The shope of the pier varies considerably from scheme
to scheme. The basic reason for choosing these shapes
is to harmonize the design with the superstructure and
the enviromment.

Foundation

Two alternates are considered. IThe [irst one is a
big-diameter ptle which has been used in this area.
Another is open caisson construction whi-ich has been
used in the Island for many years: and is familiar to
most contractors. Further study is required to define
the selection for the foundation system, pending informa-
tion from the new borings which are being conducted
and should be available very soon.

MATERIAL

Cement

Local produced Type 3 Cement according to the National
Standard Specifications of the Republic of China.
Sand _

Natural sand from which any clay element was washed

@Jay -
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Coarse Aggreqate

Crushed gravel, maximum size § cms. for the piere and
foundation work; 2.5 ems. for the beam and the slab
construction of the super-structure. The strength of
the concrete to be as follows:

Deck Slab 4000 psi

Prestressed Concrete Beams 4000 psi

Piers and gbutments 4000 psi

Foundation catissons 3000 psi
Steel
All reinforcing steel, the naninal diameter less than
16 mm (included 16 mm) should be conformed with National
Standard of Republic of China with ultimate strength
not less than 40 ksi. All reinforcing steel the nominal
diameter larger than 16 mm should be conformed to the
Standard with ultimate strength not less than 60 ksi.
All presfr'essing steel to be 1/2" * round stress-re-
lieved 7 wire strands with minimunm ultimate strength
of 270 kst.
Anchorage for post-tensioning strands should develop
the full strength of the strands with maximun slippage
of 1/8" during anchoring. The anchorage system should
be one which has been successfully used for similar pro-

Jjects.
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Conduit-ﬁ for post-tensioned tendons should be made

of galvanized flexible sheet metal. Connection
between the conduilt should be made in such a way

that no leakage of cement mortar enters the conduit
during concreting. Thickness of the sheet metal

for the conduit should not be lecs than 22 ga.

Rigid conduits may be required when necessary to
reduce friction.

Other materials such as bearings, expansion joints

and lighting system to be selected during the work-
itng drawings stage.

HORKMANSILIP

Formoork for concrete to be pr:ferably steel or
fq:bez;za;;; - Plywood may be permitted if showm to

be satisfactory. The construction of the forms should
be approved by the TAFCB. |

Foreman for post-tensicaing work should be a qualified
person with sufficient experience subject to the ap-
proval of the TAFCB. All work shall be accomp?:shed
per detail specifications whi.ch will be presevi.d

with the construction documente
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COST ESTIMATE - SCHEME 1

SPAN: 10 @ 70 M + TOTAL LENGTH = 615 M

SUPERSTRUCTURE: _COMBINED TEE & BOX SECTION

SUBSTRUCTURE: HOLLOW CIRCULAR BENT ON PILES

e

ITEM Quantity Unit Unit Cost Total
SUPERSTRUCTURE
Railing 615 M 1,500 922,500
Barrier 615 M 600 369,000
Wearing Surface (A.C.) 2,500 T 400 1,000,000
4,000 psi Concrete 13,840 M3 2,100 29,064,000
Rebars . 1,030 T 8,000 8,240,000
Tendon 580 T 32,000 18,560,000
ansion Joint 140 M 6,000 840,000
Bearing (Glass Rein. Teflon) 60 M2 22,000 1,320,000
Surface Drainage 100,000
Light Fixtures 32 Set 15,000 480,000
Shoring =3 15,000,000
5,000 psi Precast Comerete ' -
Lifting & Transportation e
Pipe -
SUB-TOTAL (75,895,500)
SUBSTRUCTRE
Dewater & Coffer Dam 8,000,000
4,000 pei Concrete 7,120 M 1,670 11,890,400
3,000 psi Concrete 24,800 M3 - 850 21,080,000
Rebars 3,150 T 8,000 25,200,000
Piles 13,460 M 3,000 40,380,000
Catgson Exzcavation ; Sies
Caisson Sinking -—
SUB-TOTAL (106,550,400)
TOTAL OF SUPERSTRUCTURE & SUBSTRUCTURE (182,445,900)
MOBILIZATION & GENERAL CONDITION: 2% % 3,700,000
OTHERS : 2% % 3,700,000
TOTAL (189,845,900)
OVERHEAD, PROFIT & TAX FOR GENERAL CONTRACTOR: 10+ % 19,154,100
GRAND TOTAL NT$ 209,000,000

NOTE: AVERAGE UNIT COST = 209.3?2,000 = NT¢ 339,000/
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COST ESTIMATE - SCHEME 2

SPAN: # @ 150M, 2 @ 135M AND 1 @ 86M - TOTAL LENGTH = 67IM

SUPERSTRUCTURE: _CANTILEVER BOX GIRDER

SUBSTRUCTURE:

HOLLOW CIRCULAR BENT ON CAISSONS

NOTES: 1. AVERAGE UNIT COST =

2. The actual.cost of construction to compare with the &
56M x 34.6 M x 6000 = 229,874,400

= 241,500,000 -~

241,500,000
671

= NT$359,000/M

TABLE IT
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ITEM Quantity Unit Unit Cost Total
SUPERSTRUCTURE

Railing 671 M 1,'500 1,006,500
Barrier 671 M 600 402,600
Wearing Surface (A.C.) 2,670 T 400 1,068,000
4,000 psi Concrete 21,800 M3 1,750 38,150,000
Rebars 2,090 T 8,000 16,720,000
Tendon 1,370 T 32,000 43,840,000
Expansion Joint 272 M 6,000 1,632,000
Bearing (Glass Rein. Teflon) ---
Surface Drainage 100,000
Light Fiztures 32 Set 15,000 480,000
Shoring ' : e
5,000 pst Precast Concrete AL
Lifting & Transportation -—-
Pipe e
SUB-TOTAL (103,399,100)
SUBSTRUCTURE

Dewater & Coffer Dam 4,000,000
4,000 pai Concrete 6,670 M3 1,670 11,138,900
3,000 psi Concrete 31,000 M3 1,300 40,300,000
Rebars 4,030 T 8,000 32,240,000
Piles —-—
Caisson Exzcavation 71,000 M3 100 7,100,000
Caisson Sinking 13,500 M2 700 9,450,000
Tendon 121 T 32,000 2,872,000
SUB-TOTAL (108,100,900)
TOTAL OF SUPERSTRUCTURE & SUBSTRUCTURE (211,500,000)
MOBILIZATION & GENERAL CONDITION: 2+ % 4,000,000
OTHERS : 2+ % 4,000,000
TOTAL (219,500,000)
OVERHEAD, PROFIT & TAX FOR GENERAL CONTRACTOR: 10% % 22,000,000
GRAND TOTAL NT$ 241,500,000

ame length (615M) as Scheme 1



COST ESTIMATE - SCHEME 3

rd .
SPAN: 1 @ 170M, 2 @ 100M, 4 @ 70M, TOTAL LENGTH = 650M

SUPERSTRUCTURE: CABLE STAYED DECK

SUBSTRUCTURE: HOLLOW CIRCULAR BENT ON PILES AND CAISSON

ITEM Quantity Unit _Unit Cost Total
SUPERSTRUCTURE
Railing ' 650 M 1500 975,000
Barrier 650 M 600 390,000
Wearing Surface (A.C.) 2,586 T 400 1,034,400
4,000 psi Concrete 11,850 M 1500 17,775,000
Rebars 1,07 T 8000 8,600,000
Tendon 1,085 . T 32000 34,080,000
Expansion Joint 200 M 6000 1,260,000
Bearing (Glass Rein. Teflon) . 28 M2 22000 616,000
Surface Drainage 100,000
Light Fiztures 32  Set 15000 480,000
Shroing 5,000,000
5000 psi Precast Concrete 4,800 M 1850 8,680,000
Lifting & Transportation 180 Set 35000 . 6,300,000
Pipe 30 T 16000 5,600,000
(91,090, 400)
SUBSTRUCTURE
Dewater & Coffer Dam 4,000,000
4,000 psi Comcrete 6,900 M° 1850 12,765,000
3,000 psi Concrete 27,200 M 1260 34,272,000
Rebars 3,220 T 8000 25,760,000
Piles 9,080 M 3000 27,120,000
Caisson Excavation 44,350 M3 100 4,435,000
Caisson Sinking 6,100  M? 700 4,270,000
SUB-TOTAL (112,622,000)
TOTAL OF SUPERSTRUCTURE AND SUBSTRUCTURE (203,712,400)
MOBILIZATION & GENERAL CONDITION 2t % 4,000,000
OTHERS 2% % 4,000,000
TOTAL (211,712,400)
OVERHEAD, PROFIT & TAX FOR GENERAL CONTRACTOR 10+ % 21,287,600
GRAND TOTAL NT$233,000,000

NOTE: 1. Average Unit Cost 233,000,000 = NT$358,000.
650
2. The actual cost of eomstruction to compare with the same length (615M) as Scheme 1

= 233,000,000 - 35 = 34.6 x 6000 = 225,734,000
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COST ESTIMATE - SCHEME 4

SPAN: MAX, 120 METERS, TOTAL LENGTH = 637.5M

SUPERSTRUCTURE:" TEE-SECTION ON Y SHAPE PIERS

SUBSTRUCTURE: HOLLOW CIRCULAR BENT ON PILES AND CAISSONS

ITEM ' Quantity Unit Unit Cost Total
SUPERSTRUCTURE

Railing 637.5 M 1,500 956, 300
Barrier 637.5 M 600 382,500
Wearing Surface (A.C.) 2,540 T 400 1,016,000
4,000 psi Concrete 14,270 M3 2,100 29,967,000
Rebars 1,490 T 8,000 11,920,000
Tendon 1,180 32,000 37,760,000
Expansion Joint 242 M 6,000 1,452,000
Bearing (Glass Rein. Teflon) 24 M2 22,000 528,000
Surface Drainage 100,000
Light Fiztures 32 Set 15,000 480,000
Shoring 15,000,000
5,000 psi Precast Concrete -
Lifting & Transportation -
Pipe =
SUB-TOTAL (99,567,800)
SUBSTRUCTURE.

Dewater & Coffer Dam 4,000,000
4,000 psi Concrete 11,700 M3 1,800 21,060,000
3,000 psi Concrete 21,200 M3 1,300 27,560,000
Rebars 3,990 7 8,000 31,920,000
Piles 7,959 M 3,000 23,877,000
Caisson Excavation 44,500 M3 100 4,450,000
Caisson Sinking 9,100 M2 700 6,370,000
SUB-TOTAL (119,237,000)
TOTAL OF SUPERSTRUCTURE & SUBSTRUCTURE (218,804,800)
MOBILIZATION & GENERAL CONDITION: 2% % 4,000,000
OTHERS : 2t % 4,000,000
TOTAL (226,804,800)
OVERHEAD, PROFIT & TAX FOR GENERAL CONTRACTOR: 10% % 22,695,200
GRAND TOTAL NT$ 249,500,000

NOTES: 1. AVERAGE UNIT COST = 249,500,000

558 ™ NT$ 391,000/M S

2. The actual coet of construction to compare with the same length (615M) as Scheme 1
= 249,500,000 - 22.5 x 34.6 x 6,000 = 244,829,000

TABLE IV
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Mék— H.LiEERFTRRSE

REPORT ON REVIW OF FOUNDATIONS CONDITIONS
PROPOSED YUAN-SHAN BRIDGE

TAIPEI , TAIWAN

March 28, 1973

T. Y. LIN INTERNATONAL

LEE AND PRASZKER

Consulting civil Engineers
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LEE AND PRASZKER
CONSULTING CIVIL ENMGINEERS
147 MATOMA ST AT NEW MONTOOMERY

SAN FRANCISCO 94108
|48} 392-4888

CHARLES H LEE 11882-1967]

roamsg

MICHAEL PRASIXKER
. ABCE

March 28, 1973

T. Y. Lin International
15 Vandewater Street
Sen Francisco, California

Regarding: Report On Review of Foundation Conditions
Proposed Yuan Shan Bridge
Taipai, Taiwan

Gentlemen:

We are pleased to transmit herewith four (4) copies of the above
captioned report. To avoid repetition no summary of thé findings
are attempted as the report has been arranged in proper sequence
dealing with each item separately.

Should you have any questions regarding the contents please feel
free to call upon us. We wish to assure you of our appreciation

far having placed your trust in us with this very challenging
assignment.

LEE AND PRASZKER

Michael Prastke

MP/J
Encl.
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REPORT ON REVIEW OF FOUNDATION CONDITIONS
PROFOSED YUAN SHAN BRIDGE
TAIFAI, TAIWAN

1. INTRODUCTION

This report presents results of soil and foundation studies
together with conclusions and recommendations for design criteria
of foundation support for the proposed bridge sturcture.

Soil borings along the approximate center line of the bridge had
been made by others for 4 trial alignments inclusive of the final
aiignment, Test boring logs of only the borings of the final
alignment were made available to this office for review, as were
~ corresponding various laboratory test results.,

The review also included a trip to Taiwan by the writer of tqis
report and an on-site inspection of a limited number of soil/
samples. Conferences were held with various departments in
Taipai, and availability of local equipment was explored for
foundation installation.

The ‘owner of the proposed bridge is the Taiwan Area Freeway
Construction Bureau, and the Structural Engineers are T. Y.
Lin International.

2. HISTORY

The proposed bridge had been in the planning stages for several
years,and soils explorations were made progressively with each
trial alignment. The sets of borings corresponding to each
trial alignment were designated by B, Y, V and finally F. Only
the F series of borings are shown in plan location in Diagram 3.
There were 27 borings made in connection withthe F alignment.
Essentially all the borings penetrated into the underlying rock
which varied in depth from zero (exposed) at approximately
midway of the bridge to 160 feet at one extreme end of the river,

Based upon laboratory tests made by local engineers it was in-
jtially planned to use open shaft cast-in place concrete piles,



which, as in the case of previous projects, were made by the
method of reverse circulation, This type of pile is installed
by jetting a large diameter shaft and floating the cuttings in
a bentonite slurry which is continuously pumped out and screen-
ed while the bentonite is recirculated. These piles were to
penetrate through a maximum of 160 feet of softer soils and
were to be supported by point bearing on the underlying rock.
There appears to have arisen a question with regard to the
allowable, or safe, bearing capacity of the rock on which the
piles were to bear; the limitation of future settlements
imposed by the Structural Engineers largely controlled such
bearing capacities and it was at this juncture that this office
was retained by the Structural Engineers to assist them in the

design criteria of the support of bridge foundations.

3. FPROFOSED 3RIDGE

The proposed Yuan Shan Bridge is to be located at the central
part of Taipai City, crossing the meandering keelung River at
two locations, as shown in plan on Diagram 1, The bridge ter=-
minals are to connect to elevated freeway sections on either
side of the Keelung River. The total length of the bridge is
to be 671 meters(2,200 feet) with six (6) traffic lanes and
shoulders for a total width of 34.6 meters(ll4 feet). Spans
between supports will ‘be 75 meters(246 feet), 67.5 meters
(222 feet) and 43 meters(14l feet). The superstructure will
be a prestressed concrete box cantilever type. Foundation
loads quoted by the Structural Engineer are as follows:

Piers A & B 75 M, Cantilever Section 6,600 Metric Tons=14,520"
Pier D 75 M. Cantilever Section 6,750 Metric ‘Ions=14,850k
Pier C 67.,5M. Cantilever Section 5,740 Metric Tons=12,628k
Pier E 43 M. Cantilever Section 3,900 Metric Tons= 8,580%

The above loads are dead load plus adjusted live load and do
not include earthquake forces.

The maximum depth of the box structure will be 6.25 meters and
will occur over the longest cantilever section. This depth
will vary with spans and within a span as shown on Typical

Sections, Diagram 8-1.
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Each section will be supported by 2 hollow circular columns
with diaphragms between them, the columns resting upon a piled
concrete cap.

4, SCOPE OF SERVICES

Ordimarily it is the custom and practice of soil mechanics and

foundation engineers to plan and lay out a test boring program

in cooperation with the Structural Engineers. This includes

the determination of:

a) Number and location of borings.

b) Depth of individual borings and sampling at critical horizons,

c) Laboratory testing of materials within critical horizons where
foundation support is taken,

d) Evaluation of field and léboratory test results with applica=-
tion to foundation design criteria.

In the case of our current assignment, items a through c had been
planned, and virtually completed, prior to the engagement of

this office. Test boring logs with description of soils pene=-
trated, standard penetration numbers and some other data were
made available to this office in conjunction with the latest

test boring program, Laboratory test results of the kind

deemed necessary by the investigators were also made available,

All the above data were reviewed and soil profiles were prepared
from the F series of test boring logs. Soil strength charac-
teristics of the bearing material, which in some places is in
excess of 150 feet below ground surface, were evaluated by the
writer on the basis of additional shear tests which were made
during the writer's stay in Taipai (between February © and
February 10, 1973) and visual inspection of soil cores.,

Samples of the non-bearing soils were no longer available as they had.

been disposed of. However, a great number of tests had been
made up on this material, while only a few routine tests had

been made upon the underlying rock which constitutes the bear-

ing strata.
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Based on all the above data, analyses were made for the deter-
mination of safe bearing pressures of the underlying rock in
which support would be taken by either point bearing cast-in-
place piles or by driven piles which would distribute the loads
in friction within the embedded part of the pile. PFile carrying
load capacities were evaluated together with horizontal load

capacities as required for earthquake forces.

5. EVALUATION OF SOIL BORINGS AND LABORATORY TESTS
A, Non-Rock

The numerous tests made on this material comprise:
a) Dry Density and Moisture Content (Volumetric)
b) Gradtion

c) Atterberg Limits

d) Unconfined Compressive Strength

e) Direct Shear Test

All the test results lead to the conclusion that the soils
overlying bedrock are heterogeneous in nature and vary in
composition from relatively soft clays, silts, to sands and
gravels in a silt or clay matrix. There may also be present
gravel lenses at unpredictable horizons. This non-rock
material is not suitable to support heavy concentrated loads
due to:

1. Heterogeneity with respect to bearing capacity.
2. Resulting settlements and differential settlements.
3. Relatively low bearing capacities.

All the testing of the overburden soils in conjunction with
the F borings were made by George Soil Mechanics Laboratory
Ltd. of Taipai. A summary of all test boring logs and labo-
ratory test results which were made available to this office
is presented herewith. The laboratory test data by George
Soil Mechanics Laboratory 'Ltd. are not included in this report
as they pertain to the overburden only.

Test boring logs of the F series are presented on the Soil

Frofile in Diagram 3.
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B. Bedrock

A1l but three of the 27 borings listed in this report pe-
netrated into rock, which outcrops at Pier C and dips then-
ce to the east and west, submerging under the Keelung River.
The depth to rock below existing ground surface at the extre-

meties of the proposed bridge is approximately 130 to 160 feet.

Relatively few laboratory tests were made on rock samples as
indicated in the Summary of Test Borings and Soil tests,
Diagram 4., The few tests that were made on rock samples were
confined to volumetric, sieve analyses and unconfined compre-
ssive strength., It was difficult to evaluate rock strength
characteristics from these tests as no triaxial test or direct

shear test had been made.

Judging from the rock description in boring logs, together
with standard penetration tests and a limited number of

laboratory tests, it could be concluded that the rock

st¥ength characteristics vary from relatively low to fairly
high values. Visual examination of rock samples by the writer
in Taipai confirmed that the rock varied from fairly hard
sandstone to friable shale and mudstone. A few typical samples
were selected by the writer and subjected to direct shear tests
for the weaker materials, and triaxial tests for the firmer
materials. Test results are summarized herewith and test data
are attached in Appendix II of this report,

SUMMARY OF SHEAR TESTS ON ROCK SAMFLES
T .
SHEAR TEST RESUIT S

UNCONF INED TRIAXIAL
SAMPLE
TEST DESCRIP=- DEPTH G c
BORING TION veTERS #° (kg/cm®) - #° (kg/cm®) REMARKS
F-31 Yellow-
brown, fairly
cemented,
sandstone 27.6-27.8 26 10
F-31 * T 27.10-27 ,45 23 28
F-28 " bl 5.2-8.2 26 25
F-12 " Ll 54,2-57.5 N.A. N.A. Two cone
centric
cirxcles
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F-18 Dark brown
mudstone or
shale 29,8-29,95 20 .65 Remolded
and com-
pacted
to appro-
ximate in-
situ densi-
ty
F<26 Yellow-
" brown sand-

stone : 8.9-9,9 29,5 .85
Fe26 " " 10,35-11,35.29.5 .48
F-26 " " 14,25-16.00 29° .42
F-33 " " 29400-29,40 32,5 .20

One the basis of the above examinations and tests it is concluded
that the soil strength characteristics of the underlying rock are
as follows:

a) Fairly hard rock consisting of fine grained sandstone with in-
ternal angles of friction on the order of 26° and cohesion of
2000 PSEF.

b) Weakly cemented mudstone consisting of silt with traces of clay
particles, fairly soft, with an angleé of internal friction of
20° and cohesion on the order of 1000 PSF.

6. SOIL FROFILES AND ROCK BEARING CAPACITIES

A. Determination of Bedrock Elevations

The soils overlying bedrock are generally classified as clayey
to sandy silts with occassional lenses of gravel or sandy gravel.
The standard penetration tests in these soils vary from less than
10 to the low 30's. Only occassionally does the blow count rise to
above 50. Atterberg Limits-.and Sieve Analyses made on these materi-
als (except for the gravel) confirm these classifications. The
overburden is, therefore, not suitable to support heavy concentrated

loads without excessive settlements.

The field classifications of the overburden appear to become less
distinct upon approaching the underlying bedrock surface, so that
from the soil description above it is sometimes difficult to di-

fferentiate between overburden and bedrock.



With the aid of the N-numbers listed alongside the boring logs
the surface of bedrock elevation was determined and noted on
Diagram 4. The individual test borings were also plotted hori-
zontally and vertically on the Soil Profile, Diagram 3. 'The bed-
Tock surface line was then drawn on this profile as a result of
Studies of soil description together with respective blow counts.

It is noted that the blow counts corresponding to rock penetration
as listed in the Summary of Test Borings are nowhere less than 100,
which is commensurate with common experience in weathered rock of
the type described. It is also noteworthy that the blow counts
directly above the rock line ghown on Diagram 4 are radically lower
than 100, so that the line has reasonable validity. Nevertheless,
. allowance for some local deviations from the rock line should be i
madég,especially if large interpolations or extrapolations are inw
volved. #An approximation of these variations has been attempted by
drawing- rock elevation contours on Diagram 3.

B, Allowable Bearing Pressures in Rock

The rock in which foundation support is to be taken is known
to vary in its composition and strength characteristics. This
has been verified by a)blow count, b) direct and triaxial shear
tests, and c) by visual inspection of the rock cores.

The triaxial test results from samples selected by the writer
for testing, together with visual observations, confirm the
variation of the rock from fairly cemented fine grained sand-
stone to thinly bedded shale and mudstone.

