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NOTICE

This is the English translation of Technical Code for Building Pile Foundations. In case
of any inconsistency between the Chinese version and the English version, the Chinese one

shall prevail.






Announcement Ministry of Housing and Urban-Rural Development

of the People’s Republic of China
No. 18

Announcement of publishing the Professional standard “Technical Code

for Building Pile Foundations™

Approve the issuance of “Technical Code for Building Pile Foundations is Professional
standard, numbered JGJ 94-2008, with implemented on October 1, 2008. Where articles 3.1.3,
3.14, 52.1, 542, 55.1, 5.5.4, 59.6, 59.9, 59.15, 8.1.5, 8.1.9 and 9.4.2 are compulsory
provisions and must be enforced strictly. At the same time, it is abolished for “Technical Code
for Building Pile Foundations” JGJ 94-94 which the primitive professional standard.

The code is published by the Plan publishing company, which is organized for the Institute of

standard and quota of Ministry construction.

Ministry of Housing and Urban-Rural Development of the People’s Republic of China

April 22, 2008






Foreword

According to the requirements of Document Jian Biao [2003] No.104 issued by Ministry
of Construction (MOC), this code is revised from “Technical Code for Building Pile
Foundations” JGJ 94-94 by China Architecture Scientific Research Institute together with
relative design, investigation, construction, research and teaching organizations.

Special research and comprehensive diagnosis are taken out during the revision process.
The revision sums up design and construction experiences of our country's pile foundation in
recent years, absorbs scientific research achievements in this field, and solicits ideas from
related organizations throughout the country in various ways. Trail design and repeated
revisions on key points are taken out. Based on the above, the code is reviewed and finalized.

The code contains following key technical contents: provisions on pile foundation basic
design, pile foundation structure, calculation or checking computations for bearing capacity
limiting state and limiting state on normal condition of pile foundation, pile foundation
construction, pile foundation engineering quality examination and acceptance, and relative
appendixes.

The code is supplemented with following contents: Optimized Design of Pile Foundation
Stiffness to Reduce Differential Settlement of reduced differential settlement and cushion cap
internal force; provisions on pile foundation durability; bearing capacity calculation and
construction process of post-grouting filling pile; composite foundation with settlement
reducing piles for soft soil foundation; calculation of settlements for single pile, single-raw
and thinned Pile Foundations; Calculation for bearing capacities of compressive pile and
uplift pile; construction scheme of long auger drilling guncreting inserted with reinforcing
cage filling pile; bearing capacity calculation and pile-sinking of prestressed concrete hollow
pile etc. The regulated contents are as: taking-value and calculation of foundation pile and
composite foundation pile bearing capacities; empiric parameters of individual pile side
resistance and end resistance; comprehensive coefficient of rock-socketed piles rock-socket
section side resistance and end resistance; calculation for empirical coefficients of pile
foundation settlement through equivalent acting layerwise summation method; drilled and
grouted pile hole toe sediment thickness control standard etc.

The Ministry of Construction is in charge of the management of the code and the
explanation of compulsory provisions. And China Architecture Scientific Research Institute is
responsible for the explanation of specific technical contents.

This specification is mainly drafted by the China Architecture Scientific Research
Institute (Address: No. 30, Beisanhuang East Road, Beijing, China 100013).

Participating Development Organizations: BGI Engineering Consultants LTD., East
China Architectural Design & Research Institute Co., Ltd., Shanghai Geotechnical
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Investigations & Design Institute, Tianjin University, Fujian Academy of Building Research,
Central Research Institute of Building and Construction, Institute of Geotechnical
Investigation and Design, Northeast Architectural Design & Research Institute, Guangdong
Provincial Academy of Building Research, Beijing Zhudufangyuan Architectural Design CO.,

Ltd. and Guangzhou University.

The code is drafted by Huang Qiang Liu Jinli Gao Wensheng Liu Jinbo
Sha Zhiguo Hou Wei Qiu Mingbing Gu Xiaolu
Wu  Chunlin Gu Guguorong Wang Weidong
Zhang Wei Yang Zhiyin Tang Jianhua Zhang Bingji
Yang Bin Cao Huaxian and Zhang Jichao.
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1 General Provision

1.0.1 The code is established to enable pile foundation engineering and construction to
comply with national technical economy politics, and to be of safety and usability, state-of-art
technology, economic feasibility, quality guaranteeing and environment protection.

1.0.2 The code is applicable to design, construction and acceptance for pile foundations of
all sorts of buildings (including structures).

1.0.3 For engineering and construction of pile foundation, engineering geological and hydro
geological conditions, topside structure type, functions of use, load characteristics, and
construction load condition and envelopment shall be considered comprehensively; and local
experiences and conceptual design shall be highly valued, the design shall adapt to local
conditions, and pile type, pile-making process and cushion cap type shall be adopted
reasonably to optimize the pile arrangement and save the resources; construction quality
control and management shall be reinforced.

1.0.4 Besides this code, the engineering and construction of pile foundation shall comply
with provisions of relative current standards.




2 Terms and Symbols

2.1 Terms

2.1.1 Pile Foundation

It is referred to a foundation composed of pile arranged in rock-soil and cushion cap
braced with pile top, or an individual pile foundation formed through the direct connection of

column and pile.

2.1.2 Composite Piled Foundation

It is referred to the pile foundation loaded by the foundation pile and foundation soil
under the cushion cap.

2.1.3 Foundation Pile
It is suffered to an individual pile in the pile foundation.
2.1.4 Composite Foundation Pile

It is referred to the composite bearing foundation pile composed by an individual pile
and foundation soil under the cushion cap of the area the individual pile corresponds to.

2.1.5 Composite Foundation with Settlement-reducing Piles

It is referred to the composite piled foundation composed of reducing friction-type pile
to decrease settlement in the cased of basic satisfied requirement of soft soil natural

foundation bearing capacity.
2.1.6 Ultimate Vertical Bearing Capacity of a Single Pile

It is referred to the peak load that an individual pile is close to the collapse condition or
appears the deformation that is not suitable to kept bearing under the vertical load or, and this
value depends on the supporting resistance of soil on the pile and the bearing capacity of the
pile foundation.

2.1.7 Ultimate Shaft Resistance

It is refereed to the rock-soil resistance generated by the lateral surface of the pile
foundation under the critical load of pile top acting.

2.1.8 Ultimate Tip Resistance




It is refereed to the rock-soil resistance generated by the pile tip under the critical load of
pile top acting.

2.1.9 Characteristic Value of the Vertical Bearing Capacity of a Single Pile

It is referred to the bearing capacity value that the ultimate vertical bearing capacity of a
single pile is divided by the safety factor.

2.1.10 Optimized Design of Pile Foundation Stiffness to Reduce Differential Settlement
It is referred to the design method that, according to the topside structure type, load and
stratigraphic distribution, the bearing rigidity distribution of the foundation pile is changed

through the adjustments of pile diameter, pile length and pile spacing to make building
settlement uniform and reduce the cushion cap internal force.

2.1.11 Pile Cap Coefficient

It is referred to the exertion rate of the bearing capacity of the foundation soil below the
cushion cap under the vertical load.

2.1.12 Negative Skin Friction, or Negative Shaft Resistance

It is reoffered to the downward frictional resistance on pile surface caused by that the
pile-periphery soil appears the settlement larger than the foundation pile because of the
pile-periphery soil self consolidation, collapse and ground load acting.

2.1.13 Down Drag

It is referred to the sum of negative shaft resistance acted on higher than the neutral point
of an individual pile.

2.1.14 Plugging Effect

It is referred to the influence on the tip resistance exertion, which is caused by the soil
plug formed by soil that flow over into the tube during the pile-sinking of open hollow pile.

2.1.15 Post Grouting for Cast-in-situ Pile

It is referred to that, after filling piling, cement grout is poured through grouting conduits
pre-arranged in the pile foundation, pile tips connected with the conduits and pile-side
grouting valve to reinforce pile tip and pile-side earth mass (including sediment and clay

coating), and to improve the bearing capacity of individual pile and decrease the settlement.

2.1.16 Equivalent Settlement Coefficient for Calculating Settlement of Piled Foundations



It is referred to the ratio of the settling volume wy of the clustered piles foundation in
elastic semi-infinite body calculated through Mindlin, and the settling volume wg of the
equivalent pier foundation calculated through Boussinesq, which used to reflect the influence
of the stress distribution calculated through Mindlin to the calculated sediment.

2.2 Symbols

2.2.1 Action and Action Effects

Fi——The vertical force acted on the top surface of the cushion cap, that is calculated
according to the standard combination of the loading effect;

Gy——The standard value of pile foundation cushion cap and cushion cap soil dead

weights;
Hy The horizontal force acted on the base surface of the cushion cap, that is
calculated according to the standard combination of the loading effect;
H; The horizontal force acted on the i foundation pile or Composite Foundation
Pile, that is calculated according to the standard combination of the loading
effect;
My, My Moments of x and y main axis, through the pile group centroid around, of

external force acted on the cushion cap base surface calculated according to the

standard combination of the loading effect:

Ni Vertical forces of the i foundation pile or Composite Foundation Pile under the
eccentric vertical force of loading effect standard combination;

Q,; —Down drag acted on a foundation pile in clustered piles;

gs-—Foundation pile tangential frozen-heave force.

2.2.2 Resisting Force and Material Property

E; Soil compressive modulus;
fi, fu—Design values of concrete tensile and compression resisting strength;
fix—Standard value of rock saturated uniaxial compressive strength;

f., g——Average side resistance and average end resistance of static cone penetration
double-bridge probe;

m——Proportionality coefficient of pile-side foundation soil horizontal resistance

coefficient;

I Specific penetration resistance of static cone penetration single-bridge probe;

Ultimate shaft resistance of the i layer soil of the individual pile;

qsik




gs—Ultimate tip resistance of individual pile;

Ou. Op—Total ultimate side resistance and total ultimate tip resistance of individual pile;
Q. —Ultimate vertical bearing capacity of a single pile;

R——Characteristic value of vertical bearing capacity of foundation pile or Composite
Foundation Pile;

R,——Characteristic value of the vertical bearing capacity of a single pile;
Ry, ——Characteristic value of horizontal bearing capacity of individual pile;
R——Characteristic value of horizontal bearing capacity of foundation pile;

T —Standard value of ultimate foundation pile pullout resisting bearing pressure on
the condition of clustered piles integral failure;

T, ——Standard value of ultimate foundation pile pullout resisting bearing pressure on
the condition of clustered piles non-integral failure;

7, ye—So0il weight density and soil effective weight density.
2.2.3 Geometric parameter
A,—Pile tip area;
A,—nPile foundation cross sectional area;
A, ——Net area of cushion cap bottom corresponding to foundation pile;
B.——Cushion cap width;
d——Pile foundation design diameter;
d——Steel-pipe pile external diameter;
D——Design diameter of pile tip enlarged base;
I——Pile foundation length;

L.——Cushion cap length;

S Foundation pile center distance;
u—-Pile foundation perimeter;
Z,——Calculated settlement depth of pile foundation (calculated from the pile tip surface).
2.2.4 Calculation Coefficient
az —— The ratio of rebar elastic modulus and concrete elastic modulus;

Ne Pile Cap Coefficient;

ni——Frost heave influence coefficient;

{——Side resistance and end resistance comprehensive coefficient of rock-socketed
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segment;

Wss Wy Size effect coefficients of major-diameter pile side resistance and end resistance;

A;—nPile tip plugging effect coefficient;

A ——Foundation pile pullout resisting coefficient;
y——Pile foundation settlement calculation empirical coefficient;
w.—Piling process coefficient;
We Equivalent settlement coefficient for calculating settlement of piled foundations; |
a, @ —Subsidiary stress coefficient and average subsidiary stress coefficient calculated

through Boussinesq. ‘




3 Basic Design Provisions

3.1 General Provision
3.1.1 Pile foundations shall be designed in accordance with following two ultimate states.

1 Limit State of Bearing Capacity: the pile foundation bears the max carrying capacity,
the integral body losses instability or has deformation that is unsuitable to keep bearing;

2 Ultimate state of normal service: the pile foundation reaches the deformation limit
specified on the condition of building normal service, or a threshold value of life requirement.

3.12 In accordance with construction scale, functional characteristics, adaptability to
diffuse deformation, complexity of site foundation and building shape, and possible
construction failure or influence degree caused by pile foundation problems. In the pile
foundation design, the design level shall be identified in accordance with Table 3.1.2.

Table 3.1.2  Design LEVEL of Building Pile Foundations

Design Level Construction Type

(1) Important buildings

(2) High-rise building which floor number is larger than 30 or the height exceeds 100m

(3) High and low elevation difference jointed building with complex body type and over 10 floor

number

Level 1 (4) Buildings with over 20 layers, framework-kernel barrel structure and special requirements in
differential settlement

(5) Normal building and buildings on sloping field and bank-side which layer number is larger
than 7, and have complex site and foundation conditions

(6) Buildings that have larger influence to adjacent existing engineering

Level 11 Buildings except ones at Level I and Level 1

Normal buildings which the site and foundation condition is simple, the load distribution is

Level 11 :
uniform and the layer number is 7 or less

3.1.3 For pile foundation construction, following carrying capacity calculation and
stability factor checking computations shall be taken out respectively in accordance with
actual conditions:

1 The vertical and horizontal bearing capacities calculation shall be carried out
respectively in accordance with function and bearing characteristic of pile foundation;

2 The pile foundation and cushion cap structure bearing capacities shall be
calculated; for pile which pile side soil undrained shear strength is less than 10kpa and
the length-diameter ratio is larger than 50, the pile foundation lateral deflection
checking computation shall be taken out; for concrete premolded pile, the pile




foundation bearing capacity checking computation shall be taken out according to
hoisting, transporting and stamping acts; for steel-pipe pile, the local buckling checking
computation shall be taken out.

3 The bearing capacity checking computation of the soft and weak subjacent bed
shall be taken out, if the soft and weak subjacent beds exist under the pile tip surface.

4 The integral stability checking computation shall be taken out for pile
foundation located on sloping field and shore-side;

5 The pullout resisting bearing capacity calculation of foundation pile and
clustered piles shall be shall be taken out for float-proof and pullout resisting pile

foundations;

6 The checking computation of earthquake resistance bearing capacity shall be
taken out for pile foundations located in earthquake protective area.

3.1.4 The calculation of foundation settlement shall be taken out for following Building

Pile Foundations:

1 Rock-socketed piles which Design Level is Level I and building pile foundations
in non deep and hard supporting course;

2  Building pile foundations which Design Level is Level II, the body type is
complex and the load distribution is conspicuously non-uniform or weak soil layer exist

under the pile tip surface;

3 Composite foundation with settlement-reducing piles of multistoried building

with soft soil foundation.

3.1.5 For building pile foundations with larger horizontal load and close restraint to
horizontal displacement, the horizontal displacement shall be calculated.

3.1.6 Crack resistance and crack width of pile and cushion cap right sections shall be
calculated in accordance with pile foundation envelopment and corresponding crack control

level.

3.1.7 In pile foundation design, adopted action effects combination and corresponding
resisting force shall met following provisions:

1 The standard combination of loading effect transferred to the cushion cap base
surface shall be adopted when the pile number and piling arrangement is identified;
characteristic values of foundation pile or Composite Foundation Pile bearing capacity shall

be adopted for corresponding resisting forces.



2 When settlement and horizontal displacement of pile foundation under the load acting
are calculated, the quasi-permanent combination of loading effect shall be adopted: standard
combinations of horizontal earthquake effect and wind load shall be adopted when the pile
foundation horizontal displacement under earthquake effect and wind load is calculated.

3 When the integral stability of Building Pile Foundations located on sloping field and
bank-side is calculated, the loading effect standard combination shall be adopted; and the
standard combinations of earthquake effect and loading effect shall be adopted.

4 When the piling structure bearing capacity is calculated, and dimension and
reinforcement assembly are identified, basic combination of loading effect transferred to the
cushion cap shall be adopted. Loading effect standard combination and quasi-permanent
combination shall be adopted respectively when checking computations of cushion cap and
pile foundation crack control is taken out.

5 Piling structure design safety level, structural design service life and structural
importance coefficient shall be adopted in accordance with relative current provisions in
building structure. Except temporary buildings, the importance coefficient y, shall not be less
than 1.0.

6 When the checking computation of piling structure earthquake resistance is taken out,
the bearing capacity adjustment coefficient ygg shall be selected in accordance with provisions
in current national standard “Code for Seismic Design of Buildings” GB 50011.

3.1.8 The optimized design of pile foundation stiffness to reduce differential settlement that
is to decrease the differential settlement and the cushion cap internal force should be
implemented in accordance with actual conditions and following provisions:

1  When the main body of the tower-podium building has pile foundation, the rigidity of
annex (including full basement) foundation or pile foundation can be relatively reduced, and
natural foundation, composite foundation, pile reducing or stub foundation may be adopted.

2 For the pile foundation of framework-kernel barrel structured high-rise building, the
rigidity of kernel-barrel pile foundation shall be reinforced properly (the pile length, pile
diameter and pile number may be increased properly, and the post-grouting may be adopted
etc.), and the rigidity peripheral pile foundations of kernel-barrel may be reduced properly
(composite piled foundation may be adopted, or the pile length may be reduced properly
according to the stratigraphic condition).

3 If the natural foundation bearing capacity of framework-kernel barrel structured
high-rise building can meet the requirements, the rigidity should be increased for the
kernel-barrel position to reduce the sedimentary friction-type piles.

4 For friction-type pile foundation of larger measuring cylinder storehouse and storage




tank, the pipes should be arranged according to the principle of inner-rigidity and external

weakness.

5 For above pile foundations formed according to the optimized design of pile
foundation stiffness to reduce differential settlement, topside structure-cushion cap-pile-soil
joint working analyzing should be taken out.

3.1.9 If the ground bearing capacity for multistory structure with soft soil foundation can
meet the requirements, the composite foundation with settlement-reducing piles may be
adopted.

3.1.10 For Building Pile Foundations that the calculation of foundation settlement shall be
taken out according to the Item 3.1.4 of this code, the systemic settlement observation shall be
kept during the construction and service and till the settlement is stable.

3.2 Basic Documents

3.2.1 The pile foundation design shall be provided with following materials:

1 Geotechnical engineering investigation documents:

1) Physical and mechanical parameters and in-situ measurement parameters required
by that the pile foundation is designed under two ultimate states;

2) Definite judgment, conclusion and prevention and control proposals on building
site disadvantageous geological actions like landslide, collapse, mud-rock flow,

karst and earth cave;
3) Condition and type of groundwater level embedding, water level variation
amplitude, float-proof design water level, corrosion evaluation of soil and water,

design water level for buoyancy calculation of underground water;

4) Materials on fluidized soil layer provided in the earthquake protection area
according to the fortification intensity;

5) Evaluation materials on foundation soil frost heave, collapsibility and dilatability.
2 Related documents about building site and environmental conditions:
1) Current situation of building site including the distributions of transportation

facilities, high-voltage overhead line, underground pipeline and underground
structure;

10



i —

2) Safety level, foundation type and buried depth of adjacent buildings;

3) Materials on pile foundation trial piling of nearby sites with similar engineering
geologic condition, and the design parameter of individual pile bearing capacity;

4) Anti-vibration and anti-noise requirements of surrounding buildings;

5) Slurry emission and spoiling condition;

6) Earthquake protection intensity and building site type of building location.
3 Related documents about building:

1) General arrangement plan;

2) Building structure type, load and service condition, and requirements of implements
on foundation vertical and horizontal displacement;

3) Safety level of building structure.
4 Related documents on execution conditions:

1) Construction machine implement condition, pile-making condition, dynamic condition,
and the adaptability of construction process to geologic conditions;

2) Supply condition of water, electricity and relative constructional materials;
3) Construction machine passing in and out and field operation conditions.
5 Materials on pile type and operative feasibility supplied for design comparison.

322 The detail investigation of pile foundation shall meet relative requirements in “Code
for Investigation of Geotechnical Engineering” GB 50021, as well as following requirements:

1 Exploratory Point Spacing:

1) End-bearing pile (including rock-socketed piles): the spacing is determine by the
gradient of pile tip supporting course top surface, and should be 12~24m. If the
gradient of supporting course of pile tip exposed by two adjacent exploratory
points is large than 10% or the supporting course undulates acutely, the
stratigraphic distribution is complex, the exploratory points density shall be
increased properly in accordance with specific engineering conditions.

2) Friction-type Pile: exploratory hole should be arranged according to the spacing




20~35m. The exploratory point density shall be increased properly when the
property or situation changes greatly in horizontal direction, or soil layer may affect

piling.

3) For foundation of individual pile under the columns in complicated geological
conditions, the exploratory points shall be arranged along the column row line, and
an exploratory point should be arranged for each pile.

2 Depth of Exploration:

1) 1/3~1/2 of exploratory holes should be arranged as control holes. For Building Pile
Foundations with Design Level I, at least 3 control holes shall be arranged, and at
least 2 control holes shall be arranged for Building Pile Foundations with Design
Level II. Control holes shall be penetrate the thickness of the compact layer under
the pile tip surface; normal exploratory holes shall penetrate deeply into 3~ times
of the pile foundation design diameter under the expected pile tip surface, and the
exploratory hole depth shall not be less than 3m; for major diameter pile, the
exploratory hole depth shall not be less than Sm.

2) The control drills for rock-socketed piles shall penetrate more than 3~5 times of
pile foundation design diameter under the expected pile tip surface, and normal
drills shall penetrate more than 1~3 times of pile foundation design diameter under
the expected pile tip surface. If the supporting course is relatively thin, partial
drills shall drill through the supporting rock course. In karst and crush regions,
distribution conditions of solution cavity, solution channel, solution slot and
stalagmite shall be ascertained, drills shall be drill through solution cavity or crush
zone and enter into stable soil layer, and the penetrating depth shall meet the
requirements on above control drill and normal drill.

3 For each stratum within the depth of exploration, laboratory experiment for
undisturbed sample shall be taken out, or effective in-situ measurement method shall be

adopted according to the soil quality condition, which is to supply the parameters required by

the design.

3.3 Type Selection and Arrangement of Pile

3.3.1 Foundation piled may be classified in accordance with following provisions:
1 By load-bearing properties:
1) Friction-type pile:

Friction pile: the pile-side resistance bears the vertical load of the pile top under the
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2)

condition of the bearing capacity limit, and the tip resistance is smaller to be
neglected.

End-support Friction Pile: the pile-side resistance bears the pile top vertical load
under the condition of the bearing capacity limit.

End-bearing Pile:

Point bearing pile: the pile tip resistance bears the vertical load of the pile top
under the condition of the bearing capacity limit, and the pile-side resistance is
smaller to be neglected.

Friction Point Bearing Pile: the pile-side resistance bears the pile top vertical load
under the condition of the bearing capacity limit.

2 By piling method:

1)

2)

3)

Non Displacement Pile: dry-drilled filling pile, slurry wall protection drilling
filling pile and sleeve wall protection drilling filling pile;

Partial Displacement Pile: long spiral drilled press-grouting pile, impact-cone
concrete pile, cast-in-place bored pile, mixing pile with stiffness core, prebored
hole drilling premolded pile, drive-in (static pressure) open steel-pipe pile, open
prestressed concrete hollow pile H section pile;

Displacement Pile: filling piles with sink-pipe, enlarging-grouting pile with
sink-pipe, drive-in (static pressure) premolded pile, enclosed prestressed concrete
hollow pile and enclosed steel-pipe pile.

3 By pile diameter size (Design Diameter d):

1)

Pile with minor diameter: <250mm;

2) Pile with medium diameter: 250mm<d<800mm;

3) Pile with major diameter: @>800mm.

33.2 Based on the principle of safety and usability, and economic feasibility, pile type and
piling process shall be selected in accordance with building structure type, loading property,
pile functions, crossing soil layer, pile tip supporting course groundwater level, construction
equipment, construction envelopment, construction experience and pile material supply
condition. The selection may be taken out in accordance with Appendix A of this code.

1 For pile-raft foundation with non-uniform load distribution like framework-kernel
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barrel structure, pile type and process with larger foundation pile size and bearing capacity
adjustability should be adopted.

2 When Displacement filling piles with sink-pipe is used in the silt and silt-type soil
layer, the selection shall be restricted to the pile foundation for multilayer house building.

3 The prestressed concrete circular pile (PC) and the prestressed concrete hollow
square pile should not be adopted in those regions where the anti-earthquake intensity is 8

degree or above.
3.3.3 The arrangement of foundation pile should meet following conditions:

1 The minimum center distance of the foundation pile shall meet the provisions in
Table 3.3.3; reliable measures to reduce the squeezing effect in construction, the minimum
center distance may be decreased properly according to local experience.

Table 3.3.3-1 Minimum Center Distance of Pile

Friction-type pile foundation

which the row number shall not

Soil Type and Piling Process Other conditions
be less than 3, and the pile

number shall not be less than 9

Non Displacement Filling Pile 3.0d 3.0d

Partial Displacement Pile 3.5d 3.0d

Unsaturated Soil 4.0d 3.5d

Displacement Pile
Saturated Cohesive Soil 4.5d 4.0d
Boring and expanding bottom pile and club-footed pile 2D or D+2.0m (when D>2m) 1.5D or D+1.5m (D>2m)
Enlarging-grouting pile with Unsaturated Soil 22D and 4.0d 2.0D and 3.5
sink-pipe, and hole expand
5 Saturated Cohesive Soil 2.5D and 4.5d 2.2D and 4.0d
pile

Note: | d—Log pile diameter square pile side length, D—Bell-end design diameter.

2 Vertical and horizontal pile spacing are unequal, the minimum center distance shall satisfy provisions in the

column “Other Conditions”.

3 If Non Displacement Filling Pile id end-bearing pile, the column “Other Conditions” value of the Non

Displacement Filling Pile may be reduced to 25d

2 In the foundation pile arrangement, the point force concurrence of pile group bearing
capacity should coincide with the force concurrence point of vertical permanent loads, and the
foundation pile should have larger bending resistant section modulus in the direction of larger

horizontal force and moment.

3 For pile-box foundation and pile-raft (including plate and beam slab cushion cap)
foundation with shear wall structure, piles should be arranged under the wall.




4 For framework-kernel barrel structured pile-raft foundation, the interaction shall be
considered in accordance with the load distribution, pile shall be arranged relatively
intensively under the kernel-barrel and column, the peripheral framework columns should be
arranged with composite piled foundation, and the pile length should be less than the pile
foundation under the kernel-barrel (with proper pile tip supporting course).

5 Relatively solid ground shall be adopted as the pile tip supporting course. The depth
that the pile tip gross section enters into the supporting course, should not be less than 2d for
silty soil; should not be less than 1.5d for sandy soil; shall not be less than 1d for crackle soil.
If the soft-weak subjacent bed exists, the thickness of hard supporting course under the pile
tip should not be less than 3d.

6 For the rock-socketed piles, the rock-socketed depth shall be identified according to
many factors such as loading, upper covered soil layer, bedrock, pile diameter and pile length;
the gross section depth of rock-socketed and oblique sound or relatively sound rocks should
not be less than 0.4d (0.5m), and for normal weathered rock which the gradient is larger than
30%, the rock-socketed depth should be increases properly in accordance with the gradient
and rock integrity; for plain and sound hard rock and relatively hard rock, the rock-socketed
depth shall not be less than 0.2d (0.2m).

3.4 Pile Foundation in Exceptional Conditions

3.4.1 The design principle of pile foundations for soft soil foundation shall meet following

provisions:

1 In selection of pile foundations in the soft soil, soil layer with low compressibility
should be adopted as pile tip supporting course;

2 If pipe surrounding soft soil settlement caused by self consolidation, site filling,
large-area ground stacking, falling groundwater level and large-area squeezing pile-sinking is
larger than the foundation pile settlement, the influence of pile-side negative shaft resistance
on foundation pile shall be analyzed and calculated in accordance with specific engineering
conditions;

3 When the Displacement Pile is adopted, technical measures like reducing pore water
pressure and squeezing effect shall be adopted to decrease the adverse effects of squeezing
effect on piling quality, adjacent building, road, underground pipeline and foundation
excavation side slope;

4 If the piling is previous to the foundation excavation, excavation sequence of
foundation excavation shall be arranged properly and the depth of layering excavation shall
be controlled to prevent the influence of earth mass displacement on piles.



3.42 The design principle of pile foundation in collapsible loess region shall meet

following provisions:

1 The foundation pile shall penetrate the collapsible loess layer, the pile tip shall
support on the cohesive soil, silty soil, normal-compact and close sand soil, and crackle soil
layer with low compressibility;

2 In collapsible loess foundation, the individual pile ultimate bearing pressure of
Building Pile Foundations with Design Level I and II should be based mainly on ponding

loading test;

3 For the ultimate bearing pressure of individual pile in self weight collapse loess
foundation, the influence of pile-side negative shaft resistance shall be analyzed and
calculated in accordance with engineering physical circumstances.

3.4.3 The design principle of pile foundations in seasonally frozen soil and swelling soil
foundation shall meet following provisions:

1 The depth that pile tip enters into the sharp atmospheric-effect layer of frost line or
swelling soil shall meet the requirements of the checking computations for pullout resisting
stability factor, and shall not be less than 4 times of pile diameter, and a bellend diameter. The

minimum depth shall be larger than 1.5m;

2 In order to reduce and eliminate the effect of frost heave or swelling on building pile

foundation, cast-in-place bored pile should be adopted;

3  When the ultimate vertical bearing pressure of foundation pile is identified,
foundation soil frost heave and expansive action, and checking computations of pile
foundation pullout resisting stability factor and pile foundation pulling bearing capacity shall
be considered besides that pile-side resistance within frost heave and swelling depth range;

4 In order to eliminate the harm of frost heave or expansive action on pile foundation,
freeze-proof and swelling-proof treatment shall be taken out along pile circle and cushion cap
within the frost heave or swelling depth range.

3.4.4 The design principle of pile foundation in karst region shall meet following

provisions:
1 Drilling and punching piles should be adopted for pile foundation in karst region;

2 Rock-socketed piles should be adopted when the load id individual pile is larger, and
the buried depth of rock stratum is lighter;

3  When the bedrock surface waves greatly and the buried depth is larger, the




friction-type filling pile should be adopted.

3.45 The design principle of pile foundation on sloping field and bankside shall meet
following provisions:

1 For pile foundation built on sloping field and shoreside, piles shall not be supported
on the potential slide mass of the side slope. The depth that the pile tip enters into the stable
rock-soil layer under the potential slip crack surface shall ensure the stability of the pile
foundation;

2 Building Pile Foundations shall be kept certain distance away from the side slope;
the side slope within building site must be a completely stable side slope. If the
disadvantageous geologic conditions like Collapse and landslide exist, the treatment and
control shall be taken out in accordance with provisions in current national standard
“Technical Code for Building Slope Engineering” GB 50330 to guarantee the stability:

3 New Building Pile Foundations engineering on sloping field and bank-side shall be
unifiedly planned and designed with Building Slope engineering, and the construction
consequence shall be identified reasonably;

4 Displacement Pile should not be used;

5 The integral stability and horizontal bearing capacity of foundation piles under the
most adverse loading effect combination shall be calculated.

3.4.6 The design principle of pile foundation in earthquake protection area shall meet
following provisions:

1 The length (excluding pile tip) of pile entering into the stable soil layer under the
fluidized soil layer shall be identified in accordance with the calculation; for soil aggregate,
gravel, rough sand, medium sand, compact silty soil and hard cohesive soil, the depth shall
not be less than 2~3d times of the pile foundation diameter; for other non rocky soil, the depth
should not be less than 4~5d times of the pile foundation diameter;

2 Lime soil, graded sand and stone and compacted plain soil shall be adopted to
backfill around the cushion cap and basement sidewall, and shall be tamped in layers. The
plain concrete may also be feasible.

3 When around cushion cap is liquefiable soil or soft soil which the characteristic value
of ground bearing capacity is less than 40kPa (or the undrained shear strength is less than
15kPa), and the horizontal bearing capacity of pile foundation cannot meet the calculation
requirement, the soil within 1/2 side length on both sides of the cushion cap may be
reinforced.
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4 In section with possible liquidating expansion, the stability of pile foundation under
earth-flow sideway active force shall be calculated.

3.4.7 The design principle of pile foundation with possible negative shaft resistance shall
meet following provisions:

1 In filling building site, the filling shall be taken out firstly and the filling compactness
shall be ensured. The measures like pre-arranging plastic drain board shall be taken out before
the filling of soft soil site. And the piling shall be taken out when the settlement of filling

foundation is basically stable.

2 For building with large area ground stacking, the measures to reduce the influence of
land subsidence on building pile foundation shall be taken out;

3 For self weight collapse loess foundation, heavy-tamping and compacting earth pile
may be adopted to treat firstly to eliminate the dead weight collapse of upper soil or whole
soil; for underconsolidated soil, measures like atmospheric dilution and precompaction at

advanced stage should be adopted;

4 For squeezing sinking pile, the measures like reducing the excess pore pressure and

controlling the pile-sinking speed shall be taken out;

5 For pile foundation above the neutral point, the surface may be treated to reduce the

negative shaft resistance.
3.4.8 The design principle of uplift pile foundation shall meet following provisions:

1 The crack control level of the uplift pile shall be identified in accordance with many
factors such as envelopment type, water and soil corrosion to rebar, rebar corrosive sensibility,

and duration of load;

2 For crack control level I required no crack, prestressed bar shall be arranged in the
pile foundation; for crack control level II required normally no crack, prestressed bar should

be arranged in the pile foundation;

3 For crack control level 11, the calculation for pile foundation crack width shall be
taken out;

4 If the pullout resisting bearing capacity of the foundation pile is required higher,
technical measures like pile-side post-grouting and enlarged base may be adopted.
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3.5 Provisions on Durability

3.5.1 The durability of the piling structure shall be designed in accordance with the
designed lifetime, provisions in envelopment type specified in current national standard
“Code for Design of Concrete Structure” GB 50010, and evaluation on corrosivity of water
and solid to steel and concrete.

3.5.2 In envelopments of Level II and Level III, the piling structure concrete which the
designed lifetime is 50 years shall meet provisions in Table 3.5.2.

Table 3.52  Basic Requirements of Piling Structure Concrete Durability in Envelopments of Level II and

Level IT1
Mini Cement | Mini Strength | Max Chloride Max Alkali
Max Water-cement
Envelopment Type S Consumption Grade of lon Content Content
tio
(kg/m*) Concrete (%) (kg/m)
a 0.60 250 C25 03 30
11
a 0.55 275 C30 02 30
m 0.50 300 C30 0.1 3.0

Note: 1 The chloride ion content is referred to the percentage to the cement consumption;

2 The Max Chloride lon Content of concrete for prestressed unit is 0.06%, the mini cement consumption is
300kg/m”, the Mini Strength Grade of Concrete shall be increased by two levels in accordance with provisions in
the table;

3 When the concrete is added with active adulterant or admixtures to improve the durability, the cement
consumption may be decreased properly;

4 When non alkali reactive aggregate is adopted, the alkali content of concrete is not limited;

5 When the reliable engineering experience is available, the Mini Strength Grade of Concrete can be reduced by a

level.

3.53 The crack control level and the max crack width of pile foundation shall be selected in
accordance with provisions in Table 3.5.3, and based on Envelopment Type and water-soil
media corrosivity level.

Table 3.5.3 Crack Control Level and Max Crack Width Threshold Values of Pile Foundation

Reinforced Concrete Pile Prestressed-concrete Pile
Envelopment Type
Crack Control Level Wim(mm) Crack Control Level Wig(mm)
g a 1l 02(0.3) | 0
a I 02 Il 0
1 02 | 0 11

Note: | If water and soil are of strong or medium corrosion, the Crack Control Level of uplift pile shall be in creased by a
level;
2 In Level Ila envelopment, the upper threshold value of crack width may be the values in the parentheses for the
foundation pile below the stable underground water level,
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3.5.4 The durability design of piling structure in envelopment Level IV and V may comply
with current national standard “Code for Design of Concrete Structure - Harbor Engineering”
JTJ 267 and “Code for Anticorrosion Design of Industrial Construction™ GB 50046.

3.5.5 For piling structures in envelopments of Level III, IV and V, the bearing steel bar
should be rib steel coated with epoxy resin paint.



4 Pile Foundation Structure

4.1 Foundation Pile Structure
[ Filling Pile

4.1.1 The reinforcement assembly shall be arranged for the filling pile in accordance with
following provisions:

1 Reinforcement Assembly Rate: if the pile foundation diameter is 300~2000mm, the
reinforcement assembly rate of the normal section may be 0.65%~0.2% (the max value may
be selected for the minor diameter pile); for piles, uplift piles and rock-socketed point bearing
piles with larges load, the reinforcement assembly rate shall be identified based on the
calculation, and shall be less than above specified value;

2 Reinforcement Length:

1) For end-bearing pile and foundation pile located on shore-side, reinforcement
assembly shall be arranged along full length of pile foundation uniform cross
section or variable cross-section;

2) The reinforcement length of friction-type pile which the pile diameter is larger than
600mm shall not be less than 2/3 of the pile length; if the pile is stressed by
horizontal load, the reinforcement length should not be less than 4.0/a (a is
referred to the horizontal deformation coefficient);

3) For foundation pile affected by the earthquake effect, the reinforcement length of
the pile foundation may go through liquefiable soil layer and soft-weak soil layer,
and the depth of reinforcement assembly entering into the stable soil layer shall not
be less than the depth specified in Item 3.4.6 of this code;

4) For pile affected by the negative shaft resistance, and pile that bounds with the
foundation soil due to foundation excavation after piling, the reinforcement length
shall go through the soft-weak soil layer and enter into the stable soil layer, and the
entering depth shall not be less than (2~3)d times of the pile foundation diameter;

5) For special uplift pile and pile acted by the pulling force caused by earthquake
effect, frost heave or expansibility act, the reinforcement assembly shall be taken
out along full length of uniform cross section or variable cross-section.

3 For the pile stressed by toward horizontal load, the main reinforcement shall not be
less than 8¢12; for compressive pile and uplift pile, the main reinforcement shall not be less
than 6010; main longitudinal reinforcement shall be arranged uniformly along the pile
foundation cycle, the clear distance shall not be less than 60mm;




4 The hooped reinforcement shall be screw type, the diameter shall not be less than
6mm, and the spacing interval should be 200~300mm; When the calculation of the pressure
bearing capacity of pile foundation stressed by larger load and pile foundation affected by
horizontal earthquake effect is calculated due to the main reinforcement acting, the hooped
reinforcements within 5d below the pile top shall be denser, and the spacing interval shall not
be larger than 100mm:; if the pile foundation is located in the liquidating soil layer, the hooped
reinforcement density shall be increased; if the hooped reinforcement stress act is considered,
the hooped reinforcement configuration shall meet relative regulations in current national
standard “Code for Design of Concrete Structure” GB 50010; if the reinforcing cage length
exceeds 4m, welded stiffening hooped reinforcement with larger than 12mm diameter shall be
arranged every 2m length.

4.1.2 Pile foundation concrete and concrete protection thickness shall meet following
requirements:

1 The strength grade of pile foundation concrete shall not be less than C25, and the
strength grade of concrete premolded pile tip shall not be less than C30;

2 The thickness of concrete protective layer for filling pile main reinforcement shall
not be less than 35mm, and the thickness of concrete protective layer for underwater filling
pile main reinforcement shall not be less than 50mm.

3 The thickness of concrete protective layer for pile foundation in envelopments of
Level IV and V shall meet relative provisions in current national standard “Design Code for
Harbor Engineering Concrete Structures™ JTJ 267 and “Code for Anticorrosion Design of
Industrial Construction” GB 50046.

Figure 4.1.3  Pedestal Pile Structure

4.1.3 The size of enlarged base end of enlarged base filling pile shall meet following
provisions (Figure 4.1.3):

1 For compressive pile that the bearing capacity of the supporting course is higher and

the covered solid is poor, and uplift pile with preferable soil layer of certain thickness, the
enlarged base may be adopted; the ratio D/d of the enlarged base end diameter and the pile
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foundation diameter shall be identified in accordance with bearing capacity requirement,
enlarged base end side-face, pile tip supporting course soil characteristic and enlarged base
construction scheme:; D/d for manual hole pile shall not be larger than 3, and the D/d for
bored pile shall not be larger than 2.5;

2 The gradient of enlarged base end side-face shall be identified in accordance with
practical pore-forming and earth mass conditions. For a/h,, the gradient may be 1/4~1/2; for
sandy soil, the gradient may be 1/4; for silty soil and cohesive soil, the gradient may be
1/3~1/2;

3 The base surface of compressive pile enlarged base end should be pan-bottom shaped,
and the arrow height A, may be (0.15~0.20) D.

II  Concrete Premolded Pile

4.1.4 The cross section side length of concrete premolded pile shall not be less than 200mm;
and the cross section side length of prestressed concrete prefabricate solid pile should not be
less than 350mm.

