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It was July 17, 1981 when the guests at the brand new Hyatt Regency Hotel in
Kansas City witnessed a catastrophe. Approximately 2000 people were gathered to
watch a dance contest in the hotels state of the art lobby. While the majority of the
guests were on the ground level, some were dancing on the floating walkways on the
second, third and fourth levels. At about 7:05 pm a loud crack was heard as the
second and fourth level walkways collapsed onto the ground level. This disaster took
the lives of 114 people and left over 200 injured.
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Basic Walkway Design

* Three walkways, on the second, third,

and fourth floors, span the atrium.

* The third floor walkway was designed

for higher traffic than the other

walkways, and was consequently wider

and offset from the other walkways.

* The third and fourth floor walkways

were suspended from the atrium roof,

with the second floor walkway

connected to the fourth floor walkway.
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The Kansas City Building Code requires a minimum support value of 151 kN. The
original design was capable of supporting 90 kN. With the design changes made during
construction, the walkways would be supporting double that amount, or 180 kN,
assuming the walkways were loaded at the maximum recommended weight limit.
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Original Design As Constructed

Original T 2P
Design H T 2P
Force on nut:
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As-Built T 2P
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Underpinning piers
* Sheeting and bracing
* Cofferdams
* On hard rock in lieu of underpinning
* Other means acceptable to the Commissioner

The structural engineer and geotechnical engineer should be brought on board as early in the
process as possible...even if on an advisory role.

The engineers can evaluate the site using their knowledge of the location to advise the owner
even before purchasing a property, of the potential for problems.

Once it is established to continue....the selection of the consultants is completed and the
design begins.

Structural engineers' role:

Due Diligence

The engineer of record should make all efforts to evaluate the adjoining site conditions for the
following:

¢ Adjacent foundation construction type and projections.

¢ Adjacent building construction type.

e Historical significance of adjoining properties

Geotechnical engineers role:
Site investigation, borings and test pits




* Review existing information on area

* Perform site reconnaissance

* Perform adequate number of borings

* Perform test pits to determine/verify

Foundations for adjacent structures

» Make recommendations for foundations for new structure and protection of adjacent
structures.

» Make recommendations for monitoring adjacent structures

Why are borings important to the protection of adjacent structures?
Because they help identify:

* Soils supporting adjacent structures

* Soils susceptible to settlement from vibrations

* Existing ground water conditions

* “Running sand” conditions

Why are test pits important to the protection of adjacent structures?
Because they help identify:

* Condition of foundations of adjacent structures

* Depth of foundations of adjacent structures

How does soil conditions and/or groundwater impact the underpinning design?

* Weak and sensitive soils and a high ground water table can make pit underpinning difficult
to execute safely.

+ Underpinning may be necessary even if new foundation is above level of existing
foundations if soils are susceptible to consolidation or vibration settlement.

» Dewatering may cause consolidation of soils and/or exposure of existing piling to
deterioration.

How can an excavation of overburden on our site, affect a neighboring site?
Error
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Sequence 1s important, put in the sheeting
before you excavate!




How can vibrations on our site, affect a neighboring site?
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Even 1f you do not go below the adjacent
foundation pile driving vibrations can cause the
building to settle and tilt!

]
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Available underpinning methods:
* Pit underpinning

* Jack piles

* Bracket piles

* Micro piles

* Ground improvement

* Rigid excavation support walls




Typical approach pit for pit underpinning

v, zeallsoft. comnn

ADJACENT _BUILDING _
o -

BRICK WALL MASONRY

BASEMENT FLOOR
.
—icreet 1T IEXCAVATION LEVEL =
FOOTING [BOTTOM OF FOOTING
Sl 3 S BEFORE INSTALLATION
OF UNDERPINNING
TR wTwT T

IFUTURE LEVEL OF
{EXCAVATION AFTER
UNDERPINNING

-

2"= 10" PIT LAGGING

-

v
8

pRrtTIERAN TN
o

EERCHT T

SECTION A-A
THROUGH UNDERPINNING PIT

FACE OF WALL |
ABOVE |
s

x: {2x4 CLEAT(TYR)
&

| Z%4" CLEATS SPACED
112" APART AS LADDER

IR
L ARNRY

Concreting and preloading of the underpinning pier




wiww. zeallsoft. com

-t

-—4
BASEMENT FLOOR =

! R BT

FOOTING

=t :t
jf

OWEL

1 = -
HAUNCH STREET
NTERIO A
PLAN VIEW lo WTEROR WAL LEVEL S
AGGING 7} '
TIMBER 3
JACK

PAD = )

/ QX"EMFN' F HMJ

== AN %

- ‘\ x f.'/' 1

'@ ~
F= TIMBER |

PAD —

PROPOSED PIT

INCLINED SHORE PICK - UP




Jal e o Jandl andi oy Cam (i o Lea sl ) A1 Aaling L 13 jiadl dga (e uba) Jiul ape il

o) G o5& Caay | shape Retaing Wall sl Jlas dae ol Cus o 2 3 5aa Jshay (S gl
2 Jshy Jlaall iy yie 2 dilise & 35 a3 (a5 a2 Jsha Y sl 285 a5 Qi o gasie Jid (aliaY) lasdl sac lall
Dl Ji) sy s 1388 5 LS 55 a0 dilie 05V 3 a0 ladey 5 (2l land) Miiy yie 2 Al o i ladal g yia
Lol aall pad Baaal) 3lalia a3 o o) o iall by

Staging is important
A aga oo gliilly duditl)

£/.57-6=3

Remove [oose=
rubble of pier
bottorn (frorm
EL556 0 £.576
oporox, be ro-e
underpinn::

Ef ’t’-ol'
El.+ 38

Timber ¢
Tuoical

B e e

§ o

- BT
U.S. HOUSE OF R

PART ELEVATION OF '‘P'WALL

LOOKING WEST.

Jack pile installation
dlad) aladiuly 5aasY) Ciad sy all)
!Error




MEARASULING MOVEMEL 7 o
INVVVIDLAL PUE

Bracket pile Preloading with
installation steel wedges




Micro pile installation
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Ground improvement Jet grout underpinning
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Ground improvement
Jet grout underpinning




Rigid excavation support walls (slurry walls) can eliminate direct underpinning of structure
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During Design:




What is the structural engineers role?

What level of information should be shown on the structural engineers drawings?
“Means and Methods of Construction”

What is the Geotechnical engineers role?

What is the structural engineers role?

Due Diligence Provide an underpinning detail that is applicable to the specific project.
Make sure contractor understands the site and complications of underpinning

Stay involved when construction starts.

Due Diligence

Understand the site conditions

Understand the adjoining buildings

Inform the contractor and his engineer of all issues uncovered prior to design

Educate the owner

Provide an adequate level of information on the design documents.

The engineer of record (EOR) should provide detailed information on his/her drawings that
relates specifically to the site under consideration.

Is this enough information???
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. , Fig.11 Raking struls. ,
and 11. For a given depth, a wide excavation when supported by walings and

struts will require heavier struts to the frames than a trench supported in a similar
manner. For very wide excavations, ground anchors, tie rods or raking struts
should be considered. Other methods may also be used such as bored piles,
diaphragm walls.

SAFETY CONSIDERATIONS

(@) Investigate and plan each phase of the job and choose the most suitable plant.
(b) Provide for emergency access and egress at all times.

(c) Provide protection for the public and employees.

(d) Guard against face failures.

(e) Remember that high faces need proper shoring. No raker is stronger than its end
support, so always ensure that its top is securely housed and it is foot blocked.

(f) Ensure that foot blocks cannot lose grip if the ground becomes wet. Keep drains
clear.

(9) Guard against displacement of struts and rakers by accidental knocks from plant,
gear, boulders or earth falls.

(h) Maintain all timbering and shoring materials in good order and condition.

(i) Look out for change in ground or water conditions.

(j) Ensure that protective helmets are worn at all times.

(K) Record the results of daily examinations.

Provide enough information to the contractor




What is “Means and Methods of Construction”?
This is a term used by the AlA to describe construction procedures that are

the responsibility of the contractor.

That does not mean that the design professional should avoid the
underpinning process.

What is the Geotechnical Engineers Role?

* Incorporate requirements of specific site so that contractors engineer can
be better educated!

* Indicate how load should be transferred; how pits should be sheeted and or
braced; the soil conditions (refer to the geotechnical report!)

* Specify the appropriate type of underpinning to the site conditions.

I11. During Construction

What are the key breakdowns that often lead to failures?

Excavation begins on site without proper supervision or notification. Before
long, undermining occurs or too much overburden is removed.
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Complete excavation with inadequate underpinning and bracing in place




What can be done to avoid these problems?

Contractors must be more aware of the ramifications of sending an
excavator on site to do a general excavation.

Submit “mass excavation plan”

The contractor MUST hire his own engineer to design and detail the
required underpinning.

The controlled inspector must be retained BEFORE construction starts

and actively involved in the planning process.

Preconstruction surveys

A thorough preconstruction survey of all adjacent properties is imperative.
Cracks which were pre-existing will become the contractors and owners
responsibility if they are not documented. Every tenant will claim damages
that were pre-existing!! Access can be difficult but that should not mean we
should not try.
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An active and positive relationship with neighboring property owners can
alleviate many of the inherent adversarial problems associated with
underpinning.

Monitoring of site should be done using surveyors, crack monitors, vibration
monitors.

The design team should be consulted for knowledge about the site. A
working relationship is beneficial.

Proper and complete shop drawings and calculations should be submitted
for review prior to any work commencing.

How can the project’s structural engineer play a role during construction?

* Review the contractor’s engineers submission for how it applies to the
specific site and site conditions.

» Make sure the contractor has the proper experience in underpinning
buildings of similar construction and site conditions.

* Remain an active participant. Encourage a dialogue with neighbors.

Take advantage of the early Due Diligence!

How can the project’s geotechnical engineer play a role during
construction?

Have the Geotechnical engineer review the contractor’s underpinning design
and construction sequence and then verify that the design is being followed
in the field

» Consult the Geotechnical engineer during the course of construction,
especially if conditions found in the field do not conform to those expected

» Have the Geotechnical engineer review monitoring data
What steps can be included in the design of the underpinning to improve the results?
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Steel shims for load transfer

Sheeting and Bracing

All pits, unless otherwise dictated by geotechnical engineer, should be
sheeted excavations.

Deep pits must be laterally braced and reinforced as required.

Corner excavations should return under the adjacent building on a slope and
be sheeted.

Monitoring

Vibration monitors should be used where historic structures are present
(required by code).

Surveyor should be retained to monitor settlement. Settlement predictions
can be made by geotechnical engineer. This can help prevent problems
getting out of control.

Crack monitors can be installed to measure all existing cracks.
Communication is key!!

Involve the inspector early on in the projects construction to insure that they
are on board with what is proposed and are aware of sequencing, start dates,
and all details of underpinning.

Inform them of site conditions.

Provide the geotechnical report for reference

Make sure the design team knows that construction has commenced

What can a homeowner who wants to underpin his neighbors’ house do
if he cannot afford experts and all of the recommendations we make?




Assuming that cost prohibits this extensive evaluation, a series of standards
for certain site types could be developed.

If underpinning is necessary, an engineer and/or suitable contractor must be
retained.

Underpinning contractors could be licensed, further protecting the public.

Inspectors for the DOB could be educated on what to look for.
Can he afford “not” do this??

=

Our broad geotechnical experience enables us to perform shoring in a very tight

access and low headroom in virtually any subsurface condition. Anchor load testing
and documentation are provided through every phase.




SDI is constantly applying new and advanced techniques to shoring system
installation. Through efficient excavation and project schedule administration, SDI
consistently out delivers the competition.




