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Subject: Restoring Structural Integrity of the Slab and the pool

BACKGROUND
On May 22, 2001, I visited the Thorstenson residence located at 1569 NW 167th Street,
Shoreline, WA to inspect a pier underneath a slab that contained a swimming pool. The
pier was structurally detached from the slab, creating a hanging slab without any vertical
support.
The outdoor in-ground gunite swimming pool is located in the eastern portion of the rear
yard, and the surrounding area of the pool is a slab which is partially supported on fill
material in conjunction with concrete beams and columns (Figure 1).

Figure 1: The rear yard
The edge of the slab is fenced and there is a steep slope leading to the Boeing Creek. The
fill underneath the slab appears to have suffered from substantial soil erosion, as is
evident in Figure 2.
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Figure 2: The fence, concrete slab, and the soil erosion
This report summarizes the results of engineering investigation and evaluation of the
foundation support, and construction of a new pier to support the slab.
A geotechnical investigation was performed by URS Corporation of Seattle, WA to
obtain information on the soil conditions and the adequacy of existing foundation support
for the pool, and to provide recommendations for rehabilitation work. A site plan for the
rear yard is presented on Figure 3.

Figure 3: Site Plan
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The scope of URS services during this phase of the work consisted of drilling two
boreholes, conducting laboratory tests on selected soil samples to measure physical
properties, investigating the stability of the slope below the pool, examining the
embedment depths of existing columns on the downhill side of the pool, and providing
recommendations for slope stabilization, foundation support and construction. The
following is the summary of the geotechnical investigation report conducted by URS
Corporation.

SITE CONDITIONS
The swimming pool and its surrounding concrete deck are situated near the top of a
southern facing slope in a broad ravine occupied by Boeing Creek. The height of the
most steeply inclined portion of the slope is approximately 25 to 30 feet from the
backyard level. The upper half the slope is steep, with an inclination of approximately
45 degrees. The slope becomes flatter in the lower half, where the inclination is more
typically 20 to 30 degrees. Near the fence along the eastern border of the property, the
slope is more uniform with a moderate inclination of roughly 20 degrees overall. The
slope face within about 6 to 8 feet below the pool bottom is covered by a 2 to 3 –inch
thick wire mesh-reinforced concrete slab, which was apparently intended to control
erosion on this steep portion of slope. The slab has been damaged and removed at some
locations. The slope and slab have a thick vegetative cover of mostly ivy, with some
small trees situated near the toe. Beneath the deck near the east end of the pool the
ground surface is bare or sparsely vegetated.
The pool bottom and a portion of the deck appear to be supported on native or fill soil,
although the pool and deck are also structurally supported with a system of concrete
beams and vertical piers that transfer the loads to the foundation soil at various depths
below the ground surface. From information reported by the owner, we understand that
the piers are uniformly distributed beneath the pool. The spacing of the piers is not
known. Direct observation indicates that the pool overhangs by about 4 feet at the
location of the westernmost pier along the face of the slope and by about 3 feet at the
location of the next pier to the east. Loss of contact between the top of the easternmost
concrete column and the underside of the slab occurred at some unknown time in the
past.
Two episodes of ground movement are reported to have occurred in the eastern part of
the back yard since the construction of the house in 1958. The first event took place right
after construction of the house and resulted in the downslope movement of an earlier
swimming pool built on fill without intermediate foundations. The second event took
place on Christmas day 1969 and consisted of a localized slope failure resulting from
erosion of slope material by surface water. A concrete pier involved in the 1969 event
still sits on the slope near the eastern border of the property. We understand that the
source of surface water flow has been diverted since that time, and no subsequent erosion
events have been reported. No changes were reported to have occurred as a result of the
February 28, 2001 Nisqually Earthquake.
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SUBSURFACE CONDITIONS
Subsurface soil and groundwater conditions were investigated by drilling two boreholes
at the locations shown on Figure 3. Access to drilling sites was limited by low overhead
space beneath the deck and steep slope conditions just below the pool itself. The
boreholes were drilled using a portable gasoline-powered hollow stem auger to a depth of
15 feet each. Standard Penetration Tests (SPT) were performed using a standard split
spoon sampler that was driven by an automatic hammer. Penetration resistance values
(N-values in blows per foot) obtained during the sampling process were recorded for use
in estimating the engineering behavior of the soils.
The field exploration was coordinated by a URS representative who located the borings,
classified the materials encountered, maintained a log of each boring and obtained
samples of the various strata for additional visual examination and future laboratory
testing. Graphical representations of the soils encountered in the borings U-1 and U-2 are
presented in logs in Figures 4 and 5 (also refer to Figure 3 for the location of borings).