4.1.5 The strength grade of concrete for premolded pile should not be less than C30; the
strength grade of concrete for prestressed concrete solid pile shall not be less than C40; the
thickness of concrete protective layer for premolded pile longitudinal reinforcement should
not be less than 30mm.

4.1.6 The reinforcement assembly of premolded pile shall be identified through the
calculation in accordance with conditions such as handling, piling and pile bearing in usage.
When stamping method is adopted to sink pile, the mini steel ratio of premolded pile should
not be less than 0.8%. When static pressure method is adopted to sink pile, the mini steel ratio
should not be less than 0.6% and the diameter of the main reinforcement should not be less
than @14. Hooped reinforcements within 4~5 times of driven pile foundation diameter shall be
denser, and arranged with rebar network sheet.

4.1.7 The segment length of premolded pile shall be identified in accordance with
construction and traffic conditions; the joint number of each pile should not exceed 3.

4.1.8 For the tip of premolded pile, main reinforcements may be gathered up and welded on
the auxiliary reinforcement of the pile tip. If the supporting course soil is close sand and
crackle soil, steel sabot should be covered on the pile tip to reinforce the pile tip.

Il Prestressed Concrete Hollow Pile
4.1.9 Prestressed concrete hollow pile may be classified as tubular pile and hollow square

pile according to cross section type, and high-strong prestressed concrete (PHC) pile and
prestressed concrete (PC) pile according to the strength grade of concrete. Sectional
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dimension, reinforcement assembly, pile ultimate bearing moment and pile vertical bearing
capacity design value of centrifugal pretensioning prestressed concrete pile may be identified
in accordance with Appendix B of this standard.

4.1.10 The pile tip type of prestressed concrete hollow pile should be enclosed type or open
type; the enclosed type is classified as flat bottom cross type and wimble type.

4.1.11 The quality level of prestressed concrete hollow pile shall meet provisions in current

national standard “Pretensioned spun concrete piles” GB/T 13476, “Pretensioned Spun
Thin-walled Concrete Piles” JC 888, “Prestressed Spun Concrete Square Piles” JG 197 and

other relative standards.

4.1.12 Joints of prestressed-concrete pile may be connected through endplate welding,
flange connection, mechanical joggle connection and screwed connection. Joint number of

each pile should not exceed 3.
4.1.13 If prestressed concrete hollow pile is driven into softened intense weathering rock,
full decayed rock and unsaturated soil, the scope 2m above the pile tip shall be treated with

effective anti-seepage. Micro-swelling concrete may be adopted to fill the core or soft

waterproof is coated on the inner wall.
[V Steel Pile
4.1.14 Steel pile may be pipe, H shaped or other special sections.
4.1.15 The segmenting size of the steel pile should be 12~15m.
4.1.16 Welding joint of the steel pile shall be equal-strength joint.
4.1.17 The tip type of steel pile shall be identified comprehensively in accordance with soil
layer, supporting course property, pile dimension and squeezing effect, and shall be adopted
according to following provisions:
1 Steel-pipe pile may be following types:
1) Open type:
With reinforced hoop (with internal partition plate or without internal partition
plate); without reinforce hoop (with internal partition plate or without internal
partition plate).

2) Enclosed Type:

Flat bottom; tapered bottom.
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2 H section steel pile may be following types:
1) With endplate;
2) Without endplate:
Tapered bottom;
Flat bottom (with enlarged alae or without enlarged alae).
4.1.18 Anti-corrosion treatment of steel pile shall meet following provisions:

1 The corrosion rate of the steel pile may be identified in accordance with Table 4.1.18
if field data is unavailable;

2 The anti-corrosion treatment for steel pile may be that the surface is coated with
erosion resistant coating, and corrosion allowance and cathodic protection are added; if the
inner wall of the steel-pipe pile is isolated from the external environment, inner wall corrosion
protection may be disregarded.

Table 4.1.18  Annual Corrosion Rate of Steel Pile

Envelopment Single-sided Corrosion Rate (mm/y)
Above ground Without corrosive gas or corrosive volatile media 0.05~0.1
Above the water level 0.05
Below Ground Below the water level 0.03
Water-level fluctuation area 0.1-0.3

4.2 Cushion Cap Structure

4.2.1 The structure of pile foundation cushion cap shall satisfy die cutting resistance, shear
resistance and bending resistance bearing capacity and topside structure requirements and
shall also meet following requirements:

1 The minimum width of the pile foundation cushion cap under the insulated column
shall not be less than 500mm, the distance from the side piling center and cushion cap edge
shall not be less than the diameter or the side length of the pile, and the distance from the pile
outside edge to the cushion cap edge shall not be less than 150mm. For strip-shaped cushion
cap beam below the wall, the distance from the pile outside edge to the cushion cap beam
edge shall not be less than 75mm. The minimum thickness of the cushion cap shall not be less
than 300mm.

2 The minimum thickness of flatbed and beam-slab raft cushion cap for high-rise
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buildings shall not be less than 400mm, and the minimum thickness of raft cushion cap of
shear wall structure for piling under the wall shall not be less than 200mm.

3 The structure of box type cushion cap for high-rise building shall meet provisions in
“Technical Code for Box Foundation and Raft Foundation of High-rise Buildings™ JGJ 6.

42.2 Material and strength grade of cushion cap concrete shall meet requirements in
structural concrete durability and impermeability.

4.2.3 Rebar arrangement of cushion cap shall meet following provisions:

1 The longitudinal bearing steel bar of independent pile cushion cap under the column
shall be arranged along full length (detailed in Figure 4.2.3-a). for cushion cap with not less
than 4 piles, the bearing steel bars shall be arranged uniformly and bidirectionally; for trigon
cushion cap with three piles, bearing steel bars shall be arranged uniformly according to the
three-way sheet strip, and the trigon formed by the three innermost rebars shall be within the
column section (detailed in Figure 4.2.3-b). The anchorage length of longitudinal reinforcement
accounted from side pile inside (when pile is log pile, the diameter shall be multiplied by 0.8
and equivalent as a square pile) shall not be less than 35d, (d, refers to the bar diameter); if
the condition cannot be satisfied, longitudinal reinforcement shall be bent upward, and the
length of the horizontal segment shall not be less than 25d, and the bent segment length shall
not be less than 10d,. The diameter of longitudinal bearing steel bar for cushion cap shall not
be less than 12mm, and the spacing interval shall not be larger than 200mm. The critical steel
ratio of independent pile cushion cap under the column shall not be less than 0.15%.

2 For two independent pile caps under the column, the longitudinal tensile bar, and
horizontal and vertical distribution bars shall be arranged as member in deep bending in
accordance with current national standard “Code for Design of Concrete Structure” GB 50010.
Anchorage length and structure of the tip of longitudinal bearing steel bar for cushion cap
shall be same to the provisions in multiple-pile cushion cap under the column.
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Figure 42.3  Cushion Cap Reinforcement Assembly

(a) Rectangle cushion cap reinforcement assembly; (b) Three-pile Cushion Cap Reinforcement Assembly;

(¢) Reinforcement assembly of cushion cap beam under the wall

3 Longitudinal main reinforcement of strip cushion cap beam shall meet provisions of
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current national standard “Code for Design of Concrete Structure” GB 50010 in critical steel
ratio (Figure 4.2.3-c). the diameter of main reinforcement shall not be less than 12mm, the
diameter of erection bar shall not be less than 10mm, and the diameter of hooped
reinforcement shall not be less than 6mm. Anchorage length and structure of longitudinal
bearing steel bar of cushion cap beam tip shall be same to the provisions in multiple-pile
cushion cap under the column.

4 For raft cushion cap plate or box cushion cap plate, the reinforcement ratio of lower
layers rebars at vertical and horizontal directions should not be less than 0.15% due to the
influence of whole nending when the partial bending moment effect is considered; the upper
rebars shall be connected totally in accordance with the calculated reinforcement ratio.

When the raft-plate thickness is larger than 2000mm, two-way reinforcement net which
the diameter is not less than 12mm and the spacing interval is not larger than 300mm shall be
arranged in the midposition of the plate thickness.

5 The thickness of concrete protective layer of cushion cap base-surface rebars, with
concrete cushion, shall not be less than 50mm; without concrete cushion, the thickness shall
not be less than 70mm; and the thickness shall not be less than the length of the pile head
inserted into the cushion cap.

4.2.4 Joint structure of pile and cushion cap shall meet following provisions:

1 The length of the pile head inserted into the cushion cap, for pile with medium
diameter, should not less than S0mm,; for pile with major diameter, the length should not be
less than 100mm.

2 The pile-top longitudinal main reinforcement of concrete piling shall be anchored
into the cushion cap, and the anchoring length should not be less than 35 times of longitudinal
main reinforcement diameter. For uplift pile, the anchorage length of pile top longitudinal
main reinforcement shall be identified in accordance with current national standard “Code for
Design of Concrete Structure” GB 50010.

3 For filling pile with major diameter, cushion cap may be arranged or pile and column
are connected directly when a column correspond to a pile.

4.2.4 Joint structure of column and cushion cap shall meet following provisions:
1 For one-column-one-pile foundation, the length column longitudinal main reinforcement
anchoring into pile foundation shall not be less than 35 times of the longitudinal main

reinforcement diameter.

2 For multiple-pile cushion cap, the length of longitudinal main reinforcement
anchoring into the cushion cap shall not be less than 35 times of the longitudinal main
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reinforcement diameter; when the cushion cap height dissatisfies the anchorage requirement,
the vertical anchorage length shall not be less than 20 times of longitudinal main
reinforcement diameter and the longitudinal main reinforcement shall be bent forwards the

column axis at the angle of 90 degree.

3  When earthquake protection is required, the anchorage length of longitudinal main
reinforcement for columns with Class I and II aseismic grade shall be multiplied by the
coefficient 1.15; for columns with Class III aseismic grade, the anchorage length of
longitudinal main reinforcement shall be multiplied by the coefficient 1.05.

4.2.4 Joint structure between cushion caps shall meet following provisions:

1 If a column corresponds to a pile, joining beam shall be arranged at the directions of
two principal axis of pile top. If the diameter ratio of pile and column cross sections is larger
than 2, the joining beam may not be arranged.

2 For two-pile cushion cap, the joining beam shall be arranged on the shorter side.

3 For under-column pile foundation cushion cap with earthquake protection requirement,
joining beam should be arranged along the directions of two principal axes.

4 The top surface of joining beam should be locates at same elevation with cushion cap
top surface. The width of joining beam should not be less than 250mm, the height may be the
1/10~1/15 of the cushion cap center distance and should not be less than 400mm.

5 The joining beam reinforcement assembly shall be identified through the calculation,
the reinforcement assembly of beam upper and lower position should not be less than two
rebar’s with 12mm diameter; longitudinal bar of joining beam on same axial line should be
arranged along full length.

4.2.7 The clearance between the cushion cap and basement external wall or foundation
excavation sidewall shall be filled with plain concrete, or tamped with lime soil, graded
sand-stone mixture, and compacted earth in layers, and the compacting factor should not be
less than 0.94.
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5 Pile foundation calculations

5.1 Calculation for pile top acting effect
5.1.1 For clustered piles foundation of ordinary construction and high-rise building bearing
smaller horizontal force (including moment and horizontal shear), it shall calculate their
column, wall, pile top acting effect of foundation pile or composite foundation pile in core
tube clustered piles:

1 Vertical force

Under acting of axle vertical force

F.+G
N =—+—% (5.1.1-1)
n
Under acting of eccentrically vertical force
F, + M M x,
N, =BGy Mud  Zat (5.1.1-2)
n Zy; Ix;
2 Horizontal forces
H
H, ==& (5.1.1-3)
n
Where:  Fy Vertical force acting on superface of cushion cap under standard combination
of load effect;

G, ——Pile foundation cap and normal value of soil sole weight on the pile cap
shall recoup buoyancy of water for the part under stable groundwater table;

Hy Average vertical force of foundation pile or composite foundation pile
under acting of axle vertical force with standard combination of load
effect;

H; Vertical force of the i foundation pile or composite foundation pile under
acting of eccentrically vertical force with standard combination of load
effect;

My, My Moment acting on bottom surface of pile cap and winding x and y main

axis passing through pile group centroid under the standard combination of
load effect;

Xi, X, Vis Yy—Distance from i™ and /™ foundation pile or composite foundation pile to y
and x axis;
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Hy Horizontal force acting on bottom surface of pile foundation cap under
standard combination of load effect;
Hy Horizontal force acting on the i foundation pile or composite foundation

pile under standard combination of load effect;

n——Pile numbers in pile foundation.

5.1.2 For low piled cap foundation mainly bearing vertical load in earthquake protection
district, when it satisfies the following conditions, calculation for cap acting effect may take

no account of earthquake effect:

1 Buildings may not be checked up with seismic bearing capacity for their piled
foundations according to current national standard “Code for Seismic Design of Buildings™

GB 50011;

2 Building yard lies in favorable district for building seismic.
5.1.3 For piled foundation belongs to one of the following conditions, when calculating
acting effect, internal force and displacement of pile for all the foundation piles, it should

consider team working between pile cap (including underground walling) and foundation pile
as well as elastic resistance acting of the soil, its calculation method may be made according

to appendix C in this code:
1 For high-rise building lies in 8° or more than 8° seismic fortifying district and
bearing other larger horizontal force, when their piled foundation cap stiffness is too large or

enhance pile cap stiffness due to synergistic action of superstructure and pile cap;

2 High piled cap foundation bearing large horizontal force and 8° or more than 8°
earthquake effect.

5.2 Calculation for vertical bearing capacity of piled foundation

5.2.1 Calculation for vertical bearing capacity of piled foundation shall meet the
following requirements:

1 Standard combination of load effect:
Under acting of axle vertical force
NER (5.2.1-1)

It shall not conform to the above equation under acting of eccentrically vertical
force, but shall also meet requirements for the following equation:
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Nimas S12R (5.2.1-2)
2 Earthquake effect and standard combination of load effect:
Under acting of axle vertical force

Ne<l.25R (5.2.1-3)

It shall not conform to the above equation under acting of eccentrically vertical
force, but shall also meet requirements for the following equation:

Neimax<L.5R (5.2.1-4)
Where: N Average vertical force of foundation pile or composite foundation
pile under acting of axle vertical force with standard combination
for load effect;
N e Maximal vertical force of pile top under acting of eccentrically
vertical force with standard combination of load effect;
Nk Average vertical force of foundation pile or composite foundation pile
under earthquake effect and standard combination of load effect;
NEK max Maximal vertical force of foundation pile or composite foundation

pile under earthquake effect and standard combination of load
effect;

R——Characteristic value of the vertical bearing capacity of foundation
pile or composite foundation pile.

§2.2 Characteristic value of the vertical bearing capacity of a single pile R, shall be
determined according to the following equation:

1
R, =—0Ou (5.22)

Where: Qu——Normal value of vertical ultimate bearing pressure for a single pile;

K Assurance coefficient, K=2.

5.2.3 For end bearing type piled foundation, when it should not consider pile cap effect for
independent piled foundation under friction-type column with pile numbers are less than 4, or
due to strata soil texture and working conditions, characteristic value of the vertical bearing
capacity of foundation pile shall be characteristic value of the vertical bearing capacity of a
single pile.

5.2.4 It should determine the characteristic value of the vertical bearing capacity of its
composite foundation pile by considering pile cap effect for those friction-type piled
foundations conforming to one of the following conditions.
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1 Buildings (structures) with integral stiffness for superstructure is good and somatotype
is simple;

2 Trestlework and flexible structures with strong flexibility for differential settlement;

3 Relative weak zone for optimized designed of piled foundation stiffness to reduce
differential;

4 Composite foundations with settlement-reducing piles for soft soil foundation.

52.5 Considering characteristic value of the vertical bearing capacity of composite
foundation pile with pile cap effect may be determined according to the following formulate:

Take no account of earthquake effect: ~ R=R, +1 [, A, (5.2.5-1)
Consider earthquake effect: R=R, +'1”%’?¢fak A, (5.2.5-2)
A =(A-nd,)/n (5.2.5-3)

Where: e Pile cap coefficient may take value according to Table 5.2.5;

Average value weighted according to thickness for characteristic value of
the ground bearing capacity of the soil in each layer within 1/2 pile cap
width under the pile cap and within the depth scope not exceeding 5 m;

S

A.——Calculate net area of pile cap bottom corresponding with foundation pile;

Ay ——Cross-sectional area of pile;

A —Calculated field area of pile cap. 4 is total area of pile cap for independent
piled foundation under the column; 4 is the area circled by 1/2 span of the
wall raft plate and 2.5 times of raft plate thickness at cantilever side for pile
raft foundation; 4 is area circled by 1/2 span of both sides of the wall for
pile raft foundation concentric arranged under the monolithic wall, and
calculate 7, according to strip footing;

{, ——Adjustment coefficient for foundation seismic bearing capacity shall be
adopted according to current national standard “Code for Seismic Design
of Buildings” GB50011.

When pile cap bottom is liquescent soil, collapsible soil, soft soil with high fidelity,
under consolidated soil and recent fill, and pile-sinking invoking excess pore pressure and soil
mass upheaval, it shall take no account of pile cap effect and 5= 0.
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Table 5.2.5  Pile cap coefficient »,

s/d
3 4 5 6 >6
Byi

<04 0.06~0.08 0.14~0.17 0.22~0.26 0.32~0.38

04-08 0.08~0.10 0.17~0.20 0.26~0.30 0.38~0.44
>0.8 0.10~0.12 0.20~0.22 0.30~0.34 0.44~0.50 0.50~0.80

Strip pile cap with
0.15~0.18 0.25~0.30 0,38~0.45 0.50~0.60
single-row pile

Note: 1 s./d in the table is ratio between pile center distance and pile diameter; B,/ is ratio between pile cap width and
pile length. When calculated foundation pile is arranged not in square shape, 5, = Jm , A is calculated field
area of pile cap, and n is overall pile numbers.

2 For tank and raft pile cap arranged under the wall for the pile, 7. may take value according to bar foundation of
single-row pile.

3 For strip pile cap with single-row pile when pile cap width is less than 1.5d, . shall take value according to
non-bar pile cap.

4 For strip pile cap with single-row pile, when pile cap width is less than 1.5d, n.takes value according to non-bar
pile cap.

5 For soil compacting piled foundation in saturated cohesive soil, piled foundation pile cap on soft soil foundation

shall be with #. is 0.8 times of the lower value.
5.3 Vertical ultimate bearing pressure of a single pile

[  General requirements

53.1 Normal value of vertical ultimate bearing pressure for individual pile adopted for the
design shall be in accordance with the following requirements:

1 Building piled foundation with design grade is Grade A shall be determined by static
test for a single pile;

2 Building piled foundation with design grade is grade B may be determined referring
to test pile information with same geological conditions and combining with integration of in
situ test as static sounding, etc. and empiric parameters when geological condition is simple;
others shall be determined by static test of a single pile;

3 Building piled foundation with design grade is grade C may be determined according
to in situ test and empiric parameter.

5.3.2 Normal value of vertical ultimate bearing pressure for a single pile, ultimate shaft
resistance, and ultimate tip resistance shall be determined according to the following

requirements:

1 Vertical static test of a single pile shall comply with current professional standard
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“Technical Code for Testing of Building Foundation Piles” JGJ 106:

2 End bearing pile with major diameter may determine ultimate tip resistance through
load test for deep level slab (slab diameter shall be same with pore diameter);

3 Rock-socketed pile may determine ultimate tip resistance through batholith plate
loading test with diameter is 0.3m or may determine ultimate shaft resistance and ultimate tip
resistance through load test of rock-socketed stub abutment with diameter is 0.3m;

4 Ultimate shaft resistance and ultimate tip resistance of the piles should be determined
by static test through testing component of shaft force of the buried pile. And it shall establish
physical index between ultimate shaft resistance, ultimate tip resistance, and soil layer
according to the test result, empirical relationship between saturated uniaxial compressive
strength of rock and in situ test index of the soil such as static sounding, etc. shall determine
vertical ultimate bearing pressure of a single pile according to empiric parameter method.

[I In situ test method
5.3.3 When determining vertical ultimate bearing pressure of a single concrete premolded

pile according to static sounding information of single-bridge probe, it may be calculated
according to the following formulate if it is without local experience:

Qu =04+ ok = ”Zqﬂ'k[i » apskAp (5.3.3-1)
When Py, S Fy,
1
™ ;(pskl +B Pya) (5.3.3-2)

When pg, > Py,

Py=Pys (5.3.3-3)
Where: Qg Qu——Overall ultimate shaft resistance and overall ultimate tip resistance
respectively:

u Perimeter of pile;

g —Ultimate shaft resistance of i" soil for pile cycle estimated according
to specific penetration resistance of static sounding;

[——Thickness of the i soil of pile cycle;

a ——Correction coefficient of pile tip resistance may take value according
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to Table 5.3.3-1;

Dsk Specific penetration resistance of static sounding near pile tip
(average value);
A,—Pile tip area;
Dski Average value of specific penetration resistance within scope of 8

times pile diameter higher than bulk cross-section of the pile tip;

par——~Average value of specific penetration resistance within scope of 4
times pile diameter lower than bulk cross-section of the pile tip,
when supporting course of the pile tip is compact sandy soil layer,
and its average value of specific penetration resistance s p exceeding
20MPa, it shall multiply by coefficient C in table 5.3.3-2 and then
calculate pgo and py.:

p Reduction coefficient, adopted according to table 5.3.3-3.
Table 5.3.3-1  Correction Coefficient a of Pile Tip Resistance
Pile length (m) I<15 15<<30 30</<60
a 0.75 0.75~0.90 0.90

Note: Pile length: 15</<30 m; a value is with linear interpolation according to l-value; [ is pile length (excluding height of

pile toe).
Table 5.3.3-2  Coefficient C
pa(MPa) 20~30 5 >40
Coefficient C 5/6 2/3 122
Table 5.3.3-3  Reduction Coefficient £
Paz /Psi <5 75 12.5 >15
B 1 516 23 12
Note: Table 5.3.3-2 and Table 5.3.3-3 may take value through interpolation.
Table 5.3.3-4  Coefficient 7,
PulPs <5 75 >10
s 1.00 0.50 033
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} qapa

P. (kPa)

Figure 5.3.3  gu-p, Curve

Note: |  ge shall take value combining with soil test information and according to soil type, burial depth, sequence and
according to broken line in figure 5.3.3; beeline (A) (line segment gh) in figure 5.3.3 is applicable to soil layer
within 6 m under the subsurface; broken line (B) is applicable to cohesive soil above silty soil and sandy soil layer
(or region with powderless soil and sandy soil layer); broken line (C) (line segment odef) is applicable to cohesive
soil under silty soil and sandy soil layer; broken line (D) (line segment oef) is applicable to silty soil, mealy sand,

fine sand and medium sand.

2 pa is average value of specific penetration resistance of middle dense-dense sandy soil and silty soil passing

through pile tip; pq is average value of specific penetration resistance of soft underlying soil layer for sandy soil

and silty soil;

3 Single bridge probe adopted shall be with taper base area is 15¢cm® and bottom is with 7em high sliding bush as well

as cone angle is 60°.

4 When pile tip is passing through bottom surface of silty soil, mealy sand, fine sand and medium sand layer, gu
value estimated through broken line (D) shall multiply by coefficient #, in table 5.3.3-4;

5.3.4 When determining vertical ultimate bearing pressure of a single concrete premolded
pile according to static sounding information of double-bridge probe, it may be calculated
according to the following formulate if there are no local experience for cohesive soil, silty
soil and sandy soil:

Ou =st+ka=“Zii‘ﬁi‘f;i+a'qc'f4p (5.3.9)
Where:  fu ——Average tip resistance of probe in the i* layer soil (kPa);

g——Upper and lower probe resistance on pile tip plane is averaged value of
probe resistance weighted average (kPa) of the soil thickness within scope
of 4d (d is diameter or side length of the pile) larger than the pile tip
plane , and probe resistance within scope of less than 1d less than pile tip
plane;

a ——Correction coefficient of pile tip resistance: for cohesive soil and silty soil,
it takes 2/3 and for saturated sandy soil, it takes 1/2;
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Integrated correction coefficient of the i" layer earth pile shaft resistance:
for cohesive soil and silty soil: f=10.04(f;)""; for sandy soil: §
=5.05(fa)**.

Bi

Note: Taper base area of double bridge probe is 15¢m’, cone angle 60°, height of friction sleeve is 21.85cm and lateral area
is 300cm’,

[II Empirical parameter method
5.3.5 When determining vertical ultimate bearing pressure of a single pile according to

empirical relationship between physical index and bearing capacity parameter of the soil, it
should estimated according to the following formulate:

Ou =0u +0 = "quikli +qu A, (5.3.5)

Where: Gsik If ultimate shaft resistance of the i" soil at pile shaft has no local
experience, it may take value according to table 5.3.5-1;

Gk If ultimate tip resistance has no local, it may take value according to

Table 5.3.5-2.

5.3.6 When determining ultimate bearing pressure of a single pile with major diameter pile
according to empirical relationship between physical index and bearing capacity parameter of
the soil, it may calculated according to the following formulate:

Qu =04 +0p =4 Vadali +¥,4,, 4, (5.3.6)

When ultimate shaft resistance of the i" soil at pile shaft has no local
empirical value, it may take value according to Table 5.3.5-1 of this
article and for scope within 2d length above reduce section of pedestal
pile, it shall not count in shaft resistance;

Where: gsik

g —Ultimate tip resistance with pile diameter is 800mm may be determined
adopting to deep level loaded panel test for dry operated hole digging
(cleaning up of bottom); when it cannot make deep level load panel test,
it may take value according to Table 5.3.6-1;

Wy wy—Pile shaft resistance with major diameter and size effect coefficient of tip
resistance take values according to Table 5.3.6-2.

Perimeter of pile: when breast wall around artificial dug pile is vibrating
dense concrete, perimeter of pile may be calculated according to external
conjugate diameter of the breast wall.

u
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Table 5.3.5-1  Ultimate Shaft Resistance g, of Pile (kPa)

ERT RSrr i i Concrete Breast wall bored Dry operated
Soil designation, Soil state
premolded pile | (punched) pile of slurry bored pile
Earth fill - 22-30 20-28 20~28
Silt o= 14-20 12~18 12~18
Mucky soil — 22-30 20-28 20~-28
Flow plastic > 24-40 21-38 21-38
Soft plastic 0.75< L1 40~55 38-53 38~53
Waxiness 0.50< /,<0.75 55~70 53-68 53~66
Cohesive soil
Hard waxiness | 0.25 < /<0.50 70~86 68~84 66~82
Hard plastic 0< [,<0.25 86-98 84-96 82~94
Stiffness I.<0 98~105 96~102 94~104
0.7<a, <l 13~32 12~30 12-30
Red clay
0.5<a,<0.7 32-74 30-~70 30~70
A little dense e>0.9 2646 24-42 24-42
Silty soil Middle dense 0.75<e<0.9 46~66 42-62 42-62
Dense e<0.75 66~88 62~82 62~82
A little dense 10<N<15 24-48 22-46 22-46
Fine sand Middle dense 15<N<30 48~66 46~64 46~64
Dense N>30 66~88 64-86 6486
Middle dense 15<N<30 54~74 53~T2 53~-T2
Medium sand
Dense N>30 74-95 72-94 7294
Middle dense 15<N<30 74-95 74~95 76~98
Coarse sand
Dense N>30 95~116 95~116 98~120
A little dense
5<Ngs<15 70~110 50~90 60~100
Gravel sand Middle dense
Nas>15 116~138 116~130 112~130
(dense)
Round gravel and Middle dense
Nas>10 160~200 135~150 135~150
breccia and dense
Middle dense
Gravel and pebble Ns3s>10 200300 140~170 150~170
and dense
Completely
gl 30<N<50 100~120 80~100 80~100
weathered soft rock
Completely
= 30<N<50 140~160 120~140 120~150
weathered hard rock
Strong weathered
- Nas>10 160~240 140~200 140~220
soft rock
Strong weathered
. Nas>10 220~300 160~240 160~260
hard rock
Note: 1 It doesn’t calculate the shaft resistance for earth fills not yet completing self consolidation and miscellaneous

earthfill giving priority to household garbage;

2 a, is water content ratio, a, = w/w;, w is natural moisture content of the soil and w, is liquid limit of the soil;
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3 N is normal blow counts; Nes s is dynamic sounding blow count of heavy taper;

4 Completely weathered, strong weathered soft rock and completely weathered, strong weathered hard rock refers

to rocks with mother rock are f;<15MPa and f;>30MPa respectively.

Table 5.3.6-1 Ultimate Tip Resistance g, of Dry Operated Dug Pile (Cleaning up of Bottom, D = 800 mm)

(kPa)
Soil designation State
0.25< 1 <0.75 0< /,<0.25 <0
Cohesive soil
800~1800 1800~2400 2400~3000
— 0.75<e<0.9 e<0.75
Silty soil
= 1000~1500 1500~2000
A little dense Middle dense Dense
Mealy sand 500~700 800~1100 1200~2000
Fine sand 700~1100 1200~1800 2000~2500
Medium sand 1000~2000 2200~3200 3500~5000
Sandy soil and gravel soil
Coarse sand 1200~2200 2500~3500 4000~5500
Gravel sand 1400~2400 2600~4000 5000~7000
Round gravel and breccia 1600~3000 3200~5000 6000~9000
Gravel and gravel 2000~3000 3300~5000 7000~11000

Note: 1 When depth /, of pile entering into supporting course are m=<D, D< h=4D and hy >4D respectively, g, may take

low, middle and high values correspondently.

2 Sandy soil compactness may be determined according to SPT (standard penetration test) blow count, when N<10,

it is loose; 10<N<15, a little dense; 15<N<30, middle dense and N>30, it is dense.

3 When length-diameter ratio of the pile is /d<8, g should take lower value.

4  When the requirement for settlement is not so strict, g may take the larger value.

Table 5.3.6-2  Size Effect Coefficient y,; of Shaft Resistance and Tip Resistance y,, for Filling Pile with

Major Diameter
Soil types Cohesive soil and silty soil Sandy soil and gravel soil
W (0.8/d)""* (0.8/)"*
¥y (0.8/D)""* (0.8/D)"?
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IV Steel pipe pile

5.3.7 When determining vertical ultimate bearing pressure of steel pipe pile according to
empirical relationship between physical index and bearing capacity parameter of the soil, it
may calculated according to the following formulate:

Ou = O + O =uZQsiin + 4,54, (5.3.7-1)
When hy/d<5, 2,=0.16 hy/d (5.3.7-2)
When Ay /d>5, 2,=0.8 (5.3.7-3)

Take same value with concrete premolded pile according to Table
5.3.5-1 and 5.3.5-2 of this code respectively;

Where: g and g

Ay Pile tip soil plug coefficient: for enclosed steel pipe pile A,=1; for
exposure steel pipe pile, it takes value according to formulates
(5.3.7-2) and (5.3.7-3);

hy Depth of pile tip entering into supporting course;

d ——Outside diameter of steel pipe pile.

Semi-exposure steel pipe pile with clapboard shall determine A, with equivalent diameter
de replacing - d,=d«/;; where 7 is partition number of pile tip clapboard (figure 5.3.7).

O & &
L i Py

=2 n=4 n=9

Figure 5.3.7  Clapboard Partition
V  Concrete hollow pile
5.3.8 When determining vertical ultimate bearing pressure of exposure prestressed concrete

hollow pile according to empirical relationship between physical index and bearing capacity
parameter of the soil, it may calculated according to the following formulate:

Ouc = O + Oy =D i + 9, (4 + 4, 4,) (5.3.8-1)
When  h, /d <5, 4,=0.16 hy/d (5.3.8-2)
When &, /d>5, 2,=0.8 (5.3.8-3)
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Where: gsx and gy——Take same value with concrete premolded pile according to Table
5.3.5-1 and 5.3.5-2 of this code respectively;

A;—Net area of hollow pile tip:

Tubular pile: 4, = z:;—(d2 -d?);

Hollow square pile: 4, = b’ —-}df -

2

Ap Exposure area of hollow pile: 4, = -}di :

hy—nPile tip soil plug coefficient;
d, b——Outside diameter and side length of hollow pile;

d, Inside diameter of hollow pile.

VI Rock-socketed pile

53.9 Vertical ultimate bearing pressure of a single pile of rock-socketed pile with pile tip
lied in intact and relatively intact bedrock and it is composed of overall ultimate tip resistance
of soil around the pile and overall ultimate resistance of rock-socketed. When determining
vertical ultimate bearing pressure of a single pile according to uniaxial compressive strength
of the rock, it may calculate according to the following formulates:

Ou =04 + 04 (5.3.9-1)
Qu =) qul; (5.3.9-2)
Oy =C. [u4, (5.3.9-3)

They are overall ultimate shaft resistance of the soil and overall
ultimate resistance of rock-socketed respectively;

Where: Qg Ow

If ultimate shaft resistance of the i" soil around pile has no local
experience, it may take value according to piling technology in table
5.3.5-1 of this code;

qsik

fa—Clay rock of rock saturated uniaxial compressive strength take
normal value natural moisture uniaxial compressive strength;

Ratio between colligations coefficient of rock-socketed shaft
resistance and tip resistance and depth- diameter of rock-socketed is
hJ/d, rock hardness is related to piling technology, and it may be
adopted according to table 5.3.9; numerical values in the table are

G
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applicable to slurry breast wall piling, and for dry operated piling
(cleaning up of bottom) and grouting after slurry breast wall piling, {
shall be 1.2 times of the numerical value in the Table.

Table 5.3.9  Colligations Coefficient of Rock-socketed Shaft Resistance and Tip Resistance {,

Depth-diameter ratio of
0 05 1.0 20 3.0 4.0 5.0 6.0 7.0 80
rock-socketed h/d
Dead-soft rock and soft
0.60 0.80 0.95 1.18 1.35 1.48 1.57 1.63 1.66 1.70
rock
Relatively hard rock
045 0.65 0.81 0.90 1.00 1.04 . e — oy
and hard rock
Note: | Dead-soft rock and soft rock refer to £,<15MPa; relatively hard rock and hard rock refer to f:>30MPa; if it is

situated between the two, it may take value by interpolating.

2 b, is rock-socketed depth of pile: when rock plane is slant, it is based on rock-socketed depth of lower part of the

slope; when A/d is value not listed in the table, { may take value according to inner difference.

VIl Post grouting and drilled grouting pile

5.3.10 Ultimate bearing pressure of a single pile of post grouting and drilled grouting pile
shall be determined according to static test. Under the condition of conforming to the
implementation specification of post grouting technology in article 6.7 of this code, its
ultimate bearing pressure of a single pile for the post grouting is estimated according to the

following formulate:

Where:

Quk - st - gsk + gpk T uzquklj +uz ﬁsiQSiklgi +ﬁp?pkAp (53]0)
Qa—Overall ultimate shaft resistance at non vertical enhancing section of
post grouting;

Qe —Overall ultimate shaft resistance at vertical enhancing section of post
grouting;

Qgpk—Overall ultimate tip resistance of post grouting;

u Perimeter of pile;

l; Thickness of the ;™ soil at non vertical enhancing section of post

grouting;

Iy ——Thickness of the i" layer soil at vertical enhancing section of the post
grouting: for slurry breast wall pore-forming filling pile, when it is a
single pile tip post grouting, vertical enhancing section is 12m above the
pile tip; when it is pile tip and pile tip complex grouting, vertical
enhancing section is 12m above the pile tip and 12m above all pile shaft
the grouting sections, and the overlapping part shall be recouped; for dry
operated filling pile, vertical enhancing section is above pile tip, and up
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and down 6m respectively of the pile shaft grouting section;

They are initial ultimate shaft resistance of the i soil layer at vertical

Gsiks Gsk> Gk
enhancing section of post grouting, initial ultimate shaft resistance of the
/™ soil layer of non vertical enhancing section and initial ultimate tip
resistance; they are determined according to article 5.3.5 of this code;
Bsis Po They are shaft resistance of post grouting and amplification coefficient

of tip resistance respectively, if they hasn’t experience, they may take
values according to Table 5.3.10. For pile with diameter is larger than
800mm, it shall correct shaft resistance and tip resistance dimension
according to Table 5.3.6-2 of this code.

Table 5.3.10  Amplification Coefficient f,; of Post Grouting Shaft Resistance and Amplification
Coefficient f, of Tip Resistance

Completely
Silt Cohesive Mealy
Soil layer Medium | Coarse sand Gravel weathered rock
Mucky soil sand
designation sand Gravel sand Pebble | Strong weathered
soil Silty soil Fine sand
rock
B 12~13 1.4~18 1.6~2.0 1.7-2.1 20-25 24-3.0 14~1.8
B — 22-25 24-28 2.6~3.0 3.0-35 32~40 20~24

Note: fi, for dry operated bored pile and dug pile may be calculated according to value listed in the table multiply by
reduction coefficient (less than 1.0). When pile tip supporting course is cohesive soil or silty soil, reduction coefficient

takes 0.6; when it is sandy soil or soil aggregate, it takes 0.8.

5.3.11 Steel conduit of post grouting after flouting may replace longitudinal main reinforcement
with constant section and constant strength.

VI Joule-Thomson effect

5.3.12 For surrounding of low piled cap foundation with liquefied soil layer, when up and
down bottom surface of the pile cap have non-liquefaction soil or non-soft soil layer with
thicknesses are no less than 1.5m and 1.0m respectively, it may calculate ultimate bearing
pressure of a single pile with soil layer ultimate shaft resistance of liquefied soil layer
multiply by liquefied reduction coefficient of the soil layer. Liquefied reduction coefficient y;
of the soil layer may be determined according to Table 5.3.12.
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Table 5.3.12  Liquefied Reduction Coefficient y; of Soil Layer

N Liquefied soil layer depth calculated
= v
Ner from ground dy(m)
d <10 0
M=0.6
10<d <20 13
dL=10 13
0.6<h=0.8
10<d <20 23
di <10 273
0.8<h=1.0
10< d <20 1.0

Note: | N is measured value of saturated soil SPT (standard penetration test) blow count; N, is critical value of liquefied

distinguishing SPT (standard penetration test) blow count; Ay is relative liquidity index of the soil layer;

2 When pile spacing of displacement pile is less than 44, piles are no less than 5 rows and piles are no less than 25
sticks, coefficient of liquefaction of the soil layer may take 2/3—1; when SPT (standard penetration test) blow

count of soil in piles reaches Nz, yy= 1.

When thickness of non liquefied soil layer of pile cap bottom is less than 1m, liquefied
reduction coefficient of the soil layer may take value by reducing one grade of Ay in table

5312

5.4 Check up for vertical bearing capacity of the piled foundation under special
conditions

[ Check up for weak subsoil

5.4.1 For clustered piles foundation with pile spacing is not exceeding 6d, when weak
subsoil with bearing capacity is less than 1/3 of the bearing capacity in pile tip supporting
course is existing under the pile tip supporting course, it may check up bearing capacity of the
weak subsoil according to the following formulate (figure 5.4.1):

o, +y.25f. (5.4.1-1)

o (F +Gy)—3/2(4, +Bu)'quikli

o, (5.4.1-2)
(A, + 2t -tgO)(B, + 2t - 1g0)

Where: o,——Additional stress acting on superface of the weak subsoil;

ym ——Weighted average of thicknesses of soil layer weight density (it takes
floating weight density under the groundwater Table) above weak subsoil
superface;

t ——Thickness of hard supporting course;

Ja——Characteristic value of ground bearing capacity corrected by depth z in the
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weak subsoil;

Ao, By Side length of long and short sides of the rectangular bottom surface at
exterior margin of the pile group;
gsx —Ultimate shaft resistance of the i soil layer around pile without local

experience, it may take value according to piling technology in Table
5.3.5-1 of this code;

f——Pressure spread angle in hard supporting course of the pile tip; it takes
“ value according to Table 5.4.1.

Table 5.4.1  Pressure Spread Angle @ in Hard Supporting Course of the Pile Tip

EglEa t=0.258, 120508,
1 4° 12°
3 6° 23°
3 10° 25°
10 20° 30°

Note: 1 E, and E,, are compressive modulus in hard supporting course and weak subsoil;

2 When £<0.25. Bo, 8=0°, if necessary, it should be determined through test, when 0.258,<1<0.508B,, it may take
value by interpolating.