Earth retention systems we design and install include:

Sheet Piling
H piles

Pipe piles
Wood Lagging
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First Slab (20.70m)
Ground Surface (21.20

Second Slab (17.70m)

Third Slab (15.00m)
Fourth Slab (12.30m)
Ran Foundation (9.60m)

Section A-A presents the location of the garage boundary relevant to the tunnel tube of the Urban
Cairo Metro Line
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Section (1-1)

Location of the Minaret of Omar Makram Mosque with respect to the diaphragm wall line
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Scttlement distribution due to braced excavation in different types of soils (After Clough and
O’'Rourke, 1990)
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Effect of the base stability of braced excavations in clay on the induced lateral displacement (A fter
Mana and Clough, 1984)
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JiArtesion Aquifer

Flow Along Wgll interfcce Flow Benecth Woll

Daep Well

Flow From Parched Water Flow Coused by Dewatering

Sources of groundwater-related risks during construction of deep braced excavations (After Clough
and O'Rourke, 1990)
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Estimating the probability of occurrence of the undesirable event;
Estimating the magnitude of consequences;ztiall ) < sall daeal (ads

Identifying options to accommodate the risks, JUaa¥! L Lay Al ol JLAl e o il
including:

reducing the probability of the cause;<¥lsll Zallais) Jilss
(mitigating the consequence; andztill) dl g2l (e Jalail)
reducing the escalation from cause to consequence.—! sl b (3o ymaail) Jilas

Priorities risk management efforts based on:usbu! le shlidall gaiad 5141, -4
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activities; and
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Incorporating a design with adequate safety factor and reasonable ground
movements that could be safely tolerated by the surrounding structures

Incorporating an inclusive quality control program during construction. e

Performing a pre-construction dilapidation survey to verify the conditions of the e
surrounding structures and their safety conditions when subjected to the predicted
ground movements.

Adopting an elaborate monitoring system that suit the risk sources associated with the e
execution of the deep excavation.

Contingency Plans of Actionduliaial cilabaie s &G Us al)
e Is the plan achievable in reality, should this be required?
o Are the trigger mechanisms for actual activation of the plan clear and realistic?
¢ Does the plan address anticipated situations in a timely, affordable, effective, consistent
manner?
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Section A-A presents the location of the garage boundary relevant to the tunnel tube of the Urban
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Section B-B presents the location of the garage boundary relevant to Al-Sadat Station of the Regional
Line of Cairo Metro.
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Section C-C presents the location of the garage boundary with respect to Al-Sadat Station of the
Regional Line of Cairo Metro.
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Subsurface Soil Conditiona il cili) sa

The subsurface soil condition at the subject site consists of a top fill layer of a
thickness varying between 4.50 m and 6.0 m, followed by a dense to very dense sand
layer which extended to the end of the boreholes at 48 m depth. Interlayer's of hard
clay appeared at depths vary between 30 m and 45 m with thicknesses range between
3 m and 6 m. The groundwater table appeared at a depth from ground surface ranging
between 3.0m and 3.50 m, which corresponds to levels (17.50 m) to (18.00 m).
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Al adgall £ g2 1) (Sas Diaphragm Wall Jaladl Jjaal) 345445 oo Jualdil) (1 1 3ally)
http://environment.uwe.ac.uk/geocal/ucp/diaphragm.htm
http://www.Ita.gov.sg/projects/images/DW%20Final%20(inside).pdf
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diaphragmwalling.htm#stagesofconstruction
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Risks on the Structure of Al-Sadat Underground Metro Station
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Location of the Minaret of Omar Makram Mosque with respect to the diaphragm wall line
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Elevation Reference Points (ERP’'s) and crack indicators on Omar Makram Mosque and the shallow-
founded parts of Al-Sadat Station.
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LATERAL DISPLACMENT WITH TIME AT POINT (T)

Sketches for the Mosque Minaret and the records of the lateral displacement at Point “T" under
normal conditions.
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Geotechnical Analyses ~&7gs fudas
A nonlinear finite element analysis was performed to model the subsurface
geotechnical conditions along with the stages of construction of the garage.

Jae Guplall JSu5 2 (531 5 el 25 o5 (oS - s s Lo 3 planual) A8 5 Hlalaall e U e ol 2ay (Y15
s (et

- b L il a3 by i) Jlae) Jeey el U

138 265 A8 e Wilu = 8l 3 WS Digphragm Wall (Gals Jlas 2w 233 ) jledl A Jal -]

o ) (e olaall 4l Hlaall Grout Plug Gl dddee ¢ al 5 27 Gae s e 8 (am (8-5 (0 ysall o)
Yimall dal e ) Eall (g ) laall DA

Al ) ol U 5 groundwater 4 sl sbual) Al Jal -2

288 Well 735 U4 dee IO (e Jews @ll3 o Qi J s 385

Jiul olsall o guia a3 slaall cliiiall e 5 183 ) shad JS5iu Dewatering okl ¢ 5 dilee (Sl
Lo () (g2 38 Ashiall ant Ja gagll O Cum B S AlSGa B (280l ay Lin 9 119 Led o gua & gas 1 5 ilalaY)
By 5 iall daaall 4l 4 5l Rails siall @S e yisan 5 yiall dasa 5l 5 yiall (8 da sagll SIS 5 ¢ W gl 5
8kl s Saladl Jlaadl diul (e elpall o Casy

Error

Cloy
5 -

JiArtesion Aquifer

Flow Along Wgll interfcce Flow Benecth Wall

Deep Well

e

Flow From Perched Woter Flow Coused by Dewatering

Sources of groundwater-related risks during construction of deep braced excavations (After Clough
and O'Rourke, 1990)
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The implemented dewatering system and the locations of the piezometers to monitor the groundwater
Table.
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) 21 (12.00 m) The foundation level (8.00m)

Predicted lateral displacement of the diaphragm wall while advancing the construction stages.
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Predicted versus measured settlement values at the minaret due to diaphragm wall installation
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Mecasured lateral displacement during advancing the excavation for the diaphragm wall side facing
Al-Sadat Metro Station
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Monitoring of Elevation Reference Points (ERFs) from 12/10/02 fo 17/10/02
Date [Date Date Date [Date Date
12/10/02 13/10/02 | 14/10/0 16/10/02 | 17/10/02

Elev. Sett, | Elev. | Sett. [ Elev. | Sett. | Elev. | Sett. | Elev, | Sett. | Elev

{00 (006 A G0 00 000 i

ST A Lo %%%%ﬁ%% '
T}

0,000 |
1
17000 ggmw—m 0000 [ 17.090] 0.000 | 17,000
000 |
0,000
0000 |

TR T38| 000 | .7 | 600 2000 1835
20051 720.051] 0,000 | 20051 | 0000 | ;
55

10607

20031

0000 |

§615 [ 0000 | 8415 | 0000 B4 [ 000

10607] 0.000 | 10607 | 6000 | 10.607) 0.000 10.607) 0.000 |
Movitoring of Deep Settlement Points frem 1/12/02 to 6/12/2002

- Date [Date Date Date [Date

Initial 01/12/2 /102 | 0312/ 05/12/02

e Eev.| Sett| Elev. | Sett | Elev. | Sett. | Elev.

Sett. Sett.
2801 28 L0000 | 23,163 | 0000 123163 0.000 123,183 0.000
A0 | 2607 L0000 |22637) 0000 | 22607 | GO0 122627 0.000 122,627 0.000 | 22,607
Q60 | 2225 000 2,25 | 0000 [22.256] 0.000 |22.256| 0,000 | 22.258] 0,

Readings of the Elevation Reference Points and the deep settlement points indicating zero movement
during excavation
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Contingency Plans of Action
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Fable 1: Contingency Plans of Actions Implemented in the Project

Risk Source Contingency Plan of Action

Excessive lateral movement of the wall and ground scttlement  Increasce the number of lateral supports

Instability of the grout plug Refill the excavation pit with water up to the level that adequately re-
stabihize the situation, or perform heavy dewatering to lower the
water table as needed

Insuflicient drawdown to the water below excavation level Inorease the number of wells

Lateral lcaking from the side-support system Inject grout columns behind the keaking location.

18 gsaad) b i
Conclusionsedal) .
e Sources of risk concurrent with deep braced excavations are not only limited to the
stability of the
e excavation pit, but also extended to the safety and stability of the surrounding
structures.
e Structural surveys and setting serviceability criteria of the surrounding structures are
necessary to identify risk sources
e Proper evaluation of ground settlement using suitable numerical models is necessary
to identify risk sources.
¢ Risk control during construction is mainly performed by periodical review to the
monitoring reports of the different monitoring devices and comparing the
measurements with the predicted safe limits.
e Performances of local large-scale field tests such as pumping tests are necessary to
limit and control risk during construction.
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Current Margin
The Current margin for a concrete mix shall be determined by the Contractor and shall be
taken as the lesser of :-
Current Margindiill al ce Jiy ¥ oy pélal) lday)
SD * 1.64
3 sall 5 a5 g8 Cun (g 4y sllaall Adalall aliiall Cog lall i 8 Aliadie Jald dayis 10040l (5 jlamall ol Y]
il Al slaall 3 aall Al Ja1 5 58 s e JBE Y 5 e 12 e 23 Y B30 I il A ALl s Alall)
DS 5 20 da 0 Al Al 2ae IS (1903 375 ) 15 a2 ild
a) 1.64 times of the standard deviation of cubes tests on at least 100 separate batches of
concrete of nominally similar proportions of similar materials and produced over a period not
exceeding 12 months by the same plant under similar supervision but not less than one sixth
of the characteristic strength for concrete up to Grade 15 or 3.75 N/mm2 for concrete Grade
20 or above.
SD * 1.64
oSl 5 8 S (g 4 staall Adalall apliiall (gl i A Aliadio Lala a5 40 52l 5 obmal) ol Y
Al 58 B e JE Y 5 sed 6 e 0o 23 Y5 Al 5 g JB Y a0 JDA At Al ALISY 8 210l o sl
ST 520 4s 50 Al Al 200 JXU (555 7.5 5l 15 A <l 4l all 4y sllaall 5 jadl)
b) 1.64 times of the standard deviation of cubes tests on at least 40 separate batches of
concrete of nominally similar proportions of similar materials and produced over a period
exceeding 5 days but not exceeding 6 months by the same plant under similar supervision but
not less than one third of the characteristic strength for concrete up to Grade 15 or 7.5 N/mm2
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for concrete Grade 20 or above.
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Where there is insufficient data to satisfy items a) or b) above the margin for the initial mix
design shall be taken as two thirds of the characteristic strength for concrete up to Grade 15 or
15.0 N/mm2 for concrete of Grade 20 or above. This margin shall be used as the "Current
Margin™ only until sufficient data is available to satisfy items a) or b) above .
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AWWA D100-96 "AWWA STANDARD FOR WELDED STEEL TANKS FOR WATER
STORAGE" has a section on seismic design.
ASCE "Wind Loads and Anchor Bolt design for Petrochemical facilities" would be two
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places to start. The 45' diameter will probably preclude overturning. Design the width of the
ring wall/ring beam to have approximately the same pressure as the soil loading at the center
of the tank. When you backfill the interior of the Ring-Wall with compact granular fill
material, mound the fill for a 6" to 8" rise at the center of the tank. Long term settlement is
greater at the center than at the perimeter.

Design the hoop stress of the Ringwall for the surcharge loading of the fuel filled tank.
Concrete Ring Wall Foundation

This type of foundation is generally suitable for tanks over 12 m (39’) diameter. The edge of
the tank sits on the concrete ring wall which carries the weight of the tan shell. The space
inside the foundation and under the tank is filled with compacted granular fill that is topped
with crushed stone graded to a maximum size of 19 mm (3/4”). Limestone is never used as
the fill material. Drains should be provided in the ring wall so that any acid leaks will drain
out and be detected

COHCRETERING
WWALL

CRUSHED STOHE

COMPACTED
GRAHULAR FlLL

Storage yards up to 150ft diameter and none were ever on a concrete Ringwall. We
sometimes used a crushed stone Ringwall for founding the tank rim.

The choice of a concrete ring wall or crushed stone ringwall or no ring wall under the tank
edges is dependent on the site conditions and the tank under consideration.

But can have problems with lateral spread - which can result in damage to the floor of the
tank. And the viability of a crushed stone pad diminishes as the height of the tank increases.
The weight of the wall + that portion of the roof carried by the wall are considered to bear on
an assumed annular ring portion of the floor plate. When that loading exceeds that of the
allowable soil pressure, or when that loading exceeds that of the hydrostatic loading of the
tank (height x liquid loading), a ring-wall is normally used to distribute, or equalize the load
between the soil pressure due to the direct liquid loading and the soil pressure carried by the
annular ring. This tends to reduce the differential settlement and allows for a more equal
settlement of the tank. Sometimes, you will see a stiffener angle or plate at the base of the
tank wall to distribute the wall loads.

