERPILLAR
TAMPING FOOT TAMPING FOOT

Static Weight, Kneading, Impact, Vibration
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% Compaction Field Moisture Content, Permeability

% cm/sec

Impervious Earth Fill >97% S.P.C.T* W opt 2% <1x 10_5

Filter 75% < Dr* < 85% Abrasion < 45% Soundness < 14%

Rockfill and Rip-rap Specific Gravity > 2.5, % Absorption < 5%

d* > 2.00 ton/m3 (Field Test for Rockfill)

* Dr = Relative density ; S.P.C.T. = Standard Proctor Compaction Test

4 = Dry Unit Weight obtained from Field Density Test

THA DAN SADDLE DAM




Type of Test

Frequency

Reference

Zone 1 . Impervious Earthfill

(a) At Borrow Area

(b) At Dam Embankment

.1 Moisture Content
.2 Specific Gravity
.3 Gradation
.4 Atterberg,s Limit
.5 Compaction Test
.6 Triaxial Test

a) UU-Test

b) CU-Test

.7 Field Density Test
.8 Field Permeability
.9 Gradation

Every Working
day

Every 30,000 m3
or when changing

the borrow area

Every 50,000 m3

Every 3,000 m3

Every 50,000 m3
Every 30,000 m3

THA DAN SADDLE DAM

ASTM D-2216
ASTM D-854
ASTM D-422

ASTM D-423 & D-424

ASTM D-698

ASTM D-2850
ASTM D-4767

EARTH MANUAL E—24§
EARTH MANUAL E—19§
ASTM D-422




Type of Test

Frequency

Reference

Zone 2 : Filter Matereal

(a) At the Source

(b) At Dam Embankment

Zone 3 . Rockfill and Rip-rap

At Dam Embankment

2.1 Abrasion Test

2.2 Soundness Test

2.3 Field Density Test
2.4 Relative Density Test
2.5 Gradation

3.1 Field Density Test

3.2 Specific Gravity

3.3 Absorption Test
3.4 Gradation

Every 30,000 m3
Every 30,000 m3
Every 3,000 m3
Every 10,000 m3
Every 5,000 m3

Every 3,000 m3

Every 10,000 m3

Every 10,000 m3
Every 10,000 m3

THA DAN SADDLE DAM

ASTM C-535
ASTM C-88
EARTH MANUAL E-24
ASTM D-2049
ASTM D-422

EARTH MANUAL E-24/
WATER REPLACEMENT
ASTM C-127
ASTM C-56-78
ASTM D-422




Compaction Curve
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Compaction curve theory by Hogentogler (1936)
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£ HE
[ KASETSART UNIVERSITY
= !
% H DEPARTMENT OF CIVIL ENGINEERING, Geotechnical Laboratory
Lem STANDARD COMPACTION TEST
For: Land Development Department Compaction method Standard
Station: Height of Drop 12 in.
Location: Blows Per Layer 25
Soil Description Sandy Soil SP20 No. of Layers 8 1.800 | |
Date 27/01/2546 Mould Size Diameter 10.16 cm | |
Tested by Chalermchai-Petai Hight 11.68 cm | |
Volume of Mould, V 946.935 cm 1.750 . : :
N | |
l l
COMPACTION Test No.| 1 2 3 7 5 6 1 1
Assumed Water Content % 1.700 - | |
Weight of Air Dry Soil Used g . ! !
Water Content of Air Dry Soil % “e I [ [
Amount of Water Added cC 1\;/ I : :
Weight of Wet Soil+Mould g| 3640.0 | 3730.0 | 3845.0 | 3850.0 | 3732.0 2 1.650 - | |
Weight of Mould g| 2060.0 | 2060.0 | 2060.0 | 2060.0 | 2060.0 8 |
Weight of Wet Soil W g] 1580.0 | 1670.0 | 1785.0 1790.0 1672.0 g : :
Wet Density , yt=W/V glem’| 1.669 1.764 1.885 1.890 1.766 I I
Dry Density,yd=100yt/(100+w) ~ g/cm”| 1643 | 1.682 | 1.740 1.667 1.526 1.600 - | |
| |
WATER CONTENT i i
Container No. I I
Weight of Wet Soil+Container 9| 1858 | 1082 | 1381 | 171.3 | 199.9 1.550 - : : 3 1
Weight of Dry Soil~Container g 1834 | 1042 | 1296 | 1540 | 1763 Maximum Dry Density= 1.745 t/m }
Weight of Water o 24 4.1 8.6 17.2 23.6 Optimum Water Content =9.80 % }
Weight of Container gl 243 20.3 26.6 25.9 26.2 \ 4 T !
Weight of Dry Soil gl 159.1 | 839 [ 103.0 128.2 150.0 O o e
Water Content,w %] 1.53 4.84 8.30 13.43 15.74 0 2 4 6 8 10 12 14 16 18 20 22
Water Content (%)
Checked and approved by:
Dr. Suttisak Soralump Remarks: 1) Certification applies to test samples only.
2) Information under "For", "Project", are supplied by client. These are not certified.