Figure 5.4.1  Check up for Bearing Capacity in Weak Subsoil
[ Calculation for negative frictional resistance

5.4.2 For piled foundation conforms to one of the following conditions, when settlement
generated by soil layer around pile exceeding settlement of foundation pile, it shall count in
pile shaft negative frictional resistance when calculating bearing capacity for the foundation
pile;

1 When pile is passing through thick and loose earth fill, self weight collapse loess and
under consolidated soil as well as when liquefied soil layer is entering into relatively hard soil
layer;

47




2 There exists soft soil layer around the pile, and adjacent pile shaft is bearing larger
long-term load partially, or ground is piling with load in large area (including earth fill);

3 When it makes effective stress of soil around the pile increase and cause salient
compression settlement due to falling groundwater level

5.4.3 When soil around the pile may cause pile shaft negative frictional resistance, it shall
consider influence of negative frictional resistance to piled foundation bearing capacity and
settlement according to physical circumstances of the engineering: when it is lacking of
referential engineering experience, it may check up according to the following requirements:

1 For friction-type foundation pile, shaft resistance of parts above the calculated
neutral point on pile may be 0 and it may check up bearing capacity of foundation pile
according to the following formulate:

N<R, (5.4.3-1)

2 For end bearing type foundation pile, it shall not only meet requirement of the above
formulate, but also consider pull-down load Q: n of foundation pile caused by negative
frictional resistance, and it may check up bearing capacity of foundation pile according to the

following formulate:

N, +0Q" <R, (5.43-2)

3 When soil layer is uneven or buildings are sensitive for uneven settlement, it shall
count pull-down load caused by negative frictional resistance in additional load and then
check up piled foundation settlement.

Note: Characteristic value R, of vertical bearing capacity of foundation pile only counts in shaft resistance and tip resistance

of parts under the neutral point.

5.4.4 Pile shaft negative frictional resistance and pull-down load caused by it may be
calculated according to the following requirements when there isn't measured data:

1 Negative frictional resistance of the i soil layer around a single pile above the
neutral point may be calculated according to the following formulates:

95 =$.0] (5.4.4-1)

m-

When earth fill, self weight collapse loess collapse, and under consolidated soil layer
generating consolidation and groundwater lowering: o] = o7, .

When the ground is distributed with large area of load: o] = p+0,
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o= Z Az, + % y,Az, (5.4.4-2)
e=]

Where: gs —Pile shaft negative frictional resistance of the i soil layer; when
calculated value according to formulate (5.4.4-1) is larger than positive
frictional resistance, it is designed by taking positive frictional

resistance;

&, —Negative frictional resistance coefficient of the i" soil layer around pile

may take value according to Table 5.4.4-1;

- Average vertical effective stress of the i" soil around the pile caused by
soil sole weight; pile outside pile group is calculated from the ground

and pile inside of the pile group is calculated from pile cap bottom ;

Average vertical effective stress of the i" soil around the pile;

o;

Pis Ye Weight densities of the i calculated soil layer and " soil layer above it,

it takes floating weight density under the groundwater table;

Az,, Az——Soil thickness of the i" and " soil layer;

p——Evenly distributed load on the ground.

Table 5.4.4-1  Negative Frictional Resistance Coefficient ¢,

Soil group &
Saturated soft soil 0.15~0.25
Cohesive soil and silty soil 0.25~0.40
Sandy soil 0.35~0.50

Note: | In the same group of soil, displacement pile takes the larger value in the table and non-displacement pile takes the

smaller value in the table,

2 Earth fill takes the larger value in the same group of soil according to its composition.

2 Pull-down load of foundation pile considering pile group effect may be calculated
according to the following formulate:

Q! =n,-uy. qul, (5.4.4-4)
i=]
N =Sy Sy f[ﬂd(—qs— + %)} (5.4.4-5)
, %

Where: n——Soil layer numbers above neutral point;
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l——Thickness of the i" soil layer above neutral point;

n.——Pile group effect coefficient of negative frictional resistance;
Saxs Ssy—Center distances of vertically and horizontally piles respectively;

q! —Normal value of thickness weighted average negative frictional resistance of

soil around piles above neutral point;

Thickness weighted average weight density (it takes floating weight density
under groundwater table) of soil layer around the piles above neutral point

Vm

When single pile foundation or pile group effect coefficient 7,>1 is calculated according
to formulate (5.4.4-5), n,=1.

3 Neutral point depth /, shall be determined according to condition of soil layer
settlement around the piles is equal to pile settlement, or it may be determined by referring to

Table 5.4.4-2.

Table 5.4.4-2  Neutral point depth /,

Cohesive soil and silty Sand more than
Property of supporting course Gravel and pebble Bedrock
soil middle density
Depth ratio of neutral point [/ 0.5~0.6 0.7-0.8 0.9 1.0
Note: | /,, l——Neutral point depth and lower limit depth of soft soil layer around the piles calculated from pile top
respectively;

2 When pile is crossing self weight collapse loess layer, /, may be increased by 10% according to value listed in the

tale (excluding supporting course is bedrock);

3 When soil layer consolidation around the piles and consolidation settlement of piled foundation are finished

simultaneously, /=0,

4  When calculated settlement of soil layer around the piles is less than 20 mm, /, shall be decreased according to

values listed in the table multiply by 0.4~0.8,
[Il Check up for bearing capacity of uplift piled foundation

5.4.5 Piled foundation bearing pulling force shall also check up uplift bearing capacity of
foundation pile when clustered piles foundation acts like integral destruction and non-integral
destruction according to the following formulate:

N < Ty 2 +Gg (5.4.5-1)

Ne<Tu/ 2+G, (5.4.5-2)

Foundation pile pulling force calculated according to normal combination
of load effect;

Where: Ny
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Ty —Uplift ultimate bearing pressure of foundation pile when clustered piles
acting like integral destruction, it may be determined according to article
5.4.6 of this code;

T Uplift ultimate bearing pressure of foundation pile when clustered piles
acting like non-integral destruction, it may be determined according to

article 5.4.6 of this code;

Gg—Overall sole weight of piled soil in the envelop volume of clustered piles
foundation is divided by overall pile numbers, and it takes floating weight
density under groundwater table;

Gp Sole weight of foundation pile, and it takes floating weight density under
groundwater table and for pedestal pile, it shall determine perimeter pile
and soil column as well as pile and soil sole weight according to Table

5.4.6-1 of this code.

5.4.6 Determination for uplift ultimate bearing pressure of clustered piles foundation and its
- foundation pile shall be in accordance with the following requirements:

1 For building piled foundation with design grade is Grade A and Grade B, uplift
ultimate bearing pressure of foundation pile shall be determined through up-pull static load
test with in-situ single pile. Normal value for single pile up-pull static load test and uplift
ultimate bearing pressure may be in compliance with current professional standard “Technical
Code for Testing of Building Foundation Piles” JGJ 106.

2 When there isn't local experience, uplift ultimate entrainment force of foundation pile
for building piled foundation with clustered piles foundation and design grade is Grade C may
be calculated according to the following requirements:

1) When clustered piles is acting like non-integral destruction, normal value for uplift
ultimate bearing pressure of foundation pile may be calculated according to the

following formulate:

T = 0 Agul, (5.4.6-1)
Where: T Normal value for uplift ultimate bearing pressure of foundation pile;
u; Perimeter of pile, for pile with equal diameter, u=nd; for pedestal pile, u
takes value according to Table 5.4.6-1;
gsik Resist compression ultimate shaft resistance of the i soil at pile shaft

surface may take value according to Table 5.3.5-1 of this code;

A, ——Uplift coefficient may take value according to Table 5.4.6-2.
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Table 5.4.6-1  Perimeter u; of Destruction Surface of the Pedestal Pile

Length calculated from pile toe /, <(4~10)d >(4~10)d

Wy nd nd

Note: /, takes smaller value for soft soil and takes larger value for pebble; / is increased as increase of angle of internal

friction.
Table 5.4.6-2  Uplift Coefficient 1
Soil group A value
Sandy soil 0.50~0.70
Cohesive soil and silty soil 0.70-0.80

Note: When ratio between pile length / and pile diameter d is less than 20, / takes the smaller value.

2) When clustered piles is acting like non-integral destruction, normal value for uplift

Where:

ultimate bearing pressure of foundation pile may be calculated according to the
following formulate:

T, = % WY Aqul, (5.4.6-2)

U Perimeter of pile group outsider.

5.4.7 Short pile foundation of light construction on seasonally frozen ground shall check up
its frost-resistant uplift stability according to the following formulate:

Where:

Neqeuz, STy /2+ Ng +Gyp (5.4.7-1)

neqeuz, STy /2+ Ng +Gp (5.4.7-2)

Influence coefficient of the frozen depth is adopted according to Table
54.7-1;

ne

gr——Tangential frozen-heave force is adopted according to Table 5.4.7-2;

z——Standard frost penetration of seasonally frozen ground;

Normal value of uplift ultimate bearing pressure of foundation pile when
clustered piles is acting like integral destruction under standard frost
penetration line, it may be determined according to article 5.4.6 of this

T

code;

T,s——Normal value of uplift ultimate bearing pressure of a single pile when
clustered piles is acting like integral destruction under standard frost
penetration line, it may be determined according to article 5.4.6 of this
code;

Building sole weight above pile cap bottom surface bearing by
foundation pile, normal value of pile cap and soil weight on it.

Ng
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Table 5.4.7-1  Value of ¢

Standard frost penetration
7<2.0 2.0< 230 z>3.0
(m)
Table 54.7-2  Value of g;(kPa)
Classifications of frost
Extra strong frost
heaving Weak frost heave Frost heave Strong frost heave :
eave
Soil group
Cohesive soil and silty soil 30~60 60~80 80~120 120~150
Sandy soil and gravel (clay and silt
<10 20~30 40~80 90~200
content >15%)

Note: 1 Rough-surfaced filling pile shall be numerical value listed in the table multiply by coefficient 1.1~1 3;
2 This table is not applicable to frozen soil with salt content is larger than 0.5%.
5.4.8 Short piled foundation of light construction on expansive soil shall check up uplift

stability of clustered piles foundation acting like integral destruction and non-integral -
destruction according to the following formulate:

uY guly STy/2+Ng+Gg (5.4.8-1)
Uy guly STy/2+Ng +G; (5.4.8-2)
Where: Ta——When clustered piles is acting like integral destruction, uplift ultimate

bearing pressure of foundation pile in soilcement layer under layer with
rapid atmospheric influence may be calculated according to article
5.4.6 of this code;

Ta——When clustered piles is acting like non-integral destruction, uplift
ultimate bearing pressure of foundation pile in soilcement layer under
layer with rapid atmospheric influence may be calculated according to
article 5.4.6 of this code;

g, —VUltimate swelling shear force of the i" soil layer in layer with rapid
atmospheric influence is determined by in-situ water immersion test;

l,, ——Thickness of the i soil layer in layer with rapid atmospheric influence.
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5.5 Calculation for piled foundation settlement

5.5.1 Calculated value of piled foundation settlement deformation of the buildings
shall not be larger than allowable value of piled foundation settlement deformation.

5.5.2 Piled foundation settlement deformation may be indicated with the following indexes:

1 Settling volume;
2 Differential settlements;

3 Integral slants: ratio between differential settlement and distance of both ends points
in slanting direction of the building pile foundation;

4 Local slants: ratio between differential settlement and distance of the two points of
pile foundation of bar pile cap under the wall along certain longitudinal length

5.5.3 When calculating piled foundation settlement deformation, piled foundation deformation
index shall be adopted according to the following requirements:

1 Ground settlement deformation caused by uneven soil thickness and property, load
difference, form intricacy and interaction, etc. shall be with local slant regulation for

bricking-up bearing structure;

2 It shall be regulated by integral slanting value for multilayer or high-rise building and

tower structure;

3 When its structure is frame, frame- shear wall, frame- core tube structure, it shall

regulate differential settlement between columns (walls).

5.5.4 Allowable value of piled foundation settlement deformation for the building shall
be adopted in accordance with those specified in Table 5.5.4.

5.5.5 Allowable value of piled foundation settlement deformation not included in table 5.5.4
of this code shall be determined according to adaptive faculty and operating requirement of
superstructure to piled foundation settlement deformation.




Table 5.5.4  Allowable Value of Piled Foundation Settlement Deformation for the Buildings

Deformation behavior oo
value
Local slant of bricking-up bearing structure foundation 0.002
Differential settlement of adjacent columns (walls) foundation of all the buildings
(1) Frame, frame- shear wall and frame- core tube structure 0.002 &
(2) Side organ timbering filled with bricking-up wall 0.0007 4
(3) When the foundation is settled uneven, it doesn't generate additional stress structure 0.005 Iy
Settling volume of monolayer trestlework (spacing of columns is 6m) piled foundation (mm) 120
Slanting of bridge crane rail surface (considering according to non-adjusted rail)
Longitudinal 0.004
Lateral 0.003
Hy<24 0.004
24 <Hy <60 0.003
Integral slant of multilayer and high-rise building 60.< H, <100 St
H,> 100 0.002
H <20 0.008
20<H <50 0.006
50 < H, <100 0.005
Integral slant of tower structure piled foundation 100 < H, <150 I
150 < Hy < 200 0.003
200 < H, < 250 0.002
Hg <100 350
Settling volume of tower structure foundation (mm) 100 < H, < 200 250
200 < H, <250 150
Maximal settling volume of high-rise building piled wh i
foundation of shear wall structure with simple form (mm)

Note: I, is distance between two measuring point of adjacent columns (walls), Hy is building height calculated from

outdoor ground.
| Piled foundation with pile center distance is no larger than 6 times pile diameter

5.5.6 For piled foundation with pile center distance is no larger than 6 times pile diameter,
its final settling volume calculation may adopt equivalent acting layerwise summation method.
Equivalent acting surface is lying on pile tip plane, equivalent active area is projected area of
pile cap, and equivalent acting additional pressure is approximately taking average additional
pressure of pile cap bottom. Stress distribution under equivalent acting surface adopts
isotropy beeline deformable body theory. Computation schema sees figure 5.5.6, ultimate
settling volume of any point of the piled foundation may be calculated according to the
following formulate with angular point method:

' - - z: E-‘J -z i= a(“l}
S=W-We-s =W'Wc‘zp0,iz . é e . (556)
Je] =l

8
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Ultimate settling volume of piled foundation (mm);

Where: s

5" Settling volume of piled foundation calculated according to entity deep
foundation layerwise summation method by adopting Boussinesq’s

solution;

y——Calculated empirical coefficient for piled foundation settlement may be
determined according to article 5.5.11 of this code when it hasn't reliable

local experience;

w.——Equivalent settling ratio of piled foundation may be determined according
to article 5.5.9 of this code;

Blocking numbers with angular point method calculating rectangular load
with point correspondence;

m

Additional pressure of the j™ rectangular bottom surface under would-be

Poi
permanent combination of load effect (kPa);
n——Dividing soil layers within calculated depth range of piled foundation

settlement;

E.,——Compressive modulus of the i™ soil layer under equivalent acting surface
(MPa), it adopts compressive modulus of foundation soil under acting of
sole weight pressure to sole weight pressure plus additional pressure;

—___Distance from the j* piece of load acting surface on pile tip plane to the =
soil layer and i-1" soil layer bottom surface (m);

3,}, Z(i-1)j

Average additional stress coefficient of depth range from the j" piece of
load calculated point on pile tip plane to the i" soil layer and i-1"™ soil layer
bottom surface may be adopted according to Appendix D of this code.

Qij, Ci-1)j

| “Curve of average additional stress coefficient

CR

= 1
A—d

in
g

Figure 5.5.6  Schematic Figure of Piled Foundation Settlement Calculation
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5.5.7 When calculating point settlement in rectangular piled foundation, settling volume of
piled foundation may be simplified calculated according to the following formulate:

\ Z,a:—2Z, i
S=Y Y, S=dy R T (5.5.7)
=1 si
Where:  po Average additional pressure of pile cap bottom under would-be permanent
combination of load effect;
ai, au- Average additional stress coefficient, it may be adopted according to

: 2z.
rectangular length-width ratio a/b and depth-width ratioz;'=B—’ and
c

o 2

B¢

, as well as according to Appendix D of this code.

Zicl _
b

558 Calculated depth z, of piled foundation settlement shall be determined according to
stress ratio method, that is additional stress o, and self-weight stress . of soil at calculated
depth section shall meet requirement of the following formulates:

g,<0.20, (5.5.8-1)
g, :Z“;Po; (5.5.8-2)
J=1
Where: a Additional stress coefficient: it may be adopted according to rectangular

length-width ratio and depth-width ratio divided as angular point method,
as well as according to Appendix D of this code.

559 Equivalent settling ratio . of piled foundation may be simplified calculated according
to the following formulate:

S, n, -1

P e (5.5.9-1
" C(n,~D)+C, )

n,=4n-B. /L (5.5.9-2)

Short side pile layout number of rectangular pile layout may be proximately
calculated according to formulate (5.5.9-2) when pile layout is irregular;
when n, >1: my= 1, it may be calculated according to formulate (5.5.14) of

Where: my
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this code;

Co, €1 €5 According to distance- diameter ratio si/d, length-diameter ratio //d and
fundament length-width ratio LJ/B. of clustered piles, they may be
determined according to appendix E of this code;

L,B,n They are length, wide and overall pile numbers of rectangular pile cap.

55.10 When pile layout is irregular, equivalent distance- diameter ratio may be proximately
calculated according to the following formulates:

Round pile S, /d=~A/(n-d) (5.5.10-1)

Square pile S, /d =0.8867/4/(v/n-b) (5.5.10-2)
Where: A——Overall area of piled foundation pile cap;

h——Side length of square pile cross-section.

5.5.11 When it is without local reliable experience, calculated empirical coefficient y of
piled foundation settlement may be adopted according to Table 5.5.11. Calculated empirical
coefficient of piled foundation settlement shall take the larger value according to supporting
course type multiply by 0.7 (sand, gravel and pebble)~0.8 (cohesive soil and silty soil)
reduction coefficient for filling pile of post grouting construction technology; when adopting
(excluding retapping, repress operation and leading-hole pile-sinking), it shall take the larger
value according to pile spacing, soil quality, pile-sinking velocity and sequence multiply by
1.3~1.8 soil compacting effect coefficient, low penetrability of the soil, small pile spacing,
large pile quantity and rapid sedimentation velocity.

Table 5.5.11  Calculated Empirical Coefficient y for Piled Foundation Settlement

Es (MPa) <10 15 20 35 >50
v 1.2 0.9 0.65 0.50 0.40
Note:1 E $ 18 equivalent value of compressive modulus within settlement calculated depth, it may be calculated according

o A
to the following formulate: Es = X 4, /T —L  where 4, is the integral quantity of additional pressure

L1

coefficient of the /* soil layer along soil thickness, it may be approximately calculated according to blocking

area,

2w may take value according to interpolation of E 5

5512 When calculating piled foundation settlement, it shall consider influence of adjacent
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foundations, and calculate with superposition principle; equivalent settlement coefficient of
piled foundation may be calculated according to independent footing.

5.5.13 When piled foundation shapes are irregular, it may calculate equivalent settlement
coefficient of piled foundation with equivalent rectangular area, and the length-width ratio of
rectangular may be determined according to actual size and shape of pile cap.

Il  Single pile, single-row pile, and sparse pile foundation

5.5.14 Settlement calculation for single pile, single-row pile, and sparse pile foundation
with pile center distance is larger than 6 times of the pile diameter shall be in accordance with

the following requirements:

1 Piled foundation with foundation soil at pile cap bottom is not sharing the load.
Additional stress created by foundation pile in foundation under pile tip plane is determined
according to calculation Mindlin’s solution influencing by pile diameter in appendix F.
Superimpose additional stress generated by counter stress design point of all the foundation
piles within horizontal plane influence scope of settlement design point and calculate soil
layer settlement with unidirectional compression an d layerwise summation method, and
count in pile compression s.. Ultimate settling volume of piled foundation may be calculated

according to the following formulates:

s=yY Z2Az, +5, (5.5.14-1)

i=l Hgi
= 9 1 1 1 5.5.14-2
O, = I}T[a.f p‘u+( _a;) s.fj] (5.5.14-2)

J]=
Qflf

5§ = : 5.5.14-3
. =6, E.A, ( )

2 Composite piled foundations with foundation soil at composite pile cap bottom are
sharing the load. Calculate additional stress generated by soil pressure of pile cap bottom to
some point in foundation as Boussinesq solution (Appendix D) and superimpose with
additional stress generated by foundation pile, as well as calculate settlement by adopting
method equal to item 1 of this article. Its ultimate settling volume may be calculated

according to the following formulates:

Lo, +0,
s=y) T Tups 45, (5.5.14-4)
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o-fzcl = ay 'pc‘k (5514'5)

k=1

Foundation pile numbers within the horizontal plane influence circle with
circle center is settlement design point and radius is 0.6 times of pile

length;

Where: m

n——Calculated hierarchy numbers of soil layer within the settlement calculated
depth; hierarchy number shall combine with soil layer property and the lift
height shall not exceed 0.3 times of the calculated depth;

a,——Sum of additional vertical stresses generated at 1/2 thickness of the " soil
layer under the design point pile tip plane of the foundation pile counter
stress within horizontal plane influence circle; stress design point shall be
proximate pile centre with the settlement design point.

Stress generated at 1/2 thickness of the i™ calculated soil layer under design

Ozci
point pile tip plane of the pile cap pressure counter stress; it may divide
pile cap sheet into u pieces of rectangular blocks and it may be calculated
according to angular point method adopted in Appendix D of this code;

Az, ——Thickness of the i"™ calculated soil layer (m);

E,, ——Compressive modulus of the i™ calculated soil layer (MPa), it adopts
compressive modulus when foundation soil is under the acting of sole
weight pressure to sole weight pressure plus additional pressure;

Pile top additional load (KN) of the j* pile under would-be permanent
combination of load effect; when basement buried depth exceeds Sm, total
load under would-be combination acting of the load effect act as equivalent
additional load for considering rebound recompression:

Y

Pile length of the /" pile (m);

l;
Aps——Cross-sectional area of pile shaft;

a Ratio between overall tip resistance and pile top load of the 7™ pile, it is
approximately taken ratio between ultimate overall tip resistance and

ultimate bearing pressure of a single pile;

Ly, I,——They are stress affecting coefficients of tip resistance and pile shaft
resistance of the ™ pile to 1/2 thickness section of the i" calculated soil layer
on the calculated shaft line, it may be determined according to appendix F of
this code;

E.——Elastic modulus of pile shaft concrete;

pe « —Uniform pressure at pile cap bottom of the k™ block, it may take value
according to pe ¢ = e,k * far » Where 7 is pile cap effect coefficient of the K
pile cap soleplate, it is determined according to Table 5.2.5 of this code: fi

60



is characteristic value of ground bearing capacity at pile cap bottom;

ay Additional stress coefficient of 1/2 thickness for the i calculated soil layer
under pile tip plane at section of base angle point of the K" pile cap, it may
be determined according to appendix D of this code;

se——Calculated pile shaft compression;

&——Compression coefficient of pile shaft; End bearing pile: {=1.0; friction-type
pile: when /d<30, £=2/3; when l/d> 50, {=1/2; when the result is between
the two, & may take linear interpolation;

y——Settlement calculated empirical coefficient, it may be 1.0 when there isn't
local experience.

5.5.15 For ultimate settlement calculated depth of a single pile, single-row pile, sparse pile
composite pile foundation, it may be determined according to stress ratio method, that is
additional stress g, generated by pile at z, section ,additional stress o,. generated by pile cap
soil pressure and soil self-weight stress o, shall meet the requirement of the following

equation:

o,+0, =0.60, (5.5.15)

5.6 Composite foundation with settlement-reducing piles of soft soil foundation

5.6.1 When tier building and ground bearing capacity on soft soil foundation is meeting the
challenge basically (calculate based on plane area of bottom layer), it may be set with sparse
layout friction-type pile entering into better soil layer by passing through soft soil, the load is
shared by pile and soil between the pile. This kind of composite foundation with
settlement-reducing piles may be determined with pile top area and pile numbers according to
the following equation:

Ac=(:f";_—G*— (5.6.1-1)
ak
nzﬂém—*/l& (5.6.1-2)

Where: A—~——Overall net area of piled foundation cap;

fu—Characteristic value of bearing pressure on foundation at pile top bottom;
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& ——Control coefficient of pile top area, ¢20.60;
n ——Foundation pile numbers;

n——aEffect coefficient of piled foundation cap, it may take value according to
Table 5.2.5 of this code.

5.6.2 Midpoint settlement of composite foundation with settlement-reducing piles may be
calculated according to the following equation:

s=y(s, +s,) (5.6.2-1)

m Zr &1 Z(,_na PP

s, =4p, ), (5.6.2-2)

i=1 Esr
5 = 28008 - (5.62-3)

= E, (s,/d)

F—-nR

Po =1, . (5.6.2-4)
AC
Where: s ——Settling volume of piled foundation midpoint;

s,——Midpoint settlement generated under additional pressure of foundation soil
at pile top bottom (figure 5.6.2):

sp—Settlement generated by pile-soil interaction;

Average additional pressure of imaginary natural foundation calculated
according to quasi-permanent value combination of load effect (kPa);

Po

E,——Compressive modulus of the i" soil layer under pile top bottom, it shall be
modulus value from deadweight pressure to between deadweight pressure and

additional pressure section;

m——Soil layer numbers within foundation settlement calculated depth range:
settlement calculated depth is determined according to 0..~0.1¢ and o, may be
determined according to article 5.5.8 of this code;

Gs» E——Average pile shaft ultimate resistance and compressive modulus weighted
according to thickness within pile shaft scope;

d ——Pile shaft diameter, when it is square pile, = 1.27b (b is sectional side length
of square pile);

so/d——Equivalent distance-diameter ratio, it may comply with article 5.5.10 of this
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code;
z,, 2,1 —Distance from pile top bottom to bottom surface of the i" and (i-1 )“’ soil layer;

a.,a -1y ——Average additional stress coefficient of angular point from pile top bottom to
the i and (i-1)" soil layer bottom; it is determined by Appendix D of this code
according to calculated blocking rectangular length-width ratio a/b and depth-
width ratio z/b = 2z/B. for equivalent area of the pile top; where pile top
equivalent width B, = BJZ:‘L; B and L are width and length of the exterior
margin plane for the building foundation;

F——Overall additional load acting on pile top bottom under quasi-permanent value
combination of load effect (kN);

H,—Stuck distortion influence coefficient for foundation pile; it is determined
according to earthiness in pile tip supporting course, sandy soil is 1.0, silty soil
is 1.15 and cohesive soil is 1.30.

w ——Settlement calculated empirical coefficient may take 1.0 when it hasn't local
experience.

Natural ground elevation

Base elevation
mm——e
S, o

) '}Lm“’l‘ b :

Zn
[
-

= Average additional stress
coefficient curve

Figure 5.6.2 Calculated Stratified Schema Layout for Settlement of Composite Sparse Pile Foundation

57  Calculation for level bearing capacity and displacement of piled foundation

I Single piled foundation
5.7.1 Single piled foundation of ordinary construction bearing horizontal load and tall

building bearing smaller horizontal load as well as foundation pile among clustered piles shall
meet requirements of the following equation:
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R, <R, (5.7.1)

Where: Hy——Horizontal force acting on the i" cap of foundation pile under standard
combination of load effect;

R, ——Characteristic value of horizontal bearing capacity for the single piled
foundation or foundation pile in clustered piles may take characteristic
value Ry, of horizontal bearing capacity for the single pile.

572 Determination for characteristic value of horizontal bearing capacity of the single pile
shall be in accordance with those specified in the following:

1 For construction piled foundation bearing larger horizontal load and with design
grades are Grade A and Grade B, characteristic value of horizontal bearing capacity for the
single pile shall be determined by horizontal static test for the single pile and the test method
may comply with current professional standard “Technical Code for Testing of Building

Foundation Piles” JGJ 106.

2 For reinforced concrete premolded pile, steel pile and filling pile with reinforcement
ratio of pile shaft normal section is no less than 0.65%, characteristic value of horizontal
bearing capacity for a single pile may be 75% load corresponding to 10mm horizontal
displacement (take 6mm horizontal displacement for building with sensitive horizontal

displacement) on the ground according to static test result.

3 For filling pile with pile shaft reinforcement ratio is less than 0.65%, its characteristic
value of horizontal bearing capacity for a single pile may be 75% of the critical load
according to the horizontal static test for a single pile.

4 When it lacks of horizontal static test information for a single pile, it may estimate
characteristic value of horizontal bearing capacity for a single pile with filling pile of pile
shaft reinforcement ratio is less than 0.65% according to the following equation:

= 07507 /o () 954.20p, )1 42300 Belet)

VM Y/ 14y

R,

Horizontal deformation coefficient of piles may be determined according to
article 5.7.5 of this code;

Where: a

R,.——Characteristic value of horizontal bearing capacity for a single pile, + is
determined according to vertical force property of the pile top, and then

“ "

pressure is “+” and pull force is

Plastic coefficient of pile section modulus, round section y,= 2, rectangular

Vm
section y,=1.75;
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fi——Design value for tensile intensity of pile shaft concrete;

W, ——Section modulus at in-tension margin of transformed section of the pile
shaft, round section:

md
W, =22 + 26 -np,bi]

Square section: W, = % [z‘)2 +2(ag - l)psbé ],

Where d is pile diameter, do is pile diameter recouping protective layer
thickness: b is side length of the square section, by is pile sectional width
recouping protective layer thickness; ag is ratio between elastic modulus of

steel bar and concrete;

___Maximal moment coefficient of the pile shaft, it takes value according to

M
Table 5.7.2, when direct-axis of single piled foundation and single-row
piled foundation is perpendicular to its horizontal force direction, it is
considered as cap swing joint;

py—Reinforcement ratio of pile shaft;

zf?
A,——Transformed section area of pile shaft, round section: 4, =—4-[l +oy —1),02],

Square section: 4, = b’ [l +(a; —l)pH]:

Influence coefficient of cap vertical force, vertical pressure takes 0.5

¢N

vertical pull force takes 1.0;

N ——Cap vertical force under standard combination of load effect (kN).

5 Design pile diameter of digging pile with concrete as breast wall takes inside
diameter of breast wall when calculating horizontal bearing capacity for a single pile.

6 When pile horizontal bearing capacity is controlled by horizontal displacement and it
lacks of horizontal static test information for a single pile, it may estimate characteristic value
of horizontal bearing capacity for a single pile with premolded pile, steel pile and filling pile
with reinforcement ratio is less than 0.65% according to the following equation:

3
T e (5.7.2-2)
v

X

Where:  EI ——Flexural rigidity of pile shaft, for reinforced concrete pile, EI = 0.85E.ly,
where E, is the elastic modulus of concrete, I is inertia moment of the
transformed section; and for round section: Jp = W, d, /2; for rectangular

65




section, [y = Wy bo/2;

Xo.——Permissible horizontal displacement of the pile top;

Vy Horizontal displacement coefficient of the pile top, its value is taken
according to Table 5.7.2 and the value taking method is same as .

Table 5.7.2 Maximum Bending Moment Coefficient vy, and Horizontal Displacement Coefficient v, of

Cap (shaft)
Conversional buried depth
Cap constraint condition Vi e
of pile (a h)
4.0 0.768 2.441
35 0.750 2.502
3.0 0.703 2.727
Swing joint and free
28 0.675 2.905
2.6 0.639 3.163
24 0.601 3.526
4.0 0.926 0.940
35 0.934 0.970
3.0 0.967 1.028
Rigid coupling
28 0.990 1.055
26 1.018 1.079
24 1.045 1.095

Note: 1 vy of swing joint (free) refers to maximum bending moment coefficient of the pile shaft and vy of rigid coupling

refers to maximum bending moment coefficient of the cap;

2 Whenah>4,ah=40.

7 When checking horizontal bearing capacity of piled foundation controlled by
permanent load, it shall make characteristic value of horizontal bearing capacity for a single
pile determined by methods of items 2~5 in the above multiply by regulation factor 0.80;
when checking horizontal bearing capacity of earthquake effect piled foundation, it should
make characteristic value of horizontal bearing capacity for a single pile determined by
methods of items 2~5 in the above multiply by regulation factor 1.25.

Il  Clustered piles foundation
5.7.3 Characteristic value of horizontal bearing capacity for the foundation pile of clustered
piles foundation (excluding conditions with horizontal force perpendicular to direct-axis of
the single-row piled foundation and with larger moment) shall consider pile group effect

generated by interaction among pile top, pile group and soil, it may be determined according
to the following equation:

R, =n,R,, (5.7.3-1)
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When considering earthquake effect and s5,/d<6,

M =07+ (5.7.3-2)

[:S.i]oms",m.u
4 (5.7.3-3)

= 0.15m +0.10m, +1.9

7,

¥ 2
7?‘, :ﬂ.xoa—Bc__hg— (57-3_4)
2:n-n,- Ry,
R,.v
X = r 5.7.3-5
Oa a},E] ( )
Other conditions:
‘qh = U.Ur e 77: +‘qb (5?3-6)
= H (5.7.3-7)
mn,R,
B.=B +1 (5.7.3-8)
P, =n fu(A-nd,) (5.7.3-9)

Where: n——Synthesize coefficient of pile group effect;
n—Interactive effect coefficient of piles;

n,——Constraint effect coefficient of pile top (when the pile top is 50~100 mm
embedding in the pile cap), it takes value according to Table 5.7.3-1;

n—-Soil resistance effect coefficient at pile cap side (when earth backing at
pile cap side is in loose condition, 7= 0);

ny—rFriction effect coefficient at pile cap bottom;

s /d ——Distance-diameter ratio along horizontal load direction;

ny, m Pile numbers of each pile-row along horizontal load direction and vertical

horizontal load direction respectively;
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cap side, when it hasn’t test data, it may take value according to Table

I
m——Proportionality coefficient of earth horizontal reaction coefficient at pile
5.7.5 of this code; ‘

Xoa Allowable value for horizontal displacement of pile top (pile cap), when it
is controlled with displacement, it may take xo,=10mm (xp,=6mm for
structures sensitive to horizontal displacement); when it is controlled with
pile shaft intensity (filling pile with low reinforcement ratio), it may be
approximately determined according to equation (5.7.3-5) of this code;

B, ——Calculated width of pile cap bearing one side earth resistance;
B.——nPile cap width;
h.——nPile cap height (m);

Friction factor between pile cap bottom and underlying soil may take value

according to Table 5.7.3-2;

u

P.——Vertical total load assumed by pile cap bottom foundation soil;

n——Determined according to article 5.2.5;

A Total area of the pile cap;

A,—Sectional area of the pile shaft.

Table 5.7.3-1  Constraint Effect Coefficient 7, on Pile Top

Converted depth a h 24 26 28 3.0 35 >4.0
Displacement control 258 234 220 2.13 207 2.05
Intensity control 1.44 1.57 1.71 1.82 2.00 207

mb
Note: & = #-—i , h is embedment length of piles
El

Table 5.7.3-2  Friction Factor u between Pile Cap Bottom and Underlying Soil

Soil type Friction factor y
Plastic 0.25~0.30
Cohesive soil Hard plastic 0.30~0.35
Stiffness 0.35~045
Silty soil Dense and middle dense (a little wet) 0.30~0.40
Medium sand, coarse sand and moulding gravel 0.40~0.50
Soil aggregate 0.40~0.60
Soft rock and soft quality rock 0.40~0.60
Rough-surfaced hard rock and stiff rock 0.65~0.7

5.7.4 When calculating horizontal displacement of piled foundation for tall buildings with
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larger horizontal load and bearing horizontal earthquake effect and wind load as well as
carrying with basement, it may consider interaction of sidewall, pile cap, pile group and soil
in the basement; calculating internal force and deflection for foundation pile according to
methods in appendix C, single-row pile foundation perpendicular to horizontal exogenic
acting plane may be calculate according to Table C-2 in appendix C of this code.

57.5 Horizontal deformation coefficient of piles and horizontal reaction coefficient of
foundation soil may be determined according to the following requirements:

1 Horizontal deformation coefficient « of piles (1/m)

mb
a=3— (5.7.5)
EI
Where: m———Proportionality coefficient of horizontal reaction coefficient for the soil at

side of piles;

bho——Calculated width for pile shaft (m);
Round pile: When diameter d<1m, b;=0.9(1.5d+0.5);
When diameter d>1 m, by = 0.9(d +1);
Square pile: When side width b<Im, by = 1.5+ 0.5;
When side width b>1 m, by = b +1.

El——Pile shaft flexural rigidity, it is calculated according to specification in
article 5.7.2 of this code.

2 Proportionality coefficient m of horizontal coefficient of reaction for soil on pile side,
it should be determined by horizontal static test for a single pile; when it hasn't any static test
information, it may take value according to Table 5.7.5.

5.8 Calculation for bearing capacity and fracture control of pile shaft

58.1 Pile shaft shall be made with bearing capacity and fracture control calculation. When
calculating, it shall consider pile shaft material strength, pile forming technology, handling
and pile-sinking, constraint condition, environmental types, etc. unless comply with relevant
regulations of this section, it shall also be in accordance with relevant regulations of “Code
for Design of Concrete Structures” GB 50010, “Code for Design of Steel Structures” GB
50017 and “Code for Seismic Design of Buildings™ GB 50011.
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Table 5.7.5 Proportionality Coefficient m of horizontal Coefficient of Reaction for Foundation Soil

Premolded pile and steel pile Filling pile
Horizontal Horizontal
Serial displacement of displacement of
Foundation soil type m m 1=
number comresponding single corresponding single
(MN /m*) (MN /m*)

pile on the ground pile on the ground

(mm) (mm)

Silt; silt saturated collapsible
1 2-45 10 2.5~6 6~12

loess

Flow plastic (/. >1), soft plastic
(0.75< I.<1) cohesive soil; silty
2 4,5-6.0 10 6~14 4-8
soil with e>0.9; loose fine sand,

loose and a little dense filling

Plastic (0.25</,<0.75) cohesive

soil and collapsible loess; silty

3 soil with e = 0.75~0.9, middle 6.0~10 10 14~35 36

dense filling; a little dense fine
sand

Hard plastic (0</.<0.25), suff

(1.<0) cohesive soil and
4 collapsible loess; silty soil with 10~22 10 35~100 2~5
e<0.75, middle dense medium

coarse sand; dense aged filling

Middle dense and dense moulding
5 ~x ” 100~300 1.5~3

gravel as well as debris soil

Note: | When pile top horizontal displacement is larger than numerical value listed in the table or filling pile
reinforcement ratio is too high (20.65%), m shall be reduced properly; when premolded pile horizontal

displacement is less than 10mm, m may be increased properly;

2 When horizontal load is long-term or frequently emergent load, it shall be adopted by the numerical value listed

in the table multiply by 0.4;

3 When foundation is liquefiable soil layer, it shall make numerical value listed in the table multiply by

corresponding coefficient y in Table 5.3.12 of this code;
[ Compressed piles

5.8.2 Bearing capacity on normal section of compressed piles in the reinforced concrete axle
center shall meet the following requirements:

1 When auger-type stirrup spacing of pile shaft within 54 under the pile top is no larger
than 100mm, and it meets the requirement of article 4.1.1 of this code;

N<sy f4,+09f 4, (5.8.2-1)
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2 When pile shaft reinforcing bars cannot meet the requirement of the above item 1;

N2y f.A, (5.8.2-2)

Where: N——Design value for pile top axial pressure under basic combination of load
effect;

w.——Foundation pile forming technological coefficient, it takes value according
to those specified in article 5.8.3;

fe—-Design value for compressive strength of the concrete axle center;
fy' ——Design value for compressive strength of longitudinal reinforcing bar;

A, ——Sectional area of longitudinal reinforcing bar.

5.8.3 Foundation pile forming technological coefficient y. shall take value according to the
following requirements:

1 Concrete premolded pile and prestressed concrete hollow pile: y= 0.85;
2 Dry operating non-squeezing soil filling pile: = 0.90;

3 Slurry breast wall and non-squeezing soil filling pile of thimble breast wall, part
squeezing soil filling pile as well as squeezing soil filling pile: y.= 0.7~0.8;

4 Squeezing soil filling pile in soft soil region: y= 0.6.

5.8.4 When calculating compressed bearing capacity on normal section of concrete piling
with axial compression, it takes ¢=1.0. For high pile ca foundation pile and foundation pile of
soft soil ground with pile shaft passing through liquefiable soil or undrained shear strength is
less than 10kPa, it shall consider buckling influence, and may be decreased by bearing
capacity on normal section of the pile shaft calculated according to equations (5.8.2-1) and
(5.8.2-2) of this code multiply by . Its stability factor ¢ may be determined according to pile
shaft buckling effective length /. and pile design diameter d (or short side size b of rectangular
pile). Pile shaft buckling effective length may be determined by constraint condition of pile
top, free length /, exposed out of ground for pile shaft, embedment length & of piles,
earthiness conditions for pile side and pile toe and shall be in accordance with those specified
in Table 5.8.4-1. Stability factor of piles ¢ may be determined according to Table 5.8.4-2.

5.8.5 When calculating bearing capacity bearing on normal section of eccentric compressed
concrete piling, it may take no account of augment influence of eccentric distance, but for soft
soil foundation pile with high pile cap foundation pile and pile shaft passing through
liquefiable soil or undrained shear strength is less than 10kPa, it shall consider influence of
deflection in bending moment acting plane of the pile shaft for eccentric distance of axial
force and it shall make initial eccentricity moment ¢; of axial force for the sectional
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orthocenter multiply by augmenting factor # of eccentricity moment; specific calculation
procedure for augmenting factor # of eccentric distance may comply with current national

standard “Code for Design of Concrete Structures” GB50010.