A large majority of petroleum tanks where the diameter >> height have no footings, the
overturning due to wind and or seismic is << that the dead load resisting moment and require
no tie-downs.

There are two methods; one with a concrete ring beam and the other is simply a thick layer of
crushed stone overtopped by a layer of bitumen sand mix.

Without a ring beam the crushed stone has to be extended wider than the tank in order to
spread the load.

An important consideration is to prevent contamination of the soil by the fuel in case of a leak
and it is sometimes necessary to cast the tank farm area with a concrete slab to form an
impervious layer with a high bund wall along the perimeter. Thus the ring wall beam solution
fit neatly into this application.

I have worked for design tank foundations such that the soil bearing below the tank bottom
resting on fill + depth to bottom of ringwall x soil density equals the bearing pressure of the
shell + concrete ringwall soil bearing value. The ring width centerline is offset radially to the
tank wall as necessary to ensure that the soil bearing below is constant and not the result of




any eccentric load.
You Download Example of Tank Foundation

http://www.slideruleera.net/ TankFoundations.pdf

Examples for Foundation Design under Circular Steel Tanks
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Concrete Ringwall
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Moist-cured entire time . E N .
Curing - Time Relationship

In air after 28 days moist curing

Curing is the maintenance of a satisfactory moisture content and

In air after 7 days moist curing temperature in concrete for a period of time immediately following
placing and finishing so that the desired properties may develop (Fig.
In laboratory air entire time 12-1). The need for adequate curing of concrete cannot be
overemphasized. Curing has a strong influence on the properties of
hardened concrete: proper curing will increase durability, strength,
watertightness, abrasion resistance, volume stability, and resistance to
freezing and thawing and deicers. Exposed slab surfaces are especially
sensitive to curing as strength development and freeze-thaw resistance of
the top surface of a slab can be reduced significantly when curing is
defective.

Compressive strength, MPa

L1 1 © 2004 Cement Association of Canada
07 28 91 385
Age al tes!, days
Fig. 1-12. Concrete strength increases with age as long as
moisture and a favorable temperature are present for hy-
dration of cement (Gonnerman and Shuman 1928).

© 2004 Cement Association of Canada
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Installing barrier on the ramps using the "slip form
" method - the machine pours a special mix of concrete
that is stiff enough to stay in place without having to set in
molds for days. The machine moves the
barrier mold (or form) along the steel framework as it pours te concrete.




A worker clad in rain gear operates machinery to
drill holes in the side of existing pavement

Steel rods will be inserted in the holes

to connect the existing pavement to

the new pavement.

05/24/200
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Place a thick layer of new concrete pavement on top of the asphalt base and drag
astroturf weighed down with gravel over the wet concrete to finish the surface.

The next few photos show the dowel bar retrofit pavement rehabilitation process.
Once slots are cut across the joints between concrete panels,

workers use jackhammers to remove enough pavement to insert the

dowel bars




Dowel bars are inserted into the slots in the pavement.
The bars link the concrete panels and prevent the
panels from rubbing against each other and becoming worn

e — .
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With the dowel bars in place, crews fill the slots with
concrete and use equipment to vibrate the wet concrete
so it settles properly







Finally, crews sawcut the new concrete at the panel joint
to prevent cracking. The dowel bar retrofit process
extends the life of existing pavement by ten to fifteen years

Laying concrete pavement .

T V5.

%

Install a geotextile fabric(or Membrane ) on the new
bridge deck prior to asphalt paving. The fabric will




The bridge deck nears completion
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Launch Shaft Reception Shaft

Tunnelling Direction
B >
Tunnelling Machine
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Jacking Pipe

Lads O slhaall da gadll Sl 5 Cdlal) Lais
Welding steel entrance rings for the launching of the head into each tunnel.
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—= — P 8
No room for error on this project - the tunnel had to go through this opening in
the water treatment plant and it was right on the money

Tunnel Machine entering the receiving shaft. Water is not a problem!




Huxted Tunneling installed a 75.5 inch O.D. tunnel 184 feet long under the

Beltway
The tunnel was installed successfully with less than five feet of cover over the

top of the pipe.
Ground radar confirmed there was no loss of ground or voids caused by the
tunnel, and grouting was not necessary




tunnel machine entering the receiving shaft

"- « TENTEYY) 10 T

Earplugs are a must when working at the Miami International Airport




.

96" Iseki Crunchingmole entering the reeiving shaft. This rhicrétunnel was 490
LF under the Florida Turnpike at SW 104th Street in Miami
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Stop end sheet pile fabrication for holding up waterproofing rubber band

Joint Types
There are three joint types: the conventional stop end tube or sheet pile, and the

overlap cutter joint.

Stop-end sheet pile attached with waterstop: work sequence
5000 - 6000 3000 - 4000
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Stop-end plate: Fabrication

Stop-end plate: close view

Secondary Panel
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Overlap cutter joint
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The climbing unit - Watch the decreasing gap between the top of the climbing unit
and the next tower segment as the climbing unit desce

Y

Climbing

See the top of the lower segment is about even with the lower "K" on the extracted
tower segment.




Now the top of the lower segment is about 6 feet below the turrett.
—— \

And finally, the climing unit has finished this cycle.

”z\ SR e

Reny

“1,"4
P

A

WMAFAWY AT P2

““




Climbing Unit

Tower
Upper Foot - Segment.
inside
climbing
unit

Lower Foot

Above, the upper foot is even with the horizontal brace of the sideways K. After a
little descending action (below), the upper foot is about 6 inches below the horizontal
bra'ce of the sideways K.

Here you can see the lower foot resting on the inner horizontal brace




Here you can see the lower foot as it is being pushed off the internal horizontal brace
- ready to descend another 5 feet. Click the image for the full resolution. You can see
that the lower foot has dropped a few inches below the horizontal brace on the inner

tower segment.

) <<l

Here you can clearly see the climbing unit's hydraulic jack as well as the cafe-within-
the-big-blue-lunch box.
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43-Foot Elevated Observation & Entertaining Trex Deck

In another POST we had constructed a smaller, Master Bedroom Trex Deck. On this
same home we are building a higher, longer Observation & Entertaining Deck. Since
it is directly outside of the new Great Room, this amazing NEW OUTSIDE SPACEwiill
be perfect for entertaining.

It will extend the inside of the home to the out-of-doors. Moreover, it will allow the
owners to to take advantage of some fantastic views: an amazing, cost-effective
home improvement - time to plan some summer dinner parties!

continued...

The new 43-foot deck will be attached to the second story of the home and protrude
six feet into the tree tops supported by five new steel columns. Three of the steel
columns are what are called “Deep Pole Columns.” That means that the 6-inch
diameter steel columns will be embedded “deeply” into almost 5-feet of steel-
reinforced, concrete in undisturbed soil. The remaining two columns are more
traditional columns that will have welded “Base Plates” and be attached by bolts to a
standard 16-inch deep “Pad Footing.”



http://www.abouthomes.info/files/ICBO.pdf
http://www.clayroof.co.uk/educational_guides/plain.pdf
http://www.arab-eng.org/vb/u239099.html

: DEEP CAISSON 5°

: SHALLOW PAD 1’

We are hand-digging the five footings. Three holes will be 5-feet deep and 30-inches
square, the other two holes will be 16-inches deep and 30-inches square.

A




A 4-inch ABS sewer pipe is going through one of the footings. We will have to
wrap it with protective wrap so that the concrete does not interact with the
plastic, nor crackit.

*Normal Footing”
4-Bolts - to - Base-Plate

!»‘ 301 _, 31 { P IR
A hole 2'-6" x 2"-6" square and 5'-0" deep will require more concrete than one might
think. 31 cubic feet. A cubic foot of concrete weights 150 pounds. That means that
EACH of the three “Deep Pole Footings” will weigh in at a hefty 4,650 pounds! That’s
almost 2.5 tons of ballast. The deck will not be tipping over - evenin a 7.2
earthquake...

n the ground and a second




story is more than the typical 8-10 feet. Our deck will be 15-feet in the air. The deck
will reach into the tree tops of three California Avocado Trees. Want to make some




' Digging FOOTINGS for
OBSERVATION
&
ENTERTAINING DECK

ck. Hard digging and a terrific foundation medium.
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Concrete footings should extend 6 to 8 inches above the surrounding soil. We are
constructing lumber and plywood forms to make for good-looking, finished concrete
footings. We have set brightly-colored mason strings parallel to the home’s
foundation so that our forms will be super-accurate relative to the home.

A

' We want the finished concrete Column Footlngs
to be in perfect allgnment & uniform height...

Though the ground is sloped our woodn concrete forms are perfectly level - one
with another. When completed, the five concrete footings will be exactly the same
height. We will then grade the surrounding soil to match...
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Our last Deep Pole Footing will rise above the ground higher than all the other four
because the soil slopes down the lowest here.
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Left will support a cantilevered beam
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b g~
| Here is a dramatic example:zi
b difference in depth between i
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To make certain that the FOUR 3/4" x 12" long “J-Bolts” that we cast into the

concrete footings will align-perfectly with the Base Plate of the new, welded Deck
Columns, we want to make up a Base Plate Template to hold the bolts securely in
place as the concrete is poured. Here we made up a 1/8"-Steel 12x12 Base Plate
Iemplte to hold-securely the anchor bolts.

e B -

To make certain that the Column-Base-Plate BOLTS
will be in PERFECT-ALIGNMENT - we use Templates...




A
.

This 12" x 12" 1/8"-Thick Steel “template” will hold the 3/4" x 12" Anchor Bolts
in PERFECT-ALIGNMENT in the concrete - and then removed...

If you don’t want to make your own Base Plate Template using a lighter-gauge steel -
or even plywood - there are some companies that sell pre-made, adjustable
templates for about $15 each + shipping. Here is one. It only goes to 9" x 9" - so it
wouldn’t be use_f_tvjéé?ourprojct.

PP




We have purposefully left all of the available-thread on the anchor bolts protruding
above the concrete so that we can use nuts and washers UNDER and ON-TOP of
the Base Plate. This way, we can precisely “dial-in” the column. As you drive around
your city - look closely at the base plates of any traffic signal standards - you will see
this exact same procedure - all across the U.S.

o '."'-_- .‘-‘}‘ - Z N " Rt _‘ \ - o0 A
The”’Deep Footing” is just that... The 6-Inch Steel Column will be embedded directly
into the 4,650 pounds of concrete. The more traditional Steel Column will have a

Base Plate welded to the bottom of its 6-Inch Steel Column and will be bolted to the

tandard concrete Pad Footing in the foround of the photo.

—————
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Well, its time to pour 2 of the 5 footings.
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The driveway here is very steep and ready-mix concrete is out of the question. So we
mix on-site.
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We are pouring the smallish Pad Footings today. We will set those “Base Plate”
columns first. Then we will set the main deck beams that they will support. With just
two of the five columns holding up the main deck beams, we will then bolt the Deep
Pole Columns to the main deck beam to hold them - dangling - hanging from the

partially-supported beams - loosely inside of their wooden forms. Then we will pour
2.5 tons of concrete around each one of them...







Tomorrow we will remove the wooden forms and the 12" x 12" steel templaes that
secured the anchor bolts in perfect alignment.




We’ve removed the 2x4’s so that we can finish and edge the curing concrete. Be
careful to wait until the concrete stiffens - or your bolts and template may sink or sag
out of alignment. Sticking a nail or a finger into the concrete is a simple test...

Since we had some extra concrete today we poured 3-4 inches into the Deep Pole
Footings so that we could secure our rebar and eliminate the need to suspend it. See
the plastic pipe tape holding the “rebar-baskets”in suspension in the photo below?
We can remove those two straps which will make it much easier next week when we
pour those humongous footings and want to finish the surface and put a beveled
edge on the concrete’s perimeter.
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Off to the steel fabricator. Here we have cut 21-foot lengths of 6-Inch
pipe to length. Then we fabricate a Beam Saddle of 1/4-Inch Steel and a Base Plate

of 3/4-Inch Plate. We will return Saturday morning to pick up some or all of our

remaining columns.