Figure 4: Log of boring U-1
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Figure 5: Log of boring U-2
The soils have been classified in general accordance with the Unified Soil Classification
System that is summarized on Figure 6.
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Figure 6: Key to log of boring and descriptive terms of soil
The typical soil profile consisted of a surface disturbed soil and/or fill zone, followed by
a gravelly sand layer 7 to 10 feet thick, then a clayey silt layer in which the borings were
terminated. A further description of these layers is presented below:
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Fill
The sand and gravelly sand fill is derived from on-site native soils, and is probably
associated with excavation of the basement of the house in 1958. The conditions of the
fill along the length of the pool foundation appeared to be variable. The fill appeared to
be loose in the upper 1 to 1-1/2 feet of the easternmost zone beneath the deck, and
became more dense with increasing depth. The fill beneath the pool appeared to be dense
with some degree of cementation, judging from the considerable resistance offered to
hand excavations around the support piers.
Gravelly Sand
This deposit consists of loose to medium dense gravelly sands deposited in glacial lake
deltas by meltwater streams during the recession of the Vashon continental ice sheet.
SPT-N values varied between 7 and 11 blows per foot. The results of a sieve analysis test
indicated a fines (silt and clay) content of 18 percent for that sample.
Clayey Silt
The hard clayey silt consisted of pre-Fraser nonglacial sediments, which are typically
interbedded with the glacial lacustrine “Lawton” formation. Interbeds of sand stained by
iron oxides were observed. SPT-N values varied between 32 and 53 blows per foot.
Groundwater
Groundwater seepage was not observed at the ground surface on the slope face, and was
not encountered at any depth during drilling of the borings. It should be noted that the
field exploration program was performed during the dry season.
An estimated soil profile beneath the east end of the pool is shown on Figure 7.
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Figure 7: Soil profile beneath the east end of the pool

DESCRIPTION OF FOUNDATION INSPECTION
The swimming pool is supported by the concrete piers, most of which seem to extend
through the fill soil to underlying native soil at various depths. The surrounding concrete
deck is supported on the edge of the pool and on concrete beams that are in turn
supported on the 18-inch diameter concrete column at the southeast corner and on the 7inch square concrete piers located at approximately 10-feet on centers along the southern
edge of the pool. It is not clear how much load these piers may be carrying. The 18-inch
column is currently separated from the underside of the concrete deck. As a consequence
the concrete slab is temporarily acting as a cantilever. We presume that the column
directly supported the deck at one time in the past, and settled due to compression of the
foundation soil or downslope movement from erosion or stress-induced instability.
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The embedment depth of the 18-inch concrete column and the square piers along the
southern edge of the pool was examined first by URS, then later by Sundance
Construction (contractor) by hand-excavating and probing using a pointed steel rod.
From the field inspection it appeared that the square pier at the southeast corner of the
swimming pool and the next pier along the slope face were embedded a depth of at least
six feet and eight feet, respectively. The bottoms of these two piers could not be exposed
due to hard excavating conditions and/or caving of looser overlying soil. The bottom of
the third easternmost pier along the slope face was reached at a depth of eleven feet
beneath the bottom of the pool. The soil around the base of the 18-inch column and in
this general vicinity appeared to be less competent than fill beneath the pool, and likely
reflects the history of disturbance from erosion activity. The medium dense gravelly sand
fill soil at the base of the pool appeared to be firm and showed no evidence of sloughing
or downslope movement at the time of our visits.