Table 5.8.4-1

Buckling Effective Length /. of Pile Shaft

Pile top swing joint

Pile toe is setting in non-rock soil

Pile toe is embedding in rock

s —

4.0

4.0
="

[*3 a

4.0
—
a

L= 1.0 % (I;+h)

4.0
k=07 x (l+—)

1=0.7 % (Iis+h)

4.0
L=0.7 x (l4+4—)

o a
Pile top rigid coupling
Pile toe is setting in non-rock soil Pile toe is embedding in rock
4.0 4.0 40 4.0
hK— g— s hE—
[74 a o (4
- -~
-t
4 J
= Bl s
4.0 4.0
L.=0.7 x (l;+h) L=05x (l+—) I =0.5 x (Ils+h) =05 x(l;+—)
a a
mb
Note: 1 a = §— in the table;
El

2 Iy is length of high pile cap exposing out of the ground, for low pile cap filed foundation, /=0;

3 h is embedment length of piles, when pile side has fluidized soil layer with thickness is 4}, length /, exposing out

of the ground and embedment length /& of piles are adjusted to be respectively b'= & + yid), h'=h-y,d;, y; takes

value according

to Table 5.3.12.

Table 5.8.4-2

Stability Factor ¢ of Pile Shaft

I/d <7 8.5 10.5 12 14 15.5 17 19 21 225 24
I/b <8 10 12 14 16 18 20 22 24 26 28
@ 1.00 0.98 0.95 0.92 0.87 0.81 0.75 0.70 0.65 0.60 0.56
IJ/d 26 28 29.5 31 33 345 36.5 38 40 415 43
/b 30 32 34 36 38 40 42 44 46 48 50
® 0.52 048 0.44 0.40 0.36 0.32 0.29 026 023 021 0.19

Note: b is short side size of rectangular pile and & is pile diameter.
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5.8.6 For drive-in steel pipe pile, it may check local buckling on pile shaft according to the
following requirements:

1 1 ; ) - ;
1 When t/d =30 80 d<600 mm, And maximal stamping compressive stress is
less than design value for steels strength, it may not make local buckling checking;

2 When d >600 mm, it may be checked according to the following equation:

t/d2f,/0388E (5.8.6-1)

3  When d >900 mm, it shall not only be checked according to equation (5.8.6-1), but
also be checked according to the following equation:

t/d>.f, 114.5E (5.8.6-2)

Where: t,d Wall thickness and outside diameter of steel pipe piles;

E, f,;——Design values for elastic modulus and compressive strength of steel
products.

[ Uplift pile

5.8.7 Bearing capacity on normal section of uplift pile in the reinforced concrete axle center
shall meet requirements of the following equation:

NS A+ L4 (5.8.7)
Where: N —Design value for pile top axial tension under basic combination of load
effect;
f3» foy—Design values for tensile strength of regular reinforcement and prestressed
reinforcement;
Ay, A,,—Sectional areas of regular reinforcement and prestressed reinforcements.

5.8.8 Calculation for uplift pile fracture control shall meet the following requirements:

1 For prestressed concrete foundation pile with first class fracture control (with strict

requirement for disappearing of fractures), it shall not generate tension stress under standard
combination of load effect and it shall meet requirement of the following equation:




2 For prestressed concrete foundation pile with second class fracture control (with
general requirement for disappearing of fractures), tension stress under standard combination
of load effect shall not be larger than strength standard value of concrete axial tension and it
shall meet requirement of the following equation:

Under standard combination of load effect: o, — TS 3 (5.8.8-2)

Under quasi-permanent combination of load effect: Oq =0, <0 (5.8.8-3)

3 For foundation pile with third class requirement for allowing appearing fracture,
calculated maximal fracture width under standard combination of load effect meet the

following requirements:

@ Sa. (5.8.8-4)
Where: Ocks Ocq Normal stress on normal section under standard combination and
quasi-permanent combination of load effect;
o,—Pile shaft concrete prestress after recouping all the stress loss;
Jfw——Normal value for tensile strength of concrete axle center;

@ nax—Calculated maximal fracture width under standard combination of
load effect, it may be calculated according to current national
standard “Code for Design of Concrete Structures” GB 50010;

@ jim—Maximal fractures width limitation, taken according to Table 3.5.3
of this code.

5.8.9 When checking pile shaft uplift capacity by considering earthquake effect, it shall
make adjustment for earthquake effect acting on pile top according to current national
standard “Code for Seismic Design of Buildings” GB 50011.

[II  Pile bearing horizontal action

5.8.10 Checking for bending capacity and shear capacity of pile shaft of piles bearing
horizontal load and earthquake effect shall meet the following requirements:

1 It shall check bending moment on pile top normal section for pile top with fixed end;
and for pile top is free or with swing joint, it shall check normal section bending moment for

maximum bending moment section of the pile shaft;

2 It shall check shear capacity for pile top oblique section;
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3 Calculation for maximum bending moment and horizontal shear bearing by pile shaft
may be in accordance with those specified in Appendix C;

4 When normal section of pile shaft is bearing bending capacity and oblique section is
bearing shear capacity, it shall comply with current national standard “Code for Design of
Concrete Structures™ GB 50010.

5 When checking normal section of pile shaft bearing bending capacity and oblique
section bearing shear capacity by considering earthquake effect, it shall make adjustment for
earthquake effect acting on pile top according to current national standard “Code for Seismic
Design of Buildings™ GB 50011.

IV Checking for premolded pile handling and stamping

5.8.11 When handling premolded pile, arrangement for single hanging point and double
hanging point shall be in accordance with principle of sagging moment among spans of
hanging point (pivot) is equal to hogging moment at hanging point. When handling with
premolded pile, it may be influenced by impaction and vibration; when calculating bending
moment pull force of handling, it may make gravity force of pile shaft multiply by dynamic
coefficient 1.5.

5.8.12 For concrete premolded pile with fracture control grades are grade one and grade two
and prestressed concrete pipe pile, it may check stamping compressive stress and stamping
tension stress of pile shaft according to the following requirements:

1 Maximal stamping compressive stress o, may be calculated according to the

following equation:
a,fZeE H
i (5.8.12)

p:
- E-
P MLTE R,
Ay VEy -7y 4. \E, -y,

Maximal stamping compressive stress of piles;

a

Where: Op

Stamping- type coefficient: free drop stamping is 1.0 and diesel stamping
is 1.4;

a

e ——Stamping efficiency coefficient: free drop stamping is 0.6 and diesel stamping
is 0.8;

Ay, A, A Actual sectional areas of stamping, pile cushion and pile;

Ey, E., E——Modulus of longitudinal elasticity for stamping, pile cushions and pile;
1> Yo 7—Density for stamping, pile cushions and pile;

H ——Hammer dropping distance.
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2 When piles require passing through soft soil layer or piles have variable cross-section,
it may determine maximal stamping tension stress for pile shaft according to Table 5.8.12.

Table5.8.12 Recommended Value for Maximal Stamping Tension Stress o, (kPa)

Stress type Pile types Recommended value Emergent part
Prestressed concrete pipe pile (0.33~0.5) o, (D When pile steel is passing
Axial stress in tension for through soft soil layer;
Concrete and .
piles (0.25~0.33) 0, @ (05~0.7) | away from pile
prestressed-concrete piles
toe
Prestressed concrete pipe piles 0250,
Tension stress of hoop Corresponding sections of
stress or crossrange at Concrete and maximal stamping compressive
pile section prestressed-concrete piles (0.22~0.25) o, stress
(crossrange))

3 Maximal stamping compressive stress and maximal stamping tension stress shall not
exceed design value for compressive strength of concrete axle center and for tensile strength

of axle center.

5.9 Pile cap calculation
|  Bending calculation

5.9.1 Piled foundation cap shall be made with bending capacity calculation for normal
section. Pile cap bending moment may be calculated according to articles 5.9.2~5.9.5 of this
code and calculation for bending capacity and reinforcing bars may comply with current
national standard “Code for Design of Concrete Structures” GB 50010.

5.9.2 Design value for normal sectional bending moment of independent piled foundation
cap under the column may be calculated according to the following requirements:

1 Calculated section for bar pile cap of two piles and rectangular pile cap bending
moment of multiple piles is near the column and at pile cap variable order section [figure
5.9.2 (a)], it may be calculated according to the following equation:

M =%Ny, (5.9.2-1)

M, =3 Npx, (5.9.2-2)

Where: M,, M, Design values for bending moments at calculated section winding

X-axis and Y-axis directions respectively;

x, y—Distance from direction perpendicular to Y-axis and X-axis to
corresponding calculated section;
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N——Vertical counterforce design value for the i foundation pile or
composite foundation pile under basic combination of load effect

when leaving out of pile cap and soil weight on it.

£y O ) i)

O OO O x
|

Ol 1C k)

(a)
Figure 59.2  Calculated Schema for Bending Moment of Pile Cap

(a) Rectangular multiple-pile cap; (b) Equilateral three-pile cap; (c) Isosceles three-pile cap

2 Bending moment value of normal section of the three-pile cap shall meet the

following requirements:

1) Equilateral three-pile cap [figure 5.9.2 (b)]

N V3
M=—2%(s,——c¢ 5.9.2-3
3 (s, 4 ) ( )
Where: M——Bending moment design value for sheet strip passing from pile cap

centroid to perpendicular sections of all the side margins;

Niae —Vertical counterforce design value for the maximal foundation pile or
composite foundation pile among the three piles under basic combination
of load effect when leaving out of pile cap and soil weight on it;

s;—Pile center distance;

c——Square column side length, for column: ¢= 0.84 (d is column diameter).

2) Isosceles three-pile cap [figure 5.9.2 (c)]

N, 0.75

M, =?m(sa e JZ—_CZICI)

(5.9.2-4)
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M, = Vo 0.75

3 (Sa- (—‘—4_‘12 Cz)

Where:  M,, My——Bending moment design value for sheet strip passing from pile cap
centroid to perpendicular sections of two waist margin and hemline

(5.9.2-5)

margin;
s, ——Long-span pile center distance;

Ratio between short-span pile center distance and long-span pile center

@
distance, when « is less than 0.5, it shall be designed according two-
pile cap of the variable cross-section;

ci, €2 Side lengths perpendicular to, parallel to column section of pile cap

hemline respectively.

59.3 Bending moment of box pile cap and raft pile cap may be calculated according to the
following requirements:

1 Bending moment of box pile cap and raft pile cap should consider soil layer property
of foundation, foundation pile distribution, as well as pile cap and superstructure types and
rigidity, and it shall make analytical calculation according to theory of foundation- pile- pile

cap- superstructure combined action;

2 For box pile cap, when supporting course of pile tip is bedrock, dense debris soil,
sandy soil and the depth and thickness is even. or when superstructure is shear wall, or
superstructure is frame- kernel tube structure and pile layout is according to leveling for
variable rigidity , box pile cap soleplate may only be calculated according to local bending

moment action;

3 For raft pile cap, when supporting course of pile tip is deep, thick and stiff,
superstructure rigidity is good and variance in column load and intercolumniation is not
exceeding 20%, or when superstructure is frame- kernel tube structure and pile layout is
according to leveling for variable rigidity, it may only be calculated according to local
bending moment action.

5.9.4 Bending moment of bar pile cap beam under the column may be calculated according
to the following requirements:

1 It may make analytical calculation according to beam on elastic foundation (computational
model of foundation shall be selected according to characteristic of foundation soil layer);

2 When supporting course of pile tip is deep, thick and stiff and the pile column axial

line is misaligning, it may regard piles as immobile hinged support and be calculated
according to continuous beam.
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59.5 Bar pile cap beam under masonry wall may calculate bending moment and shearing
force according to inverse beam on elastic foundation and it shall meet the requirements of
appendix G. For masonry wall on the pile cap, it shall also check local bearing strength for
masonry on the pile top part.

I  Punching calculation

59.6 Pile cap thickness of piled foundation shall meet the requirement for column
(wall) to punching of pile cap and punching capacity of foundation pile to pile cap.

59.7 Piled foundation cap bearing punching from column (wall) under action of vertical
force in axle center may be calculated according to the following requirements:

1 Punching failure cone shall be cone constituting of connecting line from column
(wall) side or pile cap variable order to corresponding pile top margin and included angle
between cone cant and pile cap bottom surface shall not be less than 45° (Figure 5.9.7).

2 Capacities bearing punching from column (wall) may be calculated according to the

following equations:

F; < P Boti 1o (5.9.7-1)
F=F-2X0, (5.9.7-2)
0.84
= 5.9.7-3
bo=7v02 ( :
Where: Fr——Design value for punching force acting on punching failure cone under

basic combination of load effect leaving out of pile cap and soil weight on
it;

fi——Design value for tensile strength of pile cap concrete;

Prp Influence coefficient of cross-sectional height of pile cap bearing punching
capacity, when #<800 mm, Sy, is 1.0, when />2000mm, Py is 0.9 and it
takes value according to linear interpolation;

Upy Perimeter at half effective height of punching failure cone for pile cap;
hg Effective height of punching failure cone for pile cap;

fo——Column (wall) punching coefficient;

A

=(),25; when 4 >1.0, it takes 4 = 1.0;
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Punching-span ratio, A= ay/ho, @, is horizon distance from column (wall) side -
or variable order section of pile cap to pile side; when 4<0.25, it takes 4
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F——Vertical load design value of column (wall) bottom under basic combination
action of load effect leaving out of pile cap and soil weight on it;

20——Sums of counterforce design value of foundation piles or composite
foundation piles inside punching failure cone under basic combination of
load effect leaving out of pile cap and soil weight on it.

3 Bearing capacity for rectangular independent pile cap under column bearing column
punching may be calculated according to the following equation (figure 5.9.7):

"

.
B
b B
- *
-
’

I -

—

Figure 5.9.7  Calculated Schema for Punching on Column to Pile Cap

F, < 2|, (b, +aq, )+ oy (. + 0, )Big £ (5.9.7-4)

Where:  fx, fyo—Calculated according to equation (5.9.7-3), Ax = dnlh, Ay = Aoyl Axo
and 4,9 shall meet the requirement of 0.25~1.0;

he, b.——Side lengths of column section along x-axis and y-axis respectively;

Qoxs Goy—Horizon distance from column side to nearest pile side along x-axis and
y-axis respectively.

4 Bearing capacity with upper stepped of rectangular independent stepped pile cap
under the column may be calculated according to the following equation (Figure 5.9.7):

F:‘ < 2|ﬁlx(bl +aly )+ ﬁly(hl +alx)bghp‘flh10 (59?'5)

Where: Pix, Biy——Calculated according to equation 5.9.7-3, Aix = anlh, Ay = aiy/h; Axo
and Ay shall both meet the requirement of 0.25~1.0;
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h,, b——Side lengths of pile cap upper step along x-axis and y-axis
respectively;

Horizon distance from pile cap upper-step side to nearest pile side
along x-axis and y-axis respectively

dyx, dyy

For round column and round pile, it shall reduce its section to square column and square
pile, that is section side length 5=0.8d; (d. is round column diameter) for conversional
column, and side length b,= 0.8d (d is diameter of round pile) for conversional pile section.

Two-pile cap under the column should be calculated with bending and shear capacity
according to deep bending members (/,/h<5.0, l;=1.15 Iy, I is clear distance between two piles)
and it shall not be made with calculation for punching capacity.

59.8 Foundation pile lying outside punching failure cone of column (wall) may be
calculated with bearing capacity of pile cap bearing foundation pile punching according to the
following requirements:

1 Bearing capacity of pile cap with more than four piles (including four piles) bearing
angle column punching may be calculated according to the following equation (figure
5.9.8-1):

F, <|B. (e, + a,2)+ By, (c, + @y /2)|By, £ (5.9.8-1)
By = (5.9.8-2)
Ay +0.2
56
By = =l (5.9.8-3)
Y Ay +02
Where: N——Counterforce design value for angle column (including composite

foundation pile) under basic combination action of load effect when
leaving out of pile cap and soil weight on it;

1 B1y——Angle column punching coefficients;

ayx, Ay Horizon distance from pile top internal margin of pile cap basic angle
leading a punching line with 45° angle with the crossover point of pile
cap superface to internal margin of angle pile; when column (wall) side or
pile cap variable order is lying within this 45° line, it takes connecting
line of column (wall) side or pile cap variable order and pile anterior limb

act as conical line for punching cone (Figure 5.9.8-1);

hy Effective height for external margin of pile cap;
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Punching-span ratio of angle pile, A, =aix /ho, A1y~ ayy/ho, its value shall

1"lls l'y]

meet the requirement of 0.25~1.0.
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Figure 5.9.8-1  Calculated Schema for Pile Cap with more than Four Piles (including Four Piles) Bearing Angle

Column Punching

(a) Conical pilecap; (b) Stepped pile cap

2 For three piles triangular pile cap, it may calculate bearing capacity bearing angle
pile punching according to the following equations (Figure 5.9.8-2):

Bottom angle pile:

o,
N, £ B,,(2¢, + a,,) B, tan 7'}’,!:(, (5.9.8-4)
0.56
Py = (5.9.8-5)
Ay +0.2
Top angle pile:
< 2 0,
N, € B,,(2¢, + au)ﬂhptan—i—ﬂhn (5.9.8-6)
0.56
= — (5.9.8-7)
P A, +02
Where: A1, Aix——~Angle pile punching-span ratio, An =anlho, A= aplho, their values
shall meet the requirements of 0.25~1.0.
ay, ap Horizon distance from pile top internal margin of pile cap basic angle

leading a punching line with 45° angle with the crossover point of pile
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cap superface to internal margin of angle pile; when column (wall)
side or pile cap variable order is lying within this 45° line, it takes
connecting line of column (wall) side or pile cap variable order and
pile anterior limb act as conical line for punching cone;

Figure 5.9.8-2  Calculated Schema for Angle Pile Punching on Three-pile Triangular Pile Cap

3 For box and raft pile cap, it may be calculated with punching capacity of pile cap
bearing interior foundation pile according to the following equation:

1) It shall calculate punching capacity by foundation pile according to the following
equation [Figure 5.9.8-3(a)]:

N, <2.8(b, + ) oy Filo (5.9.8-8)

2) It shall calculate punching capacity by pile group according to the following
equation [Figure 5.9.8-3(b)]:

SN, <2|Bu (b, +ay, )+ Boy (b, +a, ) Boo S o (5.9.8-9)

Where: B0, Pyo—Calculated by equation 5.9.7-3, where Ao = aox/h and Aoy = aoy/h; Aoy
and Ay shall meet the requirement of 0.25~1.0;

Ni, EN;——Sums of counterforce design value for foundation pile or composite
foundation pile and counterforce design value of all the foundation
pile or composite foundation pile within punching cone under basic
combination of load effect leaving out of pile cap and soil weight on
it.
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5983 Calculated Schema for Punching on Foundation Pile to Raft Pile Cap and Wall to Raft Pile Cap

(a) Punching by foundation pile; (b) Punching by pile group
I Shearing calculation

59.9 Piled foundation pile cap under column (wall) shall check shear capacity for
oblique section of run-through pile cap formed at column (wall) side, variable order
section and pile side joint line. When overhanging side of pile cap has multi-row
foundation pile and form multi-oblique section, it shall check shear capacity for all the

oblique sections.

5.9.10 Shear capacity on oblique section of independent piled foundation cap under the
column shall be calculated according to the following requirements:

1 Shear capacity on oblique section of pile cap may be calculated according to the
following equation (Figure 5.9.10-1):

V < B..afboh, (5.9.10-1)
1.75
a=—— (5.9.10-2)
A+1
800)
B, =(—h0—] | (5.9.10-3)

84




Figure 5.9.10-1  Calculated Schema for Oblique Section of Pile Cap Bearing Shear

Where:  V——Design value for maximum shear of oblique section under basic combination
of load effect leaving out of pile cap and soil deadweight on it;

fi—Design value for tensile strength of pile cap axle center;
he——Calculated width at pile cap calculated section;
ho——Effective height at pile cap calculated section;
o ——Shearing factor of pile cap, it is determined according to equation (5.9.1 0-2);

) ——Shear-span ratio of calculated section, 4= a/h, Ay=ay/h, where, ax and ay are
horizon distance from column side (wall side) or pile cap variable order
section to calculated a row of pile side along y-axis and x-axis direction;
when 1<0.25, it takes 2=0.25; when >3, it takes 4=3;

Br—Influence coefficient of cross-sectional height for shear capacity; when
hy<800mm, it takes h=800mm; when A;>2000mm, it takes he=2000mm;
where it takes value according to linear interpolation.

2 For stepped appearance pile cap, it shall make shear capacity calculation for oblique
section at variable order section (4,—4, and B;— B,) and column side section (4, —4; and B,
—B,) (figure 5.9.10-2).

When calculating shear capacity on oblique section of variable order section (4,—4, and
B,—B,), their sectional effective height are Ao and sectional calculated widths are by, and by,
respectively.

When calculating shear capacity on oblique section of column side section (4,—4; and
B,— B,), their sectional effective height are i+ /iy and sectional calculated widths are:

a b_vl 'hm +by2 'hm
hy +hyy

For A,— 45, by (5.9.10-4)
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o = 21 ot Bu o (5.9.10-5)

For B,— B,, ek
10 0
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Figure 5.9.10-2  Shear Calculated Schema for Oblique Section of Stepped Pile Cap Figure

3 It shall make shear capacity calculation for two sections at variable order section and
column side section (4 —A and B— B) for conical pile cap (Figure 5.9.10-3), and the sectional
effective heights are &, and sectional calculates widths are:

ForA—A,
b,
b, = 1—0.55-”—[1—-5— b, (5.9.10-6)
\ hy byl '
For B— B,
b =[1_0.5@[1_9£}]bx, (59107
hl'l xl

Figure 5.9.10-3  Shear Calculated Schema for Oblique Section of Conical Pile Cap
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5.9.11 Shear capacity of beam slab-type raft pile cap beam may be calculated according to
current national standard “Code for Design of Concrete Structures” GB 50010.

59.12 Bar pile cap beam under masonry wall is equipped with stirrup but, while if it hasn't
bent steel bar, shear capacity of oblique section may be calculated according to the following
equation:

V <0.7 f,bh, +1.25_p"}‘,%h[l (5.9.12)
Where: V——Design value for shearing force of calculated section under basic
combination of load effect leaving out of pile cap and soil deadweight on
it;
A.——Gross sectional area for limbs of stirrup deploying in the same section;
s ——Spacing of stirrups along calculated oblique section;
fyw—Design value for tensile strength of stirrup;
b ——Calculated width at calculated section of pile cap beam;
ho——Effective height for calculated section of apron piece.

5.9.13 When pile cap beam under masonry wall is equipped with stirrup and bent bar, shear
capacity oblique section imay be calculated according to the following equation:

V <0.7 fbhy +1.251, 22 b +0.81, 4, sina, (59.13)
% \
Where: A, ——Cross-sectional area of bent bar in the same section;

f,—Design value for tensile strength of bent bar;

as Included angle between bent bar and pile cap bottom surface on oblique

section,

59.14 When bar pile cap beam under column is equipped with stirrup but not equipped with
bent bar, its shear capacity of oblique section may be calculated according to the following

equation:
1.75 A
V<—— fbh + Al 5.9.14
2 fbh + f, “2hy (5:9.14
Where: J——Shear-span ration of the calculated section, 4= alhy, a is horizontal distance
from column side to pile side; when A<1.5, it takes 4=1.5; when A>3, it takes
A=3.
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IV Calculation for local pressure

5.9.15 For piled foundation under column, when strength level of pile cap concrete is
lower than that of column or pile, it shall check local pressure bearing capacity under

column or above pile cap.

V  Checking for earthquake resistance

5.9.16 When checking earthquake resistance for the pile cap, it shall comply with current
national standard “Code for Seismic Design of Buildings” GB 50011 and make earthquake
resistance adjustment for earthquake effect on pile cap superface and for bending, punching

and shear capacity of pile cap.
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6 Filling Pile Construction

6.1 Preparations for Construction
6.1.1 Filling pile construction shall be provided with following materials:
1 Geotechnical engineering reconnaissance report of building site;
2 Pile foundation engineering construction drawing and drawing trial summary;

3 Survey data about underground pipeline, underground structure, dangerous premise
and precise instrument workshop of building site and neighboring areas;

4 Materials in technical performance of main construction machine and its associated
facilities;

5 Preliminary work for pile foundation engineering construction;

6 Quality examination report for raw materials ad products such as cement, granule,
rock and rebar;

7 Experiment reference data about load and construction process.

6.1.2 The selection of drilling machine and process shall be identified comprehensively in
accordance with pile type, drilling depth, soil layer condition, slurry expelling and treatment
conditions.

6.1.3 For preliminary work for construction, corresponding quality management measures
shall be established on the base of engineering characteristic, and the measures shall covers
following contents:

1 Construction plan: clearly indicate pile position, code, construction sequence, water
and electricity lines and temporary facilities positions; clearly indicate slurrying facility and
its circulation system when slurry encasing pore-forming is adopted;

2 Identify related documents on hole-making contender, associated facilities and
proper construction process, and slurry encasing filling pile must be available with slurry
handling measures;

3 Construction operation plan and work force organization plan;

4 Mechanical equipment, awaiting parts, tools and materials supply scheme;

5 During the pile foundation construction, measures for safety, labor protection, fire
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prevention, rain protection, typhoon protection, blasting operation, historical relics protection
and environmental protection shall comply with relative regulations;

6 Technical measures to guarantee engineering quality, safety in production and
seasonal construction.

6.1.4 Piling machine must be qualified and ineligible ones shall not be applied.

6.1.5 Before the construction, drawing trial shall be taken out, and the trial summary
combined with construction drawing shall be regarded as the manufacture bases and filed in

the engineering record.

6.1.6 Temporary facilities including water supply power supply, road, drainage and tabernacles
for pile foundation construction must be all set previous to the construction starting, and the
flat set of construction site shall be taken out to ensure the normal operation of construction

machines.

6.1.7 Control point and reference point of foundation pile axial line shall be arranged at the
position free from the construction effects. Previous to the starting, the control point and the
reference point shall be protected properly after rechecking, and re-surveyed often under the

construction.

6.1.8 The performance index of instruments and devices for construction quality inspection
shall meet provisions in relevant current national standards.

6.2 General Provisions
6.2.1 Applying conditions of different pile types shall meet following provisions:

1 Drilled and grouted pile with slurry encasing should be applied in cohesive soil, silty
soil, sandy soil, filling soil, soil aggregate and decayed rock below underground water level;

2 Rotary drilling cast-in-place pile should be applied in cohesive soil, silty soil, sandy
soil, filling soil, soil aggregate and decayed rock underground water level;

3 Besides above geologic conditions, impact-cone concrete pile may penetrate
obstacles such as old foundation, builders rubbish filling or large lodestone.

But the impact-cone concrete pile shall be cautious to apply. If it is adopted, the density
of test holes shall be increased

4 Long bolt cast in situ bored pile behind infixed with reinforcing cage should be
applied in cohesive soil, silty soil, sandy soil, filling soil, uncompacted crackle soil and
intense weathering rock;
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5 Digging filling pile and dry work drilling should be applied in cohesive soil, silty soil,
filling soil, medium compact sandy soil and decayed rock above underground water level;

6 If the underground water level is higher, manual digging filling pile shall not be
adopted on sandy soil layer, aquiclude, thicker fluid plastic silt and silt soil layer with
pressure water;

7 Filling piles with sink-pipe should be applied in cohesive soil silty soil and sandy soil;
rammed pedestal pile should be applied in low-compressibility cohesive soil, silty soil, sandy
soil and crackle soil that the buried depth of supporting course is not larger than 20m.

6.2.2 Pore-forming implements must be leveled and stabilized to prevent inclination and
deviation on the pore-forming procedure. A ruler indicating the controlling depth shall be
arranged on the pore-forming drilling tool and the indications shall be conveyed and recorded
in the construction.

6.2.3 The controlling depth of pore-forming shall meet following requirements:

1 Friction-type pile: for friction pile, the pore-forming depth shall be controlled
according to the design pile length; for end-support friction pile, the design pile length and the
depth of pile tip entering into the supporting course must ensured. Sramming pipe-sinking
pore-forming method is adopted, the buried depth of pile pipe shall be controlled mainly
based on the elevation, and subsidiarily according to the length of penetration.

2 End-bearing pile: when drilling (punching) and digging pore-forming is adopted, the
designed depth of pile tip entering into the supporting course must be ensured; if the
sramming pipe-sinking pore-forming method is adopted, the pipe-sinking depth shall be
controlled based on the length of penetration, and subsidiarily according to the design
supporting course elevation.

6.2.4 The permissible deviation of filling pile pore-forming construction shall meet
requirements in Table 6.2.4.

6.2.5 Manufacturing and installing quality of reinforcing cage shall meet following
requirements:

1 Material and dimension of reinforcing cage shall meet the design requirements, and
the permissible manufacturing deviation shall meet provisions in Table 6.2.5;

2 For reinforcing cage made by subsection, the joints should be welded or mechanical
type (the bar diameter is larger than 20mm), and the joints shall meet provisions in current
national standard “General Technical Specification for Mechanical Splicing of Bars™ JGJ 10,
“Specification for Welding and Acceptance of Reinforcing Steel Bars” JGJ 18 and “Code for
Acceptance of Constructional Quality of Concrete Structures™;
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Table 6.2.4  Permissible Deviation of Filling Pile Pore-forming Construction

Pile Position Permissible Deviation (mm)
1~3 piles, strip pile
Strip pile
foundation along
Pile Diameter Verticality foundation along
normal axis
Pore-forming Method Deflection Permissible axial direction and
direction, and side
(mm) Deviation (%) center pile of
piling of
clustered-pile
clustered-pile
foundation
foundation
Slurry encasing d/6 and not larger d/4 and not larger
d<1000mm <-50
drilling, digging ; than 100 than 150
and punching
d>1000mm -50 100+0.01H 150+0.01H
piles
Sramming d<500mm 70 150
(vibrating)
ipe-sinkin, -20 1
re ’ d>500mm 100 150
vibro-impact
pore-forming
Spiral drill and automotive drive pi
g o =20 1 70 150
dry-work pore-forming filling pile
Cast-in-place
+50 0.5 50 150
concrete encasing
Manual hole pile
Long steel sleeve
+20 1 100 200
encasing

Note: |  The negative value of pile diameter permissible deviation refers to a few of sections;

2 H refers to the distance from the construction Site ground elevation to the pile top design elevation; d refers to the

design pile diameter.

Table 6.2.5  Permissible Manufacturing Deviation of Reinforcing Cage

Item Permissible Deviation (mm)
Main Reinforcement Spacing Interval =10
Stirrup Rebar Spacing +20
Reinforcing Cage Diameter +10
Reinforcing Cage Length +100

3 Stiffening hoop should be arranged on the exterior of the main reinforcement. And
the stiffening hoops may be arranged on the inside of the main reinforcement if the
construction process has special requirements.

4 The outside diameter of pipe joint shall be over 100mm less that the inner diameter
of the reinforcing cage;
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5 When the reinforcing cage is handled and hoisted, the deformation shall be prevent,
and the emplacement shall aim at the hole site. Bumping the hole wall and free dropping shall
be prevent and the reinforcing cage shall be fixed immediately after the emplacement.

6.2.6 The coarse aggregate may be pebble or crackle, and the aggregate size shall not be
larger than the 1/3 of the minimum clear distance of the reinforcing bar spacing.

6.2.7 Once the pore-forming is eligible, concrete shall be filled as soon as possible. For pile
which the diameter is larger than Im or the individual pile concrete volume exceeds 25m’, a
group of test pieces shall be reserved for concrete of each pile foundation; for pile which the
diameter is not larger than 1m or the pile which the individual pile concrete volume is not
larger than 25m’, the each grouting working group shall not be less than one; 3 test pieces
shall be reserved for each grouting group.

6.2.8 Previous to pile construction, trial pore-forming should be taken out.

6.2.9 Implement, facility, safety device, tool attachments and personal labor protection
articles shall be inspected often to guarantee soundness and safety.

6.3 Slurry Encasing Pore-forming Filling Pile
I Slurry Preparation and Treatment

6.3.1 Except the cohesive soil layer that can prepare slurry by itself, slurry shall be prepared
on other conditions. High-ductility clay or bentonitic clay shall be adopted for the slurry
preparation. The mix design of slurry shall be taken out in accordance with construction
machine, process and soil layer.

6.3.2 Slurry encasing shall meet following provisions:
1 The slurry in protecting tube shall be 1.0m higher than the underground water level
during the construction; if the slurry is affected by the underground water level, the slurry

level shall be 1.5m higher than the highest water level.

2 During the hole cleanout process, the slurry shall be replaced continuously till
underwater concrete pouring;

3 Before placing concrete, the mud specific gravity within 500mm in the hole toe shall
be less than 1.25; the sand factor shall not be larger than 8%; the viscocity shall not be larger
than 28s;

4 The measures to maintain the stability of the hole wall shall be available for the soil
layer that is easy to occur the slurry leaking.
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6.3.3 Discarded slurry and residue shall be treated and shall pollute the envelopment.
II. Construction of normal and reverse circulation drilled and grouted pile

6.3.4 For end-bearing pile with larger hole depth and friction-type pile in the coarse-grained
soil layer, reverse circulation process should be adopted to achieve pore-forming or hole
cleanout, and normal circulation drilling and reverse circulation hole cleanout may be adopted
according to the soil layer condition.

6.3.5 When slurry encasing pore-forming is taken out, hole open protecting tube shall be
adopted, and the protecting tube shall be arranged in accordance with following provisions:

1 The protecting tube shall be burial accurately and stably, and the deflection from the
protecting tube center to the pile position center shall not be larger than 50mm;

2 The protecting tube may be made of 4~8mm thick steel plate, and the inner diameter
shall be 100mm larger than the bit diameter. The 1~2 overflow holes shall be arranged on the

upper position;

3 The burying depth of protecting tube: in cohesive soil, it should not be less than 1.0m;
in sandy soil, it should not be less than 1.5m. The lower end exterior of the protecting tube
shall be sealed through clay soil; the height shall meet the requirements of the height of hole
slurry level;

4 For drilled and grouted pile that is affected by water level fluctuation or is
constructed under water, the protecting tube shall be heightened and deepened, and
impermeable layer shall be driven in case of need.

6.3.6 When drilling is taken out in soft soil layer, the drill speed shall be controlled
according to the slurry supply condition; the drill speed in hard coating or rock stratum shall
be proper when the drilling machine does not jump.

6.3.7 The guiding device for the drilling machine shall meet following provisions:

1 The drill of diving driver shall be arranged with a guiding device which is not
smaller than 3 times of Diameter length;

2 If the drill-compressive normal circulation slewing drilling machine is adopted, the
drilling tool shall be arranged with the centralizer.

6.3.8 If phenomena like inclined hole, hole collapse, slurry overflowing around the

protecting tube and instability occur, the drilling shall be suspended. When corresponding
measures are taken out properly, the drilling is continued.
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6.3.9 When the drilling reaches the designed depth, the thickness index of hole toe sediment
shall meet following provisions before concrete grouting:

1 For end-bearing pile, the thickness shall not be larger than 50mm;
2 For friction-type pile, the thickness shall not be larger than 100mm;

3 For pullout resisting and water-resistant pile, the thickness shall not be larger than
200mm.

[II Construction of impacting pore-forming filling pile

6.3.10 The equipment to ensure automatic steering of the drill shall be arranged between the
drill cone apex and the hoisting cable.

6.3.11 For punching pile hole-open protecting tube, the inner diameter shall be 200mm
larger than the bit diameter, and the protecting tube shall be arranged in accordance with
Article 6.3.5 of this standard.

6.3.12 Preparation, usage and treatment of slurry shall meet provisions in Article 6.3.1~
6.3.3 of this standard.

6.3.13 The quality control of impacting pore-forming shall meet following provisions:

1 When the pore is opened, hammer shall be hit fast and lower. if the surface soil is
soft soils like silt and fine sand, clay block combined with little slabstone is adopted to
repeatedly impact and build the wall, and the slurry in the hole shall be kept stable.

2 Pore-forming in different soil layers and rock stratums may be taken out in
accordance with operating points specified in Table 6.3.13;

3  When the drilling enters the bedrock, impact of larger stroke and low frequency shall
be adopted. if the pore-forming deviates, slabstones shall be backfilled 300~500mm position

above the deviation hole, and punching is continued;

4 When the drilling meets boulder, pre-blasting or high and low stroke alternate impact
may be adopted to shatter the large boulder or impact the boulder into the hole wall.

5 Effective technical measures shall be taken out to prevent harassing hole wall, hole
collapse, enlarging hole, drill sticking, drill falling and slurry draining;

6 The hole shall be checked a time every 4~5m drilling, and the hole shall be checked
before bit changing or on the position of easy shrinkage hole;
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7 When the drilling enters into the bedrock, hole cleanout and sampling shall be taken
out a time every 300~500mm drilling depth for non pile tip supporting course, and every
100~300mm drilling depth for pile tip supporting course, and hole cleanout and sampling
shall be recorded.

Table 6.3.13  Operating Points of Impacting Pore-forming

Item Operating Point

Little stroke about Im, the mud specific gravity 1.2~1.5, clay

Within 2Zm blow the protecting tube foot blade R )
block and little slabstone are put into the soft soil layer

Medium and little stroke Im~2m, pump fresh water or thin mud,

Cohesive soil layer 4
often clear away grog from the drill

Large stroke 2m~3m, mud specific gravity 1.2~1.5, clay block is
Mealy sand or medium coarse sand layer
put into, washing and residue removing are taken out frequently

Medium and high stroke 3m~4m, mud specific gravity about

Granule pebble layer ; \
(density) 1.3, residue removing are taken out frequently

Little stroke repeatedly impacts, clay block and little slabstone are

Soft-weak soil layer or hole collapse backfill redriling
put into the clay soil layer, mud specific gravity 1.3~1.5

Note: 1 If the soil layer is unfavorable, the mud specific gravity may be increased, or clay blocks may be added;

2 For Sticking-resisting drill, brickbats may be added

6.3.14 For residue discharging, mud circulation or residue drawing tank may be adopted. If
the residue drawing tank is adopted, slurry shall be supplied in time.

6.3.15 Phenomena like inclined hole, bent hole, plum blossom hole, hole collapse, slurry
overflowing around the protecting tube and instability occur in hole punching, the drilling
shall be suspended. When corresponding measures are taken out properly, the drilling
construction may be continued.

6.3.16 The pore-forming of major-diameter pile hole can be achieved by level, and the
pore-forming diameter of first level shall be 0.6~0.8 times of the design pile diameter.

6.3.17 The hole cleanout shall be taken out in accordance with following provisions:

1 For pile hole that is uneasy to suffer hole collapse, soil suction air may be adopted to
clean up the hole;

2 For hole wall with poor stability, mud circulation or residue drawing tank shall be
adopted to discharge residue, and the index of slurry before concrete grouting shall meet

provisions of Article 6.3.1 of this standard;

3 During the hole cleanout, the slurry in the hole shall meet provisions in Article 6.3.2
if this standard;
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4 Before concrete grouting, the allowable thickness of hole toe sediment shall meet
provisions in Article 6.3.9 of this standard.

IV Construction of rotary drilling cast-in-place pile

6.3.18 For rotary drilling cast-in-place pile, dry-work pore-forming and slurry encasing
pore-forming processes shall be adopted in accordance with different stratigraphy and
underground water buried depth. The dry-work pore-forming process may comply with
Section of this standard.

6.3.19 Slurry encasing rotary drilling machine pore-forming shall be equipped with slurry
and slurry pond (tank) for pore-forming and hole cleanout, and the measures for maintaining
the stability of the hole wall such as increasing the mud specific gravity, sawdust dosing and
tackifier increasing the slurry viscocity may be adopted for soil layer with easy slurry leaking.

6.3.20 The ability for slurry preparation shall be larger than the demand volume of slurry in
drilling, and the slurry reserve volume for each set drilling machine shall not be less than the
volume of individual pile.

6.3.21 During the construction of rotary drilling machine, the stability and safe operation of
machine shall be ensured, and steel plate or under-layer (roadbed plate) shall be arranged to
ensure safe moving and operation if necessary.

6.3.22 Steel protecting tube shall be arranged for each pile, and the protecting tube shall
meet provisions in Article 6.3.5 of this standard.

6.3.23 Before pore-forming and drawing-out drilling of each time, joint pin between drilling
bucket and drill stem, drilling bucket door joint pin and steel wire rope shall be inspected, and
residue in drill bit shall be removed.

6.3.24 For rotary drilling machine pore-forming, jump excavating shall be adopted. Soil
spilled from the drilling bucket shall be larger than 6m away from the pile open, and shall be
cleared away in time. The slurry shall be supplemented synchronously in accordance with the
drill speed, and the slurry level shall be kept constant.

6.3.25 If the drilling reaches the designed depth, the scouring bit shall be adopted to do hole
cleanout, and the hole cleanout shall meet requirements in Article 6.3.2 and 6.3.3 in this
standard. The thickness control index of hole toe sediment shall meet provisions in Article
6.3.9 of this standard.