We removed the plywood concrete forms on the two pad footings. We will place the
two Base-Plate Steel Columns Saturday as well. Then we will place our 8" x 8" Deck
Beams in the saddles of these steel columns. You can see how the Deep Pole
Footing is in-between the two completed footings... We will bolt the Deep Pole
Column to the suspended beam and allow it to “dangle” in that 5-foot deep hole. We
will align it with a level and secure it from shifting then pour the 4,650-pounds of

We will remove the 1/8-inch steel template before we gingerly place the heavy
columns onto the four bolts.




Our deck will be approximately 42-feet in length. The center-most column is not

exactly centered at 21-feet. We have purchased two 8" x 8" Rough Sawn Douglas Fir

Beams - one of the beams is 20 feet long, and the other is 26 feet long. We will trim

them precisely to length as we place them. Here is the “tiny 20-footer.” Tomorrow the
nd more 6x6 Deck Rafters.

- &)

Today we arrived at Ganahl Lumber in the seven o’clock hour to pick up our 26-foot
Deck Beam and more deck rafters. You wonder: “Why wouldn’t handsome, obvious
professionals like these guys have the lumber delivered?” Thanks for that! Two
reasons. If you purchase your client’s lumber for them, you are able to “hand-pick”
the best, straightest lumber. Have it delivered - they might bring you stuff you'd never
want to see. B.T.W. - Ganahl Lumber is usually an exception to this - what customer
service! The second reason is the long, narrow, curvy, steep driveways that most La
Habra Heights homes have - a big lumber truck would not have an easy delivery.

26’-0" 8x8 Beam




Reason #2! See this driveway? This is the straight, not-so-steep section...

The Ford “Tonka Truck” did not roll over - though it worried us for a while. The little
truck that could...

. -5 b . 'y "
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After the lumber delivery, we rushed to the steel fabricat about 9 a.m. on this
Saturday morning as they only work a half day. We load up some more heavy Steel
Columns and take them back to the job site.
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| Steel Fabrication Shdb

While I'm Iiiﬁg the heavy Canon Digital SLR, the remaining boys are moving the
500# column up to the pad footings we completed a few days ago.
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This deck better see a‘ lot of use!
b -

| couldn’t help but picture the famous Ilwo Jima Picture.







RenovateMySpace.com ”." o & L)

Itis in place and now must be lifted up and delicately lowered on the précisely-placed
3/4-inch anchor bolts - delicately so we do not mangle the threads.




AImt there. DIY folks - you will likely have the base plate centered over 3 of the 4
bolts. Rather than hitting the bolts with a hammer, get a big sledge hammer and
“gently” tap the edge of the thick 3/4-inch base plate. It will be easier than you fear.




" el *

e hammer “taps” and settled down on the
bolts. We are hand-tightening the nuts - but we need to check for height and level
and adjust some of the 12 nuts. Remember, use two (2) nuts on the top and cinch
them against each other to lock them in place.




These beams are no fun to move about.




Six men were able to hoist the heavy beam up using ropes while standing on
scaffolding. The beam is approximately 12-15 feet from the ground (depending where
you measure).

Note the “DEEP POLE FOOTING” between the “PAD FOOTINGS?” Now we can bolt
the Deep Pole Column to the beam which will suspend it inside of that deep hole.
Then all we have to do is check for level - and secure it “level” as we fill the footing
with 4,650 pounds of concrete.
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Today we began to set the first 26-feet of 6x6 Deck Rafters. These could be spaced
24-inches on center, but we always want to be ultra-conservative so we placed them
at 16-Inches on center.




0L 3 .
The Simpson Hangers are fastened to the 2x12 Ledger using 16D galvanized nails.
The 6x6 Deck Rafters are secured in these hangers on the house side. On the beam
side, the Deck Rafters are sitting atop of the 8x8 Deck Beam. The Deck Rafters are

then securely blocked using 4x6 blocking set flush with the outside edge of the 8x8
Deck Beam.




e - e

The Inverted Simpson Hagers are much “cleaner” looking than the traditional flange
style. Anytime you are build “Open-Framed” structures it is better to be cognizant of
the cosmetics...
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We don’t need the scaffolding any longer -so we will disassem
it up where we can use it to assist us in stuccoing the house.
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Here is a view from the top. We are shooting 16D Galvanized nails at a 45-degree
angle into the 4x6 Blocking and securing it to the 6x6 Deck Rafters.
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We will better-secure the blocking using some Simpson A-34’s or A-35’s. Why do we
want the blocking so overly-secure? Because we will likely bolt a Deck Safety Ralil
System to or through these blocks.
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We treated the 4x6 blocking on the bottom and the just-cut ends with Jasco

Preservative - but we left some uncoated so the blocks can be handled. We will paint
it all tomorrow.

Today, while the Deck Rafters and Blocking was being installed at the job-site, |
inspected and paid for a 10" x 12" x 28' Rough Sawn Beam for the last deck we will

build (next week) and visited the Steel Fabrication Shop where | inspected and paid
for the final 3 steel columns (below).
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We will pick up these wood beams and steel columns early tomorrow morning and
take them to the job site.
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15-Foot Deep Pole Columns...
Each of the 3 De;p Pole Columns will need 4,650 pounds of concrete. We have to

use bagged products - and that’s 4 pallets so we had it delivered to save wear and
tear on our vehicles.
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So we have the concrete and we are ready to pour two of the three footings
tomorrow morning.

i

The columns were literally man-handled into
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It takes 4 men -minimum- to safely get the heavy columns up and into the footing

forms without damaging them or knocking them out of square and le
3 : B R L ;
LA

Deep Pole Footing
Ready for Concrete

To keep the columns perfectly level - since they are “dangling” in the forms - we
secure them in place with scraps of wood.




g%, h g N
= A > A
b : f?,—— : it

-

p AW VRIS

Hardened concrete will bond with any form surface, whether it is made of lumber,
plywood, iron, steel, etc. Release agents, applied to the forms, are materials that
permit the clean release of the partially hardened concrete from the form.

You can buy upwards of 400 different concrete form releases - if you are in the
concrete business, or for the rest of us you can make your own with simple soap.

Soaps are surfactants and work really well on small projects.




: Get some SOAP
We were limited to some liquid dish soap - but the better choice would be a dry soap

powder (Dishwasher or Laundry Soap) - make a strong, pasty solution and work it
into the wood.

%




~%’oapmg up the C ncrete F’orms"gl

We started at 7 a.m. in case we need time to allow the concrete to set suff|C|entIy that
we can edge the footings and hand trowel the top surface with a steel trowel finish.
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ete vibrator. You can rent one for about $40 or

-

Most D
concrete to vibrate into all of the nooks and crannies of the forms. You are also

eliminating most of the air bubbles that will otherwise linger against the plywood

1Y folks will
you can tap the sides of the plywood forms with a hammer. You want the wet

causing a poor finished “look.”

It is the next day and as 3 of us add 20-fe
column, we have a forth man remove the forms.

et to the deck and another deep pole




Here is a view of our new “Deep Pole Footings” and the previously-poured “Standard
Pad Footings” that have the anchor bolts.
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You can see the rest of us about 25 feet down extending this nifty Observation Deck
to its planned 42-foot length.
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Here’s a good view of the stout 6-Inch steel columns; the 6x6 “treated” deck rafters;

the Simpson Inverted Hangers and the overall view of the deck “coming together.”
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It's Saturday and we are working a half day. We have one last “Deep Pole Column’
to bolt to the 8x8 Deck Beam. We will pour the last 2.5 tons of concrete around it
Monday morning.

A
e

We use all manner of hydraulic tools, ropes, ratcheting straps - whatever is useful
and convenient - to pull the 500-pound columns up tight and snug as we drill the bolt




holes in the beam. Then we insert four 5/8-inch x 10-inch bolts to hold the column in
lace.
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Using an aluminum Speed Square is very useful when you want to be certain that a
long drill bit will penetrate the beam squarely and accurately in each and every
direction.




ther iIIustrativ view of the underside of this Ion and high deck.




Once the deck is completed, we will have a terrific work surface to complete our new
stucco.
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We have about 20 feet of remaining deck to assemble. Our 12-Inch Saw will not cut
through the 6x6 lumber without flipping the lumber over and making two passes.
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As a recap, we are securing the 6x6 deck rafters to the house with Simpson
Hangers. On the other side, the deck rafters are perched on top of the deck’s 8x8
main beam. The rafters are securely-blocked using short, precisely-cut 4x6 blocks.
After the blocks are nailed in place with 16-D galvanized nails, we nail a Simpson A-
35 Angle to each side of the 6x6 Deck Rafter to secure it to the 8x8 beam they sit

Here is a closer view.
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Below is the final section of our 42-Foot Long Trex Deck. We will turn the corner of

the house and change deck systems to a water-tight, solid-surface, polyurethane-
coated deck. Tat deck will be covered in its own posting.

ea -"P A New-Technology Solid- Deck wnll BEGIN HERE...
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Our 42 Fodt TREX deck wnll end at the BIG BEAM

Today we are installing a 2" x 4" Factory-Painted, Charcoal Drip Edge Metal - a metal
used on roofs - to protect the top, flat surface of our deck rafters. ALL WOOD will rot




- and the process Qeg‘ins onthe top.
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Smart, Prevention
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No ROT. No Fungus.

When deck boards are on top of unprotected wood - here in California a wood fungus

will often take hold. You cannot sell a home with active fungus - so its best to prevent
it in the first place...




Where these metal pieces overlap we seal them, one-to-another, with a bead of




All of the overlaps are sealed - if you are wondering about that “fish-mouth” on the
one deck beam, we came back within minutes and added more galvanized nails to
close such openings.




"

Overlaps are SEALED tight...

The caulking will be dry to the touch tomorrow - and that is when we are going to




install the TREX Deck boards.
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hs are SEALED

Overla

This morning we are installing the TREX. We have decided to “frame” the deck with a
picture frame of Trex mitered 45-degrees at the corners and fill in the resulting
rectangle. Our gaps on this deck will be about a 1/4-inch. High Heels should be
discouraged on Trex-type decks as gaps between the planks are mandatory.

=




A - B

These boards ar clled 5/4 and are approximately 1-inch thick - as compared to the
thicker 2x materials. We are securing the deck boards using factory-coated, 8 x 2-
1/2" square-drive, deck screws.
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6x6 Deck Rafter

The deck measures 6’ x 43’ long.




Its a beautiful Saturday in May and the deck is making walking in the treetops a real
hoot... Birds are just feet away singing and watching us - curious perhaps.

Y o~




Next week we start fabricating our own cable-rail system.

NOTE: | will post more pictures as this CURRENT PROJECT progresses - almost
daily
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200 mm x 150 mm < 132 mm
bearing plate twicall
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harizartal loop 3 Mo, 10hoops

S0 mm

a0 mrm

2 Mo, 13 faming bars

2 No. 10 hoop =

125 rnrn

Note: Column rein o ro: ment
iz not shown

i

le——250 rnirn ——d

Elewation Wiew
—— 7 Moo 13 with horizontal laop

——2 Mo, 13 faming bars

Cross

e Th—o ®==

Adtermate Anchorage

4. Ay bar showld be extended o the far facs of the
coldumir. Prowide fully developad & bars by sebecting
the numbear of bars so that thye bar sizae remrsains smad
ancough o ensure thalt the laength, ., s prosiced
(Design Aid 1129

. Wertical length of a standarnd 907 ook is T2d (Desicgn
Ajd 11 .2.9). The horizormal angth of A par, g . Mmust
be prowvicded in order 1o ose a standand 907 ook 1
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same as A, bar.
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12'-0" to 16'-0" 4'-0" to 6'-0"

5/16" dia. finks

5/16" dia. links ot 8" ctrs. at 8" ctrs.