Since it is not practical to use variable soil strength charac-
teristics for the bearing rock to support a certain foundation,
the lowest strength characteristics for the submerged rock

must be used, namely @ = 20° and ¢ = 1 KSF.

7.. FOUNDATION TYPES

A, General

It is obvious that all foundation columns must take support
in the underlying rock which varies in depth from zero at Rier
C, at approximate midpoint, to 50 meters (164 feet) at Pier N to
the west and 40 meters (131 feet) at Pier S to the east.
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Depth to rock for intermediate piers are shown on Diagram 3.

The safe bearing capacity of the rock varies with its type
(sandstone, shale or mudstone) and it also varies with the
degree of weathering of each rock type. It is proposed to
design all supporting piles on the basis of # = 20° and c=1 KSF
and to embed the piles sufficiently to prevent slippage of pile
tips in the direction of the rock slope. Furthermore, it is
appropriate to provide some pile embedment to ensure approxi=
mately uniform bearing on the rock. The safe bearing capacity
for the weakest rock then becomes a function of the surcharge
(overburden depth)which has been evaluated with a safety factor
of 2.5 on Diagram 5. It is, therefore, recommended that all
piers,except for Pier C, be supported by piles which are of
sufficient dimensions and of sufficient structural adequacy

to support dead and live loads attributed to each individual
pile both vertically and horizontally. Pier C may be support-
ed directly in the outcropping rock,

Basically two types of piles will be discussed here, but not
to the exclusion of other types of piles that satisfy all the

structural and other requirements set forth in this report,

B, Cast-in-Place Concrete Files

This type of pile is locally used for the support of heavy
structures in deep bearing strata overlain by soft materials.
The method used for its installation is known as "*The Reverse
Circulation." This method consists of churning or jétting a
circular shaft using circulation mud to keep the shaft from
squeezing and also to float the cuttings which are pumped to
the surface. This process is normally carried to rock or
gravel surface beyond which the soil cannot bevsufficently
churned up for floation in the circulating mud. It is report-
ed that such piies have been installed with tremied concrete

up to 200feet in depth and with diameters up to 5 feet.

The use of such piles has been considered for the subject
Project; however, due to same uncertainities which are list-
ed below, their adoption has to be questioned, apart from
their economic merits or demerits:

a) The piles are exclusively point bearing and the true nature

and cross-sectional area of the point cannot be verified
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after installation.

b) The true bearing pressure at the point is, at best,%—-where
p is the pile load and A is its cross sectional area. Even
if A were true, the value of E-should not exceed the allow-
able value based on @ = 20° and ¢ = 1 KSF, For piles rest-
ing on top of the rock with overburden of 150 feet the
maximum allowable bearing pressure is 25 KSF which limits
the load capacity of a 5 foot diameter pile to 500 kips.

c) The load bearing capacity for piles with varying(lesser)
overburden would have to be correspondingly decreased or

the pile diameter would have to be increased.

d) The continuity of the concrete in the shaft cannot be
verified other than by core drilling.

If all the above questions could be positively answered, and
economy warranted it, an indispensable requiiement of embedding
the pile at least 5 feet into rock still remains, Without such
embedment the pile tip upon full load application could slip

laterally on an inclined rock surface.

With regard to cost of piles generally, it is proposed to
measure the economic preference of a pile by cost per ton
of support. This is simply computed by dividing the cost
of a certain pile installed by the tons it carries. An
additional economic factor is the pile cap whose cost vari=-

es with the number of pile in a cap.

Inquiries conducted by the writer in Taipai indicated that
for the subject project the cost of a cast-in-place concrete
pile, 150 feet long, would be on the order of $20 to $25 per
ton (2 kips), thus a 400 ton (800 kips) pile embedded 5 feet
into rock would cost $8,000.00 to $10,000.00, installed.

C. Driven Files

This type of pile may generally consist of either timber,
concrete or steel, or a combination of all. Its main common
feature is that in its process of driving it also registers

the quality of soil it penetrates.

Inquiry in Taipai by the writer indicated that there is avai-
lable driving equipment to drive piles up to 100 feet in
length and that heavy driving hammers are available to drive
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heavy sections through overburden into weathered rock.

Due to the appreciable depth (150+ feet) through whcih some
piles must be driven (Piers N and S) it will be necessary to
splice at least 2 sections to make up the length of pile requir-
ed. Other piles may be driven in a single section. It is re-
commended that a small displace-ment pile be used to attain
maximum penetration in the rock. If a larxge section is used it
must be equipped with a small displacement tip section to accom-
plish the same result.

Of the piles most suitable for the subject project a prestress~
ed concrete pile with a H-steel tip or a closed end steel pile
with a H-steel tip is recommended.

It is proposed to use a 200T (400k) load carrying pile driven
into the underlying rock. The advantages and some disadvan-
tages of such a pile are as follows:

1. It records the soft and hard strata inclusive of the bearing
rock by blow count and,upon continuous driving, it also deter-
mines the pressence or absence of softer soil within short
reaches of its tip.

2, It distributes the load by friction on its sides in the
bearing stratum so that the maximum bearing pressure in
the rock is largely diluted.(see Diagram 6)

3. It allows for adjustment of greater ox smaller penetration
in the rock depending upon the soundness of the rock it
penetrates.

4, Speed of installation.

5. Splicing and supervision of driving may increase the cost
per pile.

6. Number of driven piles required may be twice the number of
cast-in-place concrete piles, but since the pile caps are
large by other requirements, this effect may not be detri-~

mental.

7. Piles will have to be cut-off by mechanical means, as few piles

could be driven to pre-determined length.

Inquiry in Taipai indicates that the cost of a 200" (400F) pile
installed may be on the order of $1,000.00, which when divided
by 200 tons, yields approximately $5.00 per ton. Adding extra
cost for splicing and steel tip of aprroximately $300.00 per
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pile would bring the cost per ton to $6.50. This is much less

than the estimated $20 to §25 for the cast-in-place concrete

pile.

The diameter of the prestressed concrete pile need be only a

minimum to satisfy structural compression member requirement.

However, a steel tip dimension of 14" BP H 127 has been assumed.

D. Load Capacity For Driven Piles and Required Fenetration

.in Rock
The desired pile load capacity of 200T (400k) has been

analyzed for resulting maximum soil pres

required depth of penetration in the rock.

sures and for the

Assunming & =20°

1 KSF the required depth of embedment in the rock is
(thick=

and ¢ =
approximately 9,5 feet to support the pile in friction
ness of overburden 150 feet). The resulting maximum bearing
pressures at the tip horizon of the pile will be on the order

of 28 KSF, which is less than the allow
This penetration may be less if the

able for the rock

horizon at the pile tip.

rock is firmer than assumed. However,
limited to 7 feet, and, should addi-

happens to be

it is recommended that

the length of the tip be
tional penetration be required where the rock
the concrete section of the pile will be

mudstone and soft,
sistance is

to the soft rock until adequate driving re

forced in
h the mechanics

obtained. The method of analyses together wit
thereof is presented in Appendix I.

E. Minimum Spacing
Analytical results presented in App

minimum spacing between centers of piles need only be 3' -6M,
esirable and would also be

endix I indicate that

However, larger spacing may be d

beneficial.

F. Lateral Loads and Resulting Maximum Moments and Deflections
“The moments and deflections resulting from applying a
using the non-dimen-

L. Gill, ASCE Journal
sion, May 1963.

jateral load to a pile have been analyzed

sional approach by M. T. Davisson and H.

of the Soil Mechanics and Foundation Divi

A conservative coefficient of subgrade reactioft (kh) of 500

psi has been used, ‘which corresponds to a medium clay. The
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analysis presented in Appendix I has been carried out for a
16" x 16" concrete pile for both free-head and fixed head
conditions. -Corresponding deflections have also been plotted
for various lateral loads which are shown in Diagram 6.

It is desirable to provide sufficient embedment of piles in
the pile caps to achieve ''fixed head" conditions, and it is
generally assumed that an embedment of one diameter provides
sufficient fixity to meet the assumed conditions, It is
noted that the comparatively high negative moments for “full
fixdty" never develop, as there is some rotation at the
joint. The provision for negative moments equivalent to the
computed positive moments for "fixed head" conditions is
deemed adequate.

Diagram 7 shows that a laterally apyplied load of 40%at the
ground surface will result in maximum moment (fixed head)

of approximately 30k' with a corresponding deflection of
approximately 3/4". Linearity may be assumed in the extra-
polation of these figures, It is also noted that further
lateral support may be obtained from battering piles, but

it is recommended that batters not exceed 1:12.

G. Pier "C" - Spread Footing In Rock
Pier C will be founded in the outcropping rock at Sta. 1+224.00

as shown in attached Diagram 8, from which it is seen that the

right hand side of the substructure will be in excavation while

the extreme left section will partly overhang the rock slope.

The rock at this location consists of sandstone whose minimum
strength parameters correspond to the triaxial shear test results
with 8 = 26° and ¢ = 2070 psf., through visual observations by
the writer, proved the exposed rock is superior to that taken
and tested from depths 5, 27, and 54 meters at test borings
30,31 and 12, respectively. It is, therefore, proposed to
found this pier in the rock by spread footings, Or a single
strip footing, with rock strength parameters of g = 26° and
c = 2 KSF. The minimum embedment below the lowest adjacent
grade is to be 5 feet. The footing near the slope must be
sufficiently embedded so as not to be affected by the toe of

the rock slope, as shown on Diagram 8.
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On the basis of the rock strength parameters quoted above a
safe bearing pressure of 25 kips per square foot may be used.
The choice between a continuous strip footing and two sepa-
rate spread footings is one of economy, depending upon the
cost of additional excavation and concrete, in the case of a

continuous strip footing.

As seen from Diagram 8 the excavation side of the rock must
be carried beyond the box substructure and laid back at a

safe angle so as not to endanger the pier structure.

It 1s recommended that the footing excavations be swept clean,.
free of loose rock and soil prior to placing of steel and

pouring of concrete.

8. FILE DRIVING ECUIFMENT AND DRIVING CRITERIA

A. Equipment

It is recommended that fixed leads be used and that swing
leads not be permifted. The leads must be capable of rotating
slightly to accommodate the desired batter. The rig should
preferably be crawler mounted for better stability. The minimum
rated energy per single blow of the hammer should be on the
order of 56,000 ft. - lbs. corresponding to a Delmag 30 or a
Kobe 42. Use of followers is limited to 10 feet. All equip-
ment shall be submitted to the Engineer for approval prior to

mobilization.

B. Driving Criteria and Probe Files
Driving criteria shall be established in the field follow-
ing the installation of probe piles. These will be installed

at each pier prior to ordering the bulk of the piles. At

least 10 probe piles shall be driven at each pier and the probe
piles shall be driven with the same equipment as is planned

for the bulk of the piles..

It is desired to embed piles at least 7 feet in the underlying
rock, the surface elevations of which is shown in profile on
Diagram 3. However, probe piles should be ordered at least .
15 feet in excess of the measured depth to rock. Driving

resistance, blows per foot, shall be recorded for the whole
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length of pile with particular emphasis on the point near the

rock surface when driving resistance suddenly increases,

Piles may be stopped Short of the required 7 foot penetration if the
resistance to driving exceeds 2.5 times that of thé“gugrformula for
the last 6 inches of penetration. On the other hand, if resistance
to driving has not reached the minimum blows per foot according to
theﬁﬂﬁ?fbrmu1a, driving shall continue until the required blow
~count is attained.

At least one of the probe piles at each pier shall be load tested as
described below. '

C. Splicing

Where piles to be driven exceed the practical 1imit of length for
a single section, splicing will be necessary. It is assumed that the
practical 1imit is approximately 80 feet, so that two 80 foot sections
will have to be spliced to make up the maximum required pile length of
160 feet. However, where an 80 foot section is to be spliced to a short-
er section, it is pecommended that the shorter section be placed at the
bottom; this is in order to gain maximum confinement around the splice
as the pile is driven into the bearing stratum.

The splice itself may be any standard or locally available splice such
as the bayonette type or dowel type. However, the use of a plate to
plate welded splice should be investigated. This type simply consists
of two steel plates, each doweled and fixed to one end of each section
to be spliced. A full v-weld is then provided along the periphery of
the two plates.

The difficulty with plates to be overcome in the field is the
lack of squareness of the two plates prior to welding; the
first driven section may twist slightly, rotating the end to
which one plate is fixed. To avoid this, it is recommended
that the first driven section be predrilled to 3/4 its length
with a flight auger of diameter equal to:the side of the pile.
This will assure the maximum plumbness of the driven section
and the undamaged condition of the plate. To further ensure
plate to plate contact after splicing, it is recommended

that both plates be covered by a thin layer of epoxy prior

to welding.
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D. Load Tests

The piles to be load tested (one in each pier) shall be
selected by the Soil Engineers. Tests shall be performed
in accordance with ASTM Test Description D1143. The contractor
shall provide all the testing equipment for this test inclu-

sive of gauges and dials.

Anchorage piles need not be wasted as they can be used as
ordinary bearing piles after the test. This will require
driving a sufficient number of specially (tension) reinforced
bearing piles around the pile to be test loaded. It is
assumed that the anchorage piles and the test load pile will
be driven at their design locations. Ordinary piles includ-
ed in the pile cap as part of the column lead support are
referred to as "pay piles" and such piles adjacent to the
load test pile may be used, wholly or partly, as anchorage
piles, provided they are not camaged and are re-tapped after
use. The test piles may also be used as a pay pile, provided,
too, they are undamaged and have not been. loaded beyond the

M"elastic zone."

Criteria to be applied in evaluating load carrying capacity
of pile that has been loaded to at least twice the design
load is to be based on U. B. C. Code Section 2908, 197C

edition, Method 2 or 3, except that Method 2 shall be modified

as follows:

Method 2: It shall not exceed one half of the 1oad.at a point
on the load vs. settlement curve which causes a net rate of
settlement of 1/100" per ton of test load which has been
applied for 40 hours. .

Method 3: It shall not exceed one half of that load under which,
during a 40 hour period of continuous load application, no

additional settlement takes place.

Satisfactory completion of the load tests shall constitute
confirmation of the performance ability of the pile and the
bulk of the piles may then be ordered based upon the probe
pile lengths.
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9. LIMITATIONS

This report necessarily assumes uniform variation of soils
between test borings. If any unusual conditions, such as
soft pockets or unusually high groundwater are encountered
when making excavations, the owner oI his representative
should notify the Soil Engineer immediately, so that supple-

mentary recommendations can be made.

This report is issued with the understanding that it is
responsibility of the owner or this representative to ensure
that the applicable provisions of the r ecommendations contain-
ed herein are called to the attention of the Architect and the
Structural Engineers and incorporated into the plans and that
the necessary steps are taken to see that the contractor and

sub-contractors carry out such provisions in the field.
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STANDARD PENETRATION Y["BI' 210 II’)‘Q 1871 20/C 230 /1 373 oo (L) 1071 Ty 90 V3 o8 "3 21 99 873 20 o0 ari &9 1341 4 1 192 1341
CRY DENSITY 8 WATER COWTENT B0 vz ITA 12/0 740 &0 40 &0 20 50 ] ! 20 20 30 L g 200 370
ATTERBERG LIMITS (LL,PL,PL] 8/0 371 80 80 80 80 450 50 30 & 2/ 3@ [Fi-] o0 21 am 20 Mo 4/0 3/0
UNCONFINED 8 i T/O 10 120 140 149 10 (] [Fi] o 19 10 [¥i] an L] 2/0
DIRECT SHEAR 30 20 30 3 (-] vo 2n* 140 170 ot 7] ] [7iLd 2/0 ' 2/0
TRIAXIAL TESTS o ] on® [ ° [-dLd [+ Al
CONSOLIDATION TESTS = o 2/0 30 0 o 340 EL] -]

SIEVE ANALYSIS o ] 2/ 10 170 10 o ] o 2/0 10 /0 170 0 2
I, 20 =21 Tesh in sverburden , ters in rock. DIAGRAM 4 (o)
® Tested on Michoel Proszkerh inatruction

SUMMARY OF TEST BORINGS F

TEST BORNG MO F _© " 12 i3 14 i3 18 i7 L] i) 20 21 22 23 24 25 26 F1d 28 = 0 3 :-d 33 34 35 %

SUAFACE ELEVATION (METERS) 2.2 =1 18 2 2 1.8 .18 =12 -2 2.5 3.2 4z 9.5 200 s w0, 28 a3 -5.2 40 .02 6.8 1.8 2.9 38 4. 4

BOTTOM ELEVATION (METERS) s - - = - - - - - 273 138 =134 §0 28 -#63 Lo 32 -850  -IT4 363 -398 403 34y o313 -449 .41 4

OEPTH - METERS 80 38 7.8 32.5 2.3 333 a3 303 b ] 0 .8 176 B3 73 403 9.1 180 19.3 122 5.0 263 B0 421 3ro 383 a9 453

PENETRATION INTO' ROCK - METERS o i 83 9 9 74 1 14 a8 46 28 1o 175 122 S 2.8 7.0 3 9.6 138 154 [N} 9.3 7.0 62 83

M- \-nmam'm IN ROCK # : - o] 85 - - i3 2’ A y’ [} ?‘!ﬂ %o % ?:o N 1000 A A 90 Na 130 320 150 [ 150
ROCK SURFACE ELEVATION - M . = LT -55.8 ~4T 4 A NA -2T.T 34‘ -30.7 -25. -22 9 -9 -10.8 17.0 a 1 -34 3 8.1 =-10.7 -8.0 =16 9 34 -22T -24.4 =324 - 248 -24.5 -30.7 -35.4
-:‘:I“m"'la’a_ penetration Dl‘GRnH " ‘ b)




-ALLOWABLE BEARING CAPACITY FOR ROCK

MINIMUM EMBEDMENT

MAXIMUM BEARING 23 KSF

DIAGRAM 5 _
ASSUMED SOIL PARAMETER
ROCK: ¢:20° C=1ksf,Nc =15 , Ng=6 , Nf =0
OVERBURDEN SOIL: 7, =120pcf,?, = 57pcf

S.E=2.5
2.5q4,=1.2C-Nc + 7 DiNg + 0.6 7 BNq Ref. Terzaghi & Peck
Pg 223 1967ed.

_1.2(1)(a%) 0.057(D:)(6) + 0
2B 2.5

qart
'Qant = 7.2+ 0.14Df in KSF

LOAD CAPACITIES OF DRIVEN PILES

MOMENTS AND DEFLECTION IN
LATERALLY LOADED PILES

P
70 T
T / /
3 /
60 /
OVERBURDEN t 50
E x
gm
I |
| ; : Qa
I | 5 8 § 50
| | ROCK E
| NN
/ /HENEN g
s={/a .
10
S = A/Xr* +18irn (SEC APPENDIX 1)
P= qqi s* o /

Q-LATERAL FORCES - KIPS
DIAGRAM 6 DIAGRAM 7
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ELEVATION IN METER

€ OF SOUTH BOUND

€ oF !NIORTH BOUND

|
|
1 |
T

Za = EL. 21270 —_ . —EL.21412
- \l / -
- qr_ | pa— —”—-—1[— - -:—:r-!r—-‘ LOPING CONCRETE
20 I \\ ,’_ A j/ / BLOCK WALL
=8 I | e | 0
— L] ]
" E | v W 27 N
2 T Gl —— Fi Gawr 4/ AN N -
o = =T g [ 15m ' @ 26\
=2 - C=2 KSF
£e [
> - y = alternate design
a F PIER |C
4 |—
w -
o | ! I ] [ I | I ! I I |
-40 -30 —20 -0 o i0 20 30
SECTION AT STA.| +224.00 (PIER C )
(a)
STA. 1422400
.2,
| EL.21.270 M
b E '
e —=— : Y S— (—
L ——'—-——_____——'—-—7&____’_____/__._____: T |- /
16 j — /, 3 - ——— |
b+ e e / b ,GL
12 J i e . e ——— e =]
8 __‘- - — e e R
|= PIER C
S S——— e e e e e = e L . ——— e — —————— i
l
| . | ] | ! | . | ] ] ! | | | | I ] l
| +180 | +190 I +200 1+210 1+220 1+230 14240 | +250 14260 14270

CENTERLINE OF SOUTH BOUND

(b)

DIAGRAM 8



APPENDIX I

A TYPICAL LOADS

L | (3Rt fionet

?wlf— LI
| 50" = 492
PIER 1.

VERTICAL

D.L. = 6300™ = 13860F

LL. =735380% =1166"

TOTAL : 6830™ = 15026
LATERAL

V=0.18 (D.1{s L.L. ) =0.15 ( 15,026 ) = 2254
MAX MOMENT = 10,000 Ton-meters= 72,182 h-ft.




LOAD CARRYING CAPACITY OF FRICTION PILES
EMBEDDED IN BEARING STRATUM '

1 REQUIREMENTS

@ Each pile must be Capable of carryiny its load as a compression member.

@ Each pile must be driven far enough into the soil to transmit its load to
the soil by bearing on its point and shear on its periphery without
excessive motion relative to the soil.

@) The soil at th_e horizon of each pile point must be capable of carrying
the full pile load on the area available for that purpose with a suitable
factor of safety against failure, For a single pile the area available
for support will vary with the length of embedment of the pile in the
supporting soil and with the quality of the soil. For an interior pile in
a large group, the available supporting area cannot be much larger than
the area bounded by a line midway between piles, For piles in small
groups, say four or less, an immediate value will obtain.

@ The soil at any distance below the point must be capable of carrying the
full pile load on the larger area available because of the lateral spread
of the pile loads, again with a

suitable factor of safety against

failures.
-
‘Ref. : Pile Foundations for Building i‘r i i
by john W. Dunham ASCE S 5
= %
JAN. 1954. y 3

2 ISOLATED PILES 1IN
¢—C MATERIAL

SUPPORTING SOIL

@ Assume full passive pressures on g S 1A -
o . (s77y+n 1 2f
the embedded pile section in :
supporting soil.
@P = Pile load

@ h = Required embedment in

P
supporting soil for frictional \Pm

~ 484~



resistance only.
@H,: = Depth to ground water surface.
® H, + H; = Depth to surface of supporting soil.
® Pm = Max . pressure at tip of pile,
@ a = Cross sectional area of embedded pile.
® Load carried by fricfion = ( P—P,a)
@ Friction area of pile in supporting soil = o = 2xrh,
3 REQUIRED EMBEDMENT IN SUPPORTING STRATUM

P — P.a

»

o( (7 Hi+ 7w H:) ( tan*(45°+§)+tan¢+c]

71 =Unit wt. of soil above water table.
7o = Bouyant unit wt.of soil below water table = 60 pcf
¢ = 20° ( for siltstone )

tan ¢ = 0.364

@
tan? ( 45° + ? ) = 2.03

C = 1 ksf
n 4 X 14"
0= 14— = 4.67 ft2/ft
" 12
14
P = 360"
Pm= Try 20 ksf
14% % 14"
a=  —— =1.4 ft?
144
H: = 0 ( Assume water table at surface )
H; = 150 ft., Max,

360 — 20(1.4) " 332
4.7 ( C 0+ 0.060 « 150 ) ( 2.03 )  0.364 ) + 1 ) 4.7(6.7+1)

h = 9, 2ft. Say 9 Y5 ft.
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4 EVALUATION OF -MAX. SOIL PRESSURE AT POINT
HORIZON OF PILE EMBEDDED 150 FT. (H:) IN NON-
SUPPORTING SOIL AND 9% FT (h) IN SUPPORT

ING SOIL
P—Pa r’ 1
iPame i @
h z ( C .5775+ 1 P =]
P—P.rr? ( sacrifice )
dPu— Tr . dy
7 h (0.577y + r.)?