V  Underwater Concrete Grouting

6.3.26 After the reinforcing cage hoisting is completed, secondary hole cleanout of conduit
or air pump pipe shall arranged and combined with inspections of hole site, bore diameter,
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verticality, hole depth and sediment thickness. If the inspections are all qualified, concrete
grouting shall be taken out immediately.

6.3.27 Underwater concrete grouting shall meet following provisions:

1 Underwater concreting must be available with favorable placeability, the mixing
proportion shall be identified through the experiment; the slump should be 180~220mm; the
cement consumption shall not be less than 360kg/m’ (when powdered coal ash is dosed, the

cement consumption is not limited);

2 The sand content of underwater concreting should be 40%~50%, and medium coarse
sand should be adopted; the maximum particle diameter of coarse aggregate shall be less than
40mm; above parameters shall meet requirements in Article 6.2.6 of this standard;

3 Admixtures should be dosed for underwater concreting,
6.3.28 Structure and usage of conduit shall meet following provisions:

1 The conduit wall thickness should not be less than 3mm, the diameter should be
200~250mm:; the manufacturing deflection of the diameter shall not exceed 2mm, the segment
length of conduit may be identified according to the process requirements, the length of floor
tubes should not be less than 4m, and the joints should be double thread square-buckle quick

joint;

2 Trial assemble and pressure test shall be taken out before the conduit usage, the test
pressure and trial water pressure may be 0.6~1 .OMPa;

3 Conduit inside and outside shall be cleaned after each grouting.
6.3.29 Adopted water exclusion faucet shall have favorable impermeability, and ensure
water discharge smoothly; water exclusion faucet should be bladder type, and made of pea
gravel concrete same to the pile foundation in concrete strength grade.

6.3.30 The quality control of underwater concrete grouting shall satisfy following requirements:

1 When the concrete grouting is started, the distance from the conduit bottom to the
hole toe should be 300~500mm:;

2 Enough concrete reserve volume shall be available, and the conduit shall be buried
under the grouting level not less than 0.8m;

3 The depth of conduit burying into concrete should be 2~6m. The conduit must not be

drawn out from the concrete grouting level, and the velocity of conduit drawing shall be
controlled. and persons shall be specially assigned for measuring the conduit buried depth and
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the height difference of conduit inside and outside concrete grouting level, and doing the
records about underwater concrete grouting;

4 Underwater concrete grouting construction shall be taken out continuously, and the
grouting time of each pile shall be controlled according to the initial setting time of last plate
concrete, and the malfunction during the grouting process shall be recorded and filed;

5 The grouting volume for the last time shall be controlled, the overfilling height
should be 0.8~1.0m, and after the bleeding height is reduced, the strength of pile top concrete
must reach the Design Level.

6.4 Long Bolt Cast In-Situ Bored Pile

6.4.1 When the diving penetrates aged clay, heavy | sandy soil, soil aggregate and clay
which the plasticity index is larger than 25, test drilling shall be taken out.

6.4.2 After rig spotting, rechecking shall be taken out, the deflection of drilling bit and pile
site shall not be larger than 20mm, and the drill falling speed shall be lower; the reversal
drilling and drie breakout should not be done.

6.4.3 In drilling progress, once drill pipe sticking, drilling machine swinging, deflexion or
abnormal sound occur, the drilling shall be stopped immediately. When the reasons are
ascertained and corresponding measures are taken out, the operation may be continued.

6.44 The proportioning of concrete shall be identified through the experiment in accordance
with the design strength grade of pile foundation concrete; the slump of concrete shall be
180~220mm; the coarse aggregate may be pebble or crackle and the maximum particle
diameter should not be larger than 30mm; powdered coal ash or admixtures may be dosed.

6.4.5 The type of concrete pump shall be selected in accordance with pile diameter, the
pipes for concrete pump shall be arranged to reduce the pipe bending, and the distance from
the concrete pump to the drilling machine shall not be larger than 60m.

6.4.6 Pumping grouting of pile foundation concrete shall be kept continuously, and concrete
in concrete pump hopper shall be stirred continuously when drilling machine is moved, and
the height of concrete in the hopper shall not be less than 400mm while the concrete is
pumped.

6.4.7 The concrete pump pipes should be kept horizontal, and the pump pipes shall be
padded solidly when the concrete is transferred by pump at long distance.

6.4.8 When the air temperature is higher than 30°C, the heat insulating material shall be

covered on the transfer pump pipes, and the transfer pump pipes shall be cooled by watering
at intervals.
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6.4.9 When the drilling reaches the design elevation, the concrete shall be pumped in and
paused for 10~20s, and the drill stem is lifted slowly. The velocity of drill stem shall be
identified according to the soil layer condition, and shall cooperate with the transfer capacity
of the concrete pump to ensure the certain height of concrete in the conduit.

6.4.10 When the drilling is taken out in sandy soil below the underground water level, the
measures to prevent water incoming shall be prepared for drill stem bottom valve, and the
guncreting shall be taken out continuously.

6.4.11 The filling coefficient of pumping bored pile should be 1.0~1.2. The overfill height
of pile top concrete should not be less than 0.3~0.5m.

6.4.12 After piling, the residual concrete in drill stems and pump (soft) pipes shall cleared
away in time. Drill stem, pump pipe and concrete pump shall be cleaned by fresh water if they

are unused for a long time.

6.4.13 After finishing concrete filling, the reinforcing cage shall be inserted into the
designed depth. Special steel dowel machine should be adopted for reinforcing cage inserting.

6.5 Filling Piles with Sink-pipe and Inner Ramming Filling Piles with Sink-pipe
I. Construction of sramming filling piles with sink-pipe

6.5.1 The construction of sramming filling piles with sink-pipe shall be taken out in
accordance with soil quality condition and load requirement, and single sramming method,
re-sramming method and back-insertion method may be adopted respectively.

6.52 The construction of sramming filling piles with sink-pipe shall meet following
provisions:

1 For construction of clustered piles foundation, the technical measures of reducing
negative squeezing effect shall be taken out to guarantee piling quality in accordance with soil
quality and piling condition;

2 Processing quality and burial position of pile pipe, concrete pre-molded pile tip or
steel pile tip shall match the design, and the connection of pile pipe and pile tip shall be sealed
favorably.

6.5.3 Operation control of grouting concrete and tube drawing shall meet following
provisions:

1 When the tub sinks to the design elevation, conditions like soil incoming, water
incoming and swallowing pile tip shall be checked and treated immediately and the concrete
grouting shall be taken out at once.
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2 If the pile foundation is arranged with partial length of reinforcing cage, the concrete
shall be firstly grouted to the cage bottom elevation and than to the pile top elevation. The
height of first tube drawing shall be limited by the volume containing the volume of second
concrete grouted-in, and the tube shall not be lifted to high. In tube drawing process, plumb
bob or float shall be adopted to test the concrete level dropping condition;

3 The tube drawing velocity shall be kept uniform, the tube drawing velocity for
normal soil layer should be 1m/min, and the tube drawing velocity for soft-weak solid layer
and soft-solid soil juncture should be 0.3~0.8m/min;

4 The number of backward-strike tube drawing, for single-acting steam hammer, shall
not be less than 50 times/min, for free dropping hammer little drop distance, the number shall
not be less than 40 times /min; before the tube base has not drawn out to the pile top design
elevation, backward-strike and rapping shall not be paused.

6.5.4 The filling coefficient of the concrete shall not be less than 1.0; for pile which the
filling coefficient is less than 1.0, the full-length re-sramming shall be taken out. For pile with
possible breaking and necking-down, partial re-sramming shall be adopted. The top surface of
pile foundation concrete after piling shall be 500mm higher than the pile top design elevation.
When the full-length re-ramming is taken out, the buried depth of pile pipe should be close to
the original pile length, and the partial re-ramming shall be 1m higher than broken pile and
necking-down.

6.5.5 The construction of full-length re-ramming pile shall meet following provisions:
1 First grouting concrete shall reach natural ground;

2 In the tube drawing process, concrete on pipe wall and round shall be cleared away in

time;

3 The pile axis of first ramming and re-temping shall coincide with each other;

4 Re-sramming construction must be completed before the filled concrete initial set.
6.5.6 The slump of concrete should be 80~100mm.

I Construction of vibration and vibro-impact filling piles with sink-pipe

6.5.7 The construction of vibration and vibro-impact filling piles with sink-pipe shall be
taken out in accordance with soil quality condition and load requirement, and single
sramming method, re-sramming method and back-insertion method may be adopted
respectively. The single ramming method may be adopted for the soil layer with less

liquid-water content, and premolded pile tip should be adopted; back-insertion method and
re-sramming may be adopted for saturated soil layer.

101



6.5.8 The quality control of the single sramming method for the construction of vibration
and vibro-impact filling piles with sink-pipe shall meet following provisions:

1 Electric current and voltage of last 30s must be controlled strictly, and the values
shall be identified in accordance with the design requirements or experiences of trial pile and

local experience;

2 After the pile pipe is filled with concrete, the concrete shall be firstly vibrated for
5~10s, and then the tubs is taken out. Vibrating and drawing are synchronous, the tube
drawing is paused ever 0.5~1.0m drawing, and the vibration is done for 5~10s; the process is
repeated once again till the pipe is drawn out completely.

3 For normal soil layer, the tube drawing velocity should be 1.2~1.5m/min. if the
movable pile tip is adopted, the tube drawing velocity should be lower, for premolded pile tip,
the velocity may be increased; for soft-weak soil layer, the tube drawing velocity should be

0.6~0.8 m/min.

6.5.9 The quality control of the back-insertion method for the construction of vibration and
vibro-impact filling piles with sink-pipe shall meet following provisions:

1 After the pile pipe is filled with concrete, the concrete shall be vibrated firstly and
then the tube drawing is taken out. the height of each tube drawing may be 0.5~1.0mm, and
the back-insertion depth may be 0.3~0.5m; in tube drawing process, the concrete shall be
filled by subsection, the level of concrete in the pipe shall be always not be lower than the
ground surface, or the level shall be 1.0~1.5m higher than the underground water level, and
the tube drawing velocity shall be less than 0.5m/min;

2 Within 1.5m away from the pile tip, back-insertion should be taken out many a time
to enlarge the pile tip section;

3 When the drilling permeates the silt interlayer, the tube drawing velocity shall be
decreased, and the tube drawing height and the back-insertion depth shall also be reduced.
The back-insertion method should not be adopted in liquid silt.

6.5.10 The construction of vibration and vibro-impact filling piles with sink-pipe re-sramming
method may comply with provisions in Articled 6.5.4 and 6.5.5 of this standard.

111 Construction Of Inner Ramming Filling Piles with Sink-pipe

6.5.11 When the combination of outer tube and inner ramming pipe is adopted to stamp
sinking tube for tamp pressure, base enlarging and hole enlargement, the ramming pipe shall
be 100mm shorter than the outer tube, and the bottom of inner ramming pipe may be enclosed
flat bottom or enclosed tapered bottom (detailed in Figure 6.5.11).
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6.5.12 For outer tube bottom closing, no-slump concrete and anhydrous concrete proportioning
may be adopted to be tamped as waterproofing and mud-blocking stopcock. The height may
be 100mm. If clearance water inflow does not occur between inner and outer tubes, above
bottom closing measure may be neglected.
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Figure 6.5.11  Inner and Outer Tubes and Stopcock

(a) Flat bottom inner ramming tube; (b) Tapered bottom inner ramming tube

6.5.13 The average diameter of pile tip ramming enlarged end may be calculated according
to following formula:

First ramming enlarge

D, =d, b s (6.5.13-1)
hl
Second ramming enlarge
TR el
D, =du‘jHl s L +h2 b1k (6.5.13-2)
2

Where: D), D, Average diameter of first and second ramming enlarged ends (m);

dy ——Outer tube diameter (m);

H,, H——The height of grouted concrete in the outer tube that is counted from
the pile toe in first and second ramming enlarge processes (m);

hy, hy——The up-pull height of the outer tube that is counted from the pile toe in
first and second ramming enlarge processes (m), may be respectively
as H,/2 and Hy/2;

Cy, Gy The distance (m) of sinking inner and outer tubes to the pile toe in first

and second ramming enlarge processes, may be 0.2m (Figure 6.5.13).
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Figure 6.5.13  Enlarged Base End

6.5.14 The pile foundation concrete should be grouted by subsection; the inner ramming
pipe and the drilling hammer shall press against the top surface of the concrete in the outer
tube during tube drawing. The pressing is done while pulling.

6.5.15 Trial piling should be taken out before the construction, by-batch grouting volume,
outer tube up-pull height, inner tube ramming frequency and double tubs synchronous sinking
depth shall be recorded, and the bottom closing condition of the outer tube shall be inspected
whether there is water incoming and mud overflow. The records data mat be the construction

control basis after checking and ratifying.

6.6 Dry-work Pore-forming Filling Pile
I Construction of drilling (enlarged base) filling pile
6.6.1 The drilling shall meet following provisions:

1 Drill stem shall be maintained perpendicular and stable. The position shall be
accurate and the drill stem swinging shall be prevent on case of expanding hole diameter;

2 The drill speed shall be adjusted in time in accordance with current value variance;
3 On the drilling progress, the spoil around the hole open shall be cleared away any
time. Abnormal conditions like underground water suffering, hole collapse and shrinkage hole

shall be treated in time.

6.6.2 For the construction of drilling pedestal pile, the straight hole part shall comply with
provisions in Articles 6.6.1, 6.6.3 and 6.6.4, and the enlarged base part shall meet following
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provisions:

1 The soil chipping volume of hole reaming bit shall be adjusted according to the
current value and the oil pressure value to prevent overload;

2 The enlarged base diameter and the thickness of hole toe loose soil shall meet the
design requirements.

6.6.3 When the pore-forming reaches the designed depth, the hole open shall be protected,
and the acceptance shall be taken out in accordance with provisions in Article 6.2.4 of this
standard, and the record shall be achieved.

6.6.4 Before concrete grouting, funnel for protecting the open shall be arranged, and then
the reinforcing cage is arranged. The thickness of loose soil in the hole shall be rechecked.

In grouting concrete of pedestal pile, first concrete grouting shall reach the top surface of
the enlarged base, and the concrete shall be vibrated compact subsequently; when concrete is
grouted to the position Sm below the pile top, grouting and vibrating shall go synchronously.
The grouting height of each time shall not be larger than 1.5m.

I Construction of manual digging filling pile

6.6.5 The hole diameter of manual hole pile (excluding encasing) shall not be less than 0.8m
and should not be larger than 2.5m; the hole depth should not be larger than 30m. When the
pile is less than 2.5m, the interval excavation shall be adopted. The minimum construction
clear distance of adjacent row pile jump excavating shall not be less than 4.5m.

6.6.6 The thickness of manual hole pile concrete encasing shall not be less than 100mm, the
strength grade of concrete shall not be less than one of pile foundation, and the concrete shall
be vibrated compact; the encasing shall be arranged with constructional reinforcement with
not less than 8mm diameter, and the vertical rebar’s shall be lap-jointed and pull-connected.

6.6.7 Following safety measure shall be available for the construction of manual hole pile:

1 The urgent soft climbing step shall be arranged in the hole for personnel’s moving up
and down; motor hoist and suspension cage shall be safe and stable and shall be equipped
with auto-chuck safety device. Hemp rope and nylon cord shall not be adopted as well as feet
stepping the flanches on the hole wall. The motor hoist should be equipped with press-button
switch, and the safe lifting capacity must be inspected before normal service;

2 Toxic or harmful gases must be tested before daily starting, and enough Safety
Countermeasures shall be available. When the pile hole is excavated more than 10m, the
special air transmission implement shall be arranged and the airflow should not be less than
25L/s;
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3 Guard rails must be arranged around the hole open, and the guard rail height should
be 0.8m;

4 The excavated soil and rock shall be transported away from the hole open, and shall
not be stacked within 1m away from the hole open. The traffic of motor vehicles shall not
affect the safety of hole wall.

5 The installation and dismantle of all power supply and open circuit in the
construction Site must comply with provisions in current professional standard “Technical
Code for Safety of Temporary Electrification on Construction Site” JGJ 46.

6.6.8 Before hole opening, the pile position shall be located accurately, and the orientating
reference pile shall be arranged out side of the pile position. For installation of encasing

moldboard, the pile centre must be adopted to rectify the moldboard position. Persons shall be
specially assigned for the encasing moldboard installation.

6.6.9 Walling crib encasing of first section shall meet following provisions:

1 The deflection of the walling crib center line and the design axial line shall not be

larger than 20mm;

2 The top surface of the walling crib shall be 100~150mm higher than the site and the
wall thickness shall be 100~150mm larger than the hole wall thickness.

6.6.10 Walling crib encasing construction shall meet following provisions:

1 The thickness of encasing, pull-connect rebar, reinforcement assembly and the
strength grade of concrete shall meet the design requirements;

2 The lap length of two sections encasing shall not be less than 50mm;
3 Encasing of each section shall be completed by continuous maturity same day;

4 Encasing concrete must be vibrated compact, and flash setting admixture shall be
dosed in accordance with soil layer water-perocolation condition;

5 The dismantle of encasing moldboard shall be taken out 24h after concrete grouting;

6 Once phenomena like bechive and water leaking in the encasing, the reinforcement
measures shall be taken out in time;

7 The extreme deviation of any walling crib diameter at same horizontal level shall not

be larger than 50mm.
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6.6.11 When partial liquid silt or liquid silt with not larger than 1.5m thickness, and possible
soil and sand overflow occur, the encasing construction may be treated in accordance with
following methods:

1 The height of each section encasing is decreased to 300~500mm, and excavation,
testing and concrete grouting shall be taken out synchronously;

2 Protecting tube or effective measures to reduce water shall be adopted.

6.6.12 When the excavation reaches the design elevation, soil and water on the hole wall
and hole toe sediment shall be removed, and the acceptance of concealed work shall be taken
out. After quality inspection, bottom closing and concrete grouting for pile foundation shall
be taken out immediately.

6.6.13 During pile foundation concrete grouting, the concrete must pass through flume; if
the drop height exceeds 3m, tumbling barrel shall be adopted, and the height from the
tumbling barrel end to the hole toe should not be larger than 2m; conduit pumping may be
adopted; the concrete should be vibrated compact by internal vibrator.

6.6.14 If the water percolating volume is overlarge, effective measures like site water
blocking, water reducing or underwater concreting shall be adopted. Pumping, excavation and
grouting must not be taken out synchronously in the pile hole, including the grouting of
adjacent piles.

6.7 Post Grouting for Cast-in-situ Pile

6.7.1 The method of post grouting for cast-in-situ pile is applicable to reinforce earth mass
of sediments (loosen soil), clay coating, pile toe and pile side of drilling, digging, impact-cone
concrete pile and underground diaphragm wall.

6.7.2 The arrangement of post-grouting equipments shall meet following provisions:

1 The post-grouting conduit shall be steel pipe, and shall be fixed or welded with
stiffening rebars of reinforcing cage;

2 The quantity of conduit and grouting valve for pile tip post-grouting shall be
arranged in accordance with the pile diameter size. For pile which the diameter is not larger
than 1200mm, 2 conduits should be arranged symmetrically along the reinforcing cage; for
pile which the diameter is larger than 1200mm and not larger than 2500mm, 3 conduits
should be arranged symmetrically;

3 If the pile length is larger than 15m and the bearing capacity amplification is required

higher, the pile-tip pile-side compound grouting should be adopted. The quantity of pile-side
post-grouting tube valve shall be identified in accordance with stratigraphy, pile length and
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the bearing capacity amplification, and a pile-side grouting valve may be arranged every other
6~12m, 5~15m above the pile toe and 8m below the pile top. When coarse-grained soil is
available, the grouting valve should be arranged under the coarse-grained soil layer, and for
dry-work pore-forming filling pile, the grouting valve should be arranged at the middle
position of the coarse-grained soil layer;

4 For reinforcement assembly pile without full length, reinforcing cage formed of not
less than main reinforcements with same length to the grouting pipe shall be arranged along
full pile bottom:

5 The reinforcing cage shall be arranged to the bottom, and shall not be suspended.
Compacting, attacking and wringing the cage shall not occur if the cage is blocked.

6.7.3 Post-grouting valve shall be provided with following performances:

1 The grouting valve shall near the hydrostatic pressure of more than Impa; the
external protective layer of the grouting valve shall bear the scraping and compacting of rigid
materials like grindstone and protect the tube valve from damaging;

2 The grouting valve shall be provided with back-stop function.

6.7.4 Parameters designs such as grout proportion, stop grouting pressure, flow and grouting
volume shall meet following provisions:

1 The water cement ratio of slurry shall be identified slurry in accordance with soil
saturation and penetrability. For saturated soil, the water cement ratio should be 0.45~0.65,
for unsaturated soil, the water cement ratio should be 0.7~0.9 (for loose soil aggregate and
grit, the water cement ratio should be 0.5~0.6): the slurry with low water cement ratio shall be
dosed with water reducing agent;

2 The pile-tip grouting stop grouting pressure shall be identified in accordance with
soil layer property and grouting point depth, for decayed rock, non-saturated cohesive soil and
silty soil, the grouting pressure should be 3~10MPa; for saturated soil layer, the pressure
should be 1.2~4MPa, and the low value shall be adopted for soft soil and the higher value
should be adopted for compact cohesive soil;

3 The grouting flow should not be larger than 75L/min;
4 The grouting volume design of individual pile shall be identified in accordance with
pile diameter, pile length, pile-tip pile-side soil layer property, individual pile bearing

capacity amplification and compound grouting, and may be calculated according to following
formula:

G.=a,d+and (6.7.4)
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Where: Gy, O Empirical coefficients of pile tip and pile side grouting volumes,
a,=1.5~1.8, a=0.5~0.7; for pebble, gravel and medium coarse sand,
higher value shall be adopted;

n——Quantity of the pile-side grouting section;
d——Foundation pile design diameter (m);
G——Grouting volume, counted according to the cement quality (t).
For independent individual pile, clustered piles which the pile spacing is larger than 6d

and first several piles in clustered piles, the grouting volume shall be multiplied by the
coefficient 1.2 based on above estimated value;

5 Before starting post-grouting initiation, grouting experiment should be taken out, and
the grouting parameters shall be optimized and identified finally.

6.7.5 Post-grouting job initiation time, sequence and speed shall meet following provisions:

1 The grouting operation should start from 2d days after piling, but not later than 30d
days;

2 The distance from the grouting operation to the pore-forming operation should not be
less than 8~10m;

3 Compound grouting for saturated soil should be taken out from pile side to pile tip;
for unsaturated soil, the compound grouting should start from pile tip to pile side; the grouting
for multisection pile-side shall start from the upper to the lower; the grouting spacing interval

of pile-side and pile-tip grouting should not be less than 2h;

4 Equal-volume grouting shall be taken out for each grouting conduit of same-pile
pile-tip grouting in proper order;

5 Grouting for pile group should be taken out from the periphery to the inner.
6.7.6 Grouting may be stopped if one of following conditions is satisfied:
1 The total grouting value and the grouting pressure all reach the design requirements;

2 The total grouting volume has reached 75% of the design value, and the grouting
pressure exceeds the design value.

6.7.7 When the grouting pressure is maintained lower for a long time, or slurry overflows

from the ground, or surrounding pile hole communicate, interval grouting shall be taken
instead, the interval should be 30~60min, or the slurry water cement ratio is decreased.

109

bEL” ¢



6.7.8 During post-grouting construction, all processing parameters for post-grouting shall be
checked often, and corresponding measures shall be taken out in time once abnormal things
are found out. When major parameters like the grouting volume cannot reach the design value,
corresponding measures shall be taken out in accordance with engineering physical

circumstances.

6.7.9 The inspection and acceptance for post-grouting pile foundation engineering quality

meet following requirements:

1 After finishing the post-grouting construction, materials such as cement materials
and quality inspection report, pressure gauge verification certificate, trail grouting record,
design process parameter, post-grouting operation log and special case treatment record shall

be provided;

2 If the strength of the pile foundation concrete meets the design requirements, the

bearing capacity inspection shall be taken out 20d after post-grouting, and the Hardening

accelerating admixture for slurry may be dosed 15d after grouting.
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7 Concrete premolded pile and steel pile construction

7.1 Concrete Premolded Pile Manufacture

7.1.1 Concrete premolded pile can be prefabricated at the construction field, and the
manufacturing field must be level and solid.

7.12 The template for pile manufacturing shall adopt steel template, which should
possesses adequate stiffness and is level with exact size.

7.1.3 Main reinforcement connection of the reinforcing cage shall adopt butt welding and
arc welding, and when the bar diameter is no less than 20mm; it shall adopt mechanical joint
connection. The number of main reinforcement joints set in the cross-section shall be in
accordance with the following requirements:

1 When adopting butt welding or arc welding, the tension reinforcement shall not larger
than 50%;

2 The distance between two main reinforcement joint sections shall be larger than 354,
(d, diameter of main reinforcement), and also be no less than 500mm;

3 It must conform to the provisions given in current professional standards “Specification
for Welding and Acceptance of Reinforcing Steel Bars” JGJ 18 and “General technical
specification for mechanical splicing of bars” JGJ 107.

7.1.4 Permissible variation for reinforcing cage of premolded pile shall be in accordance
with those specified in Table 7.1.4.

Table 7.1.4  Permissible variation for the reinforcing cage of premolded pile

Item Items Permissible variation (mm)
| Space between main reinforcements +5
2 Centerline of pile tip 10
3 Stirrup space or pitch between spiral hoopings =20
4 Slinger along the direction of longitudinal center line £20
5 Slinger along the direction that is perpendicular to longitudinal center line 20
6 Height of the slinger exposed out of the pile surface =10
7 Distance between the main reinforcement and pile top +5
8 Position of mat reinforcement at pile top £10
9 Position of the embedded parts at top of multi-section pile +3

7.1.5 The determination of the single section length shall be in accordance with the
following requirements:

1 Satisfy the effective height of the pile holder, and the condition, transportation, and
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handling capacity of the manufacturing field;
2 Avoid pile extension when the pile tip approaches to or at the hard supporting course.

7.1.6 When casting concrete premolded pile, it shall cast from the pile top, and also prevent
that there accumulates tom much sand grout at the other tip.

7.1.7 The aggregate size when hammering the premolded shall be 5~40mm.

7.1.8 When hammering premolded pile, the strength and age shall all reach the requirements
before the hammering.

71.9 When manufacturing premolded pile with overlapping method, it shall be in
accordance with the following requirements:

1 The contact surface between the pile, adjacent pile and bottom formwork shall have

no adhesion;

2 The casting of the upper-layer pile or the adjacent pile only can be carried out when
the concrete design strength of lower-layer pile or adjacent pile is more than 30%;

3 The superimposed layer number of the piles shall not be more than four.

7.1.10 Surface of the concrete premolded pile shall be level and solid, and the manufacturing
permissible variation shall conform to the provisions given in Table 7.1.10.

Table 7.1.10  Manufacturing Permissible Variation of Concrete Premolded Pile (mm)

Pile types [tems Permissible variation (mm)
Side length of cross section £5
Difference of diagonal lines at pile top <5
Thickness of protective layer +5
Reinforced concrete solid Be no larger than |%e of the pile length
Vector height of pile body bent
pile and also no larger than 20
Eccentricity of the pile tip <10
Slant of the pile end face <0.005
Length of pile section £20
Diameter 5
Length +0.5%L
Wall thickness -5
Reinforced concrete pipe Thickness of protective layer +10,-5
pile Vector height of pile body bent (angle) 1%L
Eccentricity of the pile tip <10
Smoothness of the plate at pile head 2
Eccentricity of the plate at pile head <2
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7.1.11 Other requirements of prestressed-concrete pile and the evaluation methods for
strength level of the centrifuging concrete that are not specified in this code shall conform to
the provisions given in the current national standards “Pretensioned square concrete piles”
GB/T 13476, “Pretensioned spun concrete thin wall piles” JC 888, and “Prestressed spun
concrete square piles” JG 197.

7.2 Hoisting, Transportation and Storage of Concrete Premolded Pile

7.2.1 The hoisting and transportation of concrete solid pile shall be in accordance with the
following requirements:

1 It can be hoisted only when the concrete design strength reach 70% and can be
transported when 100%;

2 When hoisting the pile, take corresponding measures to ensure the safety and
stability to protect the quality of the pile body;

3 Place the pile body stably during the horizontal transportation, strictly prohibit drag
the pile body directly on the ground.

7.2.2 The hoisting and transportation of prestressed concrete hollow pile shall be in
accordance with the following requirements:

1 Have ex-factory examination before leaving factory, its specification batch number,
and manufacture date shall conform to the contents of the acceptance check batch number to
which it belongs;

2 Be careful during the hoisting and transportation process, avoid acute collision;

3 Single section pile can have direct horizontal hoisting by adopting special hook
hitching its inside wall at the both ends;

4 Have acceptance examination when it is shipped to the construction site, strictly
prohibit using the unqualified pile and the pile have cracks during the handling process.

7.2.3 The storage of prestressed concrete hollow pile shall be in accordance with the
following requirements:

1 The storage area should be level and solid, the sole timber between the bottom layer
and the ground should have adequate width and height. The piles should be stored steadily

without rolling;

2 Store them separately according to different specification, length and construction
sequence;
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3 Store the piles with monolayer when the condition at the field permits; When store
with layers, the layers of the one with outside diameter of 500~600 mm shall not larger than
four and of 300~ 400 mm shall not larger than five;

4 When store with layers, set two sole timbers on the ground the is perpendicular to the
pile length direction, and the sole timbers shall be laid at the position 0.2 times of the pile
length away from the pile tip; Chock the outer piles of the bottom layer at sole timber;

5 Sole timbers shall be the pressure-proof long wood or sleeper, can it is not allowed to
use hardware with arris.

7.2.4 The pile taking shall be in accordance with the following requirements:

1 When the piles are stored with more than two layers, take the piles with crane, and it
is strictly prohibited to drag the pile;

2 Three-point support automatic pile driver shall not drag the pile.

7.3 Concrete Premolded Pile Extension

7.3.1 Piles can be connected by welding, with flange or momentary connection by machines
(screw thread type and mesh-type).

7.3.2 Pile extension materials shall be in accordance with the following requirements:

| Pile extension by welding: steel plate shall adopt low-carbon steel, welding rod is of
E43; and it shall conform to the requirements in the current professional standard “Technical
specification for Welding of steel structure of building” JGJ 81. The joint shall have fault
detection test, and the test amount of one project is no less than 3 joints.

2 Connection with flange: The steel plate and the screw bolt should be low-carbon
steel.

73.3 The pile extension by welding shall not only conform to the relevant provisions in
current professional standard “Technical specification for Welding of steel structure of
building™ JGJ 81, but also conform to the following requirements:

1 The pile head of the lower nodular pile part shall be above the ground with 0.5m;
2 Set guiding hoops at the pile head of the lower part pile. Keep the up and down
section of nodular piles in the same direction, and the deviation should not be larger than

2mm. When correcting the error of the pile position, it is profited to knock the pile laterally
with sledgehammer;
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3 Before docking the piles, the plate surface of the up and down head shall be cleaned
with iron brush, and brush the groove until it has metallic luster;

4 The welding shall be continued symmetrically around the pile, dismantle guiding
hoop and weld with layers after the up and down piles have fixed; the welding layers shall be
no less than two, clean the slag after welding the first layer before weld the second layer, and
the welding seam should be continuous, the welding shall be continued symmetrically around
the pile, dismantle guiding hoop and weld with layers after the up and down piles have fixed;
the welding layers shall be no less than two, clean the slag after welding the first layer before
weld the second layer, and the welding seam should be continuous and compact;

5 It can only continue hammering after welded pile joint cooling naturally, and the
natural cooling time should not less than 8 min; it is strictly prohibit to adopt water cooling or
to hammer after the welding immediately;

6 Adopt reliable rainproof measures when welding at rainy day;

7 The quality inspection of the welding joint, as for the same project, the fault
detection samples shall be no less than three.

7.3.4 The operation and quality by adopting thread pile extension with machines shall be in
accordance with the following requirements:

1 Check the manufacturing dimensional variation and junction parts of both end of the
pile before installing it, start the hoisting and construction only when there is without
damages, and the lower pile tip should be above the ground with 0.8m;

2 When connecting the piles, unload the protective device at the tips of up and down
nodular piles, clean the leftovers at the joint and paint grease;

3 Adopt special conicity centering for the joint, align the up and down nodular pile and
have the wounding connection;

4 Wound by special chain spanner, (Manual wound it after chucking with arm length
of 1m and knock the plate arm with hammer,)and there should have gap of 1~2mm between
plates at both ends after wounding it.

7.3.5 The operation and quality by adopting joggle joint pile connection with machines shall
be in accordance with the following requirements:

1 Clean the up and down joint plates, screw the joint pin stick by stick with bituminous

paint to the bolt hole of the I type end plate, can adjust the position of the joint pin with sheet
steel form;
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2 Eliminate the plastic foam protection piece in the spread groove at the ll-end of the
lower pile, fill bituminous paint into the spread groove, and wipe bituminous paint with width
of 20mm and thickness of 3mm on the end plate; When there is corrosive medium above
medium-scale in the underlying soil and groundwater, wipe the end plate with bituminous

paint fully;

3 Hoist the upper pile, align the joints of the joint pin and II type end plate, and then
insert the joint pin into the spread groove;

4 Add pressure to make the end plates of lower pile contact, and the pile extension is
finished.

7.4 Hammering pile-Sinking

7.4.1 Must deal with the impediments in the air and on the ground before the pile-sinking,
the field should be level and have good drainage equipment, and it shall satisfy the bearing
capacity of the ground required at the pile driving.

7.42 Driving hammer shall be selected according to the factors such as the geological

conditions, pile types, intensive degree if the pile, vertical bearing capacity of single pile, and
existing execution conditions, or according to the Appendix H of this code.

7.43 The pile pressing shall be in accordance with the following requirements:

1 The gap between pile cap or pile following cap is 5~10mm away from their surrounding

environment;

2 Add elastic gasket such as hardwood, sack and straw mattress between the hammer

and pile cap, and pile cap and pile;

3 Driving hammer, pile cap or pile following cap should be at the centerline with the
pile body;

4 The verticality deviation of the pile when inserting can not be larger than 0.5%.
7.4.4 The pressing sequence is required to be in accordance with the following requirements:

1 As for the dense piles group, press symmetrically from the middle to the two
directions or to the surrounding environment;

2 When being close to the building with one side, press the pile from the side of the
building to the other side;

3 According to design elevation, it shall start from the deep position to the shallow;
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4 According to the specification for of the pile, it shall press from the larger one to the
smaller one, and from the long one to the short one.

7.4.5 As for the pile position deviation of the pressed pile (pre-cast concrete square pile,
prestressed concrete hollow pile and steel pile) shall conform to the provisions given in Table
7.4.5. The gradient deviation of the inclined pile is not allowed to be larger than 15% of the
tangent value of the declination angle (the included angle between the longitudinal center line
of inclined pile and the plumb line).

Table 7.4.5  Permissible variation of the pressed pile (mm)

Items Permissible variation
Pile with foundation beam:
100+0.01H
(1) Centerline that is vertical to the foundation beam
150+0.01H
(2) Centerline along foundation beam
Pile with 1~3 pile foundations 100
Pile with 4~16 pile foundations 1/2 pile diameter or side length

Pile with pile foundations that is larger than 16:
(1) Pile at the ragged edge
(2) Middle pile

1/3 pile diameter or side length

172 pile diameter or side length

Note: H is the distance from the ground elevation at the construction site and the design elevation of the pile top.

7.4.6 The regulation for stopping the hammering of the pile shall be in accordance with the
following requirements:

1 When the pile tip lies at the general soil layer, it shall give priority to control design
elevation design elevation of the pile tip pile tip, and control the penetration latter;

2 When the pile tip reaches to the stiff and hard cohesive soil, silty soil, sandy soil
gravel soil and weathered rock that are above middle density, it shall give priority to control
the penetration and the elevation of the pile tip latter;

3  When the penetration has reached the design requirement but the elevation of the pile
tip has not reached, it shall continue to hammer the three arrays and determine according to
that the penetration with 10 times of hammering shall not be larger than designed value, and
determine the construction control penetration through test if necessary.

7.4.7 When there are the conditions such as abrupt change of the penetration, the pile body
has slant, displacement or severe rebounding, the pile top or pile body appear severe rupture
and fracture; it shall suspend hammering the pile and analyze the reason to adopt
corresponding measures.

7.4.8 When adopting pile-sinking with water jetting method, it shall be in accordance with
the following requirements:
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1 Pile-sinking with water jetting should be with sandy soil and soil aggregate;

2 When there is 1~2m at last, it shall stop jetting, and adopt hammering to the specified
elevation, the ending hammer control standards may be implemented in accordance with
relevant provisions given in Article 7.4.6 of this code.

7.49 When constructing and stricken large area dense pile group, it may adopt the
following ancillary method:

1 For prebored hole pile-sinking, prebored hole aperture may be 50~100mm less than
pile diameter (or diagonal line of square pile), and depth may be determined according to pile
spacing and soil compactness, penetrability, and it should be 1/3~1/2 longer than piles; when
construction, it shall drill in response to stricken; pile driver should be provided with drilling
and stamping properties;

2 It shall set sand wick or plastic drain board. Sand wick diameter should be 70~80mm,
spacing should be 1.0~1.5m and depth should be 10~20m; depth and spacing of plastic drain
board is equal to that of sand wick;

3 It shall set separating sheeting pile or diaphragm wall;

4 It may excavate ground shockproof ditch and may be used together with other
measures. Furrow width of shockproof ditch may take 0.5~0.8m and its depth may be
determined according to earthiness conditions;

5 It shall confine piling velocity;
6 After pile-sinking, it should implement once retapping at large;

7 During the pile-sinking process, it shall strengthen observation and wardship for
adjacent buildings and underground utilities, etc..

7.4.10 Overall blow counts and pile-sinking blow count in the last 1.0m prestressed
concrete pipe pile shall be determined according to local engineering experience.

7.4.11 Pile follower for stamping pile-sinking shall be in compliance with the following
requirements:

1 Pile follower depth should not be larger than 2.0m;

2 When pile top is stricken near to the ground and thus it requires pile follower, it shall
measure squareness of the piles and inspect pile top quality, after eligibility, it shall follow
pile in time;
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3 Last penetration of pile follower shall refer to last penetration and correction of
non-pile following under the same condition;

4 Remnant pile hole after pile follower shall backfill or cover immediately;

5 When pile follower depth exceeds 2.0m and is no larger than 6.0m, pile driver shall
be self or walking gait type diesel pile driver with three-point support tracking; compartment
between pile caps and driving hammer shall be with “cap block™ of vertical stripe hardwood
or coiled bar stacked wire rope, and its thickness should be 150~200mm.

7.4.12 Setting of long dolly and gasket shall be in compliance with the following requirements:

1 Long dolly should be made into cylinder and it shall be with adequate strength,
rigidity and stricken proof. Long dolly length shall meet the requirement for pile follower
depth and degree of curvature shall not be larger than 1/1000;

2 Upper and lower ends of long dolly shall be level off and perpendicular to central
axis of the long dolly;

3 Lower end plane of the long dolly shall open pore and make intracavity of hollow
pile connect with the surroundings;

4 Long dollies shall be matching with pile. Depth of sleeve in the lower end of
telescope-feed long dolly should take 250~350mm, inside diameter of the casing shall be
20~30mm larger than outside diameter of piles, bolt length in the lower end of the bolt long
dolly should take 200~300mm, and outside diameter of pole pin shall be 20~30mm less than
inside diameter of (tube) pile. Tubular pile with surplus slurry in the intracavity should not
adopt bolt long dolly:;

5 When pile follower is in operation, compartment between long dolly and pile crown
shall be set with 1~2 layers of gaskets as sack or hardboard, etc. Thickness of in-fill elastic
packing after compaction should not be less than 60mm.

7.413 Construction site shall be provided with observation instrument for pile shaft
squareness (strip leveling rod or theodolite) and observation staff, so to measure squareness
for the pile shaft at any moment.

7.5 Static Pressure Pile-Sinking
7.5.1 When adopting static pressure pile-sinking, the ground bearing capacity shall be not
less than 1.2 times of the earthing pressure of the pile press machine, and the site shall be

level.

7.5.2 Static pressure pile pressing is appropriate to select the hydraulic and cord pile
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pressing technology; it is appropriate to adopt top pressure and enfolding pressure hydraulic
pressure pile press machine according to the length of the single section pile.

7.5.3 The parameters for selecting pile press machine shall contain following contents:
1 Type and quality (Excluding counterweight), maximal pile pressure, etc.;
2 Its external dimension and consignment size;
3 Its minimal side piling distance and maximal pile pressure;
4 Earthing pressure of long and short ship type covering boot;
5 Model of clamping device;

6 Corresponding relationship among the quantity and diameter of the hydraulic ram,
reading of the pressure gauge after calibration and pile pressure;

7 Property and pile hoist capability of the pile hoist crane.

7.5.4 Each counterweight of the pile press machine must be verified with measuring device,
and mark it on the exerted surface of this counterweight; the maximal pile pressure of
hydraulic pressure pile press machine is that the product of the sum of its framework weight

and counterweight multiplied by 0.9.