F 2 No. 5/8 dia. bars F 2 No. 3/4" dia. bors
L”L \__2 No. 5/8" dia. bars Lﬁ; 2 No. 5/8" dic, bars 2 Mo, 1/2°

8" minimum

|

dio. bars

Slab
Rebar

2 No. 3/

2 No. 5/ 8 . "lle e
2 No. 5/8" ‘ ' . : Y,

c-C
NOTE:

This detail is suitable for suspended beams 12" to 18"
deep by 8" wide supporting a 6 thick slab and with
a cantilever of no more than 6 length. The width of
bays between beams should not be greater than the
beam span
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Defining Mass Concrete

ACI Committee 116 defines mass concrete as “any large volume of cast-in-place
concrete with dimensions large enough to require that measures be taken to cope
with the generation of heat and attendant volume change to minimize cracking.” This
categorization can include structural components with moderate- to high-cement-
contenet concrete, massive structural elements of mat foundations, and to dams and
other large structures that use concrete with a low cement *******gt,

In any mass concrete application, temperatures rise through heat of hydration. As the
interior concrete rises in temperature, the outer concrete may be cooling and
contracting; if the temperature varies too much within the structure, the material can
crack. A variety of factors influence temperature changes, including the size of the
component, the amount of reinforcement, the ambient temperature, the initial
temperature of the concrete at time of placement and curing program.
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DEGENKOLB ENGINEERS

It took 15 hours and 600 truckloads of cement to pour the
five-foot-thick mat slab foundation for the 250,000-square-
foot, four-storey hospital expansion in Rancho Mirage,
California.
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Project Characteristics;

The project consisted of the construction of a 22,000 CY mass concrete mat
foundation for a medical facility in Houston, TX. CA’s work consisted of working with
the Structural Engineer of Record, General Contractor, Concrete Sub-Contractor,
Independent Testing Laboratory, and the Ready-Mixed Concrete Supplier to develop
a construction plan for the placement, curing, and protection of the concrete to
ensure the quality of the concrete in-place. CA developed a plan for the preparation
and placement of the mass concrete including monitoring of internal concrete
temperatures afterseveral meetings with all parties involved in the construction,
review of plans, drawings, and specifications, evaluation of the mixture proportions,
and prior experience. CA’s work also included developing the quality control program
for accepting the fresh concrete delivered to the job, temperature monitoring plan,
concrete specifications, curing methods, and early age protection to prevent distress
of the concrete. Through daily monitoring of the ambient and internal concrete
temperatures, CA was able to provide the General Contractor with guidelines for
proceeding with construction as quickly as possible while ensuring that the concrete
did not experience any thermal cracking.
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thank u too much eng. reizq

you provided us very important information

about our project....it is 5 basements and 20 stories , located in al-riyadh ...saudia
arabia....area of raft around 4000m2 , thickness of the raft 2 m ....so, i hope this
information will provide u better view and better solution
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Footings/steel prep for dome attachment
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The airform is a heavy duty, vinyl balloon-like structurece oS air form S 5




Curved walls framed to match dome for hallway (exterior section framed and‘attaching to
dome w/ connections)
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Exterior connection of conventional framing to dome
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Structural steel installed to supprt arches at door entry areas. Inside of arch
area cut out to create opening
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Installation of pre-mat steel on foam insulation

Bolts installed through dome wall and tied to rebar prior to shotcrete installation

Bolts were used to hold ledger/band for exterior roof connections
Installation of conduit for wiring of sound system, house lighting, stage lights

Conduit coming to central location for electrical connections/distribution
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Dome shell complete prior to slab pour

2l Rl e clpladall dlee (g Al 3l Jleel e ol 2y o




sl g yall o2 S LY ARy e e ol 5 S BaliiuS
http://www.dometech.com/*******/Technology/ConstructionProcess.aspx

o @y

i) Aaxigh) 5 jLdiu

G a5 s Al Ak Algs Qlall (LY Ajrform Inflate alasic) (e geads A5 4 LA Yl

QS ol dus AN e ey JAIAN (e A0S 5 % Alirfrom o) 585 aa ) adEa elia (ST AGL) <l gladl)
Sk e Shoterete das &b & (a5 z S (e &g jleaal) cliaidl) Jae 5z Al e rebar weal) 485
2Ly i 43y ylall ) alail) 13 5 g sl Jaally el ana e (Auda ) 4u) Dl Al (5 50l caall iy

o sl g aial gl o3a 5 3V o) el e A5 el 0 il aladi) (S Gum AGISH AL L) (SLaal
oY



http://www.dometech.com/*******/Technology/ConstructionProcess.aspx
http://www.arab-eng.org/vb/u239099.html

il Tl ) e a0 S

http://lwww.youtube.com/watch?v=QrJ2-5NQuyw&feature=related

A sl ¢kl

sl @3y

Agaal) dasigl) (g jldia)

@DLBYU L_IYjLuﬂ\ L)A‘\.c_;muﬂ‘\h\ ea\ " @»md)l;)%sgsﬁdsum" t)m)a‘ERSJL&A\ 0l ‘55
(e s Jiadl 138 8 A1 550l ugalinn 5ms5 5 AY i 31 51 345 A8 53 Dy AT g (0 il
el 3 ) e Jlal) o34 il ) ada

2 2.5 gl a 60 * 60 Ml Raft Foundation 5 _sas=c) ;) Ll ¢S 1)

Jia 358 2 25425 e 15 Y aladls dal e e coall 4553 any ol 550 e )l Coua 2 o )
- oall Joal 5 die WAASH A Clel Y o Led 45 3al)

e 80 IS (B all gl A IS (5 5S uall cad 68 KDy Jal e e @il cua (S da LY
ALY Cuall Jaal b aie La3Las) o 30U el a ) & Lo @l s 135 S 85 gl )

cilillie Caa ey Jasd) b bl aia iS5 ) ) )l 1)) Jans 5 8 el diala I 2lini Ja Y
€ ALY el

Sulphate Resistance <l Sl J glia Cuial aladinl 3 )5 i Ml 4 il asd 5 8 OIS )€
Gliial gall aidi dua Al Al e Temperature Quality Control Jee i <aSiCement
L LS, Sl o glaall el ae Fly Ash or GGBFS plaaiul

W) A g gaim g g e Y Sl (e La s A8l Y il Jpm (R Uiy

g9 @)
Aiaal) Auigh) 5 i

i &I 5 gl G G pa g 431 ) 1) JOINES sl 5l ¢ sum s o AS el Aylay 8 S5 L
Sl ol 5 Jlaal) 138 3 daadiall Lpuaigl) Sl a5 dglead) 5 Al JMS ey dualald) 5 lai dgan s (s
¢ ae¥) (plaad) oyl AnlSal dllia () ) 438 52 olae Slia s Basement Walls 4 s 30 s llia (IS 13) 43l
iR kY ‘_“5.'1.“} dmbﬂ\ s DA % oluall oyl :\:\.\\SA\J uﬂh} dm\)i“ et Jady Mé ( );,J\ olaac HledY)
Aol @l el U e Bamy 05S5 Ag padll o) jaa 5l 8 QIS5 3 538 JSLia I
LS 80,5 WS Guanadiall sl gl ) jeaisa oSl



http://www.youtube.com/watch?v=QrJ2-5NQuyw&feature=related
http://www.arab-eng.org/vb/u239099.html
http://www.arab-eng.org/vb/u239099.html

Joints are required to be provided in building super-structures to take care of thermal and
seismic effects. Concepts in this connection are more or less clear and no difficulty is
generally experienced in locating these joints. Structural designers, however, face a question
as to whether these joints should be extended to foundation raft. There are no clear guidelines

available on this aspect.

in multi-block buildings having basements, unless technology to ensure water tight
construction is available, joints need not be provided in the basement rafts.

Wherever computer facilities of adequate size are available, raft should be analyzed as a
whole. On the other hand, where it cannot be done, a separate analysis can be carried out for
portion of the raft taking 2 or 3 bays on either side of the joint and neglecting the other
portions. The common portion can then be designed for these values or the individual block
values whichever is higher. While detailing, reinforcement should be provided liberally at the
joint.
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DEGENKOLB ENGINEERS

It took 15 hours and 600 truckloads of cement to pour the
five-foot-thick mat slab foundation for the 250,000-square-
foot, four-storey hospital expansion in Rancho Mirage,
California.
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The UAE Landmark Tower consists of a 16000m3 raft
.foundation which was cast in one single concrete pour in August 07
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Joints for Concrete:

Introduction

All concrete, once placed, will contract slightly during the curing process; this is the primary
cause of small surface cracks that appear during the curing process. When set, concrete will
expand and/or contract slightly with ambient temperature. It is therefore advisable to
incorporate some form of movement joint within larger slabs, particularly those 6m x 6m in
plan or larger.

Any concrete structure that is going to require numerous movement joints, is best designed by
a civil or structural engineer.

Movement joints are also useful when laying concrete within an area bounded by walls or
buildings, or when an object such as a manhole cover has to be incorporated within the slab,
as they allow the concrete to expand and/or contract without transferring pressure onto the
other structures, causing cracks within the concrete slab, or the wall, MH cover, etc..
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The usual recommendation is for some form of movement joint to be created in a non-
reinforced slab at a separation of approximately 30 times the slab thickness. So, for a 100mm
thick slab, there should be some for of joint every 100m x 30 = 3000mm = every 3.0-3.6m
and, in a 150mm slab, 150 x 30 = 4500mm = 4.5-5.4m. Naturally, there is some leeway with
these calculations, and joints can be positioned to coincide with band courses or to be ‘centred'
within a slab for aesthetic reasons.

Types of Joint

Different joints are used for differing purposes

1-Expansion joints:

Allow expansion AND contraction of a concrete slab without generating potentially damaging
forces within the slab itself or the surrounding structures. Expansion joints are usually a
complete 'gap’ between adjacent bays, ie, there is a definite break in the concrete and any
reinforcing steel that may be present. Where adjacent bays are ‘tied' together by means of
dowel bars, these dowels are sleeved in one of the bays to allow expansion to take place with
generating stresses within the slab.

1-Contraction joints:
Also known as 'shrinkage joints', this type of joint allows only for contraction or shrinkage of
the slab, as can be anticipated during the curing process.

3-Crack control joints:
As some wit once remarked, "There are only two types of concrete; that which has cracked,




and that which is about to crack." Crack control joints are a partially-formed contraction joint
that aims to ensure that when the concrete does crack, it cracks in a predictable manner at a
precise location.

4-Construction joints:

Although this type of joint is not a true movement joint, it is a commonly formed joint in
concrete construction and so is included here for completeness. Construction joints can be
horizontal or vertical and are formed when placement of the concrete is interrupted for some
reason. It may be the end of a day's work or it may be that some other work needs to be
completed before resuming the placement, but the result is the same - a 'surface’ is formed as
the placed concrete cures, and then fresh, plastic concrete is poured against this 'surface’ as
some later point in time.

Materials for Concrete Joints

There are numerous different materials used in forming joints in concrete slabs, but the
most common are:-

Flexible board:

A fibrous, compressible, flexible board, such as 'Flexcell', It is cheap and readily available
from Builders' merchants in pre-cut strips of the required depth, expressly for creating
expansion joints. It is typically 12mm, 20mm or 25mm thick and the right thickness for the
joint should be chosen. No joint should be wider than 30mm.

Dowels:

400-600mm long, 20-32mm in diameter and manufactured from Grade 250 steel.

Sealants:

There are three main types:-

[J[1Hot poured, usually bituminous in origin. Not as widely used nowadays as they once
were.

[10cold applied - often a two-part polysulphide mix incorporating resin and curing agent such
as Colpor 200 or Thioflex. Usually applied via a mastic gun and smoothed with a putty knife.
The most commonly used joint sealant.

[ JPre-formed elastomeric - expensive and, in trade parlance, a "right bastard" to work with.
Need to be squeezed and inserted into a scrupulously clean and well-lubricated perfectly
formed joint.

The sealant is supplied in containers of various sizes, to suit the job in hand, with different
sealants being used for different projects. Builders' Merchants will advise on the most
appropriate sealant for a given project, if none is specified. Before applying the sealant, the
joint should be thoroughly cleaned to remove any laitance, dust or other deleterious matter.
Grit blasting is the preferred method of cleaning a joint prior to sealing but a blast of very
carefully aimed compressed air will usually works just as well on new joints. Sealant tends to
bond better to a dry joint and ought to be kept free from traffic for the first 24 hours. A
temporary cover may be placed over the joint to prevent accidental trafficking.