DESCRIPTION OF SLOPE STABILITY ANALYSIS
Stability analyses of the soil slope beneath the pool and deck were performed by URS
Corporation. Two critical profiles were analyzed:
PROFILE A - passing through the eastern-most part of the property, where past ground
movement from surface water flow beneath the slab has been recorded; and
PROFILE B - passing beneath the pool itself at a location where the fill beneath the pool
is thicker and steeper than elsewhere.
The geometry of the profiles was estimated based on visual observations and field
measurements since topographic information was not available for this study. Static and
seismic stability analyses were conducted using the commercially available computer
program SLOPE/W (GEO-SLOPE International, Ltd.), which uses a search routine to
calculate the minimum factor of safety for circular slip surfaces. The seismic analysis
was carried out in accordance to the 1997 Uniform Building Code, using a design seismic
event with a 475 year return period. The “seismic coefficient” required in the analysis
was taken as one-half of the estimated Peak Ground Acceleration (PGA). A PGA value
of 0.32 g has been published by the USGS (http://geohazards.cr.usgs.gov/eq) as expected
for the area of Shoreline, Washington during the 475-year return period event.
Two scenarios were considered in the slope stability analysis:
SURCHARGE - The load applied to the slope due to the weight of the pool and the
surrounding deck was incorporated as a uniform vertical pressure of 525 ponds per
square foot;
NO SURCHARGE - No load was applied to the slope due to the weight of the pool and
the surrounding deck because of the presence of the load supporting piers beneath the
pool.
The second (No Surcharge) scenario is considered the most realistic based on field
observations and the reported history of construction of the pool. The load applied to the
slope by the eastern end of the deck via the 18-inch diameter column (assuming it was
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and will in the future be directly supporting the deck) was incorporated as a concentrated
load of 17 kips applied at the ground surface. This assumption is conservative.
Shear strength parameters for the soil layers were selected based on published
correlations with N-values in similar soils and our past experience with soils in the Puget
Sound area. The fact that the sandy gravel fill beneath the pool has been standing at steep
angles without major instability indicates that interlocking and light cementation, hence
cohesion, must be present. This material was accordingly modeled with a friction angle
of 40 degrees and a cohesion of 300 psf. Cohesion was ignored in the native gravelly
sand, and a lower friction angle of 35 degrees was used to reflect the apparently
somewhat less dense condition compared with the compacted fill. To account for the
possible occurrence of groundwater in the wet season, the analysis was performed
assuming that 2 feet of water is perched on the hard clayey silt layer.
Graphical results of the slope stability analyses at Profile A are shown on Figures 8 and 9
for the static loading case and on Figures 10 and 11 for the seismic case. The potential
slide mass with the lowest factor of safety is shaded in the figures. The analyses
indicated that an adequate factor of safety of 1.56 is obtained for the most realistic “No
Surcharge” static loading scenario. The engineering community considers a safety factor
of at least 1.5 as adequate for permanent slopes. A factor of safety of 1.26 was obtained
for the less-realistic “Surcharge” static loading case. Both the “surcharge” and “NoSurcharge” scenarios resulted in adequate safety factors for the seismic case. The seismic
factor of safety of 1.08 for the “Surcharge” scenario is sufficiently close to the desired 1.1
value to be considered satisfactory.

Figure 8: Static slope stability analysis, Section A
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Figure 10: Seismic slope stability analysis, Section A
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Figure 11: Seismic slope stability analysis -no surcharge, Section A
At Profile B the analysis indicates that an adequate seismic factor of safety of 1.22 is
obtained if the full 17 kips of load from the column is applied to the slope (Figure 12).

Figure 12: Seismic slope stability analysis, Section B
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It should be noted that the outer 1 to 2 feet of soil on any portion of the slope, and
particularly on the steep portion just below the pool, is vulnerable to weathering,
sloughing and raveling over long periods of time due to deterioration from freeze-thaw
and wet-dry cycles. This phenomenon cannot be adequately modeled using SLOPE/W
software. The tendency for this shallow sloughing can be minimized if portions of the
slope not already covered with shotcrete are protected with additional shotcrete coverage,
or are protected by planting shrubs that will help control the erosion and sloughing
processes.