7.5.5 When the vacancy of side pile can not meet the pressing condition for middle-ship pile
press machine, it is appropriate to use border pile press machine or forward type hydraulic
pressure pile press machine to press the pile, but the influence caused by the reduction of
maximal pile press capability should be estimated at this time.

7.5.6 When the leading hole method is adopted for pile pressing because of the design
requirement or construction demand, it shall equip with auger drilling machine or equip the
pile press machine with special spiral drill. And when supporting course at pile tip need
entering relatively hard rock formation, it shall equip with drilling or punching pile press
machine.

7.5.7 The maximal pile pressure shall be no less than the designed normal value of vertical
ultimate bearing pressure for individual pile; and it can be determined by in-situ test if

necessary.

7.5.8 The quality control of static pile pressing execution shall be in accordance with the
following requirements:

1 The verticality deviation shall not be larger than 0.5% when the pike of first section
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is depressed:

2 It is appropriate to depress each pile to the bottom continuously at one time, and the
effective pile length of the last section shall be no less than 5m;

3 The enfolding pressure shall not be larger than 1.1 times of the permissible lateral
pressure of the pile body.

7.5.9 Final pressure condition shall be in accordance with the following requirements:

1 It shall determine final pressure standard according to the test result of in-situ pile
pressing test;

2 The continuous repress operation times of the final pressing shall be determined
according to the pile length and geological conditions. As for the pile with buried depth
greater than or equal to greater than or equal to greater than or equal to 8m, the repress
operation times may be two to three; as for less than 8m, the repress operation times may be
three to five;

3 Stabilized pile pressure shall not be less than the final pressure, and the stable pile
pressing time is five to ten seconds appropriately.

7.5.10 The pile pressing sequence shall be determined according to the engineering
geological conditions of the field, and it should be in accordance with the following
requirements:

1 When there are sands or gravels partially in the layer of the field, it is appropriate to
have pile pressing for this region firstly.

2 When there is large difference among the buried depths in the supporting course or
the buried depth of the piles, it is appropriate to pressing long pile first and short pile latter.

7.5.11 Measure the verticality of the pile body at the process of pile pressing, When the
deviation of the pile body verticality is larger than 1%, it should find out the reason and
manage to rectify it; After the pile toe entering the relatively hard layer, it is forbidden to

correct an error forcibly with method of moving the framework or other methods.

7.5.12 When appearing any following cases, it shall suspend the pile pressing operation, and
analyze reasons to adopt corresponding measures:

1 The reading display of the pressure gauge does not conform to the soil layer property
given in the reconnaissance report apparently;

2 The pile is difficult to pass through the hard interlining layer that has weak subsoil
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layer;
3 There is large discrepancy between practical pile length and designing pile length;
4 There is abnormal noise; pile press machine has abnormal operation mode;

5 There appears longitudinal crack in the pile body and the concrete at the pile head
has the abnormal phenomenon such as flaking off;

6 Clamping devices have skidding;
7 Pile press machine sinks.

7.5.13 The quality control of static pile delivering shall be in accordance with the following

requirements:

1 Measure the pile verticality and check the quality of the pile head, and it may have
pile delivery only after the check, and the pressing and deliver operation shall be proceeded

continuously.

2 The pile delivery shall adopt special steel pile follower, and the engineering pile can
not be used as pile follower;

3 When length L of most piles in the field is less than or equal to 15m or the supporting
course at the pile tip is weathering soft rock, the pile delivering depth shall not be lager than

1.5m if there needs to have repress operation;

4 Besides satisfying the above three items of this article, when the pile verticality is 1%,
and the effective pile length is larger than 15m, the static pile delivering depth shall not be
larger than 8m;

5 The maximal pile pressure when delivery the pile shall not be 1.1 times larger than
permissible enfolding pile pressure of the pile body.

7.5.14 The quality control of leading hole pipe pressing method shall meet the following
requirements:

1 The leading hole is appropriate to adopt dry spiral drilling operation method; the
verticality deviation of the leading hole shall not be larger than 0.5%;

2 Leading hole operation and the pile pressing operation shall be proceeded
continuously, and the interval time shall not be longer than 12h; and not be longer than 3h
when at soft oil foundations;

3 When there is water in the leading hole, it shall adopt opening pile tip.
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7.5.15 When the piles are distributed densely, or the foundation are saturate silt, mucky soil
and cohesive soil, it shall set plastic drain board and pack drain to curtail reduce the hole
pressure or adopt measures such as leading hole, and it also can implement with the 7.4.8
article of this code. At the construction process of pile pressing, it shall set observing point of
upwelling and horizontal deviation on 10% of the total piles, and test the pile upwelling
amount and horizontal deviation value of the pile top with certain interval, adopt measures
such as repress operation if the upwelling and deviation are large.

7.5.16 As for the pile entering position deviation of the pre-casted concrete square pile,
prestressed concrete hollow pile, and steel pile, it shall conform to the provisions in Table
7.4.5 of this code.

7.6 Steel pile (steel pipe pile, pile of H type and other special steel piles) construction

| Steel pile manufacturing

7.6.1 The materials for manufacturing steel pile shall adherence to specification, and they
shall with the ex-factory conformity certificate and test report.

7.6.2 It is required smooth field and protection measures against weather for the in-situ steel
pile manufacturing.

7.6.3 The permissible variation of steel pile manufacturing shall conform to the provision
given in Table 7.6.3, the segmenting length of the steel pile shall this the provision given in
Article 7.1.5 of this code, and it shall not be larger than 15m.

Table 7.6.3  Permissible variation for the steel pile manufacturing

Items Permissible variation (mm)
Pile tip +0.5% outside diameter or side length
Qutside diameter cross dimensions

Pile body +0.1% outside diameter or side length

Length >0

Vector height <1% pile length
End smoothness <2 (pile of H type <1)
End smoothness and slant value of pile body centerline <2

7.6.4 Steel pile adopted at the region where groundwater is aggressive or at aggressive soil
layer shall have antiseptic treatment according to design requirement.

I Steel pile weld
7.6.5 The weld of the steel pile shall be in accordance with the following requirements:

1 It is required to clean the smudge on the pile tip such as float rust and oil sludge to
keep it dry; the distortional part being stamped at the pile top shall be resected;
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2 It shall rectify the verticality when weld the up and down pile nodes, the aboral gap
shall be two to three 2~3mm;

3 The welding wire (automatic welding) or welding rod shall be dried;
4 The weld shall be carried out symmetrically;

5 It shall adopt multi-layer welding, the welding seam joints at each layer on the steel
pipe pile shall be staggered, and welding slag shall be cleaned,;

6 When the air temperature is under 0°C or at sleety days that there is no reliable
measures to ensure the welding quality, it is not allowed to weld;

7 After finishing the welding of each joint, it is required cooling for 1 min before

stamping it;

8 The welding quality shall conform to the provisions given in the national current
standard “Code for acceptance of construction quality of steel structures” GB 50205 and
“Code for acceptance of construction quality of steel structures” JGJ 81, besides the
appearance inspection for each joint according to provisions in Table 7.6.6 of this code, there
also shall have ultrasonic check according to 5% of the total joint number or X-ray filming
check according to 2% of the total joint number, and as for one project, the sampling
inspection of fault detection shall be no 3 joints.

Table 7.6.6  Permissible variation for weld appearance of pile extension

Items Permissible Variation (mm)
Mismatch between up and down pile nodes:

(@ Outside diameter of steel pipe pile 2700 mm 3
@ Outside diameter of steel pipe pile<700 mm 2
H-steel pile |

Undercut depth (welding seam) 0.5

Height of reinforcing ply (welding seam) 0-2

Width of reinforcing ply (welding seam) 0~3

7.6.6 H As for section steel pile or other heterotypic steel pile with thin wall, add joint plate
at the joint section, and it may be set according to constant strength.

Il Transportation and storage for steel pile

7.6.7 The transportation and storage of the steel pile shall be in accordance with the
following requirements:

1 The storage place shall be level, solid and with good drainage facilities;

124




2 There shall have proper protective measures at both end of the pile, and there shall
set guard circle for the steel pipe pile;

3 Prevent spoilage or bent of the pile tip pile body and pile body caused by stricken of
the pile body when portaging;

4 The steel pile shall be separately piled up by specifications and materials, the pile up
layers: for steel pile of @900mm, it shall be no larger than three layers; steel pile of 8600mm
no larger than four layers; the one of e400mm no larger than five layers; And H-steel pile
shall be no larger than six layers. The setting of the pivot shall be reasonable, and both sides
of the steel pile shall be stopped up with chock.

VI Steel pile sinking

7.68 When adopting hammering pile-sinking for the steel pile, it may be implemented
according to relevant provisions given in Section 7.4 of this code; when adopting static
pressure pile-sinking, it may be implemented according to relevant provisions given in
Section 7.5 of this code.

7.6.9 As for open-end steel pipe pile, when there is difficulty at hammering pile-sinking, it
may borrow soil from the pipe to help sinking.

7.6.10 When hammering H-steel pile, the hammer weight shall be no larger than grade of
4.5t (diesel fuel hammer), and there should have lateral holding equipment in front of the pile
rack in the process of hammering.

7.6.11 When supporting course is relatively hard, H-steel pile is not appropriate to
delivered.

7.6.12  When there are backfilled materials such as big rock and concrete block, there should
have feeler inspection before inserting H-steel pile, and clean the impediment at the pile
position.
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8 Pile cap Construction

8.1 Pit Excavation and Backfilling

8.1.1 The sequence for pile cap construction at pile foundation is appropriate to from deep
to shallow position.

8.1.2 When pile cap is imbedded deeply, there should have necessary protective measures
for adjacency buildings and urban facilities, and have monitoring during construction period.

8.1.3 Before pit excavation, there shall edit the construction scheme for the supporting
model of side slope, precipitation measures, earth excavation plan, earthmoving route and
mounding position, if the pile foundation construction causes excess pore pressure, it is
appropriate to start the excavation after most excess pore pressure has dissipated.

8.1.4 When the underground water table is so high that needs precipitation, it may adopt
inner precipitation or outer precipitation measures according to the surrounding environment.

8.1.5 Earth excavation shall be proceeded with balanced layers, and as for the pit
excavation of plastic soft soil, the height difference shall be not larger than 1m.

8.1.6 The excavated earthwork shall not be stacked near to the pit.

8.1.7 Must ensure that the pile body in the pit is free from spoilage when earth excavating
by machine.

8.1.8 After pit excavation, make weeper drains and collecting well at the bottom of the pit,
and the precipitation facilities if there have should be keep on the go.

8.1.9 Before backfilling the earth to gap between the external wall of the pile cap and
basement and the sidewall of the pit, drain the water, clean the loose earth and building
rubbish, the backfilling earth shall be selected according to design requirement, tamp in
layers, and the backfilling is proceeded symmetrically.

8.2 Steel Bar and Concrete Construction

82.1 Remove the laitance part at the head of the filling pile and the fracture part at the
hammer face in the top of the premolded pile before assemble the steel bar, the embedding
length in the pile cap of the pile body and the main steel bar shall be in accordance with the
design requirement, weld the junction piece at the pile top of the steel pipe pile, and have
waterproof measurement of the pile head and the underlayer according to design.

8.2.2 Concrete casting on the pile cap shall be finished at one time, and the concrete is
proper to be put into the slot flatly. As for construction of concrete with large volume, it shall
take effective measure to prevent the rupture caused by temperature stress.
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9 Quality Inspection and Acceptance of the Pile Foundation

Construction

9.1 General Requirements

9.1.1 As for pile foundation construction, there shall have inspection for pile position, pile
length, quality of pile body and bearing capacity of single pile.

9.1.2 The inspection of pile foundation construction can be divided into three stages with
chronological order: inspection before, during, and after the construction.

9.1.3 The inspection item and method for the raw material of pile body such as sand, gravel,
cement, and steels shall conform to the provisions of the relevant current national standard,

9.2 Inspection before Construction
9.2.1 Have strict inspection for the pile position before construction.

9.2.2 The premolded pile (concrete premolded pile and steel pile) shall have the following
inspections before construction:

1 The production pile should be manufactured according to the selected standard
drawing or design drawing, and there should have in-situ inspection for its appearance quality
and concrete strength of the pile body:

2 Inspect the materials and equipments such as the welding rod for pile extension and
the pressure gauge for pile pressing.

9.2.3 Filling pile shall have the following inspections before construction:

1 When mixing concrete, inspect the quality and measurement of the raw material, the
proportioning, slump constant and strength level of the concrete;

2  When manufacturing reinforcing cage, inspect the specification of the steel bar,
specification and variety of the welding rod, weld bond specification, weld length, weld
appearance and quality, and the manufacturing deviation of the main steel bar and the stirrup,
and the permissible manufacturing variation of the reinforcing cage should conform to the
requirement given in Table 6.2.5 of this code.

9.3 Construction Inspection

9.3.1 The premolded pile (concrete premolded pile and steel pile) shall have the following
inspections during the construction:
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1 Inspection for the pressing (static pressure) depth, the hammer stopping standard,
terminal static pressure value and verticality of the pile body (rack);

2 The quality and pause time of pile extension, and intact condition of the pile top;

3 The hammering times of each meter and the last 1.0m, the total hammering times,
penetration of the last three arrays and the elevation of the pile tip, etc..

9.3.2 Filling pile shall have the following inspections during the construction:

1 Before casting the concrete, inspect the center position, the depth, diameter, and
verticality of the formed hole, the settled materials thickness at the bottom of the hole
according to the relevant requirement for construction quality in Chapter Six of this code.

2 Inspect the actual settlement position of the reinforcing cage, and fill in the
corresponding quality detection and record of inspection;

3 After the hole formed under dry operational condition, inspect supporting course at
the pile tip of the pile with major diameter.

9.3.3 As for the quality inspection for the construction procedure of sinking pipe filling pile,
it is appropriate to be carried out according to the relevant items in Article 9.1.1~9.3.2 of this

code.

9.3.4 As for soil compacting premolded pile and filling pile, have systematic observation for
the vertical and horizontal displacement horizontal displacement of the pile top and surface
soil during the construction; Adopt the measures such as retapping, repress operation, leading
hole, setting drainage measures and pile-sinking velocity adjustment, and so on.

9.4 Inspection after Construction

9.4.1 Inspect the position deviation of the formed pile of different types according to the
provisions given in Tables 6.2.4 and 7.4.5 of this code.

9.4.2 Inspect the bearing capacity and pile body quality for the engineering pile.

9.43 The foundation pile project with any one of the following conditions should have the
inspection for the vertical bearing capacity of the engineering single pile with static load test,
the inspection times shall be determined according to the design grade of the pile foundation,
the reliability factor of the test data obtained before the construction, and the current
professional standard “Technical code for testing of building foundation piles” JGJ 106:

1 When there has had the single pile static test before construction, but the technological
parameter is changed or there appears abnormal in the construction quality during the
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construction;

2 Project that has no single pile static test according to the provisions given in Article
5.3.1 of this code before the construction;

3 The geological conditions are complicated and the reliability of the construction
quality is low;

4 Adopt new pile types or new technology.

9.4.4 Pile foundation projects with any one of the following conditions shall inspect the
vertical bearing capacity of the engineering single pile with high-strain dynamic test:

1 Except the pile foundations that are out of the provision conditions given in Article
9.4.3 of this code;

2 Design auxiliary test of degrees a and b for the static test of the building pile

foundation.

9.4.5 The pile body quality not only needs the inspection for obligated concrete sample, but
also needs in-situ inspection. The inspection method can be reliable dynamic test, and the pile
with large diameter can also adopt auger core method and sound wave transmission method;
the inspection times can be determined according to the current professional standard
“Technical code for testing of building foundation piles” JGJ 106.

9.4.6 As for the special uplift pile and the pile foundation project with special requirement
for the horizontal bearing capacity, there should have withdrawal resisting static test and
horizontal static test for the single pile.

9.5 Acceptance Materials of Foundation Pile and Pile Cap Project

9.5.1 When the design elevation of pile top is close to the elevation at the construction yard,
the acceptance check of the foundation pile shall be carried out after the its construction
finished; when it is lower, carry out the acceptance check after it excavates to the design
elevation.

9.5.2 Acceptance check of the foundation pile shall include the following materials:
1 Reconnaissance report of geotechnical engineering, constructional drawing of pile
foundation, drawing joint examination summary, design alteration list, material substitution

notification, etc..

2 Prescribed construction management plan, construction scheme, and alteration list
under execution;
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3 Layout drawing of pile position measurement, including authentication certificate of
the verification for project pile position line;

4 Quality acceptance and expertise report of the raw materials;

5 Conformity certificate of semi-finished products such as premolded pile and steel

pile;
6 Construction note and acceptance documents of concealed work;
7 Quality examination report of the formed pile;
8 Examination report for the bearing capacity of single pile;

9 Final completion plan of foundation pile and the hypsography of the pile top when
the foundation pit is dug to the design elevation;

10 Other documents and records that must be supplied.
9.5.3 Engineering acceptance of the pile cap should include the following materials:
1 Construction and inspection record of the steel bar and the concrete at the pile cap;

2 Record for the anchor bar at the pile head and pile cap, the distance from side pile to
the edge of pile cap, and the reinforcement cover of the pile cap;

3 Waterproof structure and construction quality of pile head and pile cap;

4 The measurement record of the thickness length and width of the pile cap, and the
description for the appearance, etc..

9.5.4 The engineering acceptance of the pile cap shall not only conform to the provisions
given in this section, but also conform to the provisions in the current national standard “Code
for acceptance of constructional quality of concrete structures™ GB 50204.
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Appendix C Piled foundation considering pile cap (including
underground walling), foundation pile teamwork and soil elastic

resistance acting calculation are bearing horizontal load

C.0.1 Basic assumption:

1 Regard the soil mass as elastic deformation medium, its horizontal resisting force
coefficient is increased in response to deep linearity (m method), and it is 0 in the ground.

For piled foundation with low pile cap, when calculating piled foundation, suppose
horizontal resisting force coefficient at pile top elevation is 0, and it is increased in response
to deep increase.

2 Contact stress (normal elastic resistance) of any point on the surface of foundation
pile, pile cap and underground walling is proportional to normal displacement o of that point
under action of horizontal force sum vertical pressure.

3 It shall neglect action of adhesive force and frictional force of sides between pile
shaft, pile cap and underground walling for resisting horizontal force.

4 When it is designed according to composite piled foundation, that is when it complies
with article 5.2.5 of this code, it may consider vertical resisting force and horizontal resistance
forces of pile cap subsoil.

5 Fixed joint (rigid coupling) of pile top and pile cap, pile cap rigidity is regarded as
infinity. So, only when pile cap rigidity is larger, or pile cap rigidity reinforced by
superstructure and pile cap synergistic action, it may be calculated by adopting this methods.

When considering soil elastic resistance in calculation, it shall pay attention to stability
of soil mass.

Pile cap bottom or ground

High-rise pile caj
m‘( gh-rise pile cap)

(d+1)]

=2

",

Idl

Figure C.0.2
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C.0.2 Basic calculating parameter:

1 Proportionality coefficient m of horizontal resisting force coefficient for the
foundation soil, it is taken according to article 5.7.5 of this code.

When foundation pile side is composed several kinds of soil layers, it shall calculate m in
the equation of major influence depth 4,=2(d +1)m, and with m act as calculated value (figure

C.0.2).

When there exist two layers of different soils within A,, depth:

2
o +";:2(2h‘ i (C.0.2-1)

When there exist three layers of different soils within A, depth:

L mh +m,(2h +h, )h.;;m3(2h| +2h, +hy)hy (C.0.2-2)

2 Horizontal resisting force coefficient C, at side of pile cap:

C,=m-h, (C.0.2-3)
Where: m Proportionality coefficient of horizontal resisting force coefficient of
foundation soil within buried depth of pile cap (MN/m");
hy Buried depth of pile cap (m).

3 Vertical resisting force coefficient Cy, Cp of foundation soil and proportionality
coefficient m, of vertical resisting force coefficient of foundation soil:

1) Vertical resisting force coefficient Cy of foundation soil on pile bottom surface
C, = myh (C.0.2-4)

Where: mo——Proportionality coefficient of vertical resisting force coefficient of
foundation soil on pile bottom surface (MN/m"), it is approximately taken

me=m;

h——Pile buried depth (m), when 4 is less than 10m, it is calculated as 10m.

2) Vertical resisting force coefficient C,, of foundation soil at pile cap bottom
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C, =moh.n, (C.0.2-5)

Where: hy Buried depth of pile cap (m), when 4, is less than 1m, it is calculated as
Im;
Ne Pile cap effect coefficient, it is determined according to article 5.2.5 of

this code.

Vertical resisting force coefficient of rock foundation, it is not increased in response to
terrane buried depth, and its value is adopted according to Table C.0.2;

Table C.0.2  Vertical Resisting Force Coefficient Cy of Rock Foundation

Saturated uniaxial compressive strength of rock f (kPa) Cr (MN/m’)
1000 300
>25000 15000

Note: f is medium value among numerical value listed in the table, Cp is determined with interpolation.
4 Vertical Resisting Force Coefficient Cg of Rock Foundation

5 Flexural rigidity E/ of the pile shaft: it is determined by calculation specified in
article 5.7.2-6 of this code.

6 Axial pressure transfer coefficient {y of pile shaft:
&v=0.5~1.0
Friction-type pile takes the smaller value and end support type pile takes the larger value.

7 Friction factor u between foundation soil and pile cap panel is taking value according
to Table 5.7.3-2 of this code.

C.0.3 Computing formula:

1 Single piled foundation or single-row pile foundation perpendicular to exogenous
processing plane see Table C.0.3-1

2 Piled foundation with low pile cap of single-row (or multi-row) pile lying (or parallel
to) exogenous processing plane sees Table C.0.3-2.

3 Piled foundation with high pile cap of single-row (or multi-row) pile lying (or
parallel to) exogenous processing plane sees Table C.0.3-3.

C.0.4 Determine calculating parameter and several schematic problems for piled foundation
under earthquake effect:
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1 When soil layer above pile cap bottom surface is fluidized layer, it shall not consider
elastic resistance of soil mass at side of pile cap and vertical elastic resistance and resistance
forces of pile cap subsoil, at this time, make C,=C=0, it may be calculated according to high
pile cap equation in Table C.0.3-3.

2 When soil layer above pile cap bottom surface isn't fluidized layer, but soil mass on
and under pile cap bottom surface may be broken away (when parts under pile cap bottom
surface have underconsolidation, self-subsidence, seismic settlement and fluidized soil mass),
it takes no account of vertical elastic resistance and resistance forces of foundation soil at pile
cap bottom , it only consider elastic resistance of soil mass at sides of pile cap, and it should
make calculation according to high pile cap schemata in Table C.0.3-3; but when calculating
counter force of pile top, pile cap and underground walling causing by pile cap unit deflection,
it shall consider influence of elastic resistance of soil mass at sides of pile cap and
underground walling. It may be calculated according to equation of step 5 in Table C.0.3-2

(Cy=0).

3 When there are fluidized interlining within 2(d+1) meter depth under pile top,
integrated computing value m of proportionality coefficient for its horizontal resisting force
coefficient is determined according to equations (C.0.2-1) or (C.0.2-2) (by substituting value
m in the fluidized layer) in Table 5.3.12 of this code.




Lyl

ifo =Y 0} BUIPIONE €D
AqEL N30 1) pue Jg ‘ Iy gy swLio1gao)
[qE) I Ul € 210U S35 Ty 10 uonemae)
0= "y e Avw ) 0/ EZY UM
pue ‘2oupuns yooipaq i uo Suuoddns s1 201 g
0="y ayew Aew 0/ 7Y
uaym pue [10s yoos-uou w Fuipoddns s 201 apg

(av—"av)y+(dv- mi m ., (1%1-)
(O¥-2%)x+(O¥- 0.5 $ a(Bue 10104 woroe Surked
(1) bl
_:% 1 :._mv uawouydsip [Ewozuo]
(gv-"av)y+(av- mi Eﬁ i (1-20)
(av—av)x+(av-av) 1 ° offue soroy
uonoe

“ v t v Suikeyd s1 =2 uay
(av—gy)+(av-a¥) m» . (1x1-) e
(@g—aa)y+(aa-ag) 1 ° | wewsoedsp momor

punosd

yeys apd uo Funoe si

2310J JIUN UDYM UONIIS Y

1e yeys apd Aq aesduad

UONRIYAP ARININL)

0="7 sayeuw ‘des apid : i (o) 22105 [3UOZLIOY
—=0 Y+ _ =0y punoid aup uo yeys apid 10§ 2910) WU ARINOED
MO 51 1 udym ‘sapid mou -oSws Jo sIaquInu Aig—u H H H (7f) Wawow Suipusg]
70" xipuadde w spelacg 0 pue [ ‘w 1aauned o1sBq SUILLIIAC]
_:.\. " : i
|
|
f
/
___ -
soRpNS /
i BIBWIAYDS IE[NI[EI PUR PROJ AUTULIIA(]
3901paq 10 (10§ Yoos-uou uo Fuipoddns s1 201 a1 ..,S,w\wu\v
puncsn \ >~
\# H
o
SONON WuANUO) ampasoid puonendwo))
aueld ssadoag snouadoxsy o3 sepndipuadiag uonepunoy ajid Mol-2[3uiS 10 uonepunoy papd ABms  [-€°0°D AqEL




¥l

hdhmru % Um.,m+ _m.W+ Vxfgo="w
H i ,

Juawow Surpuag

d/H= W (74) wawow Furpuaq [ewrxep
Juwow Fuipuaq
S-€0°D21qeL9s ‘g pwe D [ewIXew g uomsod
»
$-€°0°D 219w Sunjayp Aq =" A pue A Surpuodsauiod Sumad ' = I...MS (7) uomisod Jwawow Suipuaq euxely Funum aemoe)
U JAug G
et ="y WP y+ %=y @) ad uo juowaoe|dsip
AN JH
[RIUOZLIOY AINORE))
a2 B2 g 2y ao=y
H W @ : (/)2010§ [e3UOZUIOH punoss oy sopun (dop
(GET)) Aue 18 yeys apid jo

2010 ewIANUI ARIAOED)

(TOW+"H)-="d

E_MV-EIT _-:%o:" __R

(ueipes)
af5ue 10101 (7) Juawaoe|dsIp [BIUOZLIOH

punosd ay uo yeys apd

10§ UOTIIP AL[NO[E)

S0MON

W0

ampasoid feuonendwo)

(panunuod)  §-¢"0°D AqEL




ovl

‘AjpAnoadsas (dua) pue 2210 JO UOISUSWIP JOUIP eI AP Ul 7 pue o ¢
‘|=" “aseq padie|ua -uou 10§ ‘uonoas 201 aid Jo JudWoW BruRAU[—

20°D x1puadde 295 sprER——o PUR 7 P D DIYM
0VLINS Y20IP2Q JO [10S Y201

}201paq i Suippaquid st dnapd  (Q) -uou uo Suiuoddns stdnapg  (v) QS . AN
s AN gy ' i,
XA |
7 2 14 : kmw ~ _m“w o "o
\ \ ay-gv- N
. ) HWNO — =%/
nQ— =t/
<KL To="¢
. |="H
__..w._l..ll T_ﬂlo| z Lz t i
¢ . ay-9y m@» , . dv-dy _@e

Q

v-av. 1 ° ¢i-q8 &

:suonenba Suimo(joy 2y 01 Surpiodoe pajenoRD §1 WWg pue HHp “yooipaq ul Suppaqua st 201 apd wAYM T

Wi pug WHp  “HiWg  “HHp jo s@ulusow onewnuesSer] | 20N




nsl

d (7 = o) Wawow Surpuag
¢ a|Bue 10101
pun FuLLnoso U
“d = "d (+f) 2010} [IOZLIOY e
o, UONDAPIP NN SULLNI0
Weys 2)1d JO BAIR [BUONOIS SSOI0 i e R S R : 3
< = " () wawow Suipusg ded apid Funenoes
pue snnpow onse|F—§ ‘7 ¢ udwdR|dstp [RIU0ZLIoY
- uaym doy apid uo
T0°D xipuadde 08— ) N w0~ oMo yun SuLunso0 uaym
o = "d (1=7 x o) 210§ [eIUOZLIOH pareIauad 2010§ [ewIA]
¥ x vd Judtwaoe|dsip [EanIaA
1 Y72 - (17 x o) 2210] [RIXY
: ="d nun SuLLmooo uaym
T-E£0°D AqeL Wl T 10U pajeinoes e (1-7 x 1-) 213ue 1010y uonoe doy apd uo Sunoe
2q [[eys 1 “Yyoo1paq ul Suppaqua Hig_rilp (1=) Ww0w|dsIp [RINOZIIOH Butduyd st [=py uoym 9910§ Jun Furenoes
st 201 apid uayMm 0 =y puB [-£0°D e ( 1) 23ue 1010y uonow uaym doj apd
21qe ], w  dos se awms s1 uonenby HHp (7 % [=4) w2woovdsip [RIUOZLIOH Fudeyd s1 1 = uaym uo pajRIdUAE UONMAIAC]
T0°D x1puadde 225 sjrela(] i pue 3 90 N3 0 [ ow ‘py 1pumied Suneinofes Jiseq SUILNA(]
o L 4o
L
e =gy
dnoig oWl T | ! r_ :
apd Jo smuaooyuo 10 ywod Anawwis & 1 EJRUWIANDS 2IBINO[ED PUR PROJ JUTLLIIA(CT
U0 3q [[BYS ABUIPIOOD JO WIBLO) I.H“ |
oA Ty
Tl T HIN [
.n " S Y -ﬁl
S0NON UANUOD) ampasord puoneindwo’y

auglq Buissadolg snouasoxy (o] pfeseg 10) 3uidy ajid (Mmoi-pinpy 10) moi-ajduig jo de) ajig M0O] M uonEpunoyg paid z-€°0°D 2qeL




- o T

1€1
"dn-"dg =" W (7 x o) wowow Suipuag
widuo ay Jo yaj ap apid uonepunoy
uo anfeA aAnedau saxe) pue “wduo ay df -"dn="pn () 2010} [RIUOZLIOH Aue jo doy apid Jo L
J0 143 o1 uo anfea aamsod saye) ‘x 20J0) [RUIAIUI RIND[E))
"Kx-g+A)="N () 2010 eIy
AL ) - =g (uerpes) a[Sue 10103
U+ N) HE- T
ﬂ._._-ﬁl lku:.hu?.\m ___.._A| .S.ﬁ g..ﬂuu.coﬂ
— — —= (7) wawovdsip [pInozLoH 9
AMD+N) WHA-gHL deo apd aynofe)
“d
=4 (7) wowaoeidsip [EIrUGA
HEN
Moz L] " gy NN NN L]
T+ g+ XY+ Ndu="4 (7 » ) WaWOW Futpuaq JAUN0Y)
apd ¢ Ay jo siqunu dpig—'y a[3ue 10101
sapud 2 e 01 2RUIPIOOD Y (1-7 x ) un FULLIND20 UM
30 wiuo WOy  AOUESI—X 7 2010§ JAIUN0D [RINOZLIOH UONIAYIP NUN FULLNDI0
winu a1d uonepuno J—nu des opid Sunenopes
. i S'g + “du-="4 (o) wawow Furpuaq 1UN0)) 2
a|qm yuawaowjdsip [pIwozLIoY UDYM [[EMIDIS
¢
siip w p pue nun FULLNDOO UM pue des apd “doy
Ag+Tdu="4 (1=7 » o) 3210} 121UNOJ [BIUOZLIOH
€ 210U 338 SIERA—/ 8 d Y W g apd ayy jje Aq paresousd
‘uondanp (1=T =) wns 2210j JNUNOY)
‘v\-'uq - f_.-k
aoppns  Bunoe  2010)  0) 2510] JAWUNOD [RIUOZLIO] yuatuaor|dsip [BoNIA
semotpuadind mpm ded oid——g un uLLN90 UMM
Wo+ “du="4 ( 1-7 = +f) 9210 12]UN0D [BITLIA
1+8="4
S20NON W0 ampasoid euongndwo)

(panunuod)  7-g70°D AqEL

R SR SN S R 120 1 M 1t




sl

) AQ pAneINI[ED SIN[EA AU} UIIMIAG aN[eA Ja[[Rws a1 sayer 1 ‘apd adAy-uonowy Jog apid aj3ws v Jo 2oepns wonoq 1 oy ‘apid Sureaq Juiod 10 ‘wonoq apid A[BuIS JO LA UOIINGINSIP ANSSA]—0F T

:suonenba om}

g pue B g HR NNg jo sSulueaw [eonewiwRIERI(] | (9I0N

H="H+'H+'HZ

F£0°D 21981 YYD 77 pue D g Ty

2010} [EIUOZLIOY JO [NSAL PAINI[ED HOA D) tl
Tod="W (7 = Auswow Supusq 14UN0)
puemof deo apid ur
108 SulApapun Jo $3210)
‘N =Yy (:)2210) Bunsisal [RIUOZLIOL] I
20URISISAI PUB 2IUR]ISISI
=" - onSe[d RN
V' o4="N (:f)2010) Bunsisas [EaMIOA
U0 FunenofR-snw
5'q9-.s'an="wn (7 % Jhuswow Surpuaq 199uno) [[eMmapis pue
10U a1 7] pue [ ‘0] Sw|
deos apd jo soumisisai 01
899 -.0'an="H (f)20105 Bunsisal [eiuozHOH onseld ARMO[E)
1-€0°D 2198 yeys a)1d uonepunoy
i | (7 » uswow Suipuaq [EWIXE
se awes am suonenba Funemae) Aue Jo uomsod
6
pue juatow Suipuaq
A (7Thuawow SuIpuaq WNWIXEW JO UONISO]
[EWIXEW ARINO[ED)
wan
1sip e
SE PARINO[ED S1 )1 'SIRq M PAINQISIP e RO e T T :
G+ ) —+gF+Vnja.o=N (7 x A)wswow Furpuagy 1 yeys ajid Jo Juawow N
$1 UOTIDAS-55010 djqeLreA Jeys apid uoym H n q
Surpuaq LoD

SIONON

Wu0)

ampaososd peuonendwo))

(panunuod) 7-g70°D 2AqeL




W

s e . G ¥
WowaseidsIp [@UOZUOY JwRKdSIp [EORIOA sapid uonepunoj au e jo doy apid Jo wins Sease [BUONDIS-SSOI ) u

33ue 1030J yun uneioudd st doy 2t  yun Funwiouad st doy apd uaypy  1un Funesouad s1 doy apd uaym ‘deo apid JO BAIR WONOG—— UM

| ! ! ! AV I-'1="1
| Vu-d4="
I% TR W EaRR
A o _, & i :[1os uonepunoj pue wonoq des ajid Jo WIWOW BILSUI PUE BIIE PRIU0)——3 pue iy ¢
] |= _ = =
_ .
ﬁ o,
{ W
sl 75-s
RS 3 b9, v N
!
[ A
{} @ - Sl

‘20epns wonoq ded afid 2A0qe 210§ SuNSISA [RIUOZLIOY [2I218] JO ) NF1] JUIDLII0D JO JUILOW BILAUI PUB IIBJINS WOTI0G JOJ JUIWOW BATE B —f PUB § o €
sapd jo soumysip 1UA)——8

‘sapd Jo 1pweip uSisa——p

‘sapid punoxe s1ake] [10s Jo 2jSuR uoNOLY eI JO dFesaAR paySiap — “d

apdap uonenauad afig——y  IYM




Fel

/- £ I..ww =g (17 x 1) 218ue win]
uo sjo8 | =
e doy aprd sy
we="l¢ (1=) Wwowsowdsiq] [IUOZLIOK
Uo S1OB 2210j Jun
ap uaym “‘doy apd v
o G
L e o %+|ﬂu £ ( 1—) 2j5ue wn ], A Jo uondRp
w0 508 | =1l ay) aenofe)
- e s B
o+ 9T+ b+|,.._-u 9 (7 % 1—+) udWwaoe|dsi(] [EINOZLIOH]
TE0D 298l - punosd
s M it RS ; £
Ul P21}192ds U0 0 JWES §1 BINULIOY Y], uonepunoj 3id uo S198 2210J U Y UIYM ‘VOTIEPUNO] A[¥d UO UONIIYIP Y A[NI[ED
70D xipuaddy w pajreia(] 0 N3 ‘D ‘17wt ‘w sipuered Sunenofes o1seq A AJnuapy [4
o
£ 1
dnoss apd w6 B
Jo anu2o Ayarsd 1 3o wiod Anawuks ol Rl WIS UOEINNE)) PUE Peo] AFuap] 1
) U0 Pareao] 3q [eys uIdLo pLd Ay L N 0l
X Ty ...ur?..\-.l|| ]
I DN |
ey WAUO)) S2UNPA20IJ UOHEN[RAT]
aueyd uissaooad snouadoxa (0 jajjeaed Jo) 3umA| apd (smos-pynuw 10) mos-ajduis yo ded apd Y3y im vonepunoy pajig  £-€°0°D AqEL




g€l

XY+ du="4

(7 = ) wawow Suipuaq 13uno))

UOTIEION iU uonIPIP NN
R —— =" (1—7 * o) PIOHANUNOS [BIUOZLIOK $1900 ded uorysno
e YA “|[eMIpIS
"ou—= "4 () wawow Furpusq 129unoy) pue ded uorysno
0} uIBLIO PUB Jp woy dUTSICI—x . wawaoejdstp
: ‘doy apd
2 quinu dpid UONEPUNO §——u Lig 19pd e Jo
i = "4 (1—7 x ) 22I01AIUNOD [RIUOZLIO] i iy wns 2I0ANUNOI
o awpnore)
L e JudwoR|dsip
du="4A (1-7 x o) 2310121UN0D [EITIOA
[31LIA Muf)
h.wm...m =™y (7 % ) Wowow Suipusg
uonEIO U
"d = "d (-f) 9010) EINOZLIOK]
uoNSIYIP Jun
wd— 9,9 =y (4) Wowow Surpusg 1200 ded uorysnd
£ uawoe|dsip aup uaym ‘doy apd
b e [PWozZUOY WU | 2 JO 210§ eI
IH..IT_.% B oy (1-7 = o) 22105 [EIUOZLIO
= - x
o HOoH ap awnoE)
r¥o, i (1-7 %) wawaoedsip
L _ 741 wy
- = 2010§ UOTIANP-[RIXY [O1I2A Jup)
Freway WA S2INPI00I UONEN[RAL

(panunuod) ¢-¢70°) AqeL




9¢1

punoid
Azz mua W+ i mua H)-= __wU (ueipey]) a(@ue wnj, U0 UOIDIS §5019
apid uonwpunoj 01
Al jo uonaaap
a.m._.: + ™"y = "y (7) wowoe|dsi(] [EIWOZLIOH o EHOND
punosd
TH+ W= "W (7 x o) wawow Supuag U0 UONIIS $S01I
apid uonepunoj Aue 6
10 2010) [EUIAL
iy ;I (/) 2010} [RIUOZLIOH
ay) AwNOED
i i =" (7 = +f) Wwawow Fuipudg
ol on-"df ="N s
WSLIO AU JO YI| Y1 U0 dN[RA 2ANRTFIU : ] ™ ; s B a1d uonepunoy Aue G
pue uiod wFuo oy Jo WL =R -"0n="R , J0 3010 UL
uo anfeA aamisod se paydope aq ffeys x ) AR
,.._QA Y-+ \c ="N () 9010) [RUOZLIOH
e s d (ueipeyy) 9pBue wimny,
: Ll -K n-2 :ﬂ .‘.\h
l uonoA[Ip
%H.ﬂ =n (7) wowaow|dsi(] EINOZLOH des uotysno L
W t—H
A AWNI[ED
ﬁ : ) = 4 (7) wuawade|dsIp [IIA
D+N
Py WA $2INP300LJ UONEN[BAT

(ponunuod) ¢-€°0°D A9EL




LE1

aj1d uonepunoy
) s (7 x o) wawow Fuipuaq xepy
I-€0°D 2IqeL &ue jo uomsod
Ul paiy19ads U0 0) AWES S1 BINWIOT Y|, puRe JUIWOW 4
s, (7) uawow Furpuaq Xew YIim uonIsog
Furpuaq xep
punosd
AJQUIasse JUIWII0JUIAI 7.0 3.0 >
IiM PAIBAI] §1 UOTIIS-SSOID J[GELIEA 7] + D= I +'q 3 T ¥'x uﬁ. 2="H (1) 2010 Sunsisas euozUOH . e 5.4
Aue Jo uonoas sso1
uonepunoy afid sy uaym papasu B I
d
ST UOIEINOED JO WM SIYL “p-£0°) Al = & e
JqE, Ul POJIEIAP ety <y ] 2 : ok B f.L.ﬁ Do="N (7 % ) Wwawow Burpuag JOSINy iy
ayp o)
ey waquo) S2INP200IJ UONEN[RAT]