Dowelled Joints

Where a large area is being covered with concrete, the slab is normally divided into a number
of bays and adjacent bays are tied to each other by means of dowels, short lengths of steel bar
embedded half in one bay and half in its neighbors.

In alternate bay construction, the dowels are positioned in the first bay and left protruding, to
be concreted over when the second bay is poured. In continuous run concreting (CRCR), a
highly mechanized form of concreting normally only used on the very largest projects such a
major roads and runways, the dowels are auto-inserted into the concrete as it is laid and a
joint wet-formed or cut as required.
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The dowels should be 600mm long and manufactured from mild steel (Grade 250). In
expansion joints, the dowels are 25mm diamter at 300mm centres, but for contraction joints,
the dowels may be slightly shorter, 400mm in length and 20mm diameter, again at 300mm
centres. It is essential that the dowels are aligned to be level with the plane of the slab and
parallel to each other to avoid the creation of stresses within the slab when movement occurs.

Dowelled Expansion Joints

Expansion Joints consist of a flexible piece of compressible board, such as 'Flexcell’, topped
with a waterproof sealant and sandwiched between adjacent bays or between the concrete slab
and another fixed object.

For a dowelled expansion joint, the dowel should be de-bonded to half-length to prevent it
‘'sticking' to the concrete and thereby limiting free movement. In heavy duty applications, such
as roadways, the de-bonded half is sleeved and capped, or sheathed in plastic film, to ensure
free movement. Provision must be made to support the dowels and maintain their accurate
alignment while the first bay hardens.




wi, zeallsoft. com

25mm
SOmM———

Mesh reinforeing

lmd of dcme! de~bonded
or encased in steeve ang
cap to allow movrement

The flexible board will need to be drilled to accommodate the dowels and the edges of the
expansion joint should be arrissed to prevent spalling. Once the second bay has hardened, the
expansion joint can be sealed with a suitable sealant to prvent ingress of water, salts or
detritus.

Dowelled Contraction Joints:

With dowelled contraction joints, again the dowels are de-bonded to one half. In some cases,
the sleeving will extend into the first bay so that when the completed joint is formed, the steel
dowel is fully insulated from any water or salts that may find their way in to the joint. The
shutter has a temporary former attached at the top edge to create a gap that will eventually
accommodate the joint sealant. The edge of the concrete is arrissed to prevent spalling.
'Error

Former
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Once the first bay has hardened sufficiently and the former and shuttering has been removed,
the second bay can be poured. The tight joint between the adjacent bays generates a high
degree of interlock between the aggregates. After a period of hardening has been allowed for
the second bay, the joint can be sealed with the appropriate sealant.

Dowelled Control Joints:

Dowelled control joints (dummy joints) are most commonly used on highway and airport
runway constructions, where continuous run concrete trains are used and the dowels can be
automatically inserted.
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A crack inducer at the base of the concrete slab may be incorporated and a 'starter' joint
created by sawing at a critical point during the curing process or insertion of a wet-former
when the concrete is placed.

Non-dowelled Joints:

Non-dowelled joints tend only to be found in light-use applications, such as residential paths,
patios and driveways. There is a good argument for all joints to be dowelled unless there are
extenuating circumstances, but site practice and tradition tends to follow the simplest,
cheapest option when left to its own devices.

Expansion Joints:

Non-dowelled expansion joints are not particularly common between two new concrete bays,
but they are occasionally encountered as the joint between a new concrete slab and another
fixed feature, such as a wall, as the wall (or other feature) is not capable of being dowelled.
This series of 3 diagrams illustrates the formation of an expansion joint between two new
slabs, but the same principles apply for constructing an expansion joint between a wall and a
slab.
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The flexible strips should be placed vertically against a solid edge, such as a wall or to the
face of an already cast concrete slab and are typically set 30mm below the finished surface
level of the concrete to accommodate the sealant and a bond-breaker, if one is specified. A
temporary filler strip may be positioned on top of the flexi-board to keep the joint free of
concrete during placement. This temporary filler strip is removed once the concrete has
hardened to reveal the required gap for the sealant.




Sealant
——Bond-breaker

First Bay Second Bay

The top of the joint should be sealed with an appropriate sealant which is left slightly lower
than the top of the joint.
When sealing an expansion joint between a slab and a wall, a cold-pour sealant applied via a

mastic gun is the easiest option.

Contraction Joints:

Contraction joints are the simplest of joints in that they are basically a break in the concrete
and the reinforcement created to allow the natural shrinkage of concrete (because of curing
and/or temperature change) to take place without generating crack-inducing tensile forces
within the slab.
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They are formed by embedding a 25x25mm timber or plastic joint-former into the still wet
concrete, then removing it once hardening has taken place, and filling the void with a suitable
sealant.

Crack Control Joints (Dummy Joints)

This type of joint is most commonly encountered on Pattern Imprinted Concrete paving,
particularly residential driveways and patios

For creation during construction, the control joints may be pre-formed using a timber strip
and/or a Grooving Trowel. The inclusion of a crack inducer will help ensure cracking takes
place in exactly the right place. Depending on the type of joint required, additional work may
be necessary once the concrete has cured. If a timber or other temporary former has been used
to create the wet-formed joint, it should be removed and the joint sealed with a suitable
sealant, usually a polysulphide such as Thioflex.

Sawn joints are normally cut a week or more after sealing, so that the concrete will have had a
reasonable amount of time to cure and avoid 'spalling' at the cut edges, and for the sealant to
protect the surface from the concrete dust. On no account should concrete dust be allowed to
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rest on the surface for any length of time as it will set and could damage the surface when
forcibly removed.

They are cut into the cured pavement using a power saw with diamond-blade, and should be
between 25% and 33% of the depth of the slab. A trolley-mounted floor saw will ensure a
neat and true cut is made; hand-held cut-off saws have a tendency to 'wobble' during the
cutting operation, giving a cut with all the straightness of a dog's back leg. If a hand-held cut-
off saw is the only option, a suitable guide rail should be used to keep the cut straight and
true.

Construction Joints:

As mentioned above, Construction Joints are breaks in the continuity of a concrete structure,
rather than control features, such as Expansion, Contraction or Crack Control Joints, that is,
they are there through necessity rather than because of any critical engineering consideration.

Simple Vertical Construction Joint:

The most common reason for the existence of a Construction joint is the cessation of work for
the day. Consider a large slab that is being poured as part of a road scheme: work cannot
continue 24 hours per day, and so, when the end of a working shift is reach, the pour comes to
an end, and this end, often known as a 'Stop End', 'Stunt End' or 'Day Joint', needs to be
relatively neat and tidy so that work can be continued the following day, continuing on from
the previous day's Stop End. The simplest form of a Construction Joint in such a scenario is
shown opposite.

Joggle Joint:
In some situations, it may be preferable to 'lock together' the slab across the construction joint

in such a way that shearing forces can be transferred across the joint. Often, this would be
done by means of some form of dowelled joint as described above, but an alternative is to use
what is known as a *Joggle Joint’.

There are various types or shapes of joggle joints. Some create a basic 'overlap' joint, and
some may be square, rather than trapezoidal, but the simplest type, the one we've used most
often, is shown here.

With this type of construction joint, a "trapezoidal key" is created in the stop end by using a
‘former' attached to the stop end shuttering.

The former, which needs to be removed to facilitate subsequent pours, is often a shaped and
planed length of timber, nailed to the shutter and painted with Mould Release Agent (Soap
Qil).

Once placement resumes, plastic concrete flows into the void created by the former and the
new work is 'tied' to that of the previous day.

Construction Joint with Starter Bars:

Another fairly common construction joint utilises what are known as 'Starter Bars' to tie
together separate pours. The Starter Bars are usually 600mm long and 12-20mm diameter
steel dowels, although, in some cases, steel mesh may be used. The bars, usually at 450-
600mm centres, are inserted into the plastic stop end to half their depth at the end of the day.
The follow-on work, when it happens, encases the protruding half of the dowels, thereby
locking together the two bays.

It may appear that this type of joint is remarkably similar to the dowelled expansion joint
illustrated above, but it should be noted that no accommodation has been made for expansion
or other movement, and that this is a significantly inferior joint, from an engineer's point of
view, to that shown previously.

While the value of this particular form of joint with starter bars may be less obvious on
horizontal slabwork, its use is a regular feature of vertical masonry, where a concrete wall or
retainer may need to be poured in a number of sections or 'lifts', with each section tied to the
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previous for structural integrity.

When used on vertical structures, the joint itself is, naturally horizontal, and may accrue
standing water or laitance if left exposed to the elements for any period of time. It is therefore
essential that the surface of the joint is thoroughly cleaned with a wire brush or a scabbler tool
prior to the placement of subsequent lifts.

Simple Horizontal Construction Joint:

This type of construction joint is most commonly found in minor civil engineering works. the
example shown here is from the construction of a manhole chamber. The base concrete is
placed first, and may be left for a period of time or may have the first chamber section placed
and levelled, or one or two courses of engineering brickwork laid more or less immediately.
Some time later, the channel and its immediate haunching may be placed, further chamber
sections or brickwork added as required to bring up the chamber to soffit level, and the
external haunching concrete put in place. This will result is a simple, horizontal construction
joint at the interface of the two phases of work.
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Adding Water On-Site to Concrete Mixtures

Adding water on-site to concrete mixtures has been a controversial topic for as
long as concrete has been used as a construction material. The addition of water is
clearly covered in ASTM C94, Standard Specification for Ready Mixed Concrete.
The standard does allow for on-site addition of water to adjust fresh concrete
properties so the material as delivered is suitable for the specific application.
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Concrete that is delivered with a low slump may lack the workability for proper
concrete placement consolidation and finishing operations. Additionally, low
slump concrete mixtures in some cases may be deficient in air ******* for
durability in freezing and thawing environments or where the material may be
exposed to deicing chemicals. While on-site additions of water may potentially
reduce the final concrete strength properties, in many cases the consequences of
adding the water may be less detrimental than attempting to place, consolidate,
and finish a concrete mixture that that lacks proper workability and/or air

*hkkkhkikkk

How Much Can | Add?

The general rule is that water may be added to adjust the slump of the material to comply
with specifications upon arrival as long as the maximum specified water-cement ratio is
not exceeded. Typical additions of water on-site are in the order of 1 to 2 gallons (3.8-7.6
liter) per cubic yard (0.8 m3) of concrete (this would amount to 10 to 20 gallons (38-76
liter) of water in a ten cubic yard (7.6 m3)load. A general rule of thumb for the effect of
the addition of water to a concrete mixture is an increase in slump of approximately 1 in.
per gallon(25 mm/3.8 liter) of water added to a cubic yard of concrete In short, a small
addition of water (1 to 2 gal per cubic yard of concrete) can be beneficial to the quality of
the hardened concrete when appropriately added (not exceeding the maximum water-
cement ratio or maximum revolutions) on-site during the normal course of concrete
construction.

Impact of Water on Concrete Properties
should you allow water addition on site? ASTM C94, ACI 301, and other building
codes allow for it. Many times obstacles such as transportation and weather conditions
take away from the workability of concrete. There are pros and cons to consider. Get a
realistic look at the effects of adding water to concrete at the job site — including
discussion on water-to-cement ratio, testing and chemical admixtures. Then make an
educated decision on whether to add, or not to add...
Upon completing this webinar, the participant should be able to:
1. Recognize applicable codes and specification requirements on water (ACI 318, ACI
301, ASTM C 94).
2. Discuss influence of water on consistency of concrete- including sources of water
(batch water, aggregates, wash water).
3. Understand the importance of water cement ratio.
4. Describe the impact of on-site water addition to consistency, set time, chemical
admixtures, strength and permeability.
Verified participants in this webinar will be awarded 0.1 CEUs (usable for 1.0 PDH in
most places) sent via email after submitting an evaluation.
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How to design and build a French Drain / Leach Line:

Many of us have had water problems on the land around our homes and businesses. When
the rains come we sometimes end up with water problems that range from bird-baths to
small ponds to huge lakes! Oftentimes these water issues affect our homes - and cost in
repairs. Grading the land surface, or pouring water-deflecting, sloped concrete are the
typical “first choices.” Other solutions involve adding surface drains and diverting
problematic wa:Eer by undergroungpipe to a better location.