Effect of Compaction Energy
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Compacted soil Properties

2. Permeability
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Compacted soil Properties
4. Strength
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Field Density Test
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Total density = :

. \u4 Total Density
Dry density = ___°% =
V (1+w)

Weight (Wt),

/ Water Content (w)
/ Volume (V)




Sand Cone Test




KASETSART UNIVERSITY Project  FEUERNEHINRREIG CEMEG; GFFF (T3
DEPARTMENT OF CIVIL ENGINEERING, Geotechnical Laboratory Location:
FIELD DENSITY TEST Tested by Petai & Team Date 19/9/2546
Material HELUP]
Test No. 1 3 4
Weight of Wet Soil+Container g| 153.52 | 132.44 | 180.01 | 125.68 | 147.99 | 177.52 | 144.14 | 132.59
Weight of Dry Soil+Container gl 146.97 | 126.66 | 174.03 | 121.79 | 143.53 | 172.26 | 140.36 | 128.75
Weight of Water gl 6.55 5.78 5.98 3.89 4.46 5.26 3.78 3.84
Weight of Container gl 24.26 | 25.13 | 27.87 | 25.39 | 26.25 | 26.62 | 26.04 24.26
Weight of Dry Soil gl 122.71 | 101.53 | 146.16 | 96.40 | 117.28 | 145.64 | 114.32 | 104.49
Water Content, w %| 5.34 5.69 4.09 4.04 3.80 3.61 3.31 3.67
Average Water Content, w % 5.52 4.06 3.71 3.49
Test No. 1 3 4
Weight of Wet Soll g 650.59 619.08 601.47 577.95
Final Reading cC 630 640 630 640
Initial Reading cC 360 360 360 360 . .
Volume of Hole cc 270 280 270 280 Field Dl'y DenSIty X 100
Corrected Volume of Hole cC 300 280 270 28( .
Max Dry Density (Lab)

Test No. 1 2 3 4 Compactiop/D{
Wet Density , yw=W/V gm/cc| 2.41 2.21 2.23 2.06 Type Modified
Dry Density,y4=100y/(100+w) gm/cc| 2.28 2.12 2.15 1.99 Fést Reference Number 4555
Dry Density per] 14251 | 13259 | 134.04 | 124.46 / Maximum Dry Density pcf 122.55
Percent Proctor Density % 116.28 | 108.19 | 109.38 | 101.56

Percent Compaction

Approved by:

Dr. Suttisak Soralump

Remarks: 1) Certification applies to test samples only.

3)This certificate is invalid without appropriate signature and seal.

2) Information under "For", "Project"”, are supplied by client. These are not certified.
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LOGO

02 June 2007
11-30 Hrs.
EL +3%1.00 DAM T
LE STREAM DOWN STREAM
EL_+ 00
I EL+315.00

NOTE:

1. 1st Stage Face slab Below EL.+285.00 will start after comgleting rockfMl placement stage 1 and 2 to
EL.+310.00

2. While working on 1st Stage Face slab, CK intend to work on stage 3 and 4 rockfi|l placement

3. CK expects to complete rockfll| placament to EL_+310.00 (Stage 1 and 2) In 7 months.
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TYPICAL FOR: TYPE A
20inch Sand cone

e
24 and 30 inch Square frame [

|
: Hole digmeter |
411 Diameter ring ’Q—D'I'b’—‘ E

Template opening

Vol-=.% (B+C+VEE) A
B=Area of top =% D¢? d
C=Area of bottom =:-’ Dg?
1
TYPICAL FOR: TYPE B [ Template  opening ,
6 Tt ond 9ft Diameter ring
18 Hole diameter _J
Vol = 75 d (3D%+4d?) G ' L | @mj_
L
d
L
TYPICAL FOR: TYPE € l Templote opening |
Cohesionless Soils
“worst case” 5 Hole diameter |
Vol = % D?d ¢ |

Test Pit Configurations
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