Neglect — p, wr?

p
dP-:_ .d
Yooty

P 1
P. = - dy
wh ( 577y+r )?

P P

Pw = =

3.14r?4+ 1.81rh a+ 1.81rh
i =1.412 h=9Y% fu P=1360%
r = 0.67 ft. ( Equiv )

360%

Bio=

{ 4495 .80¢"87T D) 9.5 )

360%

P, =———

1.4 + 11.5
P, = 28 ksf > 20 ksf 0.K.

Ref : Pile Foundation For Buildings by J.W. Dunham M. ASCE JAN. 1954

5, EVALUATION OF EFFECTIVE LOADED AREA UNDER
INDIVIDUAL PILE TIP AND MIN, SPACINGS

P P

| |

VA =ynr* +1.81 rh
=/ T4 +1.81 (0.67) (9.5) =130
= 3.6'

*. Min spacing = 3' — 6"
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B. MOMENTS AND DEFLECTIONS IN
PILES DUE TO LATERAL LOADS

1.MOMENTS
MOMENT COEFFICIENT "A"
-A +A
0 50 -25 Q_ 25 50
=l e i, ct‘ Cay
E 259 = S \
w N\ )
- \
o Sof
3 i
8 ?5! // 16"
o
5 g Eie
Y PRESTRESSED
CONCRETE PILE
4 /EI
M= QA = QAR
h
4 /JE1
/max = 4R R =
K
2DEFLECTIONS
DEFLECTION COEFFICIENT "B"
-8 +8
0 -05 M ;
- © ! - B L0 I
/
z 259 . ,
] < 7 E E
& 508 / ,’ °
w / <V
(&) . Vs
r 754 :
: Lk
8 mex
LEGEND
FREE HEAD ——m———
FIXED HEAD — — — ——
R?3 BQ

DEFLECTION A = BQ = 77
El (E)* K
Ref : Laterally loaded pills in a layered soil system.

M.T. Davisson & H.L. Gill
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C LATERAL LOAD CAPACITIES FOR 16in
x 16in PRESTRESSED CON, PILES
E = 3 x 10° psi ( conc )

16
1

I = —(16 )* = 5.5 x 10® in' "
12 16

Ki: = 500psi ( Med. clay )
M = Resulting moment from laterally applied loods.
Q = Laterally applied load af ground surface.

¢ = Dimensionless coefficient of length
AL
M=QA +v/—— /\ = Moment Coeff. M=0

K
7~ g
i e S

K =
a T
o . e
L g - :
_:-€-¢:=4 L=4R ;U o
b4
/T,o X 10° x 5.5 x 10°
R = = 75.81in | }
500 —
4 X 75.8
L=4R= —— = 25.3 ft.
12
A =M. for Free Head Condition (C=1)=0.45
A=M,, for Fixed Head Condition (C=1)=0.7
B=Y, for FreeHead Conditon (e=1)=1.8
B=Y, for Fixed Head Condition ( C=1 ) =10.725
BQ 0.725 Q
Dsized =TEI3% - (Kh)% 359 X 10 = 0u0039
4 4 359 X 7 s <
( Qin kips )
1.5 Q :
A sree = ———=10.039Q (Qin kips)
359 x 107
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D. RESULTING MOMENTS AND DEFLECTIONS

FOR VARIOUS VALUES OF * Q ~*
M=QAR a
B Q <L >
A: 1 3 |\\"\' /
(EI )% « Kn7 M
A ssume : 5| 1 '}
.:! |f,
(D) Ks = 500 psi Jl_ |r/
‘J
2 R = 75.8 _in '
@) K = 500 psi
DEFLECTION AND MOMENTS
M=QAR
75.8
Free +M;, = Q X 0.4 X = 2.53 Q k-ft
12
75.8
Fixed —M» =Q X 0.7 X = — 4.42 Q k-ft
12
Fixed +M,, =Qx 0.12 X ——=0.76 Q k-ft
12
FREE Fixed
Qin Kips
M K— ft
M K- ft e A"
G.S @ 12'
1 + 2.53 .04 — 4.4 + 0.76 .02
10 + 25.3 0.4 - 44. | + 7.6 0.2
20 + 50.6 0.8 | — 88. | 4 15.2 0.4
30 + 75.9 1.2 = ~age | xo9.8 0.6
40 +101.2 1.6 - 172 | + 30.4 0.8
~ 489 ~




SUMMART OF TRIAXIAL TESTS ON ROCK CORES

SAMPLE No DEPTH DIAMETER HEIGHT MASS Ps (p1—Ps ) max. (P;—Ps)min.
M CM CM gm kg / cm® kg/ cm? kg/ cm?
1¥ + 477R8 27 .6---27.8 5.29 9.255 396.73 6 27 .828 27.832
F—31 12 51.018 50.01
21 64.932 63.0
o + 896 R9 54.2 ---57.5 5.289 10.84 521.70 12 194.868 194.86
1¥ + 477 R8 27 .10---27 .45 5.379 10.335 486.09 6 107 .654 107 .118
F—31 21 125.596 124.971
36.5 94.197 93.728
1¥ 4+ 388 L—9 5.2---8.2 5.385 9.02 440.50 6 89.514 86.071
F—28 12 60.87 58.529
36.5 138.747 138.411

3% UNCORRECTED FOR CHANGE IN LENFTH OR CROSS SECTION AREA
% % CORRECTED FOR L/D RATIO



PROJECT NO: CF—RM-002

SAMPLE NO:1%388L9
m
DEPTH :52™gZ"
100
o
=
w
w
w
14
D
[+ 4
q o
¥ Leo 0 =26
| | |
o 50 100 150
NORMAL STRESS , K9 m
PROJECT NO: CE-RM-002
SAMPLE NO; 0%+ 896 RO
DEPTH  54.2-575™M
200
k3
u"\
E 4
w
w
w
'3
&
@
g
$£ lioo
w
| 1 2 =

100 200

NORMAL  STRESS K0/ mt
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M

K/em

SHEAR STRESS

SHEAR STRESS

PROJECT NO: CR-RM=-002

SAMPLE NO: %477 RB
"IN

DEPTH (2710 - 2748

— 100

NORMAL STRESS hgfcmt

PROJECT NO: CE-RM—002
K

SAMPLE NO: |+477 R8B

DEPTH 276™-278™

— 60

NORMAL STRESS %em

-



~ g6V ~

SAMPLE Nao DEPTH (m)

29.8 — 29.95

8.90 — 9.90
10.35 — 11.35
14.25 — 16.00
29.00 — 29.40

UNIT WEIGHT
¢ Lb/ i)

« 115.4
99.8

118.6

126.5

147 .9

ATTERBERG LIMIT (%)

N )

23.8

23.8

DIRECT SHEAR TEST S.G
P.L.

P.1. C C. (kip/ft?)
18.9 4.9 20.0 1.30 2.67
NP - 29.5 1.70
NP = 29.5 0.95 2.55
18.9 4.9 29.0 0.85 2.52
NP = 32.5 0.40

2.62



Klpf! o

SHEAR STRESS

Kip/tt?

SHEAR STRESS

CONSOLIDATED — UNDRAINED DIRECT SHEAR TEST
HOLE NO Ilsi'BrIﬁS RB8
DEPTH 2982995
-6
/
(o] C=1.3
— 4 °
/ @20
o
-2
0 1 L | 1 1
2 4 6 8 10
NORMAL STRESS L
g 0/

CONSOL IDATED — UNDRAINED DIRECT SHEAR TEST

HOLE NO 1%364L16
pEpTH  89—a7™

c=1L70

0=295"

2 4 6 8 i0
NORMAL STRESS  Kipy, a
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Kip{"g

SHEAR STRESS

Kip 7 11°

SHEAR STRESS

CONSOLIDATED — UNDRAINED DIRECT SHEAR TEST

HOLE NO

%364 L16

DEPTH 1425-1600"

o
6
o ¢ +0.85
0=29°
L 1 1 L L
0 Z 4 6 8 10
NORMAL STRESS  KiP/gy
—8
CONSOLIDATED — UNDRAINED DIRECT SHEAR TESTS
HOLE NO 14502 R2 "
DEPTH 290—294 " /
8 o C=04
D=325"
(o]
L4
-2
1 1 | 1 1
o 2 3 6 8 i0
NORMAL STRESS Kipsgyt



Kip/gy?

SHEAR STRESS

-8
CONSOLIDATED — UNDRAINED DIRECT SHEAR TEST /
HOLE NO. I+364 LI6
—1.3sMm
DEPTH 10.35—11..35 C20.95
0=295"
-6 o
1 1 1 1 1
o 2 4 6 8 10
NORMAL STRESS Kip/¢?
!—_————u—' SIEVE ANALYSIS HY TER ANALYSIS ————
 GRAVEL T —F =
"COARSE “ﬂf B 7 GIECSEE__“ "1 _CLAY SIZES
ido 2" ik V2 s 4 10 i iz
T
%0 \ 10
N \
& oo 20
g E
70 il 5
& 0
@ h_\ B
g ik g
I ‘\\ 4
50 {30
5 B! !
8 T z
40 0
¥ N 2
K w
30 0 Qo
n\ha
20 f— +- b ~i 80
10 = 90
oUILIITTT T T [III [T L OOTIrg 1 1 -fl 100
654 3 2 B 65 4 F] le 6543 2 lsa 6343 2 0l8 654 3 £ 008 634 3 2
GRAIN SIZE IN MILLIMETERS
HOLE NO| SYM | DEPTH (M) | Djo (MM} Ogg (M) Cu LL. P CLASSIFICATION
%eL5
R 8 0 298-2995 238 4.9 CL - ML
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REEZ ZiR 295 L E ) HE K TAB 2k B 452
— R ER

OFT |
1. 750 33 7 B L0 A% 4 S50 o L O O T BRI K B R R o R RE X
WU EE R R EEW M MR ARG ME R > ®h
UMKEBAZHARSRE CERRRREABEABE > LREBEE >
B o
QEHBCEAARBHBHAE > HEBTAR Y EREDFLBE » M
EARBEAN s BNEEREBHEASEAFAEE > HEEMNT :
WMAKFZZHE® :
£ 20 R200 FHBYAKT » BEAKESHBMK 25 & 10 A5 e
BRI EEREBRBT LW AERGHERACRREER 15 A EL
(2) ¥t 32 2 8 o
MR S W UBEELERNR KEhl.24 BPARR
£2.96 BAR  BARBEEWERN 22 ; LHWBARRHHBE
ph oo WEEBAE - W RES RN 0 MR BRA 25 -
(3) 3t ) 2 i 38 -
FILRERIUBE BN RSEE > LLUREN » BEXmkasE ¥
BR40 ERA EEVASRKRLEENE  RENREHEAZZEXK
ESFEHARIAN > BRNBHEENEESTESHAR0.66 2K ; &
HHRIRI 24 %BULE o
3ARITHEMERD ZRILRE > REEAKE LIS R - M 23
Z 35 AR » A 23 BE3t 46 B BAWIBHEK > BB EWBAL -
—ERWARIPEEE  BEBLE KE -
ABRIETHERMFERTZEKER > REBHARKE LWBREAEBM K5
D4y
5. FEABMIT YWY » X8 R T AN BS R B A K Mg
BRBER > R 200 FHEBI KR TRE LWHRKGCHS 245 o
6HEAKMIUZAMB RS  EENERARKKMENILEMN > 64
EWBEG REARBEMARAERERS =0 BEERAILES
RATEZB BB -
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OF G EAKEYLEHA B D ERT ZEEELE - HHARCRER

FMEELE FWR AN  EAREERLKE 2 FEAREAR > BE
FWARE 20 A% ; 5 EEAEE 28 A% c FHMEENKACYLERL
REE o

S]-F
LEILEAMBEEARZTH BB s REAKRAE A LR R
Wi PHREKEEZERO » ERSAFEABRAR » BREEERY ¥ A
BN EEARBE Y BRBWEMRREZE R IRARAREAK
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PEEABERH s ELUB - REBER 13 ~ 14 “HABMHF > DILL
U ERETEREEBATKZ REBEENE RSB REE » UKFEH
BN 2 KRB o

IEEAR BE > EH LY BERKILE - MEHER RN SRR
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B RHZES  RESERKES.3 AW/ EHARN  HMFEEILH )
R FF B8R 0.66 AW/ FHAR » AKEZ o

5.7 AR LA T > MUBHA 2 EEE B HRBARPEEE » ER
AR RSB 2T » EEAHER TEFRRAFEZNER
BEH e REILRH R EHBEZZR o

6. 5B ERh 2 NI » HR L BB » EmaE o

et R RS 2 A SRS BEBT AR EAKSRBRELE > THE
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W RAK TR (WAFE B TETE) KRB B DBTRER
R—O o PELIHERENZZZ
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fREEIEBRRE ©
FREAEMEEEN-BAKDBERERN  TEXABERELER
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BABILEHTRARRT IR - RE_BIIRPILE L THBEBXE
o BERMENEETARZ YR FARARB S —ORE - DS TEAS
BE o

=RBEE

(R H B

ARBRZEMENARKTA TEE > HEAREAKEIL—AHRIER
BARHUETRZEE LRI AETRFRBF ZDT > KEZH/ZH
A¥E DHREMIERBAB T ZE% °

ERBEE
ARBZHABAETFISEHE
LEILBARBHAR - RILBRRERZEAXKYE -
2HILFAEBRRGRBERRIREGFAEHZER
3.8 11— P 350 B 70 s A B ST BR BT R I MR A U 2 R o
A KE—AWBREBEREKMZER -
5.KE ~ IR RBEAKZEERANLEE -
6. [ (LI A% T 5 [ | L 6% B A B O o3 -z B AL o
7. [ 1L A A 0 G T3 R R KT Z W o

E R B &

RBWES 20 £ X 200 FEHARYPKRE > 20 FHBUEKE & RAKAH
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N WA 2 BA R ERE LA BEL 7K B S 2 41 > LAl BB OR 99 7 1R W) T

o
EJUE Y SCP-S 38 % Tod
5 & | w B (B X F A R D W (AR
# [xEB(FER|EBEW | RAW| K W E W
200 11,000 10,8I00 3,200 | 25,000 '1.91 | — 1.50
20 6,100 7,500 2,400 16,000 1.20 | — 1.20
i 0 Rt

ARBREAREAZR KT ER2EBHE > RURELFEARR IR
BEAEBREE - FERCHFPEREERT ZYWIEE » THZERAT OO O

HH 4.5

AREABWIE -

BMAAFEHRRB1/300 » EERRB1/50 » REEB6 » MR
BB EE®R ( Froude Law ) B¥ o MR 2F A ©
KHEBHMB AT A THARRES  EHEBXREH—ANEAE -

03 —& — 07

#2 HRAURFERSHLA

FERBA+TAFNA °

= _

H g | K (VA B | ¥ i A B | B R
#l

I /N ¥ 1 7% 1/YY% Ys/X [ 1/XY3/2 X%/ Y%

H #l 1/50 1/7.07 1/42.5 |1/106,000 | 1.27/ 1

S X A8 B B 300
Y FERMAEE 50
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HEILRRKE YR

KR UBETHR 1 AR ZHETE - REAZPILE - REBES > B
THZREABBWEREREME (1. ) 158K T3R80 SRR A %2
RBA= BHRRAM ~ BINWEERIBHRE » HSRWT :

ECEC Y. STA

BEARE LSRR QLR > FREHEH A B UEE R ¥ E
o RRE A RSB AREE » (2 RBAT sk A LRRKERSESR
B R _REB AR SEEMA (B2 ) » X4 1314 58 5 (2 RE

RETTHRBMER ) BV BEVUREY (82 ) HARKEBKE -

HE KR ZHE > BB W R RE R > BEEKEZME
BT UG BT RBER > RERARFIERZEE » SRWT :
LERGHRAET » CEAEMBEER

BUVKERBRREALCBEIUBHTET r EEW I EHEHY » £ 20 £

Z200 EHBHEAKERT » EXZZABRRREME 3FTR ©

3 BRVEGET BHILUBZHEAEE
EKEE : £ | W pol Bt X i (A R)
X B WK R | NEEGL | B
(BXFAR) | (AR) hIUE | KEWR | A | B L
- - bz} | 6.17 .53 6.72| 7.25
¢ 15203 FRREHE LA®5CH | 6.58 .95 | 6.93| 7.31
20 X £ ZE|+0.41(+0.32|+0.21(+0.06
( 2,400 ) 3] ®| 6.17| 6.63| 6.72| 7.25
& 8 —
(-1.20) EFRXGHRIUMSSER | 6.58 95 |76.93] 7.31.
X iz £ |+0.41|+0.32 [+0.21|+0.06
. » ) | 8.78 13| 9.19| 9.34
(1.91) FRRREHRILA®5ER | 8.93 265 19.27| 9.34
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1.1

1.2

ek (1)&8a383% 3184

1 LiXTRODUCTION

Ubjectives

The purpose of this study is to provide the necessary data for the con-
struction of Yuan Shan Bridge using Freyssinet system. This calculation
note covers the following items:

(1) Modification of tendon layout, anchorage details, etc. in connection
with prestressing work with the Freyssinet cables, giving'the same
prestressing forces and mgments'as these given in the origina} design

(2) Preparatory calculation for the necessary control of prestressing at
the site, such as relationship between gage pressure and élongation

(3) Calculation of elastic deflection due to dead weight of each segment
and wagon and to prestressing forces during the cantilever construc-
tion, and deferred deflection due to effect of shrinkage and creep of
coricrete

Sequence of Censtruction and Construction Schedule

In order to make the above preparations, the sequence of constre¥ction:
and const}uction period were assumed as shown in Figs.l,1 through 1.4 and

Tabie 1.1, on the follouwing assumptions:

(1) A sufficent length of girder near the top of each pier shall be con-
creted on falsework to provide enough space for placing tuo.waqons
(see Fig.1.5). The end section of the box girder shall be rightangled
to the axis of girder.

(2) Une wagon shall be placed on the North bound (or South bound)lang can-
tilever construction shall be carried out as far as third segment ;Ld
then the other wagon shall be placed on the South bound (or North
bound) (see Fig.l.5).

(3) The former shall be dismantled when the final segrient is concreted and

prestressed to permit the continuous operation of the latter. The

~ 513 ~



latter shall be pushed back to the top of pier to be dismantled after
having coxzpleted the final segment of the cantilever.
(4) The both bounds shall be connected with the cast-In-place concrete
deck slab and crosstecams.
(5) The remaining central segment of the span shall be concreted on false-
work suspendec from the both ends of the cantilevers.
1.3 Layout of ''endcns
l.5.1 Principal tendons
Modification of principal tendouns, including additional and joinning
tendons as well as the tendons in diaphragms was carried out to give
the same prestressing forces. and moments as those given by the origi-
nal design, on the basis of making use of Freyssinet 12T 13 cables.
1.3.1.1 Vrrestresaing Tendon ané Cteel
The mechanical properties of prestressing steel and its allow-

able stress are given in Table 1l.2.

Table 1.2 Seven-wire Stress-— relived Strand

Nominal Diameter (mm) 12.7
aross-secticnal area (mm?) 1184.52
Mechanical Unit weight (kg/m) 9.288
Froperty Pensile Strength (kg/mm?) 190
0.2% Proof Stress (kg/mm<) 160
Temporary (verstressing for _
Short Period (0.8 ) 192
Allowable
At transfer to Concrete
Stress
{G 7}" ) 133
(kg/mm? ) A
At Service Load after Losses
114
(0.6f:)

Note: 1) The cross-secticnal area of a Freyssinet 12713

cable is equal to 1,184.5cars

~ 514~

S T VS —

e




2) The internal diameter of duct is €Smm.
1.3.1.2 Steel Stress Distribution
The steel stress distribution at transfer along each cable
was estimated on the asswiption that the minimum steel stress

always reaches a fixed value shown as follows:

Length of Cable () ¥in. Steel Stress (kg/md)
=70 115,
< 70 $o

The preliminary stress calculation proved that the necessary
jacking stresses to compensate for the losses of prestress do
not exceed the allowable stress for the temporary over-siressing,
provided that the minimum steel stresses remain at the above val-

ues.

The losses of prestress due to friction and slipping within the
anchorages were taken into account on the following assumpticns:
(1) Laoss due to friction was estimated according to the A4SHO

(1973) Article 1.u.7. (a) using the follewing values,
K= 00020 M =03

(2) Loss due to slipping within the anchorage was estirated on the
basis of 12mm pull-in which is defined by the Provision of
Freyssinet System.

(3) Loss of prestress due to creep anc shrinkage of the concrete
and to relaxation of ihe prestrussing steel was estimated
applying the FI¥-CzE International Recommendations for Des:gn
and Construction of Concrete Structures.

(a) The creep coefficient ﬁﬁ can be given as:

Sﬁ:écﬁdébéc ét

{é aepends on enviromental conditions. Fcr 70% of relative
C

where:
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b
kb

ke

kt

humidity of air {c is taken as 2.3,
depends on the hardening of the concrete at the age of loading.
when the concrete is subjected to loading at 7 days of age,
is taken as 1.4.
depends on the composition of the concrete. For the concrete
having 4Ung/hFcement and 42% water-cement ratio, is tadin as
0.9,

depends on the tneorctical thickness of the member (tne

gquotient of the area of the section divided by the semi-perimeter
in contact with the atmosphere). For the section used for this
bridge, the theoretical thickness is equal to 0.4m and {QC s taken
as 0.71.
covers the develcpment ¢f the deferred deformation with t:me. For
the final state ‘ét can be taken a.g-—l..O
Applying the above figurcs, the basic co._-vi‘ficient(ﬁ is given as
follows:
b =234 X09xCT1 /0 =2.056= 2.1
(b) The shrinkage deformation 65 is _f‘.r.-termined by the product of
five partial coefficients:
65 =Ec ‘ﬁcb ﬁe ﬁp‘ét
where: °*
6c depends on the enviroment, here 27.5x10-.5
éb depends on the compusition of the concrete, here, 0.9.
ﬂe depends on the theoretical thickness of the member, here, 0.55.
‘ér depends on the geumetric percentagelir’-" of longitudinal reinforce-
ment of area A w.th respect to the cross-sectional area of the

member,EB . Here F? is equal to 0.394p and féP can be tzken as:

R . (0 o 93
=T TXtne  [00+20X0394
ﬁt defines the development of shrinkage as a function of time. For

the final stege ‘ﬁt is equal to 1.0,

applyving the above figures, the shrinkage of the concrete is

~ 516 ~



taicen as:
£5=275x10° X 09 X 055K093410=/27%1C *=/34/C°
(c¢) The relaxation of stescl was taken as 16, of an initial stress
equal to 80% of the tensile strength. The law of relaxation

can be obtained by assuming that the changes follow a parabolic

law

from a value of 6};0 =5 0:34 of tensile strength and

have a horizontal tangent at this point as shown in the follow-

ing figure.