(panunuod) ¢-¢0°D 3qe ]




8¢l

ap1d JO JUIIDIPI0D UOHBULIOISP [EIVOZLIOY Y 01 $I2JAI P UONIIS-SS0I0 UONEINI[ES uonepunaj apid jo pdap ay) 01 S1352 A 3jqe 2y U] 2 NON

009666, | 00T10601 0019099 | OMObI €C- 05019°S1- BLSE0- $9E126 0SSL0'ST- 09816 L1- LOEL T1- STPI9 1 or

0069€° 101 00858'9€ 0060726 01928 €1- OVZ69€1- 5688L°0- SOPLO'T 20¥58's- OvO¥E 01- L9E¥S 6" 12616°¢- s
0LO8E L€ 0ESEI T 06L80°€€ u6Is9 670V8'S- 09$9L°9- 82696'1- 92168°0- $8L89'F- 6L666'S" $50¥S°€- 0€
01§90's2 §5979'L 01LS1TT 16bbY b L0066'9- 66720'9- $SSPET- 6TL61°0 16L01°€- SHLILY 1PE01 '€ 87
099vL'91 S110LY 00898 +1 90128°7- IpSSE'S- £Z0V1'S- S69E¥ T- 6L9160 YELLS'I- 18665°€- 9179 97
OEIET T 996787 015566 1S165°1- £TEL6'€- STTH 106€€°T- 10ZSE T <8860~ 67£99°- LT bz
95£9€°L 796€9'1 0199 85169°0- 85848°7- Z865€°€- 18621 8€5LST L80LT0- £9506'1- PEEE9 1~ T
$T398'F 351160 1€81EF 759500~ 07996 1- $6LLST- S18¥8'1- 87991 9L9070 19€1€ I~ SES6T 1- 0T
SH696°C 2€999°0 EE8SY'E 1L08T0 0LL09'1- SWLTTT 68869'1- 696€9'1 £0S8€°0 LSELO'T 96L11'1- 61
EvISTE 1S6L50 PELVLT $96LE°0 606621~ LLS06'1- STLYS 1- 91191 166750 S1L98°0- $9556°0- g1
96789°C POGEE0 SHI9TT 148250 91950'1- eI 1- £296€1- 12995°1 LE9V9'0 169°0- 88080~ L
9LLETT L6VETO 16089'1 95159°0 99b180- osE1- S0867'1- $6905'1 658€L0 SYEPS0- 679L9°0- 91
6bE68 1 916510 366871 SPLELO L20690- 60911°1- 89¥01'1- 089€¥'1 $SOIS'0 6502V 0- 0L8SS 0~ 51
STIEY'] $OSOT'0 LIEL6D 01280 £88L0- $S606'0- 9bL96°0- 1Z8S€ T $L5980 EE61E0- SISSHO- pl
86vED | YZL90'0 LSOZL0 8€9L8°0 1£95€°0- 0S62L°0- €SLES 0 0ZELT T LTL06'0 09LET0- 96¥95°0- €1
16T 1 95150°0 851250 ZIL160 98857 0- 0SPLS 0~ ELSILO- TSIl £8L€6'0 092L1'0- LELSTO- Tl
78811 POVZO'0 LYLIE0 PEO60 687810~ Z6THh 0- $9709°0- 91060'1 SL6560 61210 1T 0- '
6LOTT'T 06€10°0 9070 199960 E6YT10- 867€€°0- 1886V 0- SHH66'0 10SL60 62€80°0- 759910~ 01
£68901 8€L00°0 971910 Z€0860 $6180°0- Y8THT 0~ EPHOF0- S0L680 ¥T5860 99¥50°0- WIZIO- 60
PI8E0'T $9£00°0 842010 806860 0z150°0- 090L1°0- SLOIE0- pS86L°0 181660 ZIPE0 - 2€580°0- 80
29610'1 £9100°0 90090°0 0PP66'0 100£0°0- €EpIno- 06¥HT 0- $€669'0 085660 10020°0- 91L50°0- Lo
L1600'T $90000 0¥ZE0'0 154660 0910°0- 661L0°0- L66L1°0- PL66S'0 908660 08010°0- 009€0°0- 90
$9€00'1 220000 £9510°0 968660 18£00°0- L9TH00- 665210~ 166660 226660 12500°0- £8020°0- §0
0Z100'1 900000 0¥900°0 996660 0T£00°0- EE1Z00- 00080°0- 86660 $L6660 €12000- £9010°0- ¥
62000'1 10000°0 £0200°0 266660 10100°0- 006000~ 005$0°0- 00000 166660 £9000°0- 05$00°0- £0
00001 000000 0$000°0 666660 02000°0- 192000~ 00020°0- 000020 666660 £10000- £E100°0- 0
00000'1 000000 20000°0 00000'1 10000°0- ££000°0- 00500°0- 00001°0 000001 10000°0- £1000°0- 10
000001 000000 000000 00000'1 000000 00000 000000 00000°0 00000'1 000000 000000 0

o=y
e i i a D g W ‘a 9 g ¥ wdq
‘arg ay ‘atd waeanbs
SIN|E A uonounyg Auanpjuy 0D qe ],




6¢1

T

8ITEL'T 6L66S1 PLOOY T 1SL1 791 T 0LP0'00T 0FE8 061 0966'S81 090L9L1 0TTL P11 0
0011L'1 SEPRS'T 1688€°C LSL'1 191 0T 0S8F0TL 0969L ¥9 0Z86%'L9 009LF09 0Z810°'1¥ St
10691 909851 LYSBET 8181 8SL'1 LeLe OLSTI'LT 00890ZT 0SLTY'ST 0S8TE'1T 07260°S1 0€
L1L89'1 797651 61ILET 6881 6981 06T 09£99°81 0ZE0F ¥ 0Z98€°L1 01LST I 0TH9Z 01 8T
$9989'1 L196§°1 S96TE'T £10T 840'T 191°¢ 061L6T1 Y6T9¥°6 0902811 06879'6 8LILOL 97
0TS89'1 995851 PLOSTT Leee LIET 9I8°€ 0TT60°6 008879 612208 $00LE9 $8TS6F v
06FLY'1 6PSPS'1 1$080°C 165T 95LT 50y 96109 908bT ¥ 69P8E'S 9PRISH 99€ES°E Tt
SOPY9'1 6LEEY | 160781 €IT€ SIV'E LELY 6666¥ S06T6T 8E9PSE €8SI1°€E $9995T 0T
RILIOT 889661 £PE69'1 089°¢ 8L8'E 061°S 6P09L € LYISYT 606¢8°C T9€8C'T PH661°C 61
STI8ST 8S0ZE'1 6LIES'] 00€'v 95b' Y 0€L'S 6E0E1'E LP190°T £€69TT £S9E1'T 9P688'1 81
0bSEST 61TET1 8809€'1 E£E1°C 681°S SLE9 00Z65T 610¥L'1 8168L°1 PE6SL'L TTET'1 L1
066LY 1 08EET'1 TE981'1 8979 6219 PEI'L SEIEIT LLTULY'] 6LEGE T S10P'1 1LL6E'] 91
9ISIP 1 918201 Z8€10°1 SE8'L 6VE'L 1018 0TLEL'] ST | 190L0°1 096911 186611 <l
EITPET 1€8160 SS8P80 640701 7568 €976 650081 088501 L8808°0 TE0P6'0 Z1920'1 ¥l
6619T 1 LELORD 881690 SETEL 0111 91L01 6THITT 166880 016650 0S9L0 YHTL80 €1
SO9LT'T 118690 685550 I¥6°L1 6€0°%1 0ssT1 TEUS0 T9SPLO TIPEPD 9FE8C 0 S9SELD Tl
095801 Y6T65 0 ISEEV O TSt 091°81 SI6'F1 £9699'0 €6819°0 0090€°0 6ELVY 0 I1SE19°0 Il
6LI66'0 PLEGEO SS8TED 08 9¢ 01T 87081 P6105°0 PILOSO £L80T0 LOSEED 9£¥05°0 01
795680 661040 T60VT0 ZIEss 600€E SYTTT ££59€°0 Tr80K 0 S89€1°0 PLEPT O 60L0¥'0 60
£8L6L0 L98IED $8691°0 6L1'88 v88°0F 801°8T TE95T0 0S1Z€0 6£5£0°0 PO0LT'D 160Z€0 80
706690 8tHPT 0 90110 9ET 08T 100°0L obL9E 191210 68SYT0 ¥0050°0 EPPITO SESKT0 Lo
796650 €68L1°0 T61L0°0 YEI'8LT 6LITTT T10'08 pO801°0 0Z081°0 10L20°0 €0TLO0 €1081°0 90
886640 S6KTI0 91700 STR9LS vITT61 01°TL 152900 €0STI'0 Z0£10°0 L91#0°0 Y0STI'0 <0
966650 666L0°0 £E1T00D P 90p1 LI0'SLE Z0STI1 00Z£0°0 100800 £€500°0 €€1200 666L00 v0
0000€°0 00500 006000 065 vt 868'888 00'00Z 0SE100 00$¥0°0 691000 006000 005%0°0 €0
0000T°0 000200 69200°0 01°00STT 000°000€ 000S¥ 00$00°0 000200 £€000°0 L9200°0 00020°0 o
00001°0 008000 ££000°0 00°0009€ 00°000¥T 000081 0£000°0 005000 £0000°0 ££000°0 005000 10
000000 000000 000000 ® o o 000000 000000 000000 000000 000000 0
Cltey * T Lt ¥ o= iy
av-ar | -y | w-ov | e | oy | ma | o | o | e | @r || wr -
..\.U! e ) 2 .Q.t - _Q.v‘ ‘ag- .Q.m iy )y qw "q gty
=) =g <y wajeAnby

(panunued) €070 Aqe]




091

0 Se Enow s1 i 0y < iy uAYA PSud) apid 21 01 §19J21 I TUONDIS-SSOID UONBNA[ED uonepunoj aid ay Jo ydap At 01 SIaJa1 4 SUONBULIOJAP JO JUIDLLIA0D [RIUOZLIOY Y} 01 SIJAI 1 “d[qe) Y} U] 20N

0 0 oy
0 0100 0 P66 T St
0 8000 6F00 0 988'1- €681 0t
0 1000 1700 ¥L00 0 €651~ wy'1- SE9'1- 8T
0 1000 £00°0 €700 901°0 0 143 2 b a8l LOS'T- 0Ty 1- 9¢
0 100°0 €000 9100 cLO0 Ko 0 66T 1- 8EE'1- 09¢°1- 8Te'l- 0ET'1- T
1000 9000 6100 0¥0°0 fral 9610 A N 0ITI- LT STTI- svi'l- 8¥0°1- e
LOO0 oo 9r0°0 180°0 9810 €970 w601+ sor1- 860°1- £LO'T- 196'0~ SO%°0- 0T
¥100 SE00 8900 orro Lo POED vl £o'1- ¥eo'1- 8860~ 7980~ 89L°0- 61
9200 S800 L600 L¥10 9LTO €580 L3860~ SL60- €960~ 968°0- 9sL'0~ $99°0- 8l
£r00 800 veEl'0 £61°0 £EE0 11%0 §T00- 8680~ PE8°0- 96L 0~ Y90~ $SS°0 Ll
L9070 8110 1810 05T0 wro 08%'0 £58°0- CI80- €SL0- PE90- 1280 14340 91
101°0 910 1¥To ITE0 98r0 €950 69L°0- Lo 6890~ 6550~ ¥RE0- 66T 0~ Sl
8¥1°0 6CT0 61€0 010 8850 9990 oo L6S 0~ 8050~ 91v'0- 62T 0~ Svlo- ¥l
Tico €0 810 Teo vILO w6L0 LESO Sor'o- cee0- 6vT 0 6+0°0~ PEO'D €1
66T0 0Tr'o 9%<0 ¥99°0 €EL80 560 81v 0 66T0- oo s0°0- €910 9T Cl
91t'0 950 EIL0 8Y8°0 LLO1 LST1 Ly o 001°0- 6¥0°0 LB1O 0Tyo £05°0 'l
LLS'O 8SL0 FE6'O 160°1 we'l STyl Te0'0- 6v1°0 LTE0 ¥8r0 0rL'0 Y80 ol
0080 ¥ao'l ceT'| LIv]l 8691 PeLI WT0 ILF0 £89°0 L98°0 ISl 8ET1 60
6111 86E°1 So'l IL8'1 61T 8TT €290 2060 091°1 LLE] 669'1 16L°1 80
L8S'] Vel £€97T STET 668'T 666'C ost'l 9081 9z8'1 680°C Sor'T 99¢°T Lo
01£T 8LLT 681°E 61S°E EL6'E 980'% 1£6'1 00¥'T T18¢C I¥l'E L6S'E OILt 90
Ws'E Lyl'y Ly BEI'S 0TL's GER'C £81°E 678’ SBEY 18y £0r's 6ES°S $0
L99'¢ §799 vEVL LS0'8 798’8 6£0'6 60%'S 89¢°9 9LT'L 66L°L €098 18L8 Fo
85701 FO811 L61'El 0TI 9L¥'S1 8ELSI #90°01 1L9°11 £00°tl £10°%1 8T E1 Pre sl £0
§90°€T 1S¢9T 81T 6T (474183 8I8°EE SIEPE 6£6'TT 9TE9T 060°6T BEI'IE 669 EE 981°PE (4]
9TT 06 6E8°TO1 L10°Ell 15021 18€°6T1 0ST 1€l 96106 S08°T01 Fe6'TlI Los0z1 68b'6C1 STIEL 1o
o @ ™ o o o w o o o o @ 00
y'T=ifo 9= 8=l 0'g=40 S'e=im 0t =40 yT=im 9T=4 8= 0'e=H0 S'E=ifm 0y=4yo H
"q 7] wapeAmbzy
uonepunoj 0—%— Jo g yuaidig3a0d Juawow 3uipuaq xew pue | 10)08) U01)IIS Judwow Mn_ﬂﬂoa_ XE S€0°DANqe L




191

0T o SoT0 ¥0T0 ¥0T'0 ¥0T0 €070 00Z0
0TTOo 0zTo 020 0ZT0 00 0ZT0 8IT0
PECO ez o PETO PeET O yETO vET O £ECO0
o T 0 ¥wZo T o ¥T0 ¥z o ¥z o
6¥C0 6¥T0 6¥T0 60 6¥T0 6¥T0 6¥T0
0sT0 0sT0 0sT0 0sT0 0ST0 0sT0 0sT0
A 001 09 0s oy 0€ 0T

BB JEINSUE)IAL U0 pro| panqrysip Ajuasa sapun juiod ajSue jo » Juardiaod ssaas Livipisqng  [-1°0°( 219 L

\.
i

‘Z-1°0°A AIqE.L PUR “[-1°0°( AIGRL YA DUBPIOOIE Ul PINUIPI

aq [[eys BaJe Je[NSUL)OI UO PRO| PANGLISIP A[UdAd Jopun jutod 9[Fue JO 2 U100 SSaNs AIRIpISGnS IFRIOAR pue D JUIIOJ200 ssans Areipisqng  [°0°d

bsauissnog

Y3noay) pAEMIEd 2 JUIDYJI0D SSIIIS AIRIPISUNS ISLIIAL PUE » JUIDIIJI0D §Sa1)s Aseipisqng (] xipuaddy




91

6€00 LEOO €00 8700 ST0'0 0z0'0 Y100 €100 1100 0100 6000 L000 08
SY00 €700 8€0°0 SE00 1E00 S0 8100 9100 S100 £100 oo 6000 oL
s00 1600 900 700 6£0'0 £€0°0 o0 o 0zo'o L100 sloo £100 09
7900 1900 LS00 €00 0500 £P0°0 €800 0E00 LZO0 ¥20'0 1200 8100 0s
¥90°0 900 0900 8500 £50°0 9%0'0 SE00 Ze00 6700 900 €200 610°0 8t
900 9900 £900 1900 9500 6+0°0 8€00 SE00 e00 8700 ST00 1200 9
oo 6900 9900 900 090°0 €500 1¥0°0 8E0°0 ] 1€00 Lz0o €200 vy
€L00 Lo 0L00 £900 £90°0 900 P00 1700 LEDO €€00 6200 €00 (44
9L0'0 9L00 €00 100 L9%0 0900 800 00 000 9€0°0 €00 LTO0 oy
0800 0800 LL00 SLOO Lo €900 500 8700 00 0¥0'0 SE00 0€00 8€
¥80°0 ¥80°0 7800 0800 9L00 6900 9500 7500 8400 €700 $€0°0 £€0°0 9t
6800 8800 9800 $80°0 1800 SLOO 1900 LSOO €500 8¥0°0 oo 9e00 vE
¥60'0 €600 600 0600 L80D 1800 L90°0 €900 8€0°0 €€00 LY0'0 0v00 [4 2
6600 6600 L600 9600 €600 LBOO E£LO'0 6900 ¥90°0 8500 500 SP00 0g
solo coro rO1'0 wlo 0010 ¥60'0 0800 9LO'0 1L0°0 $90°0 8500 0500 8T
Ziro Ziro 1ro olro Loro 010 6800 ¥80°0 6L00 o §90'0 LSOO 9T
6110 6110 8110 8110 9110 1o 860°0 £60'0 8800 1800 £L00 #90°0 ¥
8TI0 8T10 o 9zl'o sTi'o 1Zro 8010 ¥01°0 8600 600 €800 €L00 (44
LELO LELO LETO 9€10 SELO €10 0z1'0 9110 olro €010 S60°0 ¥80°0 0t
svlo 8¥10 s8¢0 Lrlo orio evro €E1'0 6C10 ¥Z1o LITO 8010 L600 8l
0910 0910 0910 0910 6510 LS10 8¥l0 S¥I0 orlo €ET0 ¥zio Tiro 9l
vLIO vLIO pLIO ¥LI'O €L1°0 IL1o 910 910 LS10 IST0 o €10 ¥l
6810 6810 6810 6810 8810 L3810 810 6L1°0 9L1'0 1L1o £91°0 5o (4
4=z
A% ool 09 0¢ oy 0€ 0T g1 91 ¥l Tl ol >

(panunuod) [-1°0°d 29EL




£91

‘() sueyd dn apid sy 03 yutod uone|NO[ES AY) WO DURISIP JeNdIpuadiad——z ‘(W) PrO| PANGUISIP AJUIAD Japun (IPIA S[FueIay——q () proj pANqLISIP AJUaAd Japun iduay afdueioay——->n :MON
8000 £000 000 1000 1000 1000 1000 100°0 0000 0000 0000 0000 oor
6000 000 000 o0 000 1000 1000 1000 100°0 1000 0000 0000 0'sE
1100 €000 €000 €000 000 000 1000 1000 1000 1000 1000 1000 00€
€100 Lo00 000 000 €000 000 000 1000 100°0 100°0 1000 1000 0§t
9100 0100 LOOO 9000 S00°0 Y000 000 oo zo0'0 2000 1000 1000 0ot
8100 cloo 8000 LOOO 9000 000 £00°0 €000 o0 000 000 1000 08l
0T0'0 v100 0100 6000 LOOO S000 $00°0 £000 €000 £000 oo 000 091
€200 8100 €100 1100 6000 Lo00 £000 $00'0 ¥000 €000 €000 000 0¥l
9700 oo LI0D ¥100 zioo 600°0 9000 9000 S000 S000 000 €000 0Tl
ZE0'0 8200 w0 0zZ0'0 L1100 €100 6000 8000 LOOO LO00 9000 S00°0 0ol
SE00 ce00 9z0'0 Y200 0z0'0 9100 110°0 0100 60070 8000 LOO0 9000 06

9

A% Dol 09 0s 0¥ (1} 0T g1 91 ¥l Tl o1 -

(panunuod)

I-1'0°d 219& L




¥ol

P10 STrlo LOov10 96£1°0 6LET'O LSETO STETO 6LT1°0 8FC10 0ITT0 P11 0 LOTT0 SE01'0 vy
6LY10 oo Strlo PERI0 8I¥10 96£1°0 S9E1'0 61E10 68T1°0 IST10 S0TIo L¥PIT0 £L01°0 (44
9I£10 00510 S8 0 L/A4RY 65F1°0 REF10 8010 El0 ceelo LA R 8¥TI0 6811°0 PIITO oy
FEST0 P10 9zs1'0 91S1°0 T0s10 a8rio srio 0¥1°0 8LETO OrET0 £6C10 FETI0 8110 e
S651°0 £E8S1°0 0LSTO 19510 8FS1°0 8TS10 00s1°0 95¥10 LTr10 68€1°0 wel'o 8clo SOTI0 9t
6£91°0 87910 91910 L09T°0 S651°0 LLSTO 0Ss1°0 8051°0 [P0 P10 POELD PEETD 95T1'0 Ve
$891°0 SL9T0 9910 LS9T0 $¥91°0 87910 0910 o810 ££51°0 L6F10 0s¥1°0 06E1°0 0110 (4
EELLO STLTO SILTO 80L1°0 8691°0 8910 8€91°0 61910 6s10 95510 01510 6¥r10 69€1°0 0€
P8L1O LLLYO 69L1°0 £9L1°0 £EL10 6ELLO LILTO 08910 <910 61910 vLSTO FISTO EEvi0 8T
8€81°0 CEBL0 ST81°0 0T81'0 TIsTo 66L1°0 6LLTO SPLI'O 6ILTO 9891°0 wolo £8S1°0 £051°0 9T
S681°0 06810 £881°0 08810 £L81°0 9810 V810 CIsio 68L1°0 LSLTO SILTO LS91°0 8LSTO ¥
ss61°0 s61°0 Ly610 £v610 LEGTO LT610 L1610 £881°0 T981°0 £ERI0 £6L10 ,«.mh“d 6591°0 (44
81070 S10T0 TiTo 60070 #00T 0 96610 8610 86610 08610 Zi610 SL1°0 slo 9PLIO 0T
80T 0 80T0 6L0T0 LLOTO £L0T0 99070 €0T'0 PEOT O 81070 P661°0 0961°0 zi6l'o 0¥81°0 81
wITo 0sITo 8FITO wITO EFITO 8€1T0 0€ITO E£1eo 660T0 6L0T0 6¥0T0 9000 6£61°0 91
1ZTT0 0TTTo 81TT0 LITTO s1TTo HZTo ¥OTTO 161T0 08170 9%1T0 ovizo wITo £r0T0 ¥l
68TT0 88TT0 L8TTO 98770 S8CTO 8770 8LTTO 89CT0 09TT0 8¥CTO 6TTT0 66170 6¥IT0 .l
£SET0 ESETO TSETO CSETO0 1SET0 6PET0 9PETO OveET O SEETO 9TETO E1ET0 16CT0 [ATAAY 01
0¥z 0 01¥T0 ] § 4] 60¥T0 60¥T0 80¥T0 LOVTO £0PT0 00¥T0 S6ETO LBETO TLETO 9¥ETO 80
9s¥T 0 SSYT0 SSVT0 SSFTO SSPT0 SSYT0 PEYT O srTo 1S¥T0 8T 0 LAt LEFTO £TrTo 90
S8YT0 S8¥T0 S8YT0 S8¥T0 S8¥TO S8YT0 S8FT0 8T 0 €8¥T0 £8¥T0 I8¥T0 6LVT0 ¥LvTO o
86¥T0 86¥T0 86¥T0 86¥T0 86¥T0 86¥T0 86¥T0 86¥T0 36¢T0 86¥T0 L6vT 0 L6YTO 96¥T0 o
005T0 00sT0 005T0 00£T0 00sT0 00sT0 005T0 00sT0 00sT0 00§T0 00ST0 00SZT0 00ST0 00
L
001 0§ o0y 9¢€ 0t 8T ¥T 0t 81 91 ¥l Tl 0l e

vaae senSuedal uo proj pnqLysip A[uaad sapun jutod a[SuE Jo © U0 $53.135 A1wIPISQNS ILIIAY

TroasiqeL




€91

1£600 78800 £S80°0 LEBOO L1800 T6L00 19L0°0 1TL00 L6900 0L90°0 LEYOO 66500 PSs0'0 6
65600 1600 78800 99800 9¥80°0 1Z80°0 06L0°0 6¥L0°0 vZLO'0 96900 £990°0 €290°0 9L50°0 88
£L60°0 LT600 86800 78800 79800 9€80°0 S080°0 oL00 6£L00 01L0°0 9L90°0 9€90°0 88500 98
8£600 Ev60°0 ¥160°0 £680°0 8L80°0 75800 07800 6LLO0 PSLOO ¥TL00 06900 6¥90°0 10900 L&
#0010 65600 1£60°0 F160°0 #6800 69800 LEROO £6L0°0 69L0°0 6£L00 S0LO0 £990°0 #1900 8
0zoro 9L60°0 8¥60°0 600 c1600 98800 £580°0 11800 S8L0°0 SSLOO 0TLO0 8L90°0 L7900 08
9t01'0 #6600 99600 05600 62600 0600 1L80°0 87800 0800 1LLOO 9€L00 £690°0 w900 8L
$S01°0 o ¥860°0 89600 8¥60°0 600 68800 9¥80°0 0TRO0 68L00 TELO0 60L0°0 98900 9L
1L0T°0 1E01°0 #001°0 88600 L9600 w600 80600 S980°0 8€80°0 90800 69L0°0 STLOD w900 v
06010 1501°0 €010 80010 L8600 9600 87600 ¥880°0 LEBOO $T80°0 L8LOO w00 88900 TL
60110 1010 #Ho1o 87010 8001°0 8600 64600 #0600 LLBOO ¥¥80°0 90800 19000 £0LO0 oL
6110 601°0 9901°0 0010 0€0T1°0 0010 0L60°0 97600 86800 S980°0 97800 6LLOD £2LO0 89
6F110 PO 88010 €LOT0 £501°0 LT0T0 £660°0 8¥60°0 61600 98800 L¥ROO 66L0°0 L0 99
ILITO LEIT'O 1o 9601°0 9L01°0 0S01°0 9101°0 1L60°0 w600 60600 69800 0Z80°0 9L0°0 ¥9
£611°0 1911°0 9E11°0 0ziro 1011°0 SLOT'O 1010 $660°0 99600 €600 1680°0 800 £8L0°0 9
91T10 S8I1'0 19110 9p11°0 9zIr'o 1o L901°0 12010 16600 LS60°0 91600 99800 SOR00 09
o¥zIo HZro L8IT0 wiro £SO 8Tiro p601°0 LyO1'0 gloro £860°0 1¥60°0 06800 87800 8¢
99210 8eTI0 SITIo 00Z1°0 1811°0 9511’0 o 9LOT'0 9010 01010 89600 91600 T5800 9¢
6CIo S9T1°0 ¥ o 67C1°0 0Izro 98110 wo SOIT'0 SLOT'O 6£01°0 96600 7600 8L80°0 ¥s
0ZET0 S6T1°0 ELTT0 6510 wZro LITTO £811°0 9EIT0 90110 0L01°0 92010 w600 90600 (47
BPET0 STELO POET0 1621°0 £LTT0 6¥T10 91Z1°0 6911°0 6€11°0 wiro LSOT'O £001°0 SE600 s
6LETD LSET'O LEETD PTET'0 LOET'O £8T1°0 0sT1'0 POTI'0 ELITO 9E110 1601°0 98010 L9600 8y
01¢1°0 06E1°0 ILETO 65E1°0 reEro 61€1°0 L8TI'0 o¥zi'o 60T1°0 o LTITO 0L010 00010 9
qz
0ot 0¢ v 9t 0€ 8T L 0t 81 91 ¥l Tl 0l o

(panunued) z-1°0°a 9L




Z1L00
Sve00
S8E00
#Or0'0
STHo'0
800
FLYOO
0500
81500
SES00
£550°0
TwLsoo
6500
96900 1900

¥T 0T 2 E vl

(panunuod) Z-1°0°A AI9¥L




L91

001 £5T0°0 #1000 £E10°0 1000 oo 010070 L6000 60000 05100 ¥000°0 £500°0 £0000 001
0L se00 62000 081070 8T00°0 11E00 61000 €100 61000 11200 0100°0 £L00°0 60000 0L
0s 9Lv00 95000 9€T00 +500°0 Troo 8€00°0 SLI00 9€00°0 68700 61000 L6000 81000 0¢
0e 98L0°0 8¥100 0EE00 SE100 1990°0 00100 Y200 6000 8EH00 10070 or100 9+00°0 e
£T 0600 <0700 €9£0°0 £8100 69L0°0 or10'0 9LZ00 cTI00 8E50°0 cLooo LETOO £900°0 €T
0t 1L0T°0 F0E00 10+0°0 €ST00 L1600 11200 80€0°0 9L100 05900 80100 SL100 06000 0t
81 ESI10 £9€0°0 SIv00 $620°0 £660°0 $sT00 ITE00 #0700 60L0°0 0€100 98100 <0100 81
91 LYT1 o 0Fr0 0 LTVO0 6EE00 8010 01€0°0 £LE0°0 8EC00 6LLOO 09100 S6100 €C100 91
LA 9SE10 0Fs0°0 9Ev0'0 6L00 L8110 98€0°0 PrPE0D 8LTO0 S980°0 zozoo POTO0 S¥100 ¥l
£1 08%1°0 €L90°0 6EF0 0 05+0°0 ZIgro 16¥0°0 15£0°0 00 0L60°0 09200 [ rdini] IL10°0 Tl
0l Y910 5800 0EF00 80500 19¢1°0 8€90°0 1S€0°0 SLEOD POL10 9re00 LI1T00 10200 01
80 LBLIO £601°0 SOr00 £650°0 0r91°0 £580°0 0re00 1900 LLT10 08+0°0 LITO0 TET00 80
90 99610 SoF10 SSE0°0 0900 1681°0 9110 80800 8¥0°0 S0s10 00L0°0 LOTO0 65700 90
o €51T0 18L1°0 0LTO0 L8¥00 ¥80T0 #0910 SPTo0 0Tro0 01810 6010 6L100 69700 o
To €EETO 9170 8¥10°0 96200 80£ETO STITO 0r100 08200 19120 12810 oo €000 (4
00 00ST0 00sT0 00000 00000 008T0 00£T0 00000 00000 00§T0 000 00000 00000 00
qz 0 ] o /] o /] o o n 14 n b q/z
u ; - ~ = - ; ap
[4 I i
qo 90 o o qr
gaie sepn3ue)das uo peoj sepnduery sapun juiod 33ue Jo » JUINYJI0D SSANS Laeipisqns 35e19A8 pue » JUAINYJR0I ssans Lepisqng  7'0°A Aq¥L
do=2.0 do=zpy
1 g
R ~
3
d d

*70°( 2191 YHm 20UBpIOddE Ul
paynuap! 9q [[eys vase Jenueldas uo peoj se[ndueLn Jopun jutod s[3ue JO 2 JUIIIII0D SSINS Kreipisqns oFeIdAR pUR D JUAIDLYJI0O SSANS Aepisqng  7°0°d




891

001 65€0°0 87000 | LOZOO | 82000 | 9££00 pZ000 | 98100 | €2000 | S0€00 | 61000 9100 61000 001
0L 96+0'0 95000 | LLZOO | 95000 | s9r00 000 | 15700 | 000 | LzvOO $€00°0 6120°0 8000 oL
0's 19900 80100 | 95€00 | ¥0100 | #7900 16000 | $2€00 | $8000 | 9500 $LOOO $820°0 1L00°0 0's
0€ 9L60'0 0LZ00 | 9K00 | 6¥200 1€600 €6700 | 6£v00 | ¥IZOO | 1L80°0 6100 26600 9L10'0 0€
§T LOT1'0 9600 | €1500 | 9ze00 | €901°0 81€00 | 8L/00 | #8200 | 00010 $970°0 62400 9€70°0 §T
0T pLTI0 1500 | wsoo | vevoo | zeTro 9sp00 | €1500 | ¥8€00 | 69110 L8€0°0 L9¥0°0 $ZE0'0 0T
g1 PSETD 96500 | 95500 | (8¥00 | EIENO pES00 | SZS00 | sev00 | TSTIO | LSKOO 08+0'0 1L£00 g1
91 10 96900 | 19500 | S¥s00 | sovI0 82900 | €€500 | KOO | SHEIO L¥S0'0 06v0°0 ¥Tr0'0 91
vl 1#S1°0 (1800 | 6sso0 | 90900 | cosro 1SL00 | €SO0 | 5500 | IskI0 1990°0 $6¢0°0 £850°0 ¥l
(4 6¥91°0 79600 900 9900 12910 10600 £TS00 S190°0 1LS1°0 LORO0 6800 9S00 1
01 69L1'0 110 | 81500 | so00 | 9wL10 98010 | 20800 | 99900 | ¥OLI0 | 96600 9Lb0'0 20900 01
80 66810 sse10 | owoo | ozoo | €s810 nero | 6sp00 | 88900 | zssro | zezio 0¥00 L£90°0 80
90 6€070 0910 | ¥6£00 | €900 | 0€0TO sLS1'0 | 88600 | ¥$900 | 11020 | 0ZSTO 9L£0°0 01290 90
o L8120 IS810 | 88200 | 6€500 | #8I1TO o810 | ssz0 | €500 | sLizo 810 08200 L1500 Y0
zo ETO ¥8IT0 | €5100 | S0£00 I¥ET0 WITO | TSI00 | Y00 | 6£€T0 8LIT0 1S10°0 10£0°0 z0
00 00570 00STO | 00000 | 00000 | 00STO 00sz0 | 00000 | 00000 | 00sz0 | 00STO 0000°0 00000 00
w n o n o o 0 n n D o n n
- - - - - - 9"
1
4
wod uiod
v 71 01 80

(panunued) 7'0'q AqEL




691

001 60100 000 TsT00 1000 S6E0°0 LE000 6ET00 LEODD 6LEOO e000 ¥TTo'0 ££00°0 001
0L 86€0°0 €800°0 £EE00 18000 1#S0°0 vLOO0 81€0°0 €£L000 0TS00 99000 66200 #9000 0L
0s PELO'O ¥ei00 1Z¥0°0 8vI00 PILOD 6£100 €000 SEI00 06900 £TI00 7800 0Ti00 0s
0t s010 65£0°0 1¥S0°0 1E€0°0 ££01°0 £EE00 €TS00 LOEO O 8001°0 £0E0°0 £0S0°0 08T0°0 0¢
ST 08110 6910°0 SLSO'0 61%0°0 9110 orr00 09500 £6E0°0 6110 SOr00 0¥S00 900 sT
0¢T 8EEL0 ST90°0 66500 ££50°0 YZELD 96500 L8E00 LOSO0 €0ET0 09500 0LS0°0 PLYOO 0T
81 €110 60L0°0 +090°0 S850°0 00v1°0 18900 £650°0 0950°0 I8E1°0 900 8LS00 8TS00 81
91 vor1 0 90800 £090°0 6£90°0 PEr10 08L0°0 #6500 91900 L9F¥T1°0 €PLO0 08500 98500 o3
¥l S851°0 17600 P650°0 76900 9LSTO L6800 98500 900 9510 Y9800 SLSOD 900 ¥l
(A | ¥891°0 £S01°0 PLSOO 8€L00 8L91°0 LEOTO 89500 1TLO0 9991°0 L0010 09500 86900 Tl
01 LTARY SITI0 8ES0°0 99L00 68L1°0 T1o PESO0 £5L0°0 I8LT0 9LITO 8CE0°0 SELOD 01
80 S161°0 SovLo 800 65L0°0 zlelo 96£1°0 08v0°0 1SL0°0 LO61T°0 I8E1°0 9LY00 6ELOO 80
90 LYOT0 0€91°0 00+0°0 6¥90°0 9%0T0 ST91°0 66£0°0 06900 €070 91910 L6EDD ¥890°0 90
¥o 06170 16810 06200 9s00 06170 68810 06200 SPs00 68170 9881°0 68700 £PS00 vo
(4] EPET0 c8ITO £510°0 90€£00 EFETO S8ITO £5100 90£0°0 EPETO0 S8ITO0 €€100 S0L0°0 <o
00 00ST0 00ST0 00000 00000 00sT0 00T 0 00000 00000 00€T0 00§T0 00000 00000 00
" D D » 0 » D b » o D 0 »

e = by e = = (o

uj Xapu
(4
i
g 91 1 4| g

(panunuod) 7°0°d 9% L




0Ll

001 S8H0°0 £8000 STE00 8000 w9r00 99000 70£00 99000 €0¥0°0 9000 £920°0 9000 001
0L 900 FE100 ¥iv0'0 Te10'0 61900 9z10'0 16£0°0 ¥T1o0 TwLsoo 16000 LYEDD 68000 0L
oS L1800 95700 00500 8¥T00 L6LOO 12200 08¥0°0 rizoo 6vL0°0 L9100 SEPO0 19100 0
0t 91110 800 00900 6¥+0°0 POIT0 1§¥0°0 6850°0 61700 L9010 0800 pes00 Te€0°0 0€
§T EETT0 $8500 £790°0 67500 €TI0 65500 #1900 $0S00 £611°0 16¥0°0 98500 000 §T
0T LLETO 9cL00 3 ¥Z90'0 ILELO LOLOO 62900 L0900 8PETD 6¥90°0 80900 £550°0 0T
81 SPr10 L6LOO ££90°0 99900 P10 8L00 87900 75900 wrio 0€L00 11900 #0900 81
9l ITs1o 8800 97900 80L0°0 LISTO 0L80°0 £290°0 L6900 0s1°0 97800 60900 9900 91
S091°0 8600 T190°0 8¥L0°0 €091°0 £L60°0 60900 6£L0°0 1651°0 LE6OO 66500 LOLOO LA
Cl 6691°0 €011°0 9800 6LLO0 L6910 9601°0 ¥RS0'0 PLLOD 68910 6901°0 LLSOO 6¥LO0 Tl
0l £081°0 8¥T10 9rs0°0 ¥6L00 £E081°0 ¥rTro S¥S00 06L0°0 L6L10 STTI'0 0¥s00 PLLOO 01
80 0z61'0 ¥Trio L8P00 9LLOO 0z61°0 £Trio 98¥0°0 €LLOO L1610 Tivro £8¥0°0 ¥oLO0 80
90 080T 0 6£91°0 oroo T0L00 050T0 8€91°0 0r00 10L0°0 8¥0T0 £€91°0 10¥0°0 96900 90
¥o wITO P6R1°0 16200 6¥S0°0 w6IT0 r681°0 06700 8¥S0°0 16170 6810 06700 L¥S00 vo
(4 EPETO 981T0 £5100 90€0°0 EVETO 981T0 £S100 90€0°0 EPETO SRITO £€10°0 90€0°0 o
00 00§T0 00ST°0 00000 00000 00£T0 005T0 00000 00000 005T0 005T0 00000 00000 00
o » o » o » o 0 o 0 0 d o =

(4
o 0e 0t =

(ponunuod)  7'0°Q 2AqvL




1L1

001 97500 17100 P00 6£10°0 02500 0£10°0 6500 87100 60500 1100 6¥€0°0 11100 00l
0L #L90°0 91200 SHH0'0 ZIz00 1£90°0 LOZO'0 w00 v0Z0'0 £990°0 06100 SEPO'0 98100 0L
0§ 6€80°0 60£0°0 12500 10€0°0 LESD'D £0£0°0 61500 9620°0 £€80°0 06700 S150°0 £870°0 0§
0¢ STITO 11500 60900 9LY0'0 ¥TIro 60500 60900 PLYO'0 €TI0 #0500 L0900 69100 0¢
§T 6£T1°0 0900 87900 8¥<0°0 8€T10 #0900 87900 LYSO'0 LETI'0 10900 L7900 £750°0 §T
0T 08€1°0 8€L00 8€90°0 9€90'0 08€1°0 9£L00 8€90°0 9€90°0 08€1°0 ¥ELO'D LEYO'D $€90°0 0z
81 8¥10 80800 $£90°0 §L90°0 8rr10 90800 $£90°0 §L90°0 LYP1'0 S080°0 SE90'0 €L90°0 81
91 €251°0 68800 87900 SILOO €281°0 88800 82900 S1L00 €510 L8800 87900 ¥I1LO'0 91
vl 90910 L8600 £1900 €5L0°0 9091°0 L860°0 £190°0 ZSLO0 90910 98600 £190°0 TSL00 ¥l
Tl 00L1'0 SO0 L8500 £8L0°0 00LT'0 0110 L8500 £8L0°0 00L1'0 <0110 L8500 78L0°0 i
01 v081°0 0sTI'0 9500 96L0°0 PO81°0 0SZ1'0 950°0 96L0°0 Y0810 0ST1'0 9500 S6LO°0 01
80 12610 9Zr1'0 L8Y0'0 9LLO'O 17610 9Ty1'0 L8Y0'0 9LLO'0 1261°0 9zZr1'0 L8F0'0 9LLOO 80
90 0020 0¥91°0 0000 Z0LO'0 05020 0r91'0 W0r0'0 Z0L0'0 05020 0¥91°0 Z0r0'0 T0L0°0 90
v 6170 ¥681°0 16200 6¥50°0 6170 ¥681°0 1620°0 6¥S0°0 6170 ¥681°0 1620°0 6¥S0'0 ¥0
0 EPETO 98170 £510°0 90£00 EVET0 98120 €100 90£0°0 EYETO 98170 £510°0 90£0°0 70
00 00ST0 00ST0 00000 00000 00ST0 00SZ0 00000 | 00000 00ST0 00ST0 00000 00000 00
e w 0 w k1 IU.. D w o W o W o Q\N

X
T
1o,
001 08 09 s

(panunuod) 7'0'd A9EL




CLl

= - 3

160 L50°0 0s HM.M %w” Q.M

ot ' 43 9090 omm.c £T

£5E°0 2900 8y €290 ST 0 7T

65€0 900 Ly e a4 3

i st o 8590 $870 0T

_— i v LL90 L0E0 61

6LED €£L0°0 vy ; . ;

: ) 1 L690 eeo0 81
98¢0 9L00 13 4 - : :

’ : , RILO 09€0 L1
£6£°0 6L0°0 4 4 66L°0 06€°0 91
10¥°0 €800 't 5 > L

: : . 9L0 ¥r o (H
60F 0 LBOO oy : - ;

: : e ¥8LO 19%°0 ¥l
i e gs 8080 2050 €1
STV o 9600 8t y - :

x ] : 1£8°0 L¥S0 Tl
FEVO 1010 L'E e rers :

. g SS80 $65°0 'l
32 41] 901°0 9t i i :
£S¥0 1ro St Y e =
€Op°0 LIT0 Ve 1060 10L°0 60
€LY Y10 € €60 9sL0 80

. : : 60 1180 Lo
¥8¥°0 0ET'0 Tt ; . =

: ; 0960 $98°0 90
se6r o 810 k3 : : :

. ; 3 PL60 1160 s0
LOS0 910 0'€ . ; .