CONSTRUCTION %
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Sometimes we inherit a soggy- _situation or we create our own problems by installing
expensive hardscapes that were really great until that first BIG RAIN - when we learned
that we failed to adequately-allow for some water situations. In many circumstances there

is no where to run drain lines and our choices are very limited...
A
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Then there are those who must keep the fluids underground - those who need to
repair, replace, or add capacity to a Septic System. In this instance, the “French
Drain” is called a Leach Line, Leach Field, or Leach System. Whatever the issue, if
you have soil that will absorb liquid and you will not create other problems by going
underground, then a French Drain / Leach Line may be a solution!

* ** DISCLAIMER: Please remember - the Posts and Pictures on our site are to
assist D.1.Y. folks and contractors who might be new to particular construction
challenges. We are not Civil Engineers. You should check with your local building
departments before tackling such a project. Septic Systems are usually governed by
sets of Health & Safety Rules that will change jurisdiction by jurisdiction. Porting




water into the earth on hillsides may cause instability. Be careful. Use wisdom. Check
with your local authorities... * * *

That said - we have built a number of French Drains, Leach Lines and Leach Fields
over the years - from long, long trenches that you’d swear could easily handle the
runoff from the mighty-Mississippi, to small, but functional 4’ x 4 square foxholes
dug straight down about 7-8 feet deep to handle some runoff on the rear concrete
deck of a small condominium...

No matter the size or complexity - the basics are simple...

Most French Drain Systems are constructed using simple tools and materials; a
Bobcat, a one-day Backhoe rental or just some shovels; woven landscape fabric,
(sometimes called: Geo-Textile fabric, landscape fabric, weed-control fabric); pea
gravel or crushed rock; and manufactured perforated drainage pipe or heavier-duty
pipe that you can perforate yourself...

W Iocat a patch of iI dohil rom he house, an ran a leve
that we ended up with a level area that measured 144 feet.
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We ould ave rented a mini-excavator for $220, including delivery and pick-up. We
should have. Our client wanted to provide some work for a young man - so this

3'x3'x144' trench was dug by hand in four days. There were some roots that slowed
the progress.




We purchased some Geo-Textile fabric - sometimes called “landscape fabric.” The
rolls of this are sized like carpeting in 12’ rolls.




Landscape Fabrlc (12" Roll)
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We lined the trench with Iandscape fabric, Ieavmg sufficient extra to fold over the top
of the gravel




The trench was big enough (volume wise) that we could have ordered a full truck and
trailer of 3/4” crushed rock - delivered (a Truck & Trailer = 24-Tons). Since this was
a more-casual project, one of several concurrent projects being performed during a
week when we were at the job site every day anyway, we simply used our trailer for a
few loads which we would pick up at a Masonry & Stone Supply Yard.




The hillside homes we often work at have long, winding, narrow driveways - so the
trailer was as effective as a semi-truck delivery. We have a John Deere Skid-Steer at
the site (often generically called a “Bobcat”). So scooping the gravel up and getting it
to the trench was a snap.




Contractors around the U.S. use all manner of rock sizes for drainage projects. Most
French Drains are going to be so effective that you will never surpass their capacity.
3/4-inch crushed rock is extremely common, and priced right too.
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Many contractors will place their perforated pipe close to

and expect the liquids to rise above the pipe. We find that “set-up” is asking for
problems as any solids or silt that may get through the landscape fabric will tend to
collect inside the pipe.
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We want to fill up our 3’ x 3’ trench about 2/3’s to 3/4’s high with crushed gravel.
are placing the gravel carefully so that it is level when time to place the pipe.




bed before getting to the next step.







With a 144’ Mason String now pulled taunt - we checked that it is level. Now we are
ready to lay our home-made, perforated, 4-inch pipe. We want the pipe level so that
when water is flowing slowing into the pipe that it will travel THE ENTIRE 144-
FOOT LENGTH of our pipe before the water rises high-enough to the level of the

perforated holes. Then the water will ooze out along the ENTIRE LENGTH of the
trench.




We are going to set up a simple Laser Level, then adjust the Remote-Sensor on our
Level-Stick. As we touch the “Level Stick” to the top of the perforated drain pipe, we
dig the pipe into the gravel or add gravel under the pipe every few feet as we MAKE
CERTAIN that our DRAIN PIPE is PERFECTLY LEVEL.







’

The gravel was pretty uniformly plcd and raked level to that string before we
started. Kicking gravel with shoes here or there is about as difficult as it is to level the

pipe. AS WE LEVEL THE PIPE we scoop more gravel ON TOP so as to hold the
pipe “in place.”
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The holes in the pipe (as seen in the photo below) are not yet pointed correctly - so
please do not make any assumptions. We have made our own perforated pipe - as we
wanted to buy stronger, schedule-40, Sewer Pipe (available at any Home Depot,
Lowe’s, etc...). We drilled 2 parallel rows of 5/8”-inch diameter holes using a new,
sharp, hole-saw bit every 6-inches on the pipe. Since we had a lumber-rack on our
truck, we purchased 21’ 4-inch pipes - so that is 2 rows of 42 holes - or 84 holes per
pipe length. Over our trench of 144 lineal feet we have approximately576 drain holes.
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Laser Levels are so inexpensive these days - and so useful. This is very basic. We
could have clipped the sensor to a tree branch - it doesn’t matter... What is important
is that when the “stick” is on top of the pipe a-n-y-w-h-e-r-e on the 144-feet of pipe
that the sensor is “chirping” its “I am level tune...”




It is a good idea to bring up the ends of the pipes at each in if you are constructing a
single-pipe French Drain / Leach Line.







These “RISERS” are capped and a “Sprinkler Valve” Access Box is placed over these
access points to keep its location “known” and to protect the pipe from damage.

See the Orange Cap? Put caps on the pipe to keep rodents and debris from getting

into your drain line.

Now we have two clean-outs should we ever need them.




A second perforated pipe is put into the trench all the way to the bottom of the trench
so that you can test the “liquid-level” in your gravel with a test “Dip-Stick.” This is

more-common in Septic System Leach fields - for maintenance and performance
testing.
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The next step is to fold the Geo-Textile Landscape Fabric over the gravel - so well
that soil will not easily breach our fabric barrier. We use galvanized 10-d or 16-d

nails to “PIN” the fabric together. Pin it like you pin a name-tag to a shirt or blouse.
RS i S AP N T A




Cover over your trench with soil (as we are planning to do), perhaps pour a concrete
walkway on top, maybe build a paver walkway on top, put more gravel on top and
place stepping stones in the covering gravel if this drain area will help with other
runoff |ssues

Trim your Clean-Out “Risers” just below the level of the surface and protect them

wrth mexpensrve valve cover boxes Here is our East End.
pFTT T

Sho'uld the French Drain / Leach Line ever need to be
cleaned Pressure or Roto Rooter tere S 2 access pornts
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Structural glass is glass which has gone through a manufacturing process to enable it to be
used for structural elements of buildings. The resulting product enables walls, floors and
ceilings in buildings to be transparent and can even be load bearing. Structural glazing is
made by "heating sheets of glass uniformly after manufacture until it is plastic and then rapid
cooling with jets of air. The outer layers closest to the jets of air cool and solidify first; they
contract as they cool. As the inner layers try to follow they throw the outer layers into
compression. This process creates a glass that is about 7 times stronger than ordinary /
untreated float glass."
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http://uploading.com/files/KIR2HSTE/CladdingBuildings.zip.html
or
http://depositfiles.com/en/files/f6e97mrdl

http://www.techno-preneur.net/information-desk/sciencetech-magazine/2009/march09/Use-
of-glass.pdf
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http://www.arab-eng.org/vb/t188579.html

http://www.arab-eng.org/vb/t176977.html

Great Glass Building

http://uploadbox.com/files/bd6af5679b

or
http://uploading.com/files/6WU21SVP/Great%20Glass%20Building.rar.html
http://depositfiles.com/en/files/9yd12w790

http://www.dowcorning.com/*******/pyplishedlit/62-0979c-01.pdf
http://www.buildnova.com/buildnovav3/buildingsystems/StructuralGlazing/sglazing.htm
edalid) Jualis
http://www.google.jo/images?hl=en&qg=structural+glazing+details&revid=417346513&resnu
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Joints are required to be provided in building super-structures to take care of
thermal and seismic effects. Concepts in this connection are more or less clear and
no difficulty is generally experienced in locating these joints. Structural designers,
however, face a question as to whether these joints should be extended to
foundation raft. There are no clear guidelines available on this aspect.
in multi-block buildings having basements, unless technology to ensure water tight
construction is available, joints need not be provided in the basement raffts.
Wherever computer facilities of adequate size are available, raft should be analyzed
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as a whole. On the other hand, where it cannot be done, a separate analysis can be
carried out for portion of the raft taking 2 or 3 bays on either side of the joint and
neglecting the other portions. The common portion can then be designed for these
values or the individual block values whichever is higher. While detailing,
reinforcement should be provided liberally at the joint.
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Rain-resistant technology keeps wet weather from impacting your pour.

Easier to setup and brace.

Superior strength-to-weight properties prevent blowouts, during
concrete form setting.

More effective concrete form setting.

Easy to cut and drill at the job site.

Heat resistance eliminates form deformation during the pour.

Sonoco manufactures and distributes Sonotube brand concrete forms
throughout North America, minimizing lead times.

No cleaning, reassembling, or return freight costs.

Set and pour multiple columns at one time.

ERECTION

A. Place and brace column forms in accordance with manufacturer's
instructions. At a minimum, forms must be secured at the base and at the top
of the form. Additional mid-point bracing may be required for column heights
in excess of 12 feet

B. Erect forms at locations and to elevations as indicated on the Drawings.

C. Erect column forms plumb. Bracing must be adequate to maintain plumb of
column form throughout pouring and curing of concrete.

D. Avoid damaging interior surface of forms.
E. Waterproof and reinforce openings cut into forms.

F. Do not use forms that are out-of-round, deformed, damaged, or contain
defects that could impair concrete surface.

G. Protect forms from rain and snow if work is delayed and forms have been
positioned for placing concrete.

H. Place waterproof sheeting over top of forms to prevent damage to interior
surface by rain or snow.
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I. Do not allow forms to stand in water or snow before placing concrete.
3.3 PLACING CONCRETE

A. Place concrete as specified in Section 03300, unless otherwise specified in
this section.

B. Do not place concrete if column forms are wet.

C. Apply form release coating to interior surface.

D. Place concrete at pour rate in accordance with manufacturer's instructions.
Sonotube RainGuard is sold in standard lengths of 12 feet. Sonotube
Commercial is sold in standard lengths of 20 feet. Either form can be poured to
this full height without pour rate restrictions, as indicated on product label. For
lengths in excess of these standards, call for instructions

E. Do not touch interior surface of forms with vibrator.

F. Do not vibrate concrete from exterior of forms.

3.4 REMOVAL

A. Remove column forms in accordance with manufacturer's instructions.

B. Adhesion of Concrete to Form increases over time. If removal of the form is
reguired, remove as soon as operations will not damage concrete, a minimum
of 24 hours and a maximum of 5 days after placing concrete is recommended.

C. Prevent damage to concrete from form removal.

D. Removal of the form is not necessary except as required by Engineering
design or local Building Code
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Columns for residential and commercial buildings and other structures.
Outdoor sign, light pole and fence-post bases.

Footings and concrete column molds.

Stub piers for elevated ramps.

Flagstones and round steps.

Theatrical and movie props.

Super-sized shipping.

Other concrete column molds
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Five story residential building using Special Reinforced Concrete (RC) walls for
the lateral load-resisting system and post-tensioned concrete for all elevated
slabs. Spread footings support columns for the entire 42,000 square foot building
footprint. Construction of the building progressed on schedule without unusual
complication until placement of the concrete for the roof slab. Once the roof slab
was poured, it became evident the foundation under a column in the Southeast
corner of the building had settled approximately two inches. The settlement
caused cracking in the slab-on-grade and the first-level elevated slab, and
damage to exterior metal stud framing that was being installed at ground level.
Excessive distortion of metal stud framing was the initial indicator that there
was a problem in this corner of the building. While the cause of the foundation
settlement has not been officially determined, it was clear that timely corrective
measures were needed to avoid delays in the schedule and excessive costs to the
project. Upon being alerted by the contractor; the geotechnical and structural
engineers arrived on site to assess safety concerns and to determine a course of
action. One speculation on the cause of the problem was that heavy rains had
created soil erosion of a utility trench adjacent to the footing, allowing soil below
the footing to spread laterally. It was early winter in the Pacific Northwest,
typically being the rainy season. It was therefore decided that, before any design
solution was considered, soil stabilization was necessary to prevent further
column settlement and hopefully mitigate continued damage to the building.