0.16 x 0.8 x 190 ¥/ 12

RELAXATION

]
I
I
I
I
|
I
i
1
1
|
I
i
1
[
[

0.5 o8
INITIAL TENSION/ULTIMATE STRENGTH
Fig.4-1-1
The value of the apparent relaxation of the steel may be ob-
tained from the following expression:
AbamABL . [ [-3 BOpgss
ap aP, CT
in which: i
A6\éf3. sl pure relaxgtion of the steel
estimated above.
1.3.1.3 Deferred Deformation of Structure
Constructed by Segmental Constrection
The concrete stresses at the level of C.G.5 in any seg-
ment increase with the process of segumental construction. Take
the prestress in tne first segment, for example, the first pre-

stress will. be applied at 10 days of age and the second prestres:
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.S induced at 2C days of age by tensioning the tendons an-
chored at the end face of the second sesment and the same pro-

cedure will be continued until the tendons anchored in the final

segment are prestressed. Thefore the prestress is applied
Cvéry 10 days. The deferred defcrmation due to the crecp of
the concrete has different magnitude according to the value

of the prestress to be applied and the concrete age when the
prestress is applied. In the light of this ract, the value
of creep coefficient 95 shall be changed according to the pro-
cess of the construction considering the age of the concrete
when the load is applied. In the abuve mentioned formula for
the estimation of ? value, the coefficient ﬁd shall be de-
termined on the basis of the age of each loading.

For the creep deformaticn 6(’{, 2t a given monment } after
application of the loads, the influence of a stress ﬁéf}a.p—
plied at the age of J‘ days and subject at any moment ¢ to
variation in intensity &i’may be expressed as:

ki ge
63;= Ebc {6;&féd&'%t(}-ai)’rzét;zéda'éc(;-a)

where:
ﬁ - = —jﬁ— for normal cement

dis = -

i 44+

Although this method of superposition is theoretically very
correct, its practical application to the solution in the case
of the segmental construction is very complicated because of
too many variables. Therefore a mean value of the final creep
coefficient could be used in the practical caleculation wund

this mean value for a given segment may be expressed as follows:

Mean value of (?Lé‘ébéez f)ﬂé& é_d#__
26}.}

The same method could be applied to the estimation of the
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rate o: developuent of the treep deformaticn:

Mean value of f?t é_ﬁ ﬁf’ 5 ﬁdé’ Jét(j .d_)
:E C& i&(i&
The mean deformation due to the shrinkage of the concrete in

the estimation of losses of prestress could be estimatec, follow-

ing same method as the above-mentioned one.

Hean value of f = Ectb foe kp2. [ét} ét;]
° (Rty - kt1 )

where:
(ﬁ‘t} Rt } covers the part of the deformation due to shrinkage in

an interval of time ( }' J')'

[ﬁitj }7 ] covers the part of the deformztion due to shrinkage in
an interval of time between } .and first lcading.

1f mean shrinkage of the concrete¢’ is estimated by this method, it became
too small to risk the underestimation of the deformation due to shrinkage. Ilor
safery, it was supposed in the estimation of losses of prestress that the total
shrinkage expected ater the first loading shall be taken into account in the
caloulation. The first loading on the concrete of any segment is assumed 10
be applied at 10 days of age and the deformation due to shrinhage before the
application of the first prestressing could be deducted in calculating the loss
of prestress due to the shripkage of concrete. The first prestressing is carried

cut at 10 cdays of age and in this case ét is taken as 0.l1. Therefore, the value

of deTormation due to shrinkage in the calculation is taken as:

Es=13 x10°%(10-01)=/2x/6°

In conclusion, the loss of prestress uwue to the creep and shrinkage of

the concrete shall be estimated as follows:
Dbp.grs =N Fmean 6c rEpLs

where

?Z ratio of modulus of elasticity
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j:ﬂedTI mean creep coefficlent for a .- ren seguent
C;i; concrete stress at the level of centroid of steel
EP modulus of elasticity for steel (20x105)
Eas shrinkage of concrete (12x10‘5)

The effect of the induced moment on the loss of prestress should be con-
gsidered for this bridge, because the deformation due to the creep is restrained
after the completion of the statically indeterminate structure. This induced
moment increases with time from zero to i.ts final calculated value, t:herefore
the estimation of the 1633 of prestress due to this induced moment could be
carried out on the basis of its mean value. Moreover this induced moment will
be a.ppiied to-ea.ch segment which has different age of concrete. Therefore, a
mean creep coefficient shall be estimated which could give the same deflection
as that calculated conaidering the difference in the age of the concrete of

each segment.

where:
Mean CP is a mean creep coefficient expected after the
completion of structure
5? is creep deflection calculated on the assumptiop that
there is no change in structural system and each segment
has different age of concrete.
58 is elastic deflection just after the completion of structure
In conclusion, the estimation of the loss of presterss due to th§ induced
moment s_nall be carried out on the basis of the mean value of the induced
moment and the reduceéd mean value of ?.
1.5.1.4 Spacing of Anchcerage and neinforcement in
Anchorage Zone
The spacing of anchoerage and reinforceLent in anchorage
zone shall be deteriiined in accordance with the AASHO (1973)

Article 1.6.15 and the Provision of Freyssinet System.
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l.3.2 Vert.cal Prestiressing lar
l.5.2.1 Prestressing 3ar
The pristressing steel bars to be used for the vertical

prestressing snall have the following propertiecs.

Table 1.3 FPrestressing Steel

Nominal Diameter (mm) 23
Mechanical -
~ A 3 A -_2‘
Property Cross-sectional Area (mm? ) 404 .8
Tens.le Strength (kg/mm2) 110
Co2w tToof Stress (kg/mm?) 95

Temporury UVErsiTress.ng ior
Allowable ! 88
* short i'erlod

Stress

(ke/om? ) f: Transfer toc Concrete 77

st Zervice load after Losses 66

Nete: Tha interngl diameter of duct is 35mu.
1,4,2,2 Irestress
The effictive steel stress was estimated on the basis of
the initizl tensioning siress taking account all .iosses due to
friction and to creep and snrinkage of tne concrete., The initial
2

minimun steel stress was assumed to be éikgﬁmm. LOss due to the

elastic deformatiun shall ve coupensated curing tensloning 28

described in Chapter 3.

1., 3. 2 3. Spacing c¢f .nchorage and Heinforcement In Anchoraye Zone

Tne Hecommendations of Aa3HO (1973, shall be applied.
1.4 Preparatory Calculat.on for Countrol of Stressing Tendons at Site

1.4.1 Principal Tendons in Girder and Diaphragms

The control of stressing of cable shall be carr.ed out by the
measurment of gage pressures as well as elongations at all times.

In neasuring the elongation of cable, a murk shall be érawn on

one strand at’'a distance 30cm from the surface of anchorage. The
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displacement of this mark shall be measured to estimate the elongation

of cable.

In

preparing the chart for control of stressing of cable, two

curves representing the relationshirs between gage pressures and e-

longations were presented using twe different combinations of y

and
/'a’

A

. The ratio of K toﬂ was taken as

K/jp =0.007

€iving the same ratio as that between K and /_(,L described in

Y1:i%:1.2 (1)

Table 1.4 Valucs of K and/(,f. Used in Calculation

N AL

Case 1 0.0007 0.10

Case 2 0.0028 0.40

In calculation of the elongation of cable during stressing,

the modulus cf elasticity of the prestressing steel was taken as

(1)

(2)

Ep=20x10° K/cm?

and also the followings were taken intc account:

The end stressing force shall be incrcased to Tompensate

the loss due to elastic deformation.

The friction loss in jacking equipment and anchorage was
assumed to be 4%.

The following figure shows a typical chart for the control

of stressing. In marking a measured result on the diagram,
probable value of friction /{,{ could be easily estimated on

a specific cable and by limiting the variation of this es-
timatedl,(,t value with.n a certain value, the control of stress-

ing could be carried out at site,
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MEASURED
P
b PROBABLE M =02
P / f B

GAGE PRESSURE Kkg/cm2

ELONGATION
Fig.4-1-2
1.4.2 Vertical Prestressing Bar
For the prestressing bars, only ore curve representing a relationship
between gage pressures and elongations was given assuming the fol-

lowing values for K and U\ :

”~ /
I\ = C.u003 AL = c.20

In this calculation the loss of prestress due to elastic deforuma-
tion was compensated by increasing the end sieel stress and the modulus

of elasticity of prestress_ng bar was taken as

Ep = 20x10° (4 fem?

1.5 Calculation of Deflection
1.5.1 General
In computing the deflection of a prestressed concrete bridge constructed
with the segmental construction method, thereare many difficulties
and uncertainties about the concrete properties.
(1) Compressive strength and modulus of elasticity of the concrete
will increase with the age, but as the modulus of elasticity is
supposed to be proportional tc the sguarercot of tle compressive
strength of the concrete, the variation in the nodulus of elasticity

is small as compared with that in compressive strength, 4n in-

crease of 30- in the comyressive strergth, for example, results in

Ao §A3 e
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1.5.2 Vari

1.5.2.1

that of 14% in the modulus of elasticity. Therefore, modulus of
elasticity of the ccnecrete at an age of 2% days could be used in
the computation as zn averz;je value.
In order to evaluztie ithe crder of magnitude of deferred deflections
due to creep, use may be made cf the theory of linear creep. The
creep coefficient is equal to the produ.t of many coefficients,
such as coeff{icient depends or. the enviromental ccnditions, the
bardening of the concrete at the age of loading, the composition
of the concrete, the theoretical thickness of the member and the
development of the deferred deformation with time.

In computing tne creep deflection expected during the se-
gnental construction, the devlopment of cresp deformation with
the time could be taken intc consideration using the previously
given formula step by step nmatching witk the censtruction schedule.
This calculation could be simplified using a concept of mear creep

coefficient and mean aevlcopment rate of creep.

These calculation methods is only of an academic interest,
because of too many uncertainties about the creep properties of
the concrete. Therefore, for the practical purpose it could be
thought that the effect of creep on the deflection could te rezlected
during the sozmental construction and the deflection due thie the
creep of concrete may rake .ts appearance only after the comple-
tion of the structure on the bas.s of a constant value, 2.9, of
creep coefficient along the member.
ous Deflections

Deflect.on during Construction
{1) clastic deflection due to own-weight of girder already con-
structed
(2) zlastic deflection due to own-weight of wagon placed for con-
creting the next seguent
(3) Blastic deflecti n cue to own-weight of the segment newly
concreted




(4) Elastic deflection due to application of prestress on the
newly placed segment
1.5.2.2 Deflection after Completion of Bridge
(1) Elastic deflection due to weight of curb, railing, pavement
and the other permanent loads except the dead-weight of the
girder
(2) Creep deflect.on due to the loss of presiress
(3) Creep deflection due to peruanent loads
(4) Creep deflection due to induced moment
l.2.2.3 aAdditional Camver
In"order to avoid an unpleasant profile of the bridge in case
of' unexpected excessive creep due to any unforseen caus-s, an

additional camper shall be provided as shown in the following

figure.
PARABOLA 0.0005 |
Vo V
/] T
— ‘- /
/
/]
7 L /
/ 4
SPAN LENGTH
Fig.4-1-3
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2.1

2.2

2 TeENDON LAYOUT

General

The results of calculation given in this Chapter clearly show that
new layout of tendons using the Yreyssinet 12713 cables shown in the draw-
ings, can satisfy all the requirments of prestressing after losses given
by the original design.
Principle Tendons ana Add.tional Tendons

4s already stated in Paracraph 1.3.1.7, the wmean creep coefficient
shall be used in the calculation of the losses due¢ 1o the creep of the
concrete on the assumption that each partial prestress on any semment is
to be applie& every 10 days.

Tnis nmean creep coefficiernt was estimated at every segment according
to the process of the construction and thesc estimated values were groupec

in four, for convenience and safety, as shown in the following figure.

MEAN CREEP COEFFICIENT FOR EACH ZONE

Fig.4-1-4

mean creer coefficient for each zone

In calculating the concrete stress acting on the J - f{ seFuent due
to stress.ng the cables anchored at the end face of tiis seguer.t, their
effeets shall be neglected because of the insufficient length of thlis
segnent to make the spreading of the prestress effeciive cver this seguent.
The losses of prestress at several sections were computed on the

basic of ti.e above mean croe; coefficients, shrinkage of 12x1C  and the

apparent relaxation of the steel described .n paragraph 1.3.1.2 The
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2.3

results are shown in the fcllowing tab.e.

section Loss of steel stress (ke/mi)

Creep, shrinkaze ftelaxation Total

2 HiL 00 1030
1220 470 1670

11 1350 42G 1750
14 1480 560 d 1540
e 1400 330 1730
214 1170 330 1500
arT 920 540 1260
<3 1190 350 1540
28 960 430 1390
30 109C 440 15350
34 850 520 1410
40 450 510 1000)

Kote: The value of Jl was taken as 7.

From the above calculations, the loss of steel stresz due to the
creer, shrinkage of the concrete and the relaxatlon of the steel cculd ‘e
estimated at 1?50kgfcm2 (25,000psi) for simplicity, irrespectiv of the
complicated segmental constructior, This value was adopted in the original
design.

The calculation of the stecel stress was carried ocut using the elecc-
tronic comjuter, at each joint according tu the profiles of each cable.

The instantzneous losses which can occur before and at the moment the steel
is locked off, as well as the deferred losses of tension, 17.5kg/mm?,
were taken into account in the calculaticn and the results were compared
w.th the values given by the original design to check the safety.
The Tendons placed in Tie Beam and Joinning Tendons

The effect of prestressing the tendons placed in the tie beam at each
support was checked with the same method as that described in P;ragraph
2.2 to satisfy the requirments of prestressing given by the original design,

These tendons consist of two kinds of layouts as shown in the follcw-

~ 527 ~



ing figure.

DEAD ANCHORAGE

Fig.4-1-5
The tensile stresses of steel at transfer were caiculated to give the
following values at the specified sections of each tendon.
Tendon (:) Sikz/mm? at dead anchorage
Tendon @ 110kg/mm? at the center
The losses of steel stress due to shrinkage and creep of the concrete
and to relaxatiun of the steel were taken as 1?.5kg/mm2
The specified joinning cable with 148t tensioning capuicity can be
easily replaced by the -reyssinet 12T13 cable with 152t effective tension-
ing capacity, without any changes in its layout.
2.4 Vertical Terdons
The effective tension in prestressing bar was estimated on the basis
of the figures stated in Chapter 1 and the necessary tar spacines were

calculated to give the reguired tensioning force every one meter long.

3 Preparatry Calculation for Control of Stressing

Tendons at Site
Ais already stated in Parasraph 1.4, the contrel of stressing of cable
shall be carried out by the measurment of gage pressures as well as elonge-
tions at all times. In preparing the chart for control of stressing of catle,
£wo curves representing the relationanips betwee:n gage pressurés and elonga-
tions were prepared.
The caloulation was carried out with the electric computer for the prin-

cipale and aaditional tendons, and for the other tendons the manusl calculation

was made.




4 Deflection

4.1 Elantic Zeflections und.-r Various Loading Conditions
4.1.1 venural

Al!l elastic deflections under varicus loaaing cunditions were cal-
culated¢ by electronic computer on the «scumption that the both rounds
of the bridge are completely separated during tne construction even
on the intermed:ate support. an unozlanced moment acting on one bound
ef the bricdge couidé pe transmitted to the otner bound by the torsional
r.gidity of the cross-beau placed on the intermediate support. DBut
for simplicity, the abuve assumption was adopted in the calculation
of tune elastic deflection assurmi: . that an unbalanced moment acting
on one bound of the bridge is resisted by the cclumn supporting that
bour.d.

4.1.2 Jeflectiun during segmental Constructicn

N
J

4.1.2.1 Deflection due to Weight of Concrete of Jegment k*/
which 1s newly concretecd
The weisht of concrete is supported by wagon and iis effect on
the deflection of the cartilever which wes already constructed,
cun be represented by the shearing force and moment actin: on
the ena scction of the cantilever, as shown 1in the Foiiuwlng
f.gure.

Sdo (i) Sdo (J+1) .

d\"““) Mdo (j+1) f]\

-y
HOR )
i i-1 I
,a 8 ) AZ(j+1)

Fig4-1-6

y [ / 3 3
Sdo(i) = b {ib’kfo (-1) + Weto (0 f) A4

i

My a1 4
Vido(c) = -6—{ iy )’ Wato( —{}} 23()

~ 529~




where:

Wao@) =24 Ay (t/m)

A(U = sectional area of section ( (m?)

A;ﬂ({,)' length of segment L (m)

4.1.2.2 Deflection due to #eight of wagon
The deflection due to the weight of wagon was calculated
considering the shearing force and mecment acting at the end
face of cantilever which was already constructed. The shearing
force, Sw ana the moment .Mw to be taken into account are

estimated as follows:

w,a ”| + 480 |

T

-

w =2007
Fig.4-1-7

(weigrt of wagon)

Sw = 200 U

= f :.62b = & N
Mw_ 200x 720 tm

The efrect of the displacement of the wagon tv a new posi-
tion, ({:'i'f v, is equivalent %o applying S# ard Mw:'.t the
end sectlion,(( ), and to remcving these at tic seci.om,(( - f).
4.1.2.3 Deflection due to its own Weight of a Secment added to part

alrcady constructed, The weisht of the segment wnlch was carried

by the wagen tefcre nardening, is carried by a cantilevsr con-
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sisting of tnis cegrent and the part slready ccnstiructed, after
apilyin:; the jrostre.s.

in c...culationg the deflection due to the weizht of segrent,
Ay the shearing force ané¢ mument should be app_ied as tlhe sec-

1
i

tion, L % f , as described in PaTagraph 4.1.2

Wwdo (i—1)
Wdo(i)

Mdo (i)

FaR

Sdo(i)

Segment @ /77/27
Fig.4-1-8

4.1.2.4 Deflecticn due %5 :restress of Frinipal Tendons

Ihe aeflection due to prestress was comjuted on the basis of
the rrostressing forces at iransfer and ide eccentricity cf
tendons, aescribea in Chapter 2.

‘The effect of the prestressing roment acting on the segment
which involves the tendons to be tensioned was taken intc acecunt
in computing the zoflectiqp_ﬁné/tc tensioninz of thesc tenaons.

4.1.2.0 Deflection due to Jeight of Cast in Place Conerete Dec: slab ara
Cross=-beanms
The weight of castdin place concrete deck slab and cross-beams
will be louded on the cantilever structure befcre placing
the final semwent in which a central hince will be placed,

The lcading conditiun ciun ba shown as in iie following fi,ure.

iiEGMENTAL CONSTHJCT% [_S_EGMENTAL CONSTRUCTION,
-l

B |

Mmoo

7777
Fig.4-1-9
~BIL T~



4.1.2.6

Deflections due to weight of Closing Segment and tc rrestress
of aAdditional Tendons
The deflections due tc these loading conditions should be
computed according to the sequence of construction considering
tne structural system which is completed at cach loading state.
The followingn figure shows the structural system to de con-

sidered atv each loading state.

T
7

STEP | WEIGHT OF CLOSING SEGMENT AND CROSS—BEAM

M e Z
r ”L et S g ’L 1
STEP 2 PRESTRESSING OF ADDITIONAL TENDONS

|
éﬁlol.

STEP 3 WEIGHT OF CLOSING SEGMENT AND CROSS— BEAM.
WEIGHT OF THE END SEGMENT OF THE SIDE — SPAN.

Z AN g e
T__,/'L\__g_/l O 1
7

STEP 4 PRESTRESSING OF ADDITIONAL TENDONS

| !

f‘leiCiwi@im

STEP 5 WEIGHT OF CLOSING SEGMENT AND END SEGMENT OF SIDE — SPAN

N N A i T
Pc Po Pe

Pa Ps

STEP 6 PRESTRESSING OF ADDITIONAL TENDONS

Fig.4-1-10
IR




4.1.3 Deflection due to wWeight of Curb, Hailing, Pavement and (ther

Permanent Loads
The deflection due to these loadings excejt the dead weight of the
bridge can be comjuted applying the uniform loading over the com-
pleted structurul system.
4.2 Deferred beflecti:n
4.2.1 Deferrea deflectizns due to Irolonged Loads

(a) For the dead weight of the girder dpplied up to the end of the ses-
mental construction time, the aﬁﬁve elastic deflections st:ould be
increasea hv a factor of .5 for simplicity and safety.

(b) For long-term loads applied after the completion of tre bridge, the

value of this factor should be reduced to 1.5,

(=9
.
(0
.
5% ]

Deferred lLeflection due to brestressing

This deflection stould be conputed as feollows:
Deferred Deflection

=(slastic Deflecticn due to Prestressing)x2.5

-(£lastic Deflection due to Deferred

Losses of steel stress) x 1.25
4.2.3 Deferred veflection due to Induced Moment
The elastic deflection due to the induced moment shoulé be in-
creased by a factor of 1 and the half cf this deflection is taken as
the deferred deflection due to the induced moment.
4.5 Hequired Camber after Completion of Segmental Construction

In order to give the bridge a requiréd profile of the deck su&face.
after all the deferred deférmaticns will occur, each cantilever shall pe
provided with the necessary camber Just after its completion,

The varioue deflections expected during the construction and after the
completion of the brideec are iilustrated in Fig. 4.1 considering the se-
quence of construction and the construction periods elapsea among the
varioua_stages. Assuning that the final profile of the deck surface will
coincide witn that of theRadditional camber, the reguired cambers of each
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section after the completion of each segmental construction are diagranm-

maticzlly shown in ph;s fifure, Gpecial attension shall ve pald tc get

tlie same level for the poth ends of the consecutive cantilever just

before placing the ceniral sesment. Thefore tthe rate of development

of the creep shall be taken into account in ccmputing the deferred deflec-

tion expected just before ccupling the bot: ends of the cantilevers.
Neglecting the eftfect of the creep of the concrete during the segmental

construction, it was assumed that the deferred deflection will occur

just after the coupletion of eact cantilever. The rate of development of

the creep could be couputed for 7] morths as follows:

s (0.75+ m)m
[+(/39+mM)m

based on the above principle cf the calculation, the required cambers
were computed just after tne completion of the sefuental construction
for each cantilever.
4.4 Hegulred Hosit;nn of euch Segment auring Construct.on

The position.of each segment shall be fixed sg as te obtaine the canber
cf eacn cantiiever specified :n parasraph 4.3.