: : : 9860 6v6°0 Yo
6150 SE10 6T . ! ]
TES0 910 8T > g v
wso SLTO LT 8660 2660 7o
0950 £810 97 e foen AT

000°1 000°1 00
D D D o
= dfz = 4fz
punoy punoy
BIIE PUNOI UO PEO| PAINGLYSIP AjuaAd Japun jutod 3j3uk Jo » Xapuj JUAIYA0d ssANS AIBIPISQNS ITLIIAR PUE D XIPU] JUIDYJI0D ssans Lweipisqns (7))  1-€°0°A 219¢L
"€0°d 2[qE.L [PIM 0UBPIOIIE Ul palJUSp! aq [[BYS
BAIE PUNOI UO Peo| PAINGLISIP A[uaad 1opun juiod afue Jo » xapuj JUSISLJR0D SSANS AIRIPISqNS IFLIAR PUE D XIPU] JUIDJR00 ssans Areipisqns  €°0°d




£EE0 c0zTo £90°0 £60°0 Cl
¥rE0 10 190°0 600 'l
95£0 8€T0 LS00 160°0 01
89€°0 85T0 $S0°0 8800 60
08E°0 6LT0 0500 €800 80
£6£°0 00E0 P00 8L0°0 Lo
900 ¥Teo 1+0°0 1L00 90
0Ty o 6FE0 CE00 £90°0 <0
SEVO 9LED 0€0°0 500 ¥o
0S¥0 £0v 0 £20°0 00 €0
99%°0 EEVO 9100 1£0°0 o0
€810 S9%°0 800°0 9100 1o
0050 00€°0 0000 00070 00

bel ) 7l ) Az

= = Xapu|

4 I o d

¥a.e punoa uo peoj Jenduern sopun juiod 3Sue Jo © Xopul JUIIIYJI0D SSAAIS AIBIPISNS IZLIIAE PUE P XIPUL JUIDLII0D §5A1)S Areipisqng  $°0°d 2198L

BAIE PUNOI JO 12)AWRIP IWAg—d

.._m 0= | g= Ty 1*‘ 4
.. > 17 | '

..u b AL LR E D P PPPTPIrrs, <

O L

) e

'¥'0°d 219l YIM 20UBpIOOdE Ul PILFIIUSP]
aq [[eys eaIe punol uo peoj sejndueln sopun juiod o[Sue Jo » XIPUI JUIIVLYJI0D SSANS AIRIPISqNS TLIIALR PUB 0 XIPUT JUIIDYJI0D SSANS Areipisqng  $°0°d




PLI

8810 $50°0 L900 S¥00 re
w6l 6500 8900 900 4
9610 1900 690°0 8¥0°0 (43
00T0 ¥90°0 6900 0500 | 4
oo L9500 0L0°0 s00 0¢
60T0 0L00 0L0°0 $S0°0 617
FITO ¥LO0 1L00 LS00 8T
6170 8L00 1L0°0 6500 LT
sTTO 1800 cLoo 2900 9T
0ET0 9800 TLoo ¥90°0 §T
9eC0 1600 £L00 L90°0 ¥T
wio L600 €£L00 0L00 €7
6vT0 voro £L0°0 oo (&
S§T0 orro €L0°0 SLOO I'T
€90 L1ro £LOO 8L0°0 0T
0LTo 9z1o oo 080°0 61
8LT0 vELD oo £80°0 8l
9870 rio 1L0°0 SRO0 Ll
¥6T0 ¥elo 0L00 L8300 91
£0E°0 910 6900 6800 Sl
€10 LLTO L90°0 160°0 ¥l
£€CE0 0610 $90°0 600 £l
. 0 : b

(panunuod) $0°a AL




SL1

§T00 or1o LTO0 LS00 €200
LT0°0 Ko 6200 8500 LT00
6200 0510 1£0°0 6500 6200
1£0°0 (SN vE0'0 190°0 1£0°0
££0°0 191°0 8€00 900 ££00
900 L91°0 100 £90°0 9£0°0
LEOO 0LT'0 €00 ¥90°0 LEOD
8€0°0 EL10 900 €900 8€00
0r0'0 LLTO 8¥0°0 $900 0¥0°0
%00 081°0 1S0°0 9900 I#0°0
¥81°0 €500 L90°0 €00
0 n o D

(panunuod) o°q AqeL




" 9L

8959 6899 9£8'9 OLL 00%'L 0oLL ¥9T8 8988 651701 9Tr'Tl 2

908°1 908'1 9081 StL'l 8PL'1 €SL'l 1Ll piL'l 699'1 9¥9°1 o 0t
60T°0 00ZT'0 0610 6L10 9910 o SETD 9110 0600 £80°0 e

8CI9 0ET9 £ESE9 LyY99 1¥89 S60'L £85°L 608 S0T6 81111 0

68L°1 98L'1 £E8L'1 L'l L'l L'l 6L9'] 9891 879°1 9651 o ST
170 ITT0 Hzo 6610 981°0 0L1o <o 110 €010 €900 2

689°S ILL'S 0L8'S €Ty 08T9 9819 L689 0IEL 9ETR E8L°6 0

E8L°1 LLL'l oLL'l TiL'l 90L'1 10L'1 959°l peo'l sl 8PSl s 0t
090 6¥T0 8ET0 STTOo 11T0 ¥6l10 SLTO 1s1°0 0z1o SLOO 0

65T°¢ 0Te's £6€°¢ #09'¢ LS 8L8'S 80T9 0Zs9 osTL £l e

86L°1 L3l 9LL’] 8IL1 LOL'T 969°1 ¥l LEY'] 89571 8051 o) sl
8670 L8TO SLTO w0 9To 8TT0 LOTO 081°0 9rio0 €600 0

S98'y €06y 6v6'v virs I61's 6T's SESS LEL'S 09T9 000°L o

0981 el 881 89L'1 0sL'l IEL'1 991 £59°1 ELS'] L8¥'1 2 01
LSED 9reE0 £EE0 81E0 10€0 870 85T0 8TT0 8810 sTIo 2

189t 069% YLy LISY 13284 L8V 0T0's 980°S 9sEs £95°S 9

860°T £L0T LYOT 186'1 6¥6'1 sl6'l P8l LeL'l L3891 £rsl D 3

89¥°0 95¥ 0 Eerro |8TH0 010 68E0 £9€°0 67E0 _TO €070 0

pi
01 6 8 L 9 § ¥ £ [4 I 9P

(z=p/") 1-1°0°3 198 L

T6SS
10 -6°5"S SOIOIMY YA SOUEPIOOOE Uf POIEINO[ES PUE *S-["("H~[-1°0"d AIGEL WOI} PaIaas q [[PS A XaPu] JuawaIas JudeArnba uonepuncy oy1d L - 10

>h xapuy Juawd[)yas yudjeamnba uonepunoy apd jo siajowmeaed uonemoe) 7 xipuaddy




LL]
IRUIRIP Iid——p “BUI] Jfid— ‘Uonepuncy aid passnio Jo yIpa des uorysn)——g ‘uonepunoy aid passnyo Jo ISud| ded UoTYSN)—>7 0N

SHLTI €Z1°El SLSEl el €S1°S1 6¥0°91 809°L1 00¥'61 ¥T0°€T Pl 6T 5

65TT 667T PPET 95T T 1ET SLET IvET 9EH'T €T €517 9 001
$60°0 0600 ¥80°0 8LO0 Lo $90°0 LSOO LY0'0 9€0'0 1200 By

ESB I ¥61°T1 €09TI el 9E0°F1 6b8P1 L9791 L6 LI S61'1T LOE'LT 5]

681°C €2TT 192°¢C LLI'T §TTT 08Z¢C SHTT 8TET €8T EEET D 06
£01°0 L60°0 160°0 $80°0 8L00 0L00 1900 150°0 6£0°0 o )
#9601 oLzl SE911 [ ST6TI o€l £E6'F1 86€91 0LE'6] 898°+C )

611 LP1'T 8LIT 660'T 6€1T 81T 0sI¢T 0Tt PLIT £1TT 3, 08
TIo 9010 0010 €600 $80°0 LLOO L90°0 950°0 €400 200 =
080°01 6¥E01 Lol el 81811 SOr Tl w9l 106F1 9bSLI €T ]

6¥0°T o't L60°T 120T ¥SO'T 160T 50T PIIT L90T S60°C ) oL
€210 LITO 0110 010 ¥60°0 S80°0 SLOO £90°0 8700 8700 5

00T 6 EEY'6 €IL'6 ¥8T 01 SIL01 8LTT1 vLTTI 90b'€l 61LSI L96°61 o)

1861 8661 910C SH6'l 0L6'1 666'1 961 010T 7961 6L6'1 0 09
LETO 0€1°0 wo vI0 010 $60°0 800 0L0°0 ¥S0°0 1€00 3

€TE8 615’8 SSL'8 LYT6 €196 06001 SH601 0611 S88°€l wvLl )

9161 LT6'l 6€6'1 U8’ 6881 161 EL8] 6061 0981 981 9 0
¥S10 LYo 8€1°0 6210 0zI'o 8010 9600 1800 7900 9€0°0 %

oL S09'L L6LL 11T8 6058 0068 0196 96£°01 9€0°ZI 861 ]

S8l 198°1 L98'1 €08'1 P18l L8 L8L'1 7181 19L°1 YSL 19 o
LLTO 691°0 091°0 0S1°0 6£1°0 9z1'0 TIo €600 €L0°0 900 49,

Pil
01 6 8 L 9 S ¥ 3 z I g1
(panupued)  §-1°0°3 AqeL




8.1

£88'S 8L6'S £60'9 0119 8859 w89 60€ L bLL'L Sv8'8 SES01 0
66L'1 081 8081 €pLl osL'l 65L'1 SILT 62L'1 L99'1 €91 o) or
8020 6610 6810 8L10 $91°0 0510 €E1'0 o $80°0 ¥$0'0 2
9TT’s L6T'S €866 8€9°S uLs 66' 1€€°9 089'9 908 L (7R o
08L'1 LLLY SLL Tt e 60L 1 991 €99'1 5651 ws'1 o o€
P70 ¥ETO €220 0120 9610 0810 0910 9€1'0 $O1'0 §50'0 0
668'F 856'F 0£0'S TS POE'S 1s's 6£8° Ly 98'9 wsL )
08L'1 L] o1 90L'1 669'1 €69'1 7o'l LE9'T 5951 0051 53 st
8970 8570 WwTo €670 8120 0020 6L10 €510 8110 £90'0 0
LLS'Y €29t 6L9Y 698'F 8567 €LO'S 9pE's 0Ls's LET9 6L8°9 )
€6L'1 €8L1 uLl el 00L 1 £89'1 SE9'T 6191 ws'l 19v'1 o 0z
6620 8870 9LT0 w970 90 LT o $0Z0 9L1'0 8€1°0 5200 0
9Ty 00€ ¥ ovEY 9%6b'Y 655 199y ss8°% 010's SEV'S 006'S )
w8l Lg'l 1081 el €Ll €0L'T 9wl 619'1 £ES'1 0Ep'1 o g
weo 0£€0 LIEO 0E0 $820 $970 0¥T0 6070 9910 €600 2
000'% L0y 8€0'Y 81y €61y LETY VREY 09¥'¥ £TL'Y 198°% 0
$€6'1 €161 1681 8281 1081 0LL'] soL1 991 6551 61¥'1 2 01
90¥0 P60 08€0 P9E0 90 bZE0 8670 €920 €170 §T10 0
8r6' o't 8€6'€ rI0Y L00'Y $66'€ €50 900°Y 90°¥ 6L9€ 0
067T 9577 81TT T 8607 SH0'T 5561 SL8'1 €Ll £8v'1 D s
8250 9150 ws0 980 89¥'0 S0 9150 LLEO 81€0 €070 0
P
01 6 8 L 9 § y € z 1 e

(€=p/") T-1'0°1 Y19EL




6L1

ARUWRP A1 ——p "YU ig— ‘uonepuncy apid passnid Jo ypim ded uoiysny——g ‘uonepunoy apd pasisnio Jo RBUI| ded UoIYSHY——>7 0N

988'6 Lol e1r ol ottt 150 0 101°¢l 10T°¢l LOEF1 0LL91 §T60T LD
wo'T 980°C EETT POT 1] 891°¢C EE1T STTT PLI'T 8ITT D 001
¥ILo 8010 ro $60°0 L300 L60'0 690°0 LS00 oo 1200 D
1Te6 LTY'6 ¥89°6 91£01 S0L°01 LT 80TTI 0ITEl rr Sl 00T 61 e
866'1 980T 9L0°T 1661 0T 960'C 090°C 6E1'T L8OT 811'T D 06
€210 L1ro 011 o €010 $60°0 £80°0 ¥LO0 900 S¥00 oo D
0rs's 1EL'8 6568 LTS6 ¥LB6 STEO1 0Tl LIzl 0zI'vl 8LV L] L)
¥s6'l $86'1 610°C 86’1 6L6'1 0T 886'1 £50T 000T 610C 8 08
PET'O LZro 0zro ciro €010 £60°0 1800 8900 0500 $T00 0
1L8L 8E0'8 BET8 wiL'e LY0'6 6 LETOL 620°11 108°C1 9SLSl 8]
el 9€6'1 w6l SRY'I 816°1 ¥e6'l 9161 896'1 E16'1 g6l D 0L
Lo or1Lo CEro £Z10 FITO £010 0600 SLOD 9500 8700 )
90TL SYEL 0Ts'L 6L (4 89¢'8 65T°6 6 6 9811 6201 o)
0L8'1 8881 LO6'] PER'l 8581 £88'1 P81 §88°'1 878’1 (4 3| 2 09
£91°0 sS1°0 910 LEL'D LZ10 s1ro 1010 ¥80°0 £90°0 1£0°0 D
£vS9 999 S08°9 S8I'L Sov'L P69'L ¥8T8 098'8 891°01 6T TI L%}
(4331 Ev8'l SER'1 98L'| 108°1 6181 8LLT SO8°l 9Ll 9TLl D 0§
310 PLIO s91°0 sS1°0 o 0E1'0 viro 9600 Lo 9£0°0 i
Pl
01 6 8 L 9 s ¥ € T I s
(panunuod)  Z-1°0"A AqeL




081

120 S80S £91's 9Ev's 9ss's EIL'S £60'9 wre sol'L 1928 L9

S9L1 OLL'l PLL] 80L°1 vILl 0Ll £L9°1 189°1 1191 €eEl 9 oF
EETO £TT0 TITco 00T0 9810 0LT0 IS1°0 LTT'0 S60°0 Fr0°0 D

LYy ¥isy I8¢+ 66LF LS8 P00’ 86T S LA wi 89 v

ILLT 89L'1 oLl 10L°1 969°1 1691 0¥9'1 £E9'l §e86°1 Liv'l 3 0t
ILT0 1920 6¥T0 9€T0 ITT0 £€0T0 1810 ¥sl'o LI10 SS00 2

80TY Wiy 3T (4184 SSS'Y 059y 006t 180°¢ 8LSS pire o)

98L°1 6LL] oLL'l 80L°1 869'1 9891 1330 9191 peSl 1Pl 2 ST
L6T0 98T 0 PLTO 0920 o STTo o £L10 o £90°0 &

o€ L6t 600'% 691y STTY LTty wsr 99 ¥T0'S 19¢°¢ o)

8181 So8'l I6L'] OEL] eIl €69'1 8E9°1 19l 1Z8°1 80¥'1 o 0t
1££°0 61€0 90£0 16T°0 SLTO ¥ST0 0£T0 861°0 €510 SLOO D

€69t TILE 9Lt 998°¢ Po6't IS6E LTy 881'Y 8SPv ISy iy

188°1 £98°1 £v8'1 I8L'1 LSL'1 6CL'1 999°1 99’1 sl pREl s Sl
9LED ¥9E0 120 SEE0 LIE0 96T 0 690 PETO S81°0 £60°0 0

asre 06v € 005 L6s'E Cl9te 0£9°€ 6Lt EvL'E ELRE LOLE )

LT 000T el 9061 0L8'l 0£8'1 9Ll S69°1 0LS'| 8LET e 01
Sty o EEVO 61+0 £0v0 ¥8E0 1980 TEe0 ¥6T0 LETO sTIo D

LSY'E e EEV'E 88E 9re IEv'E Lg% oree 13743 £E9°T L9

0€S°T ¥8r'T vEY'T 6PET 98TT eIt 101e 986'1 98L'1 Sl e 5

0850 8950 S50 8£50 6150 s6v0 Poro ro pseE0 £0T0 D

01 6 8 L 9 s v £ 4 I ¢
ar1

(F=p/") €1°032qeL




IAWeIp 3fid——p “BuI] 2ig——7 ‘uonepunoy aid pasrsnyo jo ypim deds uorysny——°g ‘uonepunoy ajid pasaisnid jo (ua) des uorysny—>7 NN

6£€8 IS8 s I£€6 6£9°6 9£0°01 81601 16911 $65°El 0691 1
€881 1€6'1 186'1 1681 €561 120 9861 6L0T §T0T LSO'T o) 001
0£1°0 €210 LIro 601°0 00170 0600 6L0°0 £90°0 LYO0 1200 D
wLL BE6'L wi's bL9'8 6¥6'8 S0€6 0101 66L01 81STI 61161 9
881 6681 V6’1 LS8 606'1 L96'] 1€6'1 600T £S6'1 w6l e 06
or1o £E1°0 9z1'0 Liro 8010 8600 800 1L00 1S0°0 7200 0
97T L EL vIS'L 020'8 98 8L58 1676 1166 At ESLE )
Fesl 8981 706’1 sl 998°1 P61 9L8'1 0r6'1 881 L8381 L) 08
®ro SP10 LETO 8710 8110 Lo1'0 €600 LLOO LS00 $20'0 2
99 68L'9 6769 69€°L 085°L 958°L 81’8 6206 I18€01 L8ETI )
TI81 681 L98°1 68L°1 ¥zl 1981 1z81 U8l 181 £08'1 <, 0L
991°0 8S1°0 0S1°0 ov1o 0£1°0 LI10 £01°0 9800 €900 8200 D
0z1'9 6179 8€€'9 1zL'9 2069 8EIL ¥89'L w18 61£6 12011 ¥
16L°1 181 7681 8SL1 €8L1 0181 89L'1 08’1 L 61L'1 D 09
€810 SL10 910 951'0 P10 1£1'0 siro 9600 1L0°0 1€0'0 D
695°S 089's 6¥L'S LLO9 LTTY Yoo (889 LTL 8578 8196 t
SLL'L L8L1 0081 0Ll SHLT oLl 8ILT obL'1 PLY'T 9€9'1 10 0s
S0T0 9610 9810 SL10 910 8¥1°0 0£10 6010 1800 9£0'0 D
01 6 8 L 9 S ¥ € z I e
qr

(ponunuod)  ¢-1°0°4 2qEL




8l

Lo¥'y sy 895y LIg 06'Y £10°S 1€€°S LYS'S 9L19 5989 5

WLt 9pLl ISL'1 £89'1 6891 $69'1 991 0591 £L5'1 86¥'1 1D ov
€520 €70 €70 6120 SO0 $81°0 910 %10 010 900 D

066'€ wy £90'% 65T 0zEY 10¥'¥ vor 9Ly 85T'S 899 1y

OLLT L9L'1 oLl 1691 691 891 0£9'1 L9 1£5°1 (3g ) 0€
¥6T0 £82°0 ILT0 LSTO Iz 0 wTo 6610 0L1'0 8210 $50'0 2

¥SLE 08L€ 7I8€ 6€ €0y 960'F 10Ed s LY 610 1y

0081 1641 18L1 ATA 0L 069’1 £€9'1 6091 LIS] 66€°1 o) T
o 01£0 8670 £820 1970 %HTOo weo 0610 S¥1°0 £90°0 &

ase ws'e 995°€ 80L'€ SHL'E L€ LS6€ 960 9IEY Lov'y ¥y

6¥8'1 ¥E'l 818'1 SSL1 SELT L 1591 $19'1 €11 uel o) 0z
LSED SPE0 ZEE0 LIEO 6620 8LZ0 570 8120 8910 $L0°0 D

10€'€ PIEE 62€€ e SOF'E wor'E PI9E 649°€ ST8E vZL's ]

8€6'1 9161 £68'1 6281 008'1 99L'1 1691 $H9'l 8781 1S€'1 1D sl
SO¥0 £6€0 6LED POE0 SPED €250 670 LSTO 2070 £600 0

e 9I1E 0zI'e 10T°€ 90T € 807°€ 8LTE $$T€ 10€°€ 656'C 1

€17 660'T $907 9661 561 2061 8181 ovL'l £65'1 6vET 0 o1
0850 L9¥'0 £55'0 LEVO LI¥0 ¥6£°0 19E°0 £2€°0 0970 §T1'0 0

£€0°E £20°€ 800°€ SH'E 810°€ €L6T LS6T V8T 7897 %61 !

128 1907 69 66T PIST 9¥T LLTT 0z1T 1981 el o) §

8290 L19°0 €090 L8S0 L1950 €450 0150 ¥r0 68€°0 €070 0

oI
01 6 8 L 9 ¢ ¥ £ 4 ] o
(§=p/") #1'0°d 2198L




€81

SweIp dig——p ‘YBUI| 1d— ‘onepuncy apd pasnid Jo PP ded uoIysN)——g ‘uonepunoy apd pasisnpd jo yiuay dea uorysn)—>7 N

8SEL S6¥'L LSY'L 8ITS £5r8 SEL8 zise6 680701 L9911 CI8El %)
SSL'1 S08°1 i 6581 69L'1 PER' s06°1 1L8'] 9961 606'1 pe6'1 D 001
£F10 9e10 6C1°0 0Z10 o 001°0 8800 oo 500 1200 D
9L8°9 9669 8EI'L L¥oL PERL ETI8 SO8'8 ITE6 P01 £59°T1 %8}
SHL'l 68L'1 SE8'1 6¥L'l S08'1 9981 0£8'1 6061 1€8°1 198°1 39 06
vl o Lrlo 6E1°0 0El0 ozro 6010 $60°0 6L0°0 LS00 oo 2
£6E°9 L6v9 0299 LLOL 8STL g6b'L wrs 8558 0786 s6b 11 L9}
LEL'T ELL'T CIg’l OEL’] 9LL'] LT8'1 B8L1 vegl £6L'l 88L1 D 08
Loro 651°0 IST°0 10 IET°0 BI10 voro 980°0 £90°0 ST0'0 0
16s 666 'S ¥o1'9 6059 #99°9 8989 0L 008°L S06'8 SPE01 9]
0EL'T 0oLl I6L°1 (A | 6vL’1 68L°1 8PL'1 66L°1 SEL'T SIL] D 0L
810 L ZAN 910 SE10 £vio 0El0 ¥iro S60°0 6900 8700 0
6k ws's 065°S £Er6’s PLO9 WwT9 60L9 9p0L P66'L w16 [%0)
LTL'l 6vL'l L'l L69°1 ¥eL'l ESLT 011 SvL'l 8L9'1 w9l D 09
10C0 wlo (&N ILTo 6510 sv1o 810 901°0 8LO0 1£0°0 0
8v6'v 900°¢ 8L0'S 6LE'S 98¥'S 879°¢ 8109 9679 S8O'L PEO'S 9]
0EL'] ErL'l 8Ll 898°1 £0L'1 oTLl SLY'1 S69°1 €091 69571 D 0§
¥Zco ¥ITO ¥0T0 w6lo 6L10 910 1o IZ1o 6800 9£00 0
Pi
01 6 8 L 9 13 L4 £ [4 I
ar

(ponunuod)  p-1°0'g AqeL




8LO'Y 1y ISy 98¢ ¥ Lvry 8TSY Y08 LS6'Y LLY'S T16's o)
1Ll LeL't €EL°1 ¥99'1 1L9°1 9.9l 979'1 L'l SHS'l Syl D or
1LT0 19T0 6¥T0 9€T0 1220 €00 1810 £S10 FI10 00 D
Er9E 999°¢ ¥69°€ 6L8'E 1T6°€ LL6E L81'¥ 88T H 659t 858¥ o)
ELL'] 69L'1 SOL'1 669'1 691 €891 L9l 809'1 9181 S6€ 1 D 0¢
PIE0 €00 1620 9LTO 0970 orzo 9170 ¥81°0 6£1°0 §50°0 D
LTY'E SHPE 89¢'€ §T9¢ 659°€ €0L'E LL8'E 0S6'€ Wy 1ET )
918’1 LOS'T 96L'1 1€L1 LILT 00L'1 o¥9'1 0191 6051 89¢€°1 D §T
EVED TEE0 61€0 #0€0 L8T0 9970 $20°0 LOTO LS10 €900 )
PITE Leee YT E PLE'E 86€°€ 8Tr'E €9SE LO9E SIS'E opLE )
¥88°1 8981 0581 S8L1 oLl SELT 6991 §T9'1 €151 e 5 0z
08€°0 69€0 SSE0 0rE0 TTEo 00€°0 weo 9€T0 7810 SLOO e
LO0'E S10€ vao'e 9zI'E 6E1°E €51 0STE 9¢T°€ 99¢°€ 9TI'E o)
6661 SL6'T 6461 7881 8¥8'1 608'1 £EL'1 191 0rs'1 LTE'1 1 §1
£Tro 610 9010 06£°0 ILED 8rE0 81€0 6LT0 6170 €600 0
SI18°T LIST 8I8'C L88'T 988'T 6L8T LT6T 188°C 0L8'T 1wt )
LYTT 0ITT 691T 960'T 0T €861 6881 €6L'1 £T9'1 sTe'l o ol
1180 6640 S8Y'0 8940 6¥¥0 ¥Tro £6£°0 0SE0 1820 §T1°0 D
665T 965°T 985 €09°T 18T 865 €0S'T S9€T (49 i 8ev'l )
6LI'E 660'€ 120 06T 68L'T 889'T S8¥'T LLTT 956’1 £6£'1 D §
¥L9D £99°0 690 €690 €190 8850 SE50 9050 £TF0 €070 2
Pi
o1 6 N L 9 < v € < ! gPT
(9=p/'s) S 103 3A9¢L




81

ARRUIBIP 3id——p “BUI| AId— “uonEpUNcy 21d palalsnid Jo ypim ded uorysn)——g ‘uonepunoy apid pasngo Jo yiduay des uoysn)——>7 210N

£L99 L8L9 6169 0st'L 6£9'L 6L8'L LsS8 1006 0LEDI 91071 ¥
9b9'1 8691 ssLl €99'] £EL] 8081 SLL1 us't SIS SE8'l 15 001
§S10 8v10 ovro €10 1210 01ro 9600 6L0°0 LS00 1200 D
#T9 e LS9 6£6'9 €01°L PIEL vZ6'L 61£8 6 L6601 9y
891 ¥69°1 whL 1 LS9l 91L'] 08L'1 7R LT8'] 89L L o] 06
910 651°0 0S1'0 10 €10 811°0 Y010 980°0 7900 7700 D
FI8'S 968°S v66'S 8TK'9 6959 I1SL'9 £6TL 0vo'L VL8 1866 ty
591 691 PEL] 059'1 00L'l ¥Ll 9IL'] €8L'1 0zL'l S0L'1 e’ 08
0810 wro £91°0 £51°0 o 6210 €110 600 8900 S700 0
Z8E'S 0st's zEs's L16S €09 1619 £999 1969 806°L 896'8 )
0991 769'1 9TL'l 99| 989'1 8L 889'1 ovL1 €L9°1 §H9'| o’ oL
9610 8810 8LI'0 8910 951°0 w10 sTI0 P10 9L0°0 820°0 D
8r6'Y $00'S 1L0's 90¥'S POs'S ¥E9's €109 w619 L60'L 956'L ¥
U9l L69'1 wl SHO'l L9l 90L 1 7991 869'1 (791 1851 e’ 09
9170 LOT0 9610 810 zLro LS10 6£1°0 9110 $80°0 1£00 D
VISt LSSy 019y 968 vL6Y 080 S ¥29°s L8T9 6£6'9 )
169'1 LOLT £TL1 059’1 6991 L89'] 0v9'1 6591 851 AT D 0§
0¥z 0 0£T0 6170 LOT0 €61°0 LLIO LS10 €0 L1600 9€0°0 D
Pi
01 6 8 L 9 < v € ¢ 1
P
(panunuod)  ¢-1°0°q AqeL




Appendix F  Stress Effect Coefficient through Mindlin Stress

Formulas Considering Pile Diameter Effect

F.0.1 The subsidiary stress (specified in Article 5.5.14 of this standard) caused by the
foundation pile shall be based on Mindlin Stress Formulas Considering Pile Diameter Effect,
and shall be calculated according to following formula:

O, =0, + 0.5 +054 (F.0.1-1)
aQ
Op = ?—IP (F.0.1-2)
Oy = %2— ' (F.0.1-3)
(1-a-p)Q
st = 5 Iy (F.0.1-4)
[
Where: O Subsidiary stress caused by the end resistance on the stress calculation
point;
Opss Subsidiary stress caused by the rectangular-distribution side-resistance on
the stress calculation point;
Ot Subsidiary stress caused by the rectangular-distribution side-resistance on
the stress calculation point;
a Tip resistance ratio;

f——Ratio of rectangular-distribution side resistance;
|——Pile length;

Iy, Iy, I«—Stress effect coefficient through Mindlin Stress Formulas Considering Pile
Diameter Effect, identified according to Article F.0.2.

F.02 The Mindlin stress effect coefficient Considering Pile Diameter Effect simplifies the
end resistance and the side resistance as forms of Figure F.0.2, and the Mindlin stress effect

coefficient is calculated.
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F.0.2 Individual Pile Load, Side Resistance and End Resistance Distributions

1 Analysis formula for vertical stress coefficient along pile foundation axial line,
considering the pile diameter influence:

i 1 (A-2u)z-1) (A-2u)z-1)  (1-2u)z-1)
I = : 2(1- ) - - +
St 4(1—ﬂ){( i Jr2 +(z=1)? z+l Jr2 +(z-1)?
_A-2p)(z-D)  -2p)z-D)  (z-I)

z+1 Jri+(z+)? [P +@-DP"
G-4u)z (B-4wz(z+1D)* I(5z-1)
+ - p—

z+l [P +@E+DP?  (z+D)?

L Mz+D(5z-1) 6lz zl(z+1)°

e F.0.2-1
[P +GE+D)*T? @+ [P +@E+D*P? { )

Sl _ 1 22— u)r
2 40-p) |2 4 (z-1)

sr

22— +2(1-2p)z(z +1) L 20- 24)z°
r\/r2 +(z+1)2 Wt +z?

42 -+ w)2®] 40+ wyz(z+1)} - 427 -1
rr* +22)*? At +(z+D* 12

P 6z°(z* -r*]  6z{zr' - (z+1)°)

—[rz +(z-0)*P"? _1»'(1"2 +2%)"? r +(+D)*P"?

) (F.0.2-2)

=.{_. 1 2(2=u)r
a A1-p) [P +(z-1)

st
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: 2(1-2u)z (z +1)-2Q - )4z +D)r’

Ir\/r2 +(z+ l)2

L8e- w)zr? -2(1-2u)2° Y 1227 +62zr* (r* - 2%)

7 2502
Irr? + 22 Ir(r° +z%)

% 15zr* +2(5 +2p)zz(z +1)? -4zr! —423r ¥ (z+1)
11"[:'2 +(z +1)? ]m

3 6zr'(r? - zz)+122}(z+1)5
irfr? +(z+ 1’1"

2 62°r% —2(5+2u)z° -2(1-2p)zr’
Ir'[r2 +2° ]m

M 2 +(z=1)r
I[rz +(Z_!)2]3f2

2 2 2 4( 4
ln( r’+(z=1) +z—l)(\/r—+(2—+f)—+z+’)} (F.0.2-3)

[\{r2 +2z° +z]2

+2(2—p);

Where: I Foundation soil poisons ratio;

r——Pile foundation semidiameter;

! Pile length;

z Vertical distance from the calculated stress point to the pile top.

2 Mindlin vertical stress effect coefficient Table considering pile diameter influence, 1)
the vertical stress effect coefficients of all points on pile foundation axis (n=p/I=0) below pile
tip are calculated according to formulas (F.0.2-1)~(F.0.2-3), and the values are listed in Table
F.0.2-1~Table F.0.2-3. 2) the vertical stress effect coefficients of piles with in horizontal
effective influence, are calculated through the numerical integrating method, and the values
are listed in Table F.0.2-1~F.0.2-3. In tables: m = z/l; n =pl/l; p refers to the horizontal
distance from adjacent pile to the calculation pile axis.

F.0.3 The pile-side resistance distribution may be adopted as following mode:

The foundation pile side resistance distribution may be simplified as the pile foundation
rectangular-distribution mode, namely, f=1-a (where formula (F.0.1-1), a,4=0). With testing
basis, in accordance with test result, it may be respectively adopted as equilateral triangle
distribution of growth along deep line, (f=0, where formula (F.0.1-1), 0,4=0), Regular
trapezoid distribution (uniform-+equilateral triangle distribution) or inverted trapezia
distribution (uniform-equilateral triangle distribution.
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F.0.4 The vertical stress effect coefficients of long and short pile shall be calculated
according to following principles:

1 For the influence of long pile (m=z/l;=ly/l)) to short pile, from the--of the long pile
adopted as the initial calculation point downward, the vertical stress effect coefficients of
different depth below the short pile pile-tip are calculated;

2 For the influence of short pile (m;=z/l,=1)/l;) to long pile, from the--of the short pile
adopted as the initial calculation point downward, the vertical stress effect coefficients of
different depth below the long pile pile-tip are calculated;

3 If the overlapping junctions of positive stresses under the calculation point are
negative value, the zero value shall be adopted.
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Appendix G Calculation for strip pile foundation cushion cap beam

under brick wall according to inversed beam on elastic foundation

G.0.1 In the calculation for strip pile foundation cushion cap beam under brick wall
according to inversed beam on elastic foundation, the load under the beam shall be calculated
firstly, and then the bending moment and the shearing force are calculated according to
normal continuous beam. Computing formula for the bending moment and the shearing force
may refer to Figure G.0.1, and the values may be selected in accordance with Table G.0.1.

Table G.0.1 Computing formula for the internal force of continuous cushion cap beam of strip pile

foundation under the brick wall

Internal Force Calculation Diagram Code Computing formula for internal force
2
a(;l al] v
(a), (b), (¢) Miw P—=4 2 === (G.0.1-1)
12 L
Support saddle 4
bending moment 2
L
@) M=-q— (G.0.1-2)
12
3
aﬁ -
(a), (e) M=p, (G.0.1-3)
12L,
Midspan Bending 1,2
p (3 U” -
(6) M=—"|L| 6a,-3L +05— |- a2 a-= || @014
Moment 12 a, L“
als
(d) M=— (G.0.1-5)
24
pllail
; (a), (b), (€) 0= (G.0.1-6)
Max Shearing 2
Force gL
(d) == (G.0.1-7)
2

Note: When continuous cushion cap beams are less than 6, the support saddle and Midspan Bending Moments shall be

supported with computing formulas according to practical span number and Figure G.0.1-1.
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Figure G.0.1  Calculation diagram for continuous cushion cap beam of strip pile foundation under the brick wall
Where Formula G.0.1-1~G.0.1-7:
po—Max value of line load (kKN/m), identified according to following formula:
L
M=% (G.0.1-8)
ay

a——DBottom side length of the triangular load figure, counted from the pile side,
identified respectively according to following formula:

E,I

Intermediate Span a; =3.143 (G.0.1-9)

=
=g

Side Span a, =2.43—= G.0.1-10
p 0 Ekbk ( )

Zi
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Where: L——Theoretical span, L;=1.05L;

L——Clear distance of two adjacent piles;

q Evenly distributed load above the cushion cap beam bottom surface;

E,l

Flexural rigidity of cushion cap beam;

E,——Elastic modulus of cushion cap beam concrete;

I Inertia moment of apron piece cross-section;
E; Elastic modulus of wall body;
by Width of wall body.

When piles are arranged under doors and windows opens, and the height from the
cushion cap beam top surface to doors and windows open brick masonry is less than the clear
width of the door or window open, the bending moment of this beam shall be calculated
according to inverted simply supported beam, namely, 1.05 times of door or window clear
width is adopted as the calculation span, and the load of pile top under the door or window is
adopted as the concentrated calculation load.




Appendix H Weight selection of hammer for stamping sinking pile

H.0.1 The weight selection of hammer for stamping sinking pile may be selected according
to Table H.0.1.

Table H.0.1

Hammer Weight Selection

Hammer selection

Diesel hammer (1)

D25

D35

D45

D60

D72

D80

D100

Hammer

dynamic

performance

Impact
part

weight (t)

2.5

35

45

6.0

72

8.0

10.0

Total

weight (t)

6.5

[

15.0

18.0

17.0

20.0

Impact
Force (kN)

2000~2500 | 2500~4000

4000~5000

5000~7000

7000~10000

>10000

>12000

Normal

stroke (m)

1.8~23

Side
length or
diameter

of premold
square pile
and
prestessed
pipe pile

(mm)

350-400

400~450

450~500

500~550

550~600

600 or

maore

600 or

Steel-pipe
pile
diameter

(mm)

400

600

900~1000

900 or

more

900 or

Supporting course
Cohesive soil, powdered soil

Normal
entering

depth (m)

1.5~2.5

2.0~3.0

2.5~35

30-40

3.0~-5.0

Average
value of
static
sounding
specific
penetration
resistance

P; (MPa)

>5

>5

>5
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Table H.0.1

(continued)

Hammer selection

Diesel hammer (t)

design individual pile (kN)

D25 D35 D45 D60 D72 D80 D100
Normal
Entering 0.5~1.5 1.0-2.0 1.5-2.5 20-3.0 2.5-35 4.0~50 | 5.0~6.0
Depth (m)
4 N Soil
2., E standard
. 5
g: 5 penetration
- compact 20-30 30-40 40~45 45~50 50 >50 >50
number
Neas (Not
revised)
Hammer Normal Controlled
Penetrating Length (cm/10 2-3 3-5 4-8 5~10 7~12
compact)
Ultimate bearing pressure of
800~1600 | 2500~4000 | 3000~5000 5000~7000 | 7000~10000 | >10000 >10000

Note: |  This table is only applicable for the selection of hammer;

2 This table is applicable to reinforced pre-cased concrete pile that the pile tip enters into the solid ground certain

depth and the length is 20~60m, and the steel-pipe pile which the length is 40~60m.




Explanation of Wording in this code
1 Words used for different degrees of strictness are explained as follows in order to mark
the differences in executing the requirements in this code.
1) Words denoting a very strict or mandatory requirement:
“Must” is used for affirmation; “must not” for negation.
2) Words denoting a strict requirement under normal conditions:
“Shall” is used for affirmation; “shall not” for negation.

3) Words denoting a permission of a slight choice or an indication of the most suitable

choice when conditions permit:
“Should” is used for affirmation; “should not” for negation.

4) “May” is used to express the option available, sometimes with the conditional

permit.

2 “Shall comply with...” or “shall meet the requirements of...”is used in this code to

indicate that it is necessary to comply with the requirements stipulated in other relative

standards and codes.
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