CONCLUSIONS AND RECOMMENDATIONS BASED ON GEOTECHNICAL
INVESTIGATION
 Although the position and depth of embedment of all the piers supporting the
swimming pool are not known with any certainty, the available evidence from
historical reports and from recent observations suggests that the number and lengths
of the piers may be sufficient to transfer the pool load through the fill into the more
competent underlying native gravelly sand layer. Slope stability analyses for this “No
Surcharge” scenario have produced adequate factors of safety for the static and
seismic loading cases. Accordingly, no mitigation is recommended for pool support.
 Long term wetting/drying and freeze-thaw cycles may cause very shallow sloughing
failures on the steep slope immediately below the pool. The potential for this activity
can be minimized by applying a coat of shotcrete to the slope face at locations where
shotcrete does not already exist. Alternatively, planting vegetation on the exposed
surfaces will aid in reducing the potential for future erosion and sloughing. The
existing English Ivy is considered a nuisance species, but can serve as a protective
vegetative cover. Other species can be used, as recommended in the Washington
Department of Ecology Publication 93-30 “Slope Stabilization and Erosion Control
Using Vegetation” (1993). Excavated pockets in the face of the slope around the
piers can be backfilled using Controlled Density Fill, which is a very weak concrete
mix that is also called “flowable fill”. When cured, it has the consistency of a very
stiff cohesive soil, and can be excavated later if needed. Forms will be needed to
keep it in place when first poured.
 At the 18-inch column location, downward movement of the column in the past was
likely the result of downhill creep of the upper loose fill that appears to be slightly
steeper just below the column than elsewhere in the vicinity. The fill at the column
location appears to be less well compacted than the fill beneath the pool. While the
base of the column seems to be embedded at least 6 feet, the loose and disturbed fill
apparently extends deeper at this location, and the upper few feet of the underlying
native gravelly sand may have also have been disturbed by erosion activity in the
past. At this location, mitigation using pin pile installation as underpinning for the
existing column. The pin piles should be installed around the perimeter of the
existing column, and transfer the load from the column to the piles. The pin piles
should consist of galvanized (or otherwise corrosion-protected) 2-inch diameter
schedule 40 steel pipe driven at least 5 feet into the very stiff to hard gray silty clay.
In addition to the minimum embedment requirement, the piles should be driven to a
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penetration rate of at least 1 inch per minute for 3 consecutive minutes using a 90pound air hammer. The allowable load for such piles may be taken as 5 kips. Other
types of limited access piles are available such as the Chance Anchor- type pile or the
IBO (Injection Boring) rod or micropile. The IBO rod consists of hollow high
strength steel that is drilled into the ground, then grouted in place through the hollow
center. An allowable load of at least 10 kips is expected from a 2-helix Chance
Anchor pile (one 8-inch diameter helix and one 10-inch diameter helix) or an IBO rod
pile, provided that each is installed at least 5 feet into the very stiff to hard gray silty
clay. Connections from the piles to the column must be designed to adequately
transfer and evenly distribute the loads.
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NEW COLUMN CONSTRUCTION
After several site visits and completion of the geotecnical investigation conducted by
URS Corporation, and based on conclusions and recommendations from the geotechnical
report, it was decided to keep the existing column in place and physically connecting it to
the slab it used to support, and in addition building a new column near the existing
column. For this purpose, North Coast Drilling Co. was selected to construct this new
column and engaging the existing column to the slab.
For the construction of the new column, two A.B. Chance SS5 helical anchors hot dip
galvanized (per ASTM A153) 1-1/2" square bars with single 10" diameter helix were
utilized to be driven 20 to 25 feet into the existing ground. Both piles experienced an
average torque for the last 3 feet of installation at 3,000 ft-lbs. The final torque to refusal
was 4,000 ft-lbs. 4,000 ft.-lbs of torque correlates to approximately 40 kips of capacity.

SS5 Helical Anchors
Allowable torque capacity-5,500 ft-lbs.
Ultimate capacity for axially loaded foundation-55kips.

Note:
1. Hot dip galvanized per ASTM A153.
2. Lead and extension section and pilot point lengths are
nominal; expect some variance.
3. Shaft material per ASTM A29 (latest revision) or
mechanical equivalent.
4. Helix material low carbon steel meeting the general
requirements of AISI, or ASTM A572 or A935, or
ASTM a656 or A936.
5. Coupling bolts: 3/4" diameter x 3" long hex head per
ASTM A320 grade l7.
6. Nominal spacing between helical plates is three times
the diameter of the lower helix; expect some variation.
7. Manufacturer to have in effect industry recognized
written quality control for all materials and
manufacturing processes.
8. All welding to be done by welders certified under
section 5 of the aws code D1.1.
9. See ICBO evaluation service inc., Evaluation report
no. ER-5110 for allowable values and/or conditions of
use concerning material presented in this document.