In fixing the front fare of the formwork of se,mentczj}, its position
shzll be ceterrined oy summing up the fcllowing deflections computed ast

section L.

—— END OF SEGMENTAL CONSTRUCTIIW

SECTION |
Fig.4-1-11
a,; Deflections due ito weights of zegments. £ '+\_, ......... .KF\
) G

'
b} Deflections due to loacing ana unloading uf warun on seauents (), o ,c}”




AT

i
c) beflections due to tensionins tensons anchored at every front face of

N, | -\
segments (ibj ,(&+[_,..........,(Ei/
i
d) Hequired camber specified in paragraph 4.4 just after corrletion of seg-
mental construction
The above deflections are shown in Fig. 4.2
In addition to the above value which Cixes the required position of
formwork, the deflcction of the wagon itself due to the weignt of newly

poured concrete shall be added in order to obtaine the final position. The

deflection should be medsured by test laading before beginning the construc-

tion works.

in measuring the position of newly placed formwork, the survey shall
be carried out early in the morning, preferably before the sunrise, in order

to avoid the errors caused by the differential temperature change across the

section of the girder.



TAB. =1 YUAN SHAN BRIDGE CONSTRUCTION SCHEDULE ( FOR CALULATION OF CAMBER)
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1975 !
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SEQUENCE OF CONSTRUCTION

STAGE | CONSTRUCTION OF FIRST SEGMENT ON PIER C
FIRST PART .OF GIRDER MEAR PIER C IS COMCRETED ON FALSEWORK .
AND THEN ONE WAGOM IS PLACED ON THE NORTH BOUND (OR SOUTH BOUND)

Fnt

==

LERY

STAGE 2 COMMENCEMENT OF SEGMENTAL CONSTRUCTION .

STAGE 3 PREPARATION FOR CONCRETING FIRST SEGMENT ON PIER A AND B
WHILE SEGMENTAL CONSTRUCTION FROM PIER C IS CARRIED OUT SUCCESSIVELY
FALSEWORKS OF FIRST SEGMENT ON PIERS A AND B ARE UNDER PREPARATION

]




~ BEG ~

STAGE 4 CONSTRUCTION OF FIRST SEGMENT ON PIERS A AND B

| THE WAGON FOR THE NORTH BOUND (OR SOUTH BOUND) IS DISMANTLED WHEN THE FINAL ;EGHENT IS COMPLETED
AND CONSTRUCTION OF SOUTH BOUND (OR NORTH BOUND) WILL BE CONTINUED.
2 REMOVED WAGONS ARE REUSED FOR SEGMENTAL CONSTRUCTION FROM PIER A.

3 OTHER WAGONS ARE PLACED ON PIER 8.

STAGE 5 COMMENCEMENT OF SEGMENTAL CONSTRUCTION ON PIERS A AND B
CONNECTION OF BOTH BOUND OF CANTILEVERS ON PIER C

| AFTER COMPLETION OF SEGMENTAL CONSTRUCTION FROM PIER C, REMOVED WAGONS ARE REUSED FOR CONSTRUCTION FROM PIER A
2 BOTH BOUNDS OF CONTILEVER ON PIER C ARE CONNECTED AFTER PLACING SLAB AND CROSS-BEAM

3 FROM PIERS A AND B SEGMENTAL CONSTRUSTION WILL BE CONTINUED.

STAGE 6 PREPARATION FOR CONCRETING FIRST SEGMENT ON PIERS D AND E
WHILE SEGMENTAL CONSTRUCTION FROM PIERS A AND B IS CARRIED OUT SUCCESSIVELY
FIRST PARTS OF GIRDER NEAR PIERS D AND E 1S CONCRETED ON FALSEWORK.

Fig.4-1-13




STAGE 7 COMMENCEMENT OF SEGMENTAL CONSTRUCTION ON PIERS D AND E

—————

SRR | A

STAGE 8 PLACEMENT OF CLOSING SEGMENT BETWEEN TWO CONTILEVERS ON PIERS B AND C
CLOSING SEGMENT BETWEEN BOTH ENDS OF COTILEVERS ON PIERS B AND C IS PLACED
AND ADDITIONAL TENDONS ARE TENSIONED.

[T e I T

~ 6€S ~

STAGE 9 PLACEMENT OF CLOSING SEGMENT BETWEEN TWO CONTILEVERS ON PIERS A AND B
PLACEMENT OF CLOSING SEGMENT AT PIER N .

CLOSING SEGMENTS ARE PLACED WHILE SEGMENTAL CONSTRUCTIONS FROM PIERS D AND E ARE CONTINUED.

F—2 L - e

Fig.4-1-14
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STAGE 10 CONNECTION OF BOTH BOUND OF CANTILEVERS ON PIER E

| | (R

STAGE |1 CONNECTION OF BOTH BOUND OF CANTILEVERS ON PIER D

STAGE 12 PLACEMENT OF REMAINING OF CLOSING SEGMENTS

o0y T hy 0 W, C IR




4000 .

) K
S "
O 1
b “
85
o
o
m .
: i )
~ [
ol - —F1+t-=---1 AWEY -0 s sl LR N E B S L
EI 11
Rl et e | IS
. -:u |||||| o el B I B - || S
S
3 | !
N ﬂ. -
o)
l
“l Wi . ] ] ‘] )| it U e p s
o 18 = LI QT B
o |
B 1 !
o N B-S-0 § o 4 Feaadl IR0 LA | SR .*
©

[ —

~ 541 ~

NECESSARY SPACE OF EACH WAGON SHOWN AT PER E

Fig.4-1-16



FINAL CAMBER UNDER DEAD LOADS (6a.3+6as+Be3)

CAMBER JUST AFTER PLACING CURB,RAILING, ETC. (St = Ba3+6s3)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,C-D,D-E ANJ S
(BA3= Baz+6e 2 +5Pa2)

CAMBER JUST BEFORE PLACING CLOSING SEGMENTS,C-D,D-E AND 5
(Bazsbart+boz)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,B8—C,A-B AND N

(Bais Bwo + b1 +5eall Y
CAMBER JUST AFTER COMPLETION OF SEGMENTS CONSTRUCTION
( Bag)

\
P

VAN

VPR \
e N

FIMAL CAMBER UMDER DEAD LOADS (bar=bms+6e3)

CAMBER JUST AFTER PLACING CURB, RAILING, ETC.(bc3*6cat6 s )

CAMBER JUST BEFORE PLACING CLOSING SEGMENTS,C-D,D-E AND S
Beanbeztboz)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,C-D,D-E AND S

CAMBER JUST AFTER PLACING CLOSING SEGMENTS, B-C,A-B, AND N
CAMBER JUST BEFORE PLACING CLOSING SEGMENTS, B-C,A-8 AND N

CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION (B50)

FINAL CAMBER UNDER DEAD LOADS (bes =bes+6e3)

CAMBER JUST AFTER PLACING CURB, RAILING, ETC.(be36extb s)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,C—D,D-E AND S
(Be3=Baz +63)

CAMBER JUST BEFORE PLACING CLOSING SEGMENTS,C-D,0-E ANDS
(Boi = Boot 61.2+6mal

CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUC—
TION (6ae )

(Bcasboytbrz +bmal
(bca=6c) +611 +6P))

(Be =bootbe)

PIER A PIER B PIER C

PR N FINAL CAMBER UNDER DEAD LOADS (6e1:Geetbe3)

CAMBER JUST AFTER PLACING CURS, RAILING ETC (Gas s6a3tbs )

CAMBER JUST AFTER PLACING CLOSING SEGMENTS ,C-D,D~E AND S
(Bep=6a2 +612 +6ra2)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,C-D,0-EAND S
(baz=6a)+602)

CAMBER JUST AFTER PLACING CLOSING SEGMENTS,B-C A=B AND N
(68 = Gap-+r) + Gear)

CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION

(6ma)

Ga0 CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION FROM PIER A

6s0 CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION FROM PIER B

Sco CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION FROM PER C

600 CAMBER JUST AFTER COMPLETION OF SEGMENTAL COMSTRUCTION FROM PIER D

620 CAMBER JUST AFTER mvmwmummm:

GASc SUM OF ELASTIC DEFORMATIOUS OCCURED DURING SEGMENTAL CONSTRUCTION FROM PIER A

Basc SUM OF ELASTIC DEFORMATIOUS OCCURED DURING SEGMENTAL CONMSTRUCTION FROM PER ]

Bcsc  SUM OF ELASTIC DEFORMATIOUS OCCURED DURING SEGMENTAL CONSTRUCTION FROM PER C

Basc SUM OF ELASTIC DEFORMATIOUS OCCURED DURING SEGWENTAL CONSTRUCTION FROM PIER D

Sesc SUM OF ELASTIC DEFORMATIOUS OCCURED DURING SEGMENTAL CONSTRUCTION FROM PIER E

611 ELASTIC DEFLECTION DUE TO WEIGHTS CLOSING SEGMENTS 6-C,A-B AND N

Semi ELASTIC DEFLECTION DUE TO TENSIONING ADOTIONAL TENDONS AND REMAINING PARTS OF PRINCIPAL
TENDONS PLACED IN CLOSING SEGMENTS B—C, A-B AND N

Gta ELASTIC DEFLECTION DUE TO WEIGHTS OF CLOSING SEGMENTS C-D,D—E AND S

Beaz ELASTIC DEFLECTION DUE TO TEMSIONING ADDITIONAL TEMDONS AMD REMAINING PARTS OF PRINCIPAL
TENMDONS PLACED IN CLOSING SEGMENTS C-0 D-E AND S

68 ELASTIC DEFLECTION DUE TO CURB ,RAILING ETC,

VARIOUS DEFLECTION EXPECTED DURING CONSTRUCTION & AFTER
COMPLETION OF BRIDGE

F ¥ 31

£ 3¢

£

L1
La

PIER D PIER E PIER S

FIMAL CAMBER UNDER DEAD LOADS (Boys =Bar+6e3)

CAMBER JUST AFTER PLACING CURB,RAILING, ETC.(6oz=6o)+63 )

CAMBER JUST AFTER PLACING CLOSING SEGMENTS C-0,0-E AND S
(6ai=BootBra+6ma

CAMBER JUST AFTER COMPLETION OF SEGMENTAL CONSTRUCTION(Go.0)

ELASTIC DEFLECTION DUE TO FINAL LOSS PRESTRESS APPLIED BY PRINCIPAL TENDONS IN CANTILEVER

PLACED ON PIER A
ELASTIC DEFLECTION DUE TO FIMAL LOSS PRESTRESS APPLIED BY PRINCIPAL TENDONS IN CANTILEVER

PLACED ON PIER B

ELASTIC DEFLECTION DUE TO FINAL LOSS PRESTRESS APPLIED BY PRINCIPAL TENDONS IN CANTILEVER

PLACED ON PIER C

ELASTIC DEFLECTION DUE TO FINAL LOSS PRESTRESS APPLIED BY PRINCIPAL TENDONS IN CANTILEVER

PLACED ON PIER D X

ELASTIC DEFLECTION DUE TO FINAL LOSS PRESTRESS APPLIED BY PRINCIPAL TENDONS IN CANTILEVER

PLASTIC ON PIER E

DEVELOPMENT OF DEFERRED DEFLECTION IN INTERVAL OF 230 DAYS ELAPSED BETWEEN COMPLETION OF

SEGMENTAL CONSTRUCTION FROM PER C AND PLACING CLOSING SEGMENTS |(:(6csc+Ofec/n]

DEVELOPMENT OF DEFERRED DEFLECTION IN INTERVAL OF ITS DAYS ELAPSED FROM PLACING CLOSING SEGMENTS

A-8,8-C AND N UNTIL PACNG CLOSING SEGMENTS C-D,D-E AND S [+03-(Ba-cs 4611 +6mi+labrac +beiy2)|

DEVELOPMENT OF DEFERRED DEFLECTION IN INTERVAL OF 95 DAYS ELAPSED BETWEEN COMPLETION OF

SEGMENTAL CONSTRUCTION FROM PIER E AND PLACING CLOSING SEGMENTS C-D,0-EAND Sls2k (bro+abr-£/2])

DEVELOPMENT OF DEFERRED DEFLECTION AFTER COMPLETION OF BRIDGE(-03{bA-£.5c+bu 4602 sEparsbonz+ (A6ra-£+ 6Ci2)/2)

ELASTIC DEFLECTION DUE TO INDUCED MOMENT OCCURED FROM PLACING CLOSING SEGMENTS A-B,B-C ANDN  °

UNTIL PLACING CLOSING SEGMENTS C-D,0-E AND S

ELASTIC DEFLECTION DUE TO INDUCED MOMENT OCCURED AFTER COMPLETION OF BRIDGE

DEVELOPMENT OF CREEP IN INTERVAL OF 250 DAYS ELAPSED BETWEEN COMPLETION OF SEGMENTAL CONSTRU-

CTION FROM PIER C AND PLACING CLOSING SEGMENTS

DEVELOPMENT OF CREEP IN INTERVAL OF 175 DAYS ELAPSED FROM PLACING CLOSING SEGMENTS A-8,8-C AND N

UNTIL PLACING CLOSING SEGMENTS C-0,0-EAND S
OPMENT OF CREEP M NTERVAL OF 95 DAYS ELAPSED BETWEEN COMPLETION OF SEGMENTAL CONSTRUCT

DEVEL!
ION FROM PIER E AND PLACING CLOSING SEGMENTS C'E ?'E AND S

Fig.4-1-17 VARIOUS DEFLECTION EXPECTED DURING CONSTRUCTION &
AFTER COMPLECTION OF BRIDGE



CRECRE R R R R R

T

®

bl o

e
10}
@

seavent | @

ING SEGMENT | ()

NMHD
bk,
Fa

BEFQRE PDURIN
MVMBER BEF R

R BEFERE ROURIN
BEFORE _ POUR

CAMBER BEFORE POURING SEGMENT| (D

CAMBER BEFORE

-~
L~

////

e T

AR

M XAN N N

L1

A\ / / /\\\\\\\\\:

DE8 600 P P O GO[Q[O[O[0 O

CAMBER-BEFORE POURING SEGMENT 21
CAMBER BEFORE POURING SEGMENT 23
CAMBER BEFORE POURING SEGMENT 25
CAMBER BEFORE POURING SEGMENT 27

DEFLECTION DUE TO

CONSTRUCTION
REMOVAL OF WAGON | cAMBER BEFORE POURING SEGMENT 29 |

<3~

Fig.4-1-18 METHOD TO FIXE POSITION OF FORMWORK



&  (2)4m3R3R TR LA

MEMORANDUM

19 Mar. 1975
A) CLEAR SPACING BETWEEN DUCTS
Bundled duct arrangement is made without changing the givem eccentricity of tendons, in order to

give greater Spacing than 1-%". The alignment of the related tendons was revised as shown in sheet

No. 32-34. { DIA. 60 MM.

4—-2—1 Bundled Ducts.
B) LOCAL STRESSES

Since anchorage position is changed, concrete stress due to prestressing at the bottom was checked

-\ TENDONS

at middle sectio of segment.

MIDDLE SECTION

4-2-2
The Calculated results are given as follows:
Concrete Streas Due to Prestressing
Segment No. * | * at Bottom (kg/cm?)

35 + 3.2 (Compression)
33 +1.8
31 +0.8
29 +0.4
27 +0.8
25 - 0.7 (Tension)
23 -0.1
21 -0.9
19 +1.4

* reffer to calculation note page 4

C) MINIMUM COVER TO TOP REINFORCEMENT
In order to give the specified concrete cover 38mm to top reinforcement, the position of duct
placed in th:e deck slab shall be lowered by 5Smm and this shall be noted in the drawings. Stress

calculation is not necessary.

~ 544 ~
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D) CROSS BEAM
The arrangement of prestressing tendons shall be reconsidered to fulfil the basic design conception
in Tokyo on the base of the following considerations:
(a) Possibility of application of smaller radius of curvature to tendon, keeping the same anchor
location as the original design.
(b) Although tensioning and de-tensioning technique could be applied to reversely curved tendons
the proposed overlapped arrangement of tendons in acceptable provided that the local
concrete stress conditions were checked.
E) SHRINKAGE OF CONCRETE
Although the final values of creep and shrinkage of the concrete were given in the design note to be
equal to 2.5 and 0.00050, respectively, these figures result in greater loss of prestress than the specif-
ied value, 25,000 psi. Therefore, reasonable creep and shrinkage value was estimated in ord_er to ob-
tain the specified loss of prestress and 2.1 for creep and 0.00013 for shrinkage were thought to be
reasonable fitting the loss of prestress to the design requirement.
Considering the possibility of greater shrinkage than the assumed value, affected by various actual
conditions such as cement quality, concrete mix, curing condition, relative humidity, etc. T. Y. Lin
International agreed to recalculate the concrete stresses on the assumption of greater shrinkage value
If the results give acceptable tensile stress - that will be likely -, the original design could be adopted
without any modifications irrespective of rather small assumed loss of prestress. In calculating the
horizontal movement of expantion joint, it would be advisable to apply greater value of shrinkage,
for safety.
Prepared by Dr. Inomata

- COMMENTS ON CABLE ARRANGEMENT IN CROSS—BEAM

19 Mar. 1975
Defficulties to be encounted in making new cable arrangement in crossbeam:

(a) TO _GIVE SMALLER RADIUS OF CURVATURE TO CABLES

Although cable with smaller unit can permit the application fo smaller radius, the number

of cables to be placed in the crossbeam will increase, resulting in congestion of ducts. This



will result in the difficulties of cagle arrangement as well as concreting.

(b) TO PREVENT SQUEEZING EFFECT ON THE LONGITUDINAL DUCTS PLACED

IN THE UPPER PART OF WEB

Smaller radirs gives greater squeezing force on the longitudinal ducts and this is inconsistent

with the requirement (a).
-
The most practicla solution seems to apply the necessry vertical prestressing in the cross-

beam with prestressing bars.

Calculation of effective prestressing force due to tendous placed in tie beam
Pier A&B

Friction coefficient —U =0.20, K = 0.00133

pull — in — 13 mm

Initial stress — opi = 140 kg/mm?

Critical section

Section A

107.6 + 103.3-+ 115.2
agpe = - =-17.5 =912 kg/nm®

Pe = NyAp-ogpe = 9 X 1184.52 X 91.2 X 10™* =972 t ~ 1000t

Section B

94.4 + 92.2 + 91.3
ope = : — 17.5 = 75.1 kg / mm?

Pe = N-Ap.ope = 12 X 1184.52 X 75.1 X 1073 = 1067t = 1000t
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Cable NO. TC 7.9

4946

4.214

17999 !
® ® ® ® ® ® @
Z (m) 0 3.422( 6.039110.985|13.602(15.004(18.669|21.9249
a(md) 0 0 1.047 | 1.047 | 2.094| 2.094| 3.142| 3.142
K¢ + pa 0 0.004610.2174 (0.22401(0.4369/0.4388(0.6532/0.6596
opix| 140.0| 139.4| 112.6 | 111.9 90.4 90.3 72.9 72.5
/(m) (21.949 |18.527 (15.910 10.964‘ 8.347 | 6.945| 3.280 0
a(rad)| 3.142| 3.142| 2.094 | 2.074 | 1.047| 1.047 0 0
K¢ + pral|0.65761(0.65301(0.4400(0.43341(0.2205/|0.21861(0.0044 0
opix 72.5 72.9 90.2 90.8| 112.3| 112.5] 139.4 140.0
®
200 _44__%*0.0
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March 21, 1975

Mr. G./ K. -Shih

Northern District Head Office

Talwan Area Freeway Construction Bureau
9th Fl., 1 Tun-Hua S. Road

Taipei, Taiwan -

kepublic of China

Subject: Yuan Shan Bridge - Post Tension

DCear C.K.:

Refer to your letter dated Jan. 29, 1975, your file number
db[E 64-526-1 (6) regarding the post tension detail drawings,
and calculation of the superstructure of the subject project.
The telex and written communications between our office and
F.K.K. during the period of Feb. 28 to March 17 were attached
as our attachment No. 1. For the purpose to clarify the dis-
cussion, we set a meeting on March 18, 1975 with the general
contractor, Continental Engineering Corp, sub-contractor
F.XK.X. and with the attention of your staffs. We would like
to conclude our comments as follows:

1. Longitudinal tendons spacing in web.
The F.¥.K.'s submission shows that the longitudinal tendons
at web area have 5 numbers in a row spaced at 8 cm center
to center which will provide minimum workable spacing be-
tween tendons. It is suggested to bundle every two tendons
together in order to provide enough spacing for concreting
work. The overall arrangement should not change the
resulting C.g.sS.

2. Local stresses due to rise of anchors.
Stresses at midway between segments should be checked ‘to
ensure no excessive allowable tension stress occured during
the construction. Stress sequence for the tendons at each
segment should be indicated on drawings.

3. Minimum concrete cover to slab reinforcement.

In order to maintain the minimum required coverage for

slab top reinforcement, it is suggested to lover the tendons
by 5 mm and showing in the final drawing.

4. The positive tendons across the central hinge.

The drafting error has been clarified in the meeting.



5.

10.

Cross diaphragm beam cover pier support.

After a thoroughly discussion in the meeting the first re-
commendation is to use the discontinuous tendon as shown

on F.K.K.'s shop drawings provided that additional stress
should be checked for the effect of over lapping anchorage.
The c.g.s. at the cantilever ends should be lower to meet
the original design, this can be done by using smaller
tendons and/or smaller radius at the bending location. The
F.K.K. may propose a solution using vertical or diagonal
prestressing to compensate thé difference of c.g.s. near the
cantilever ends.

The second recommendation is to followina the original ten-
don profile with smaller cables or smaller radius at the
bending location, and/or using tensioning and de-tensioning
technique to over come the large frictional loss.

Shrinkage coefficient and total prestress loss.

F.K.K. use average creep of 2.1 and shrinkage coefficient

of 0.00013 in their calculations. In the original design
the maximum creep is 2.5 with loading in 7 days, the maxi-
mum shrinkage coefficient is 0.0005. The effects of these
coefficient to the prestress loss were discussed during the
meeting. It was believed that the bridge behaviour will not
be significantly affected by the additional prestress loss.
However, the final concrete stresses on the assumption of
greater prestress loss was checked. In-order to reduce

the steel relexation loss, we suggest to hold the tendon for
10 minutes before anchoring. This will greatly reduce total
prestress losses. And attached herewith as calculation
number 2, the result gives acceptable concrete stresses.

VWagon weight.

F.K.K. will submit the necessary modification according to
the correct wagon weight of 90 tons.

Vertical Shortening of pier.

It is suggested that the vertical shortening of pier due
to dead load of the bridge can be compensated when con-
structing the pier.

Friction coefficient K,{L .

Friction coefficient of K and 4( should be verified by
tests before construction started, or at the early stage
of construction. If the verified coefficient are differ-
ence from the assumed values, cable jacking force should
be revised.