Figure 1: Finished building corner and exposed column that experienced soil
settlement.
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Soil Stabilization

The geotechnical engineer recommended that the apparent loose soil below the
footing be pressure grouted with non-shrink or cement-bentonite grout as soon
as possible. URETEK ICR, a deep injection process to control soil settlement was
identified as the most suitable method. This process can inject polymer more
than 30 feet into the soil where the polymer will expand to fill voids in the
substrate, there-by minimizing future foundation settlement. To mitigate further
settlement for the building, soil strengthening began within three days after soil
remediation was recommended. Holes were drilled through the slab-on-grade
and the exterior of the structure at an angle to access the soil below the
foundation. The expanding polymer was pressure injected into the soil using six
probes on each side of the foundation, approximately nine feet deep. Injections
were applied at greater depths in the area of ground most affected by weak or
unconsolidated soils. This application appeared to arrest settlement of the
column, preventing further potential damage to the building and providing the
time needed to correct the column settlement issue for the building.
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Constraints in Engineering a Solution

Ultimately, it was decided the column base needed to be raised back to its
original level. To accomplish this, a contractor specializing in foundation
construction. Engineering a solution for the column jacking required
consideration of several items:

Figure 2: Schematic showing the overall concept of column jacking at the base of
the footing. Sacrificial hydraulic actuators, supported by pin piles, raise the
footing back into position and will ultimately be encased in steel pipe.

1) Since settlement occurred after the roof slab was placed, the spread footing
was supporting an estimated 300 kips of structure self-weight.

2) Elevated slabs already constructed restricted headroom clearances for most
hydraulic equipment needed for temporary column jacking and the permanent
repair.

3) One edge of the settled footing was within inches of the property line. The City
of Portland does not allow encroachment into the public right-of-way beyond the
property line.

Determining the most appropriate method to raise the footing proved to be the
most difficult design task. The original concept proposed by the contractor was
to install sacrificial micro-piles on either side of the footing, and span over the
top of the footing with steel girders. Hydraulic actuators would be placed on the
steel girders attached to a steel collar, which was in turn attached to the concrete
column using post-installed anchors. This was considered the safest solution
because the footing would not be undermined. The hope was to raise the footing
and fill the void with grout. For this solution, the 300 Kip column load required
numerous large, post-installed anchors into the side of the column. Detailed for
seismic considerations of a potential hinge region as required by code, the 24-
inch diameter column had #4 spiral ties at a 2-1/4-inch pitch in the hinge region.
Placing these anchors through the longitudinal and spiral confinement of the
column was problematic. Also, the quantity needed would have extended the
collar connection nearly 7 to 8 feet above the slab-on-grade. Further, the column
finish was intended to be exposed concrete, and the visual impact after the
removal of the anchors was undesirable architecturally.

Variations of this basic concept were also considered. To avoid scarring the
concrete column surface, jacking to shoring in direct bearing below the slab was
considered. Since a single floor slab did not have sufficient shear capacity to
resist the expected gravity loads on the column, the shoring of each slab to the
roof would have been needed. Ensuring adequate support of each upper floor
slab from the shoring, to have each slab contribute equally to the resistance of
the gravity load, also seemed problematic.

Figure 3: Reinforced concrete ties for the top of piles.

Simultaneous to the design of footing jacking, the geotechnical engineers were
taking additional samples of soil around the footing. They found that the soil
under the footing was extremely soft and, although strengthened with the
expanding polymer, there was sufficient concern in relying on the soil to support
the structure in the final condition. Consequently, it was decided that piles would
be needed to permanently support the column in its final position.




In consideration of the need for permanent support, the preferred method
proposed by the Contractor was to have steel girders span the footing (having
the girder supported on either side of the footing by piles) and embed anchors
into the footing from above. In this configuration, the post-installed anchors
would be used in tension to lift the column and to support the column
permanently. This raised numerous structural issues for the final configuration
of the column, even if sufficient anchor capacity could be achieved without
compromising the footing capacity. Further, this would have impacted the
architectural function of the space at ground level.

Ultimately, the final solution was likely achieved only by meeting with the
foundation contractor to work out a solution that was constructible, could allow
the column to be lifted as needed, and eventually provide the permanent support
needed for the column to be structurally competent. Since the footing had to be
supported permanently by piles, the primary structural consideration was to
place the footing in direct bearing on the piles. This would require placing
girders below the footing, lifting the footing using hydraulic actuators to jack
against the girders below the footing and tying it off for permanent use. One
obstacle to the final solution was how to use the piles to lift the footing,
presumably placing the hydraulic actuators directly on the piles, and to have the
steel girder framework below the footing also bear directly on the piles for the
permanent support. Eventually, it was concluded the only way to achieve this
was to sacrifice the hydraulic actuator. Compression-only hydraulic actuators
with sufficient capacity to lift approximately twice the estimated gravity loads
were found. These actuators could jack the column footing to the needed
elevation, and were small enough to be enclosed in a steel pipe for permanent

support between the steel framework below the footing and the top of the pile.

Figure 4: Concrete place to top of pile cap. Actuators are connected to the same
hydraulic pump to ensure the lifting load is distributed to the footing equally.
The Final Design

Since most work was within the confines of the building envelope, it was decided
that only micro-piles could be used to support the structure. Micro-piles may be
installed in sections and only require approximately ten feet of clearance
overhead. The micro-pile consisted of a nominal 7-inch diameter, N80 steel pipe
casing, 4,000 psi grout and a 1-3/4-inch diameter high strength reinforcing bar.
Having an allowable compressive capacity of 65-tons, the piles were 60 feet deep
with a 35-foot bond zone for the high-strength rod. In total, four piles were used
and placed symmetrically under the column.

Because the footing was at the property line, the outside micro-piles had to be
installed within the footprint of the footing. To maintain symmetry, piles on the
opposite edge were also placed within the footing footprint. This was
accomplished by core-drilling 10-inch diameter holes through the footing at four
locations. Coring the holes reduced the footing cross section, and also cut
through longitudinal and transverse reinforcement on either edge. The piles
were placed at locations so that the resulting shear and flexure imparted on the
footing in bearing would not exceed the remaining strength of the footing.

With the micro-piles in place, a limited amount of soil below the footing was
removed. Because it was a property line footing, the footing is relatively long and




narrow, measuring 6 feet by 18 feet. Because of its length, calculations suggested
that the soil bearing capacity could accommodate some soil removal for the loads
currently on the column. A sufficient amount of soil was to be removed so that
the steel girders could be placed below the footing and span to the piles on either
side. The steel casing of the micro-pile was cut down to accommodate the steel
girder depth, the height of the actuator and enough room to provide stability of
the pile top. A cap plate was welded to the top of the pile to provide bearing for
each hydraulic actuator and eventually support the weight of the column and
footing.

With large forces expected at the pile top, it was felt the pile needed to be
stabilized in each direction. Deformed bar reinforcement was used to create a
grade beam along the length of the footing, and steel angle was used to tie
transversely below the footing. Then, self-consolidating concrete was cast to the
bearing plate level mitigating any slight out-of-alignment of the piles.

Two HP14 x 117 girders were placed below the footing to span to each pile.
Primarily, the HP14 needed to have adequate shear capacity to support the total
load computed for the 5-story column. To ensure proper bearing on the HP14,
each end of the spanning girder had a bearing plate of sufficient area to
accommodate its share of the total column load. Full depth stiffeners were added
at each bearing location of the HP14 to prevent any possible web crippling. The
bottom of the footing was scraped clean to provide uniform bearing, and the
bearing plate was thick enough to avoid any other possible bearing location
between the steel girder and the footing.

Figure 5: Hydraulic actuators encased in structural steel pipe. Pipe is permanent
support for the HP 14 spreader beam and footing.

Four 100-ton compression-only hydraulic actuators were place between each pile
cap and the HP14 girder ends. Hoses for each hydraulic actuator were linked to
the same electric pump and fitted with quick release couplers. Linking the hoses
to one pump was needed to ensure that all hydraulic actuators shared the
column load equally. Quick releases were needed to remove the hoses from each
hydraulic actuator while still pressurized, thereby maintaining their continued
resistance of the gravity loads.

With the hydraulic actuator system in place, the footing was easily raised back
into position. Numerous indicators were used to monitor the lifting of the footing
base, but the survey equipment positioned across the street to monitor targets
placed on each floor dictated the final position. When the roof of the 5-story
structure reached the desired elevation, the column jacking was stopped. Nearly
as computed, of the 800 Kip total actuator capacity, the demand needed to lift the
footing was approximately 350 Kips.

Once the footing was back in position, the hoses were removed from the
actuators while pressure was maintained to sustain the column load, and each
hydraulic actuator was encapsulated with steel pipe. Structural steel pipe had
been delivered to the site in lengths longer than was needed. The final length of
each hydraulic actuator was measured and the structural steel tube was cut to
length. Each tube was split in two and a notch was provided at the base to
accommodate the coupler for the hydraulic actuator. While each actuator
sustained the needed pressure, the tubes were welded to the pile cap plate, the
bottom of the HP14, and along each vertical tube seam. The entire assembly was




then encased in concrete.

The final step was to finish the concrete slab-on-grade that was disrupted for
construction. Since the new footing was effectively supported on a pile
foundation, the footing was tied to the slab-on-grade sufficiently to resist
laterally 10% of the expected column load in either direction.

Figure 6: Self-consolidating concrete cast throughout the excavation to top of
footing. Slab-on-grade cast back with reinforcement to resist a lateral load of
10% of the expected maximum column load.

Conclusion

Once it was determined the column footing needed to be raised back to its
original configuration, engineering the final solution took approximately 1-1/2
weeks, including several days to develop the solution with Scheffler Northwest,
Inc. and several days to work out the details. Construction required
approximately 3 weeks to be able to lift the column. The actual process of
column jacking took less than an hour, and progressed without any
complications. Final installation of steel tubing and refinishing the slab-on-grade
took less than two working days.

Perhaps the most critical item of this design was working with the contractor to
develop a solution to obtain actuators with enough capacity to lift the column yet
small enough to eventually become encased in the steel tube. Once this solution
became apparent, which placed the column jacking and the permanent
resistance of the column in bearing, the complications of engineering a
competent solution diminished.=
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I.5.5 Placing, curing and finishing
Concrete mixes containing polypropylene fibres can be transported by
normal methods and flow easily from the hopper outlet. No special
precautions are necessary when pouring and fibre-dosed concrete will
flow around an obstruction such as reinforcement in the same manner as a
conventional concrete mix of similar proportions. Conventional means of
tamping or vibration to provide the necessary compaction can be used.
Curing procedures similar to those specified for conventional concrete
should be strictly undertaken. If steam curing at a temperature in excess of
140°C is to be used, polypropylene fibres should not be used. The fibres
do not affect the hydration rate or stiffening time of the concrete.
Placed fibre-dosed mixes may be floated and trowelled using all
normal hand or power tools. Occasional fibres protruding through the
surface will quickly wear away. Workmanship should comply with the
relevant requirements of BS 8204 Part 2: Sections 2.1 and 2.2."'* Anti-
wear products and other toppings may be used.

1.5.6 Controlling plastic shrinkage cracks in concrete

Plastic cracking may occur in the plastic concrete as a result of drying
shrinkage. Plastic cracks are formed within the first 24 h after the concrete
has been placed when the evaporation rate is high and the surface of the
concrete dries out rapidly. Plastic shrinkage cracks generally pass through
the entire slab and form weaknesses, permanently lowering the inu.grily

of the floor slab before the concrete has had the oppnnumtv o gain its
design strength. Plastic cracks m &
slab and cannot be remedied by surface treatment.
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