Figure 13: Typical Anchor Assembly
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Once these piles were driven to a depth of 20 to 25 feet, they had tensile strength capacity
of 70 kips (single 40 kips).
The support piles were then connected to a 4"×8"×3/4" steel plate. The column itself is a
6×6×15 square structural tubing with a length of 10 ft. A base plate with the size of
12"×12"×3/8" is welded to the bottom of the column. The column base plate is then
bolted to the to the plate on top of the piles using four 7/8"×10" galvanized bolts. At the
top of the column, a 3/8" steel plate 12 " long was welded to the top of the column and
two 12"×6"×3/8" steel plates were welded on both sides of the top plate, effectively
creating a channel-shaped structure on top of the steel tube column. This channel then
embraced the existing beam and four 3/4"×4 1/2" wedge anchors (2 on each side) were
used to secure the new column to the beam.
A compressive load was placed on each pile by turning these nuts alternatively with a 16"
long wrench to refusal. The load was transferred directly from the piles to the concrete
beam prior to placing concrete pile cap.
Finally, the entire bottom system is boxed in a 24"×24"×12" reinforced concrete pile cap.
For reinforcement #4 bars were used 4" O.C. both ways. Figure 14 shows the details of
concrete pile cap.

6" W × 6" W × 15 lb tube steel
welded to 12"×12"×5/8" steel plate
Nut

Reinforced concrete
block

A.B. Chance SS5 helical anchor
hot dipped 1.5" square bar
Single 10" diameter helix

Figure 14: Details of concrete pile cap

Page 17 of 21

Report on Column Repair and Construction
Thorstenson Residence

Figure 15 shows the sketch of the new column and some of its details

Existing Support

3/4"×4 1/2" Wedge Anchors - 2 Each Side
Weld
12"×6"×3/8" Steel Plate Both Sides

3/8" Steel Plate
Connecting Sides & Wide Flange

6"W × 6"W × 15 lb Tube Steel
Welded to 12"×12"×3/8" Steel Plate

Weld

Locking Nut - Galvanized
12"×12"×3/8" Steel Plate
Jacking Nut - Galvanized
7/8"×10" Galvanized Bolts - 4 only
#4 Bar - 4"O.C. Both ways
4"×8"×3/8" Steel Plate

Weld
Tube Steel

24"×24"×12" Concrete
Pile Cap
Single 10" Dia Helix - 2 only
1 1/2" Dia. Bar
20-40 Kips each

Figure 15: Sketch of the new column and details
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Further details on top of the concrete pile cap, is a 6"W×18"∠×3/8" flat bar was welded
to the top of driven piles, and two 4"W×12"∠×1/4" steel channel was connected to the
top of the flat bar.
From AISC (American Institute of Steel Construction) Manual of Steel Construction,
Table C-C2.1, the recommended design value for the K factor for a column with both
ends fixed is 0.65.

Figure 16: K values for columns (from AISC)
Then:
KL = (0.65)(10 ft.) = 6.5 ft.

Referring to the AISC table for square structural tubing, the design axial strength can be
determined. For a 6×6×15 tube, with a KL of 6.5, the axial strength is approximately 155
Kips (155,000 lbs), which is sufficient to carry the load imposed from the slab above is
determined.
Figure 17 shows the table from AISC used to determine the design axial strength of the
column.
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Figure 17: AISC table for design axial strength of square structural tubing
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Figure 18 shows the top of the new column connected to the existing beam as well as a
new bracket physically connecting the existing concrete column to the existing concrete
beam.

Figure 18: The existing and new columns connected to the beam
Figure 19 shows the existing concrete column next to the newly constructed column.

Figure 19: The existing and new columns
Figure 20 shows the new column and the gap at the top of the existing concrete being
filled to make physical connection to the slab above.
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Figure 20: The new column and repair of the existing column
The new steel column was primed and painted to resist corrosion.
If there are any questions, please feel free to contact me.
Respectfully submitted,

Kamran M. Nemati, Ph.D., P.E.
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