Camber curve and hinge rotation.
A new set of camber curve was submitted by F.K.XK. during,

the meeting for the correct wagon weight of S0 tons. We
will study the new camber curve and comment if necessary.



11. Camber at last segment.
The abrupted camber at last segment for the first set of
calculation was due to the incorrect wagon weight, it was
clarified during the meeting.
Also attached herewith a set of computer out put which shows
the stress due to actural tendons arrangement of F.K.K. for
your reference.
Should you have further questions and comments, please do not
hesitate to write me again. Best regards, I remain,
Sincerely yours,

T. Y. LIN INTERNATIONAL

Vice President

ESJL/ys

Encl. as above
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10.

11.

TELEX TO F. K. K. Feb. 28, 1975

Tendon spacing (vertical) at web area should be increased from 8 cm to 20 ¢m min. to provide

1’4" min, clear spacing between tendons.

Tendon anchored at that section should check kern point to avoid local tension.

Top slab coverage 10 cm is not ‘enough, Prefer to use 12.5 cm (4" - 1%" - 6/8” - 5/8”)=1.1"<1.5" min.

Positive tendon should be anchored at the cantilever tip. Drawing showing positive tendons across

joint is not correct.

Tie bean tendon C. G. should follow original drawing. (Since we need shear component to reduce

shear.) Also stress condition should be verified.

Assumed shrinkage 0.00013 seems too low. Pl;asc verify . with actual concrete test value.

Wagon self weight 200 T. (original 90 T)

Vertical pier deflection due to dead load should be adjusted when casting the segment over the pier.

Friction loss due to K. U (L and « ) should be verified. Since ASSHO value may not satisfy individual
individual case.

Hinge detail should be verified for new proposed . Since due to 0.0005L will increase rotation demand.

Proposed camber at last segment with sbrubted curve will cause additional’ impact. It should be

further study.
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1330

ATTENTION MR HO CONTIENGIN REPLYING YTLX FEB 28:

AA

BB

DD

EE

FF

GG

HH

I

WE DID NOT GIVE ANY DRAWING OF VERTICAL TENDON DIAMETER OF SHEATH FOR
VERTICAL TENDON WILL BE 35MM AND IN ORDER TO GIVE MINIMUM CLEAR SPACING
38MM BETWEEN TENDONS, MINIMUM SPACING OF VERTICAL TENDONS SHOULD BE

35 + 38 = 73MM. |

TENDON ARRANGEMENTS WERE DETERMINED TO GIVE NECESSARY PRESTRESSING
FORCE AND EXCENTRICITY IN CONFORMITY WITH ORIGINAL DESIGN THERFORE THERE
IS NO NECESSITY TO CHECK CONCRETE STRESSES.

MINIMUM THICKNESS OF TOP SLAB IS 20CM AND DIAMETER OF SHEATH OF LONGITUDH
INAL TENDON IS 60MM THEREFORE 10CM COVER IS MINIMUM IN ORDER TO PLACE SHEATH
AND TWO DIRECTIONS REINFORCEMENT AT THIS SECTION.

DRAWING NO 34. SHOULD BE REVISED TENDON SHOULD BE CUT AT JOINT SECTION.

CHANGING DIRECTION OF TENDON WOULD NOT BE ALLOWED. TENDONS SHOWN IN
ORIGINAL DRAWING COULD NOT BE PRESTRESSED TO GIVE NECESSARY PRESTRESSING
FORCE AT MIDDLE PARTS. IF VERTICAL COMPONENT OF PRESTRESSING FORCE IS NEC-

CESSARY, ADDITIONAL INCLINED PRESTRESSING BARS SHOUL BE PLACED.

IN ORDER TO VERIFY LOSS OF PRESTRESS ( 25000 PSI) GIVEN BY ORIGINAL DESIGN,
SHRINKAGE OF CONCRETE WAS ESTIMATED AS 0.00013.

200T WAS WEIGHT INCLUDING CONCRETE THERFORE DEFLECTION DUE TO WEIGHT OF
WAGON SHOULD BE RECALCULATED BY MULTIPLYING 90/200 TO PREVIOUS CALCULATED
DEFLECTION.

ADOPTION OF ASSHO VALUES FOR U AND K WERE FIXED DURING PREVIOUS MEETING
(SEPT 25 1974 DR.LO MR LOH)

NEWLY PROPOSDE DELTA THETA IS UNKNOWN TO US FURTHER WE THINK HINGE DESIGN
IS NOT OUR ALLOTED TASK.

FREYSSIKOGEN




BB.

DD.

EE.

FF.

II.

ANSWERING TO FEB. 28, TELEX:
The concerned min. verical spacing is at principal tendon which located at web area.

Since anchorage location were changed, the local stress will be changed. A check to determing whether

excessive tension produced by new anchorage depends on the check.

Top of slab provided with min. 1%4"” cover required more than 10 cm for top row of tendons. The

bott. of slab required less cover as shown in ASSHO.
Acknowledged.
Vertical component is necessary.

Shrinkage will effect deflection more seriously than strength and stress. For better results a test

should be proceed and re-submit.

Plesae revise and re-submit

Testing proof for this project is still warrent.

You are correct in this responsibility.. We will notify proper channel for further study.
A) Clear spacing between Ducts in Web

Vertical clear spacings of 20mm between ducts are widely used in the region of straight arr-
angement of ducts, on Japan. The minimum distances between ducts in curved part should be
determined considering forces resulting from curvature and change in direction of the tendons

to avoid crushing of duct.

=
TRz

R=RADIUS OF CURVATURE

4—3—1
The most unfavourable section is that at the face of pier where the distance between two ducts
is 10cm and raduis of curvature of upper ducts is 30m . Assuming 110t of prestressing force,

Pand 1 are given as follows:

110 x 103
Pz = 6.1 Kg/ cm?
3000 x 6

~ 555 ~




B)

0

110 x 103
P e b = 1.8 Kg/ cm?
3000 x 20

Therefore, sufficient safety is assured for the crushing and shearing of concrete.

Local stresses

The check of concrete stresses at the end face of segment where the tendons are anchored, can
not be carried out due to unapplicability of normal theories of Strenght of Materials

The diffusion of prestressing force from the anchorages, which progressively affects the whole
section, should be taken into account. Beyond a certain distance, assuming to be equal to
the depth of the girder, it may be assumed the stress distribution is straight.

Concrete stresses are calculated at the front section of previous segment under the actions of

prestressing tendons anchored at newly placed segment, the weight of this segemt and wagon.

et

\
N

4e=i3red

The concrete stress at top face is shown in the following Table.

Concrete Stress at Top Fiber (Kg/cm?)
Section Prestress Stress due to Total
weight
2 + 14.5 -14 + 7.1
3 + 22.3 -85 +13.8
4 + 28.6 -8.1 +20.5
5 + 28.0 -1.7 +20.3
6 +27.38 -7.1 +20.7
7 +27.4 -6.6 +20.8
8 +26.5 -6.0 +20.5
9 +725.5 =55 +20.0
10 +28.0 -5.0 +23.0

Minimum Cover for Top Reinforcement

1.5" is equivalent to 37mm in the metric system, but the difference between 37mm and 35mm
(the present minimum cover) is not so serious as to be under the necessity of changing all the

drawings. In general, protection of the reinforcement depends more the quality of the



concrete, its compaction and impermeability, rather than on the distance between the
outer face and the bar. On the other hand, thin concrete cover is desirable from crack-control
point of view. Anyhow 2mm difference does not play an important role in necessity for durability in

this case when 35mm of concrete cover is given to the top reinforcement.

E) Indirect Support of Girder

The system of indirect support of girder shall be analysed using a truss model. Sufficient
vertical reinforcement or tendons shoud be placed in the girder to resist the hanging-force from

the crass-beam.

From the crack-control point of view, at least one half of the hanging-force should be resisted

by vertical prestressing tendons placed in the girder.

\u —

F) Shrinkage of Concrete 4 03—~ 4

Shrinkage of concrete will be expressed by after a given age to (Manuel de Calcul “Effects
structuraux du fluage et des deformation différées™ Juillet 1973 Comite Eurbpten du Beton):

€a(t,to) = €uop [ﬁﬂ(t)-B,(,., )
& Jo0= ﬁ" — ﬁ.z
Bua=20X10"° (Outdoor structure )
ﬁ sz Coefficient depending on theoretical
thickness of the concrete element.
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2Ac
¢

Ac — area of concrete cross-section

hen = Ttheoretical thickness = 2

7 = perimiter of concrete cross-section
in contact with atmosphere

For box section, inner chambers do not contact directly with the fresh air, therefore, an
average perimiter of cross-section using only the whole outer perimeter and that including

the perimeter of inner, chambers, is calculated.

Theoretical thickness f.th where =15

Section Area of Cross-section Average Perimeter hth
(m2) (m) (em)
1 9.24 52.4 54
7 10.83 54.3 60
11 13.44 S1.1 70
17 19.67 66.7 88
20 22.73 71.1 96
Average . ........ 74cm

For the most unfavourable case, the theoretical thickness is equal to 54cm and this

gives B g, =0.76

€,0=20X107°X 0,76 =15 X10"°

ﬁu o) =1.0, ﬂs an=0.12
assuming that prestressing will be carried out at 12 days after concreting

€a¢ ,12)=15X107°*X (1.0-0.10) =13.5X10°°
The longitudinal reinforcement will reduce the shrinkage strain and 13.0 x 10-5seems to be
resonable value.
The effect of shrinkage strain on the deflection of girder can be neglected as compared with

that due to creep of concrete

Coefficients . K.
According to the Guide for Freyssinet methods, the average values of g and K are given
as follows:

L =0.18
- k= p-p =0.18 x 9/1000 = 0.0016

According to AASHO, ;¢ and K are given as 0.30 and 0.0020, respectively therefore the
calculated results will ‘give safe values as compared with the real onés, provided that special
attension will be paid on the regidily of the ducts, on the distance and on the fixing of their
supports, on the care taken in placing the tendons and on the precautions taken during
concreting.

It should be possible to justify the values used forgzand K to verify them accurately on site

and every provision should be made on site for respecting the values actually obtained.
~ 558 ~
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65.2.22.

Mr. C..K. Shih

Northern District Head Office

Taiwan Area Freeway Constructicn Bureau
9th Floor, 1 Tun-Hua Soutn Rcad, Taipei
Taiwvan, - Republic of China :

Re: Yuan Shan Bridge

Dear Mr. Shih:

Upron your request we attended a meeting with vour engineers,
and tke cgeneral contractor anc ris orestress sub-contractor
For the subject project regarding tre friction losses of their
prestress system. The fcllowing are our comments after the
discussicrs, meetings and field irsrections:

1. Urncalverized flexidle duct has been used for the first few
segments. The measured friction losses are higher than = .
tneir original expected values. The basic or direct metzid

¢ reduce the friction loss is by using ricié duct, more

. supports, and better workmanship for the future segments.

2. Eight terdorns have been stressed. Three more segment taire
should be usec to obtain more represertative values for
friction coeffiecients. However, these values should be
reviewed as corstructiorn proceeds and revised as necesszly,

only as unforseern problems are encountered later.
ing equipment shculéd be calibrated, so that. accurate
ing and friction cdata can be obdtairnecd.

5. The maximum strecs in tre prestress steel shculd never Lte
greater trnan C.t fgy at the anchorage.

6. For each box at Fier C, presently six ducts are reservec.
The minimum requireé ducis necessary to crovide the 22T 1lons
required fcr tre reserve tendons on the contract drawings
should be kept for such. Additional ducts car be used to

compensate for urexpected friction loss if necessary, cCr

~ DG~



February 24, 1976

Page
Mr.

10.

Shoul
not h
Since

T. Yo

i

C. ¥: Shih

cen be termirated z2fter relieble friction coefficients
are ohtained ard verified.

.The ducts should be clean from all fecreign substances

both in side and cut side,

During field insrectiorn heavy rust was fcund on thre roliis
of prestressing strané. Additional protective measures
should pe carried out.

The contractor will review and revise his stressing cel-
culations, ané will submit for our review ir due ccurse,

The constructior. work was founc satisfactory in general.
d you have any furtrer questions or comments, please co
esitate to write us again.

rely yours,

LIN INTERNATIONAL

Kam L
Yice

KL/ys

cC:

Q
Frecsicent

T. Y. Lin Interrnational
Mr. James Jurkovich

.~

T. Y. Lin, Taiwan, Irc.
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Minutea of a Meetinys held on Sunday 22 w#eb. 1974

l. Mr. Shie outlined the aim of the meeting and asked for attention to be

paid in the soluti:n of friction problen.

2. Ir. lnumata suggested an approach to this provlem as follows;

(1)

(3)

(4)

(5)

Eignt cables were tensioned on the site and the estimated average
value was:

AA=0.30 on the assumption that the ratio k/g is equal to 0.016.
Although the number of data is not sufficient to determine any
statistical value, this estimated value seems tc be geater than
the assumed one.

The contractor should try to adopt every possible means in order
to reduce the friction on the site; increasing the rigidity of
sheaths, decreasing the fixing distance of their supports, the
special precautions taken during concreting.

In order to determine the probadle valuas of the coefficient of .
friction, more data should be gathered. #or the time being it is
better tu continue the construction work more 3 segments in both
sides, on the assumption that the coefficients of friction are the
same as these estimated on 8 cables which were already tensioned.
The recalculated tensioning log will be submitted to the C.B. by
the end of Feb,

After getting the sufficient number of data, 32 cables, a statis-
tical analysis will be carried out and the further tentioning log
based on the new values, shall be prepared by the contractor in
order to get the approval of the C.B.

If prestress is calculated on the net concrete section, instead
of gross section, the calculated prestress is increased by abeut
6 - Tib.

The concrete stresses due to loading after grouting will be de-
creased about 4 - 5%, when these stresdes were calculated on the
basis of the transformed section, ‘
irerefore the actual prestress is 6 - 7% greater than the desig



value, on the basis of the same prestredsing force. If the pre-

stressing force is 6 = T2 less than the des.mm value, the actual

yrestress is the same as the design value. This fact seems o be
ar. approach to the problem of friction loss. Few percent loss of
prestressing force does not aftect the necessary prestress.

(6) when the applied prestressing force at the critical section beccmes
less than the design value, some additional cables shall be placed
into the reserved sheathes which were provided for safety. The
.daitional catles shall ba anchored at the place of an intermediate
cross-beam.

3, The T.Y.Lin International said that that they have many q}periencea
of smaller friction loss, with an appropriate precaution on the 3ite
angdl they have no objectiona for using the net concrete section and
the transformed section in design. The design with the gross secticn
gives always thé safe - side results, They pointed out that this problem
should have been discussed one year before.

4. Mr. Shie said that all the prestressed concrete structures have been
designed on the basis of the gross section and he wanted to hold this
orinciple in order to keep the consistency with the other projectis.

5. Mr. shie concluded as follows:

(1) rrimary point is to make all efforts in order to reduce the actual
coefficients of frictionj increasing the rigidity of sheaths;
decredsing the fixing spacing of their supyorts; special precaution
taken during concrete. Jensioning of the reserved cables will be

carried out, if necessary.

(2) 1f the required prestressing force could not be obtained even

under the previous conditions, the prestress cun be checked on the

Dr. Eng. OShunji INGMATA

basis of net section.



Correction Factors for Concrete Stresses

Calculated cn the Basis of @ross Section

Section Prestress; Concrete Stresses due to Loading after

(et Section) Grouting; (Transformed Section)

Top ottom
L 1.032 : 0.966 0.996
H 1.052 0.943 0.991
D 1.068 | 0.921 0.981
0 1.072 0.917 0.980
4 1.066 0.924. 0.984
8 1.052 0.543 0.992
12 1.033 | 0.964 0.996

Note; Diameter of duct = 6.5cm
Ratio of Modulus of Elasticity = 6,15
Cross-sectional area of cne tendon = 11.85cm?
Position of section

0O & ©® 0 ® ® @

| 225 | 60 | 160 | 130 | 1475 | 160 | 160 | 20.5 l

777777
Pier

5 —
The actual concrete stress in net or transformed llection oculd te obtained by
multiplying the ¢oncrete stressea calovlat:d cn the daals of gross sectic. by
the above correction factors,
At critical section 0, actual prestrass 1S 7.2% greater than the design value,
if the prestressing force is the same as the design. That means; 92.8% of
design prestressing force 1is enough to give the desigzn prestr:ss. Concreie
tensile stress due to live loads, ai the tcp fider ia 8% loss than that cal-
culated on the gross secticn
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Correction Factors

Concrete stresses in the net concrete section or the transformed section can

be obtained by multiplying the concrete stresses calculated on the basis of

gross-section by the correction factors.

""’—fh(‘mou Section; Area Ag
=

+ } Center of gravity of gross section

g ¢ [ Duct; Ares Ad

Tendon; Area AP
o0— 2
Area ; A—Ag—Ad+n--Ap=Ag (1—¢)
where ¢ =(Ad'—ll°AP ) / Ag
Displacement of C.G.

(3
) i—

Ag=eg,

Eccentricity of C.S=e, +Ag = e,

Moment of Inertia

Ig +Ag + Ag' — (Ad — nAp ) (——— )

= Ig+Ag- ( e

’ 2 A s 2
——)* = (Ad—n-Ap) (1— )7

-

1

2

=dg Fhg T (=)

1—e¢ )
_I 1 2 &
g 17y S e
e;
_.E ———
=1 (1+T§ Jdg
1—¢
Ig
wherer,=—A-£

Distance between top fiber and C.G. of transformed section

1—e (14-%)

=V —Ag=V, v

] —€
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Distance between bottom fiber and C.G. of transformed section

e
1—e(1—2«
=V+Aag=V Ve

1 =— €

Section modul us

2
e €1 Fotx )
Top fiber =Wg. t+ £

1—e (1+25
Ve

etz €
2 '
Te Ve

1—e(1+%:—_: )

=Wget (1 —¢¢( ) )

Bottom fiber =Wgeb .
1—8 3 —=F)
£

2
=Wg-b ( 1—5(5124—-8—‘)]
Te v

Ad
Prestress ; Ap =0 , For Net-Section ¢, ZTAE

P P e,

Ve
Top fiber = — .
A Y—'=%; ) 1—¢,) e.?
g ( d ( d 1 —e (14 :z)
Te
€y
o P |:1___e,-\.ri 1—5;(14‘?)
Ag(1—¢) s e', )
1—e (14—
Te
2
P Vi | egvl €4 (=5 _e—:
= € 1— ) s 2 a T:’ Ve
Ag (1—¢) 7e® Ve o
1__E¢ ( 1'F_:;
Ve
e,?
P €,*Vy ‘ ;:2
= L3 = >»L 1+
Ag(1—e¢) th e;? j
1:=—1€5 ( 1%‘*—? )
Te
€;°Ve il
= .( 1— % e‘z
Ag ( 1—¢) gz 1“5d( 14‘;—; )
£



e:."v;

I

) (1+e (1425) )

e’ Te

L (1
Ag
€s
P + Pee, Lk v,) Ve
Ag (1 —¢&, ) (1=% )

Bottom fiber =
Ie

1 =8 ( 1+e'2 )

£

P €eVe e‘z
=— (14 (146, C1+
Ag 7o C X Te?

Conection Factors For Concrete Stresses Calculated On The Basis Of Gross

) ]

Section

(1) For Prestress & Loading Before Grouting

TOD&Bottan ............... 1+5‘(1+e‘2)
h 3 ad
where =—
‘T Ag
(2) For Loading After Grouting
€ €,
Top --------------------------- 1 _+__ £ (_2_,__T_
Ve Ve
e . €
Bottom ........................ 1 + € ( z+v_)
h 5 Ad —n « Ap
where —
Ag
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march 16, 1976

Mr. €. K. Shih

North District Head Office

Taiwan Area Freeway Construction Bureau
9th Floer, 1 Tun Hua South Road

Taipei, Taiwan

REPUinc of China

Subject: Project 12

Yuan Shan Bridge

Dear Mr. Shih:

Reference is made to letter No. 064 from Contimental Engineering Corporation dated
March &, 1976, regarding friction -losses of tendohs and calculation of prestressing
Force based on the net section submitted by FKK for subject project. Our comments
are as follows:

X

The correction factors listed in the letter mentioned above seem to apply
either when all the cable ducts are taken out or when all the cables are
stressed and grouted. However, in the actual construction sequence, the
cables are grouted as soon as they are stressed for each segment. In other
words, as the construction work progresses, the sections change gradually
from net sections to transformed sections as shown in the attached sheet.

The average correction factor is near a unit, not 1.072, as claimed by FKK.

If a net section and/or transformed section is used for the design, additional
Intermediate steps should be considered according to the construction sequence,
which means that the actual tendon holes should be considered in accordance
with each stage of prestress.

Shauld you have any questions or comments, please do not hesitate to write us again.

Sincerely yours,

T. Y. LIN INTERNATIONAL

/

-

Z \va
e\ U

Kam Lo
yvice President

Encl.
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CORRECTION FACTOR DURING CONS TRUCTION
NET. SEC.[.O72 BOT.
GROSS SECIO ioitoes —~———l5580
0917
TOP
x
(@]
&
w
Q
]
I
i @ CAN':]I:;.EVER
x (® 12
T ®
Lg CONSTRUCTION WEEK °

5—3

THE AVERAGE CORRECTION FACTOR DURING CONSTRUCTION

1.072 + 0.917
ARE AVE. (TOP) = > =0.995

1.072 + 0.980
2
*P/A MAY NOT CONSIDERED IN THIS CORRECTION FACTOR

AVE. (BOT) = 1.026
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MHékss TR LEAFCETRR

i

AMBRBEEAEAT 63 THRFHI70 X198 BEHZER RKHF I &

HABELBZREELREARE ] - ARBZANE=

LEMZHEMEE o

2EEL 2O BRARE -

3.EMB K ( admixtures )HBEHIBREREHBE VS -
REFTHZER S KEERRNEHABEATRE - BELES R hA

EEE e —#RP6M AN 10 A 23 HKR 10 H 30 B4 > &AM

CHRARA (H2BE=6) » FBBLER 15 AHERK 30 AoHZEE

RARBEIMEER 10 24 Xx 10 A X 47T Ao zEGRHERB 2 M-
ABEATHEMN 11 A 25 HEEREMRB —MEFLH [ Mighty | BHES

+2HR FHEARBRER 2T DR RABREH <A o

3 - § H

LAKR : EMAKEATIHGEZ [ k| B —EBE MWK ( Portland Cement
Type I ) o

2ER: HEBRRMEBREONE AR LES T RIDAERK] -

2—-1 MERGBIFER:

Fraction | Fraction |Cumulative| Cumulative |ASTM Designation
Sieve retained | retained | retained passing | C33 Specification
g % % A requlremqnts, %
passing
3/8in. 0 0 0 100 100
No. 4 /4 2 2 98 95 - 100
Na 8 19 5 7 93 80 - 100
No 16 36 10 17 83 50 - 85
No. 30 96 27 44 56 25 - 60
No 50 129 36 80 20 10 - 30
No 100 57 16 96 4 2 =10
pan 16 4 E
Total 360 100 246
Fineness Modulus %g = 2.46
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2—3 HERGSHOVER:
Fraction | Fraction |[Cumulative| Cumulative ASTM C33
Sieve retained retained retained passing requirements
kg % % % 9% passing
1 in. 0 0 0 100 95 - 100
3/4 in. 3.25 19 19 81 -
1/2 in. 9.35 54 73 27 25 - 60
3/8 in. 3.00 17 90 10 _
No. 4 1.30 8 98 2 0 - 10
No 8 0.40 2 100 0
No 16 0 0 100
No. 30 0 0 100
No. 50 0 0 100
{No. 100 0 0 100
Total 17.30 100 780
780
Fineness Modulus — =7.80
100
2—-3 SRERBER:
A % =) Ve & “'95 ‘)
A F 23 1.4
2 -4 HERBRKEBERBER:
B m &% f# M B K E % % XK &F %
o oE R 2.60 1.80
a] e p 2.61 1.39
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2 —5 WEBEMCEBREE:
W R #8REE = 1,600keg / m®
.88 -
i %5 5y & B M & ® KR B M
Tricosal BV Special Chemische Fabrik s b % »
Gruenau Gmbh
W. Germany B B n Al
Sika Plastiment Sika Chmical 7 % b1 2 B
Corporation U.S.A. B B B R 2 7
Zeecon Crown Zellerbach % = ® Y
U. S. A. B B B R & #A
WRDA W. R. Grace & Co. x B B -
U. S. A. B B B & 7

~ 575 ~




EEARA :

- X ® K B AEZ
W # B | SIARAREBEELFEME
A 7% B (i g8
‘ » |5 3 §: B | H B HER
% | M & | X | X&|gsp|cs.spy W/C|S/A| @5 kg / m
181 | 470 | 723 | 1,040 41
P 2 0.385 12 2,385
(183)| (476) | (732)|(1,053) %
Tricosal B.V
157 | 470 | 723 | 1,040 41
T | Special, XKyEE 0.334 12 2,365
B20.2% (159)| (475) | (731) [(1,051) %
Sika Plastiment | 165 | 470 | 723 | 1,040 41
S 0.351 16 2,395
50 kg ZKJBFH 100 cc. [(165)| (471) | (724) |(1,041) %
211 | 470 | 723 | 1,040 41
(o 4 0.449 14 2,380
(217)| (483) | (742) [ (1,068) %
Zeecon, KYEE®R | 199 | 470 | 723 | 1,040 41
Z 0.423 12 2,390
20.2% (202)| (478)|(736) |(1,058) %
WRDA, 50kg & | 202 | 470 | 723 | 1,040 41
w ; 0.430 12 2,385
V& FH 100 cc. (206)| (480) | (738)|(1,062) %
g0 DENMABBRAREBEREBEHECEE L+ BV ELRAEZ 2B IEE-
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Jq ~ ARBTG5 E

LEMZEHAR : K ASTM C136-67
* Sieve or Screen Analysis of Fine and Coarse Aggregates ” Z# & H i
R ©
CHARCHERBKERER : K ASTM C127-59
* Specific Gravity and Absorption of Coarse Aggregate ” Z#H &
KRR -
SHMAMCHERRKERR : KR ASTM C128-59
* Specific Gravity and Absorption of Fine Aggregate ” ZHEH
HLRAR
A ERESEERR - KR ASTM C117-67
" Materials Finer Than No. 200 Sieve in Mineral Aggregates
by Washing " ZHE HERAR °
SEHBMZEMBRERR : k8 ASTM C29-67 T
* Unit Weight of Aggregate " ZHEHERR
6.HFMzREARIE : kI ASTM C566-67
* Total Moisture Content of Aggregate by Drying ” Z2# EH EHR
B o
TREREL+ZBERR - KB ASTM C143-66
* Slump of Portland Cement Concrete” ZHEHERR °
SEE; CHMBMERR : KB ASTM C138-63
* Weight per Cubic Foot, Yield, and Air Content of Concrete ”
ZBRESHERR °
9B L IIEREERAR : KB ASTM C39-66
* Compressive Strength of Molded Concrete Cylinders ” Z# E Hik
R o |
NEELTHAEBZHE: kBB ASTM C192-66
* Concrete Compression and Flexure Test Specimens, Making and
Curing in Laboratory ” ZHE HERE
NEFEZHERR : kB ASTM C341-67 T
* Length Change of Drilled or Sawed Specimens of Cement
Mortar and Concrete ” Z#HEH EHElE o
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GRS ®E 10 on x 10 om x 47 on HRERI M (MTHE )
G bs R CUEBHRHEER > ARBRHFEHRE 24
BRI FEABFERARBERE K > RBEBHERERPRE L
EH AR T ML o

WRSES, |} Y vl
WE—
P3e—neitmmed f—tm—prtviai)
o]
O—r T F G)-—-———r
| 75 a5+ 255 #75:‘ |
470
J\
¥ WA K
e — 1
A RBRER
1. 5O B 5 BE -
WVEREEREL 248 10 A 23 H
BE=120m
Ea B W A b7 3 58 B
& i Ly g kg / cm? psi
P1 24 155 2,200
P2 ” 144 2,050
P3 ” 153 2,180
ZE B " 151 2,140
P4 7 250 3,560
P5 7 230 3,270
P6 7 252 3,590
= B 7 244 3,470
P7 28 348 4,950
P8 28 388 5,520
P9 28 397 5,350
7 B 28 371 5,270

G AXEHBREEY HBEA=M - B R A CF R R R BT
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208 A Tricosal

B. V Special % -

BRAB®: 10 A 23 H; BE=120cm
i LY e/ .3
5% 3K ) kg / cm® psi
11 24 245 3,480
T2 " 243 3,450
T3 ” 230 3,270
4 -] ” 239 3,400
T4 7 339 4,830
T5 % 337 4,790
T6 % 343 4,880
F B " 340 4,830
T 28 497 7,707
TS ” 464 6,600
T9 " 434 6,170
F 2] " 465 6,610

~2 8719~




(3)# A Sika Plastiment 3 ;

BE&H#: 10 A 23 H
& BE= 16 cm
fe fin Lt e/ B
G pN kg / cm? psi
ol | 2Y 197 2,810
S2 ” 201 2,860
S 3 ” 201 2,860
7 ” 200 2,840
S4 7 312 4,440
S5 4 331 4,700
S6 ” 323 4,600
7 y 322 4,580
S7 28 438 6,230
S8 ” 457 6,500
S:9 ” 466 6,630
x " 454 6,450
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(4) M2 BHE ¥ 1

HAE®: 10 A 30 H
== =14 cm
B e | M| & .3
& g O EX ) k.t cmd pail
C1 24 159 2,250
c2 ” 159 2,250
¢ ” 156 2,220
ZE =] ” 158 2,240
C4 7 262 3,730
Cs » 250 3,500
Cé ” 250 3,560
7 ¥ 7 254 3,600
7 28 383 5,440
Cc8 " 368 5,230
C9 ” 348 4,950
7z 1 " 366 5,210
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(5)8 A Zeecon # ;

pwoaH#A: 10 A 30 H
o= E= 12cm
B g | W | o BE
= 5% ( X kg / cm? pei
Z1 2% 182 2,590
Z2 " 186 2,680
Z3 ” 183 2,600
i ) ” 184 2,620
Z4 7 295 4,200
Z5 " 295 4,200
Z6 ” 286 4,060
7 2] ” 292 4,150
Z7 28 355 5,040
Z8 ” 380 5,400
Z9 " 392 5,570
7 5 .o 376 5,340




6) B AWRDA % ;

®BA4HEY: 10 A 30 H
2 E= 12cm
A fe fita # 70 3
& %. x kg / cm? psi
W1 2 Y 188 2,670
w2 ” 194 2,760
w3 ” 190 2,700
B = | ” 191 2,710
W4 7 264 3,750
W5 ” 275 3,910
W6 ” 272 3,870
b B 1 270 3,840
w7 28 332 4,720
w8 " 383 5,450
w9 ” 382 5,430
7z ¥ ” 366 5,200




wiEE AE |
(X10-6) o
5% P P S ¢ 2 w
e
#(x)
i<} 1 0 0 0 0 0 0
4
A 3 8 72 30 33 6 20
- 5 101 177 161 63 105 101
A
7 158 219 215 122 182 159
14 284 347 390 313 343 324
21 402 458 460 389 432 414
e
28 467 553 526 479 527 522
42 604 684 840 - = =
43 — - = 507 561 674
57 600 732 864 ot = =
e 62 — = = 491 520 539
69 534 692 754 = i ot
70 - - - 548 560 605
84 - — — 622 612 636
A 85 579 750 884 X % =

S *ERELREZE W HRREEELW MR LA NEMEZFIGE (
F-RABEXEE 4 EREMBD




AR EmRBEE ¢ [ Mighty] #HZRARBRBER

LEREE : T XBEAR IR 11 A 25 HEREMF R [ Mighty| HEE+Z
BRI XABEAHH T AEEZERALA | BERE M o KER KK
MR HE: o EHARME > R 12 A3 BRAEBA [ Mighty] 2=
A A 2R L DORBREBR SR 1588 R MR ©
2008« (OKR ~ Bzt SHBREHE 12 Ho

%% :
i % 1l P 53 3] EEAREDN
Mighty Kao Soapco. Japan & 4 " 5
H B A #
SEAEHA :
Bl 8| gorrrmpmemman| © | 28 HWES
V3 & B 788
B 5 T B |[(% (B E HKERE
|l m & | X |XE| by sspy|w/c|s/c|(a) |kg/m?
Mighty 147 | 470 | 621 | 1,010
Ma| KIEEREZ 0.312| 38 20 2,457
1% (134) | (430) | (568) |( 924 )
Mighty 162 | 520 523 1,010
Ms | KIEE & 2 0.311| 34 22 2,460
1% (146) | (468) | (471> |C 909 )
H:( HDETAREESEREBAEsER -EVE RER ZBIFE -
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b B AREREL 2 KRR 468 A% ;

BEE#A: 12 A 3 H
B BE= 22¢m
A fie fis i e/ B 58
i A ¢ AR kg / c¢m? psi
Ms -1 2y 352 5,000
-9 / 380 5,420
-3 " 385 5,480
7 % ” 372 5,300
Ms - 4 7 399 5,680
Ms -5 ” 465 6,610
-6 ” 467 6,640
z # " 444 6,310
M; -7 28 493 7,000
-8 ” 560 7,970
-9 ” 492 6,990
7 B ” 515 7,320
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(3)%z fE B 1L -

i, ffE & A s
} b=
(X10-6) ot M. 0
i
#H (X))
i< 1 0 0
> 4
=
P 3 72 152
st 7 218 323
14 240 355
21 310 410
25
28 280 392
42 470 503
5 57 552 535
77 600 608
84 705 710
A 97 625 630

RE " REEMLEZE-BE SREMEERLMEAR LT AREEZSGE (R
fekmA 4 EHEME -



N RBERZHEK :

Lﬁﬁé’ﬁﬁ——ﬁ% (EAE—MRER=ZEABZTHRBER > W¥H2H

HEEIZE=HRE 15 HZ2HBAHAIH -

- BE R K (kgreny | X B ARE R K
i1 A = Slump
& 5 60 /e | 7 X |28 X | (kg)* | W/ C (cm)
P 151 244 371 183 0.385 12
C 158 254 366 217 0.449 14
T 239 340 | 465 159 0.334 12
S 200 322 | 454 165 0.351 16
/2 184 292 376 202 0.423 12
W 191 270 366 206 0.430 12
Ma 312 414 481 134 0.312 20
M; 372 444 518 146 0.311 22
F:"EBUYFAREELZKEHE -
~ 588 ~




QHMBE—HR (RAZE—HR BRE®KP  C>T>»S»Z > WERS
BERAMBERZFHME WMy > Ms ER4EAMZTFHE "WRF2EH
SHZB=MKE 15 AZBAHMBEIH )

W\ ®
4 ge g L2 fi& - 1t = ( 10 —6 )

A

® P C T S Z w Ma Mg

®m 1 X 0 0 0 0 0 0 0 0

- 3

= _

5 3 (oK 8 33 72 30 6 20 72 152
5 X| 101 63 177 161 105 101 4 -

A7 X| 158 122 219 215 182 159 218 323

B 14 X| 284 313 | 347 | 390 345 - 240 | 355

£ 21 X| 402 389 458 460 432 414 310 410

N|l1 A| 467 479 553 526 527 522 280 392
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1. Scope
1. Description of the Project
Combination Project Numbers 11, 12 and 13 (Station
0 + 33.10 N to Station 1 + 686.3.N) is a bridge structure
with two viaducts through the heart of Taipei City. The
design was prepared by T. Y. Lin International Structural
Engineers, San Francisco, California, U.S.A. and the
Taiwan Area Freeway Construction Bureau. The construction
consists of three parts (Fig. 1).
(1) Project 12 (Sta. O + 856.5 N to Sta. 1 + 527.5 N)

Main Bridge

This structure has 6 traffic lanes over a total
length of 671 meters with six spans of prestressed
concrete box girders. The arrangements of the spans
are 75, 150, 142.5, 142.5, 118 and 43 meters in se-
quence from west to east.

The superstructures in each bound consist of three
cell box girders with haunches af the piers and center
hinges at mid-span. The construction of the box gir-
ders was carried out by the cantilever method, a pro-
gressive construction of cast-in-place segments tied
together by post-tensioned tendons which start from
each pier and extend to meet the opposite girders at
the middle of the span.

The substructures consist of hollow-circular sec-
tion piers with rigid connections to the superstruc-
tures, supported by 40cm X 40cm PC piles of 9 to 42

meters in length, together with 3 meter H-type steel

shoes; and by open caissons of 1.5m, 2.5m and 6m in dia-

meters and 11 to 25m in length.
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(2) Project 11 (Sta. 0 + 331.0 N to Sta. O + 856.5 N) Viaduct

This structure has 6 traffix lanes over a total length
of 525.5 m.

(3) Project 13 (Sta. 1 + 527.5 N to Sta. 1 + 686.3 N) Viaduct

This structure has 6 traffic lanes over a total length
of 158.8 m.

Both viaduct superstructures are post-tensioned I-
girders with partially composite concrete deck on frame
piers. The piers consist of concrete columns and caps
supported on pile footings. The piles, which are an aver-
age of 45 meters in length were reversed circulation cast-
in-place concrcte piles.

A total volume of 108,000 m3 of concrete was placed
during the three year construction period and an average
of 120 m3 of concrete was produced and placed per day.

The maximum daily production was 220 m3
A well-equipped ELBA-35 cu.m/hr concrete batching

plant, a ballast bin, a cement silo etc. were installed

and an effective concrete delivery system was planned and

.

established exclusively for this job.

The Prospective, typical plan and longitudinal section of the main

bridge are shown as Figures 2 and 3 respectively.

2. Classification of Concrete
(1) Strength Requirement
Concrete was designed in classes according to the

required compressive strength at 28 days when mixed

and moist cured at 23%1.7°%C
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Table 1

Classification Class Age

Note

P1

P2

Bi

B2

B3

Q1

1.

2.

days kg/cm? kg/cm2

2 28

3

2 28
.3

2 28

3

2 28

3

2 28

3

2 3

3

il

350

240

350

280

140

260

fer

402

275

402

322

161

300

Coefficient of Variation 15%.

Size of
Agg.
inch

13"
3/a"
13"
3/4"
13"
3/4"
13"
3/4"
13"
3/4"

Basic
Slump

inch

B

W b

Chance of strength being lower than specified:

2 in 10

(2) Special requirements for superstructure of main bridge

A. Strength of Concrete

a.

Tensioning shall be commenced only when concrete

cylinder strength has reach 260 kg/cm2 (3700 psi)

Ultimate strength of 15 x 30 cm cylinder at 28

day age shall be not less than 350 kg/cm2 (5000

psi)

. Tension time is required at 40 hr. minimum after

concrete is placed, due to working cycle require-

ments.
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B. Drying Shrinkage of Concrete

According to ASTM C157 with the following modifica-

tions:

a.

Calculated make three 10 x 10 x 28 cm concrete
specimens with 2 cm maximum sized aggregates.
Average dry shrinkage after 7 days of moist
curing and 21 days of actual drying shall not

exceed the specified limit of 0.05%.
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I1. Concrete Materials
1. Filler Materials of Portland Cement Concrete (Aggregate)

During exploration of aggregate sources in the northern
area of Taiwan Ta-Han Chi river natural aggregates were
selected. The aggregate was found to be clean, hard,
sound, durable and cubical.

Major physical properties are shown as follows:

Table 2
Items Coarse Fine
Specific gravity 2.63 2.62
Absorption 1.43% 2.9%
Color Test Ok | Ok

Los Angeles Abrasion 18.9% (Grade A) -

Soundness 0.66% (5 cycle) 3.88% (5 cycle)
Flat and Elongate 8.9% (13"-No. 4)

Mortar Making - 106% (28 days)
Under No. 200 Sieve 0.15% 1.35%

Aggregate is classified as metamorphic rock, based
on to origin. The majority.of fine and coarse grains
are quartzite with a little quartz., Some slate parti-
cles were élso found.

The potential alkali reactivity (ASTM C289-66) test

shows that:

1]

Re 39.80<< 70

50.62 < 35 + ;ﬁ - 54.9 (Unit: millimole/1)

]

Sc
The aggregate is not considered potentially alkali reactive.

Aggregates were collected and processed at the river-
side and delivered directly to the Yuan Shan Bridge batch-

ing plant aggregate storage area.'

2. Binder Materials

(1) Cement for'Superstructure of Main Bridge



(2)

(3)

A special agreement was stipulated between the
Taiwan Cement Corporation and TAFCB in order to obtain
uniform quality cement. The contract specified that
the cement must meet ASTM Designation C-150-67 Type 1
with the following limitations:

Bilane surface not more than 3500 cm2/g

Cube test at 3 days not less than 2600 psi
Cement for Other Structures

Type 1 cement produced by Chutung and Suo Mills of
Taiwan Cement Corporation was used for all the struc-

tures. All cement was to meet ASTM Designation Type 1

Admixtures

After the investigation of several types of dis-
persion agents (Pozzolith, Sika etc.), Mighty 150 was
selected for its special characteristics.

Mighty 150, a new product of Kao Soup Company of
Japan, is a superplasticizer that has been used in

Japan as a secondary concrete product (Fig. 1).
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It differs chemically from conventional water reducing
admixtures such as lignosulfonates, hydrocarboxylates, and
hydro-onlated polymers; is much more effective and is free
from chlorides.

Construction Technology Laboratories of the Portland
Cement Association, U.S.A. has certified that Mighty 150
meets the requirement for the type A chemical admixture
specified .in ASTM C494.

3. Water

Taipei City tap water was used as the mixing water

for the concrete mix. It is clean and contains no harmful

matter (chemical analysis provided as Table 3).

111, Concrete Mix Studies

Prior to the beginning of the concrete mix study, the
concrete test program for Combination Project Numbers 11-
12-13 was planned and reported to the head office of
Continental Engineering Corporation, and.a copy was also
submitted to the TAFCB Material Testing Laboratory for
approval. The report included material investigation, mix
design, procedure, test items, laboratory arrangement, test
facilities, working schedule, etc. All subsequent labora-

tory tests were performed in accordance with this program.

1. Etrength Development of Steam-cured Concrete Prestressed Precast Members

The compressive strength of these members obtained
from laboratory tests should be 4283 psi at 14 hours and
6867 psi at 28 days. These two targets are rather di-
fficult to obtain simultaneously under general conditions.
If the 4283 psi strength is retained at an age of 14
hours, the ultimate strength of this mix under normal

cure should reach 9000 psi at 28 days. But with the 14



hour steam-cure at its initial stage, the strength of
this mix should be down to 9000 x 0.75 = 6570 < 6867
psi (Fig. 2, 3).

Through repeated tests, it was found that the follow-
ing design mix could barely meet the specified construc-
tion requirements:

w/C Cement Water Sand 3/4"-No. 4

0.35 543 190 580 1032

Because the strength of concrete at its later ages is
greatly affected by steam curing, it cannot be assured
that it could be fortified completely. Mighty 150 (0.5%
of CF) was added to this mix in order to assure the
strength both at its early and later stages.

Mix Design (Unit: kg/m>)
w/C Cement Admixture Water Sand 3/4"-No. 4
0.35 543 2.715 190 580 1032
Strength (psi)

14 hr. 28 days

4964 7100
Curing time and strength relation are shown on Figure 2
and=g

2. Concrete for Superstructure of Main Bridge

The following series of mixes were performed for in-
vestigation purpose:

(1) 450 (475 & 500) kg/m° of cement factor without admix-
ture.

a. Observing the age of concrete, aﬁd determing when

its strength 7ill reach 260 x 1.15 = 300 kg/cm2

b. Making tests and recording the compressive streng-

th at the age of 28 days.
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(2) 500 kg/m3 cement factor with suitable dosage of super-
plasticizer; determing when the strength can meet the
requirement.

(3) Minimum cement factor with recommended dosage of
superplasticizer such that strength at 60 hrs. age
can reach 300 kg/cmz and strength at 28 days will
exceed 350 x 1.15 = 402 kg/cm2

(4) Minimum cement factor with ordinary water reducing
admixture such that strength at 60 hrs. can reach
300 kg/cm? (4250 psi) and strength at 28 days will
exceed 402 kg/cm® (5725 psi).

Test results are shown in Table 4, 5 and 6 and Figures

4 and 5.

3. Dry Shrinkage Test

Due to lack of test apparatus of the type mentioned
in ASTM C157 for measuring dry shrinkage, a JIS type
comparator was used.

The size of the concrete specimen was 10 X 10 x 50
cm instead of the 10 x 10 x 28 cm specified. However,
the ASTM C157 test sequence and procedure were generally
followed.

Six sets 6f samples for each of the mixes 350, 500,
673, 450, 475, 425 kg/cm2 of cement were measured at the
ages of 1 day, 7 days, 14 days, 21 days and 28 days res-
pectively.

Measurement of dry shrinkage at 28 days is 0.027% -
0.05% (except for Test 3). Please refer to Appendix 1,
a series of Dry Shrinkage Test Results.

4. Conventional Concrete Mix

All test mixes included in Project Numbers 11, 12

and 13 were tested according to the concrete test programs.

Test results are shown on Tables 4, 5 and 6.
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9000 psi

8000

7000

5/28 day requin

ementc

. psi

1 3000

5000
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Table 4

Test Results of Mix Design Series

Requirement for 5728 psi (402 kg/cmz) at 28 days
* Days needed for reaching 4250 psi (500 kg/cmz) of strength.

Compressive Strength

(psi)

No. Cement Water W/C Admixture S/A Sand Gravel S1ump (cm) 60 hrs. 28 days
1 450 193.6 0.43 0 38 638 1053 10.5 * 7 days 5241
la 475 196 0.413 0 38 628 1036 9.5 * 6k " 5972
1b 500 196.3  0.393 0 38 620 1023 9.0 x4yt 6680
2 500 180 0.36 200cc/100 kg Cement 38 643 1037 14 4196 6813

NL4000
2a 500 180 0.36 C x 1% Mighty 150 38 643 1037 14.5 3925 6912
2b 500 170 0.34 C x 1.2% : 40 675 1033 16.5 4295 7012
2¢ 495 200 0.40 C x 1% Polfain 41 630 954 9 4224 6443

2d 495 164 0.331 C x 1% Polfain 42 709 993 15 - -
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Table 5

No. Cement Water W/C Admixture S/A  Sand Gravel
2e 500 172.5 0.345 Polfain 42.2 717 986
14 x C
2f 500 166.2 0.332 Mighty 42.4 724 995
1%
2f 500 166.2 0.332 Mighty 42.4 724 995
1%
29 500 184.9 0.37 NL4000 42.4 704 967
1%
3 450 166.2 0.369 Mighty 43.3 757 1003
1%
3a 450 170.4 0.379 NL4000 43.3 753 997
: 2%
3b 475 170.4 0.359 Polfain 42.9 737 . 992
1%
3c 475 166.2 0.35 Mighty 42.9 741 998
1%
4 650 205 0.315 Pozzolith 35 527 967
5L 0.25%

Slump

14.5

13

13

13

13

13

12

13

* Verified by TAFCB.

Compressive Strength (psi)

48 hr

3720

2876

3053

" 3415

3436

60 hr

4114

4381

3862

3408

3479

3472

3692

3955

4480

72 hr 84 hr 28 day

4452

4544

4139

3820

3728

3657

4154

4090

4714

5183

4367

4019

3983

3742

4325

4345

1

7197
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Table 6

sisien Ve Afin UNIT WT. (KG/Md) COMPRESSIVE STRENGTH (KG/CM?)
MIx AGG.| sLuMP | con- | s/a W/C
SIZE] ‘cM) | TENT | (%) (%) COASE AGG. _
(o) (4 WATER [CEMENT | FINE USED FOR HEMARKY
SERIES ; AGG ADMIX- 14HR. |60HR. |7 DAYS|l14 DAYY 2BDAYY
E Rm © | 154 | 25mM | 4omM | TOTAL | TURE
MIGHTY
420-20-06 20 5 3 37 31 167.3| 540 600 827 207 1034 | 150cxkase| 339 494 | 40 x 40 PC PILE 533
420-20-5 20 5 1 36 32.2( 185 575 575 828 207 1035 320 483 | 40 x 40 PC PILE §35
350-20-10 20 9.5 1 38 41.3| 196 475 628 829 207 1036 316 | 383 414 | PC GIRDER T69
350-20-12 20 12.5 1 45 44.1| 209.3| 475 728 720 180 900 289 | 335 408 | DECK SLAB :ggum
- y
350-20-13 20 13 1 40 40.7| 203.4| 500 645 783 196 979 423 | DECK SLAB, PIER g 140
350-20-15 20 15 1 38 40.2| 206 513 606 900 100 1000 3lo 416 | PIER T.203
MIGHTY
350-20-18 20 18 1 40 37.1| 176 475 681 827 207 1034 |, 319 473 | DECK SLAB T.264
50Cx1%
350-20-18 20 I 17.5 1 40 39.3| 216 549 626 760 190 950 ‘;:2" 309 435 | DIAPHRAGM T.270
FOOTING,CAISSON |q 31
280-40-7.5 | 40 | 8 1 38.8| 51 178 350 699 446 112 557 | 1115 223 226 326 | SeALING =
i I
T
280-40-10 40 10.5 1 37.4| 48.9| 183.3| 2375 661 448 112 559 | 1119 230 326 " " o 11
280-40-12 40 12.5 1 45 49.5| 197.8| 400 769 380 285 285 950 237 | 312 347 . " T.102
280-20-12 20 12 1 4s5.8| 49.2{ 209.3| 425 759 728 182 910 268 | 313 342 - D:‘zim
280-40-15 40 16 1 38.4| 49 194 400 660 428 107 536 | 1071 245 | 293 345 U . g
280-40-10 40 10. 5| 2 37 48.9| 174 156 654 454 113 567 | 1134 gl’“‘é"gf 219 | 278 335 | FOUNDATION, PIER |T.188
- x 0. .
280-40-12 | 40| 12 2 8.4 48.8| 177.8| 364 | 677 | 440 | 109 | ss50 | 1009 :I“é’g: 215 | 287 336 " " T.192
x =
240-40-7.5 | 40 7.5 1 39.6| 54.8| 178 325 721 445 111 556 | 1112 203 | 251 292 | FOUNDATION T.30
240-40-10 40 11 |MY¥4 38 52.4( 183.3| 350 679 448 112 556 | 1120 214 306 " Pl
| 2
240-40-12 40 1:.5| i 45 52.5| 196.8| 375 780 386 289 289 964 206 | 273 294 -' T.101
FOOTING, PIER CAp | Fl
240-20-12 20 12.9 1 47 51.6| 209 400 790 721 180 901 216 | 258 299 | oo - by pung
5IKA(PCR) REVERSE CIRCULA-
-40- . . 7 7 3 86 972 T.6
240-40-18 40 17 2 44 s1.4| 192.8| 375 55 89 97 4 gy 194 325 | viie
240-20-12 20 12 2 a4 51.7| 189.6| 367 762 784 196 980 [SIKA(PCR) 221 | 260 298 T.182
it I £ x0.25%
210-40-18 40 18 1 45 53.5( 214 400 762 377 94 471 942 186 302 |CUT-OFF WALL
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Table 6

; SRR
: UNIT Wr. (KG/MY) CONPRESSIVE STRENGTH (KG/CM?) ]
DESIGN MAX‘] AIR
MIX. | AGGJ SLUMP coN- S/A W/C R] COASE AGG. USED FOk HMARKS
SIZH (CM) | TENT | (%) (%) WATER| CEMENT| FINE ADMIX-
SERIES (cM) (8 AGG. 14 HR | 60 HR | 7 DAYS| 14DAYS| 2BDAYS
NO. 15MM | 25mM | 4omm | ToraL| TURE - |
— T i b TR R D
210-40-12 40 13 1 39.5 56.4 |183.3 325 714 442 111 553 1106 198 240 | 314 SLAB T.221
210-20-12 | 20| 12 1| a4 57.1 |198.7 | 348 | 781 | 804 | 201 1005 198 | 238 | 269 | WALL <l
175-40-15 | 40| 1s.5 1 | 41.2| 9.3 194 280 | 748 | 432 | 108 |'s41 | 1081 130 | 186 ; 211 " T.51
= i ——
I -
140-40-15 | 40| 15 1 | 42,9 77.6 [19¢ | 250 | 790 | 426 | 106 | 532 | 1064 104 | 156 | 177 | TOUNDATION SEAL- 11 49
b T
140-40-10 | 40| 10.5 1 | 43.3| 73.3 |183.3| 250 | 809 .| 429 | 107 | 536 | 1072 109 | 165 ! 186 " . T. 3%
(72 hr) 1
3150-15-15 | 15| 15.5 1 | 42.0| 40.0 |219 sa8 | 655 | 915 915 255 | 318 | 359 | e T.271
Pozzolith H an |
-20- 339 | 392 ! aso T.227
380-20-17 | 20| 17 2 | 38 39.5 [197.3 | s00 | eos | soa | 201 g e il
I R
350-20-17 | 20| 17.5 2 | 38 39.5 [197.3 | so0 | 609 | soa | 201 1005 2 3“:5:" 339 | 399 450 T.223
350-25-10 | 25| 10.5 2 | 38 36.7 [156 425 | e92 ‘| e85 | 457 104~ | HIGHTY 315 44s % lng
150Cx1%
= MIGHTY T.286
350-20-13 | 20| 14 2 | & 39.1 [176 450 | 696 | 811 | 203 vass, [SEE 304 as0 |
i SIKA(PCR) . REVERSE CIRCULA-
240-20-17 | 20| 17 1| 45 50.3 |201 a0 | 777 | 768 | 192 B et 249 205 4 e bris cokstind
; MIGHTY ' CAP-BEAM - DECK ]
- 20— 310 426
240-20-13 | 20| 13 1.| a7 44.5 [178 400 | 826 | ¥sa | 189 L LEY] sl it pip Ly
o SIKA(PCR) -
240-40-12 | 40| 11 2 | 38 52.5 [ 169 322 | 692 | 457 | 14 | 571 | 1142 [ZOCC 212 | 255 | 303 roormn T.193
I !
| ! o
; i I
|
-y
]
f = - 4
1

.. Bu2i2). |
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[V. Fluid Concrete Investigation

Over the last 20 years concrete technology has come to
concentrate on the development of structural concrete by
the use of small size aggregates with wet mixes. The mdthod
0f mass concrete construction using a relatively small amount
of cement with big boulders is seldom seen today because of
changing construction objectives and designs.

Today super-high strength and high early strength con-
crete are required for many types of concrete structures.
Complicated reinforcement systems with slim structures com-
pel the use of a more plastic type ot concréte. Fluid con-
crete has been developed and applied for_these purposes
significantly advancing modern concrete technology. The
use of fluid concrete for the superstructures of the Yuan
Shan Bridge Project is the first example in the Republic of
China. It may well be the first time that this méthod has
been directly applied to cast-in-situ structures in Asia.

The special properties of fluid concrete are:

(1) Better flow in the fresh state;

(2) flow number of 50cm - 60cm (slump 15 - 20cm),;

(3) no segregation (at least no more than normal mixed

concrete);

(4) easy consolidation (saving labor); and

(5) observance of Abrams Law.

In order to fabricate this kind of concrete, a special
ingredient must be added to nofmal concrete mixes. We call
this the "Superplasticizer". It is a dispersion agent made

by using the chemical sodiosulfoaralkylene.

Concrete with superplasticizer can retain its physical
properties (strength) in the same way as ordinary concrete.

Although concrete with superplasticizer appears to be wetter

~ 632~




and to flow more easily, the strength is actually increased
as it has a lower water cement ratio.

During the investigation state, various brands of super-
plasticizer were sampled and tested (eg. NL4000, Mighty 150
and POLFAIN 510). Meanwhile, conventional water reducing
agents, such as Pozzolith No. 8, Sika products and Darex
were also tested for comparison.

Character of the Superplasticizer (Mighty 150)

According to Abrams Law, as long as the fresh concrete
remains workable, the strength of concrete will increase
as the water cement ratio decreases. In general, this
Law is limited to plastic concrete in which the water
cement ratio is between 0.7 and 0.35. On the nother hand,
it is known that when the water cement ratio is reduced
to less than 30%, the plasticity of concrete is generally
reduced and the consolidation is not acceptable. Subse-
quently, its strength may decrease because of empty spaces
which will occur in the concrete.

The use of superplasticizer permits the formation of
workable, dense concreté even when the water cement ratio
is less than 30%. Dense concrete containing only 26% water,
which is considered the theoretical minimum for hydration,
still maintains good plasticity and can be well placed.

If the proper grades of cement and aggregate are chosen,

a compressive strength of more than 1000 kg/cm can be

obtained even under normal curing conditions.

The powerful dispersing effect of superstabilizers can greatly
improve the fluidity of cement. In general, high strength
concrete is rich in mix and its fluidity is almost completely

controlled by the fluidity of the cement paste.

~ GRY =~
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CONCENTRATION OF DISPERSANT

Fig, 6 FLUIDITY OF CEMENT PASTE CONTAINING
SEVERAL KINDS OF DISPERSANT

Fig. 6 compares commercial dispersion agents with the super-
plasticizer Mighty 150. Improvement in the flow values of
the cement paste is observed with thé use of this additive.
For dispersing agents of the lignin sulfonate type, current-
ly the most popular concrete additive, the mix dispersing
power appears at a percentage of around 0.3%. Even at higher
dosages, the flow value remains unchanged. On the other hand, .
when Mighty 150 is increased from 0.3% to 1.0%, the paste
flow increases remarkable. At amounts higher than 1%, the
flow value remains almost constant.

The fluidity of fresh concrete mix is remarkébly improVed,

the powerful dispersing effects of superplasticizer Mighty

150.
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Table 7
Table 7: Effect of dispersants on properties of concrete

(No water reduced)
W/C | Slump Air Compressive strength (kg/cmz)
Dispersant | Dosage Content
(%) | (cm) (%) at 3 days|at 7 days|at 28 days
Plain 0 39 5.5 0.8 180 313 425
0.25 "o111.4 1.1 221 377 475
Mighty 0.50 V.1 3350 0.8 255 432 495
0.75 125 0.6 199 302 380
1.00 2> 25 0.6 160 270 345
0.25 | * ]10.0 | 3.9 213 366 467
Calcium 0.50 * 117.3 7.1 210 354 448
lignin : "
sulfonater| 9-75 21.4 | 10 125 273 338
1.00 Lokl d 10 not not 176
hardened |hardened
Cement content 440 kg/m3
S/A = 36.3%
* dried residue from alcohlic fermentation process of sulfite
pulp waste.

As shown on Table 7, when superplasticizer is added to con-
crete, the slump increases with the increase in percentage
of superplasticizer when it constitutes more than 0.75% of
the mix, the slump of concrete exceeds the measurable limit.
In case of lignin sulfonate which is shown for comparison,
the slump also increase with the increasing_percentage of
additive. But it becomes constant at more than 0.75% of
dosage.

. By means of the strong dispersion effect of superplasticizer,
the high water reduction necessary to obtain high strength
concrete becomes possible (Table 8).

The concrete mix with superplasticizer can maintain good
workability at a water cément ratio of as low as 30%. When
the conventional dispersion agent is used, it is impossible
to maintain workability when the water cement ratio is 30%_

or lower. The rates of increase in the strength of super-
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plasticizer and lignin sulfonate, compared with the strength

of plain concrete, are 80% and 25%,respectively.

Table 8

‘Table 8: Effect of dispersing agents on properties of concrete.

(Water reduction)

Dispersant | Dosage e EEEE:tion G ?;;tent e P (kglcmZ)
(%) (%) (cm) (%) at 3 days|at 7 days|at 28 days
Plain 0 39 0 Bk 0.8 192 343 424
0.25 | 35 10 5.7 Lk 241 388 460
Mighty 150 [ 0.50 | 31 20 4.7 1.3 322 471 574
(S/A=36.3) | 0.75 | 27.3 30 11.2 1.6 472 591 768
1.00 | 26.0 33 4.4 .7 457 550 753
0.25 | 35 10 4.6 3.1 263 380 493
Tt 410s8uL 38 [50c12 7ol d. 12 266 427 519
e sy 4o0i15 |32k .18 9.1 | 86 |not | 192 452
1.00 | 32.7 16 6.4 10 not not 345
hardened | hardened
Cement content 440 kg/m3

S/A = 36.3% and 34.3%
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V. Concrete Production, Delivery and Placing

1. Equipment

All of the concrete equipment is listed below.

(1) Concrete Batching and Mixing Plant

(2)

(3)

(4)

One man control, electronic punch card system (Fig. 10).

Brand

Plant Capacity
No. of Mixer
Aggregate

Cement Silo

Transit Mixer

Brand

Capacity of Mixer

Quantities

Concrete Pump
Brand

Rated Output
Quantities

Vibrator

ELBA Compact Plant, EMM 35N III
35 Cu.M/hr. |

1 set

4 compartment (deposit type)
100 Ton 2 sets

200 Ton 1 set

Dram (Local made)
Engine and Chassis - Hino, Japan

3

6 yd® - 15 Ton gross weight

8 units

Schwing GmbH BP550HDD, 250 HDD
50 Cu.M/hr. 20 Cu.M/hr.

2 sets 2 sets

A. Internal Vibrator

(a) Brand
Power

Vibrator

(b) Brand

Power

Wacker (West Germany)

Electrical Converter 8 sets
0.3Y/42 3 sets
0.4Y/42 10 sets
1.1Y/42 4 sets
Tokuden BF (Japan)

Electrica; Motor 17 sets

Gasoline Engine 9 sets
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Vibrator BF-45-6 21 sets

BF-45-5 - 11 sets
BF-45-4 3 sets
BF-32-6 3 sets
B. Outer Vibrator
Brand Tokuden  FV (Japan)
Motor FV-600 18 sets
(5) Belt Conveyer

Brand Yang-Shin Mech. Co. (Local)

Power Electrical Motor 1 HP

Size 40cm x 7m - 9m

Quantity 20 sets

2. Concrete Production and Delivery
Concrete was produced by the use of field orders. The
ticket system was applied to control of quality and quantity
(Table 9).
Well-trained technicians operated this plant under the
supervision of TAFCB inspectors.
One-round trip typical concrete delivery was approxi-

mately 30 minutes as shown below.

| -----Mixing Plant ——> Transit Mixer ——> Site (Pier A)
3 Min. 30 Min. or less (Pier B)
(Pier C)

(Others)

Pending for Placement 10 Min. or less

L—> Concrete Pump—

I
: 5 Min. > Belt Conveyor
: (Optional) » Site
et W
2 Min. l

Placing
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Concrete samples were taken at the job site and were
cured and tested according to ASTM C31-69. Test results
are shown in Appendix 3, Concrete Quality Control Chart.

3. Placing

Properly placed concrete should be free of segregation,
motar in intimate contact with the coarse aggregate, the
reinforcements and other embedded parts.

The concrete pouring sequence and time control was studied .
and discussed prior to concrete placing and were strictly
supervised. All necessary_steps during placing were studied
in order to avoid nonconsolidated areas or over vibration.

Fluid concrete was used for the superstructures of the
main bridge. There were no significant defects such as

bleeding, abnormal setting, dry shrinkage, honey-combs etc.

;ound in these structures.

The slump loss of ready mixed concrete is most likely to
be troublesome during hot, dry and/or windy wedther, especial-
ly when the concrete is hauled for a long distance or trans-

- ported by means of a long chute or conveyor. Slump loss
versus time at different temperatures was measured during
placement of mix number 350-20-18. The results are shown
as follows: _

Mix No. Target Slump Time after mixed (Hin.) Temp.

(cm. ) 0 15 30 45 ( °c)
350-20-18 18 20 cm 15 cm 10 cm 6 cm 34
18 18 cm 12 cm 9 cm 6 cm 30
18 16 cm 10 cm 8 cm 5 cm 24

Therefore, in order to maintain the workability of concrete
under adverse weather condition, it is better to place the
concrete within 40 minutes after it is mixed. 1In-general,

this has achieved reasonable workability during construction.
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Work schedules are shown on Tables 10 and 11.

gives the normal concrete pouring schedule after improvements

Table 10

in the work process and Table 11 is the shortest case.
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UNIT: M3
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TABLE 10 WORKING CYCLE FOR EACH BOX GIRDER SEGMENT

Day

H
Working Item ur

12 | 18

24

12

18

24

12

18

24

12

18

24 .

12

18

24

12

18 24

12

18

24

Concrete Placing

—

Curing

Prestressing

Wagon Moving

Surveying

Rebar Installation

Inner Forming & Sheathing




VI. Field Quality Control and Evaluation
(Refer to Appendix 2, Quality Control Chart.d
Notation:
V: Coefficient of Variation
X: Average Strength of Concrei.
fer: Required Strength of Concrete
fc': Designed Strength of Concrete
Rm: Mean Range
1. Prestressed Precast Pile (2—9— to 2—9—4)

(1) The coefficients of variations (V) were all below 10%
some were below 5%, which shows that the field control
was very uniform and fairly good. The lower the co-
efficient, the lower the average strength will be.
Therefore, the use of an economical lower cement factor
mix will achieve the strength requirement. Although
the average strength (X = 451 kg/cmz) is lower than
the required strength (fcr = 483 kg/cmz), the chance
of falling below the lower limit is calculated as 1
in 75, based on the actual coefficients. Compared
with the assumed possiblity of 1 in 5, this is actual-
ly far safe than required. We can therefore consider
a revision in the mix proportions to obtain a more
economical mix, emphasizing the value of good quality
control. If the coefficients remain the same, the
average strength would need to be only 432 kg/cm2 to
assure no more than 1 failure in 5.

(2) There are 8 sets with an average strength lower than

fc'. Thus all the test results are considered accept-

able.
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(3) Rm = 0.0564 x fer = 27.1 kg/cmz. The range chart shows
highly irregular variations that do not fall within
batch test requirements. The reasons for the greater
R may be caused by improper cylinder fabrication, cur-
ing and/or testing discrepencies. However, during the
period of August and September of 1975, the R vhlues
were within the required variation limits.

2. Prestressed Girder (2—1—1 to 2—1—6)

(1) The coefficient of variations (V) are all below 10%,
which shows very good field control. The average_
strength (X = 443 kg/cmz)lis higher than the required
strength (fcr = 402.5 kg/cmz), but V is lower than the
assumed value (15%). The chance of falling below this
lower 1limit and is calculated as 1 in 2000. It is very
clear that the mix is not economical and that rvevision
is needed.

(2) Moving average strengths are greater than fc'. 1In early
and later stages, the moving average was uniform but the_

middle stage varied, which shows inadequate control. o

(3) Rm = 0.0564 x fcr = 22.6 kg/cmz. R values are high and
irregular, especially in the 110 - 240 set and the 290
- 320 set. This may be caused by improper cylinder
fabrication, curing and/or testing discrepencies.

3. Bridge Deck, Bridge Pier (Pavement) (2-10—1 to 2-10-2) (2-11-1 to 2—11-74)

(1) The coefficient of variations (V) are all below 10%.
This indicates that the field operation has good con-

trol. The average strength of Mix No. 350-20-13

(X = 426.6 kg/cmz) is just a little greatef than fer
but Mix No. 350-20-18 (X = 50&.8 kg/cmz) is consider-
ably greater than fcr. The chances of falling below

the lower limit are 1 in 714 and 1 in 10,000 respec-
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tive}y, modified mix proportions to meet the require-
ments of economy were necessary.

(2) The moving average strength varies and is greater than
fc' indicating inadequate strength control.

(3) Rm = 0.0564 x fcr = 22.6 kg/cmz. R values are irre-
gulgr but still within batch test control requirements
of Mix No. 350-20-13 and they are better than Mix No.
350-20-18. Care must be taken in sampling and testing
in order to lower the range.

4. Box Girders, Hinge (2—12-1 and 2-13-1)

(1) The coefficient of variations (V) arc all below 10%
which shows good field control. The average strength
of both mixes are very close to fcr. This shows that
the mix designs are very good.

(2) The moving average strength shows stability and will
be considered as well controlled.

(3) Rm = 0.0564 x fcr = 22.6 kg/cmz, are within batch test
control requirements for both mixes, but not within
test control requirements due to carelessness in the
later stage of Mix No. 350-20-15.

5. Foundation, Caissons(2—14—1 to 2—14--4)
(1) Most of the coefficients of variation (V) are below

10%, showing fair to good field control.

(2) The average strength (X = 346 kg/cmz) is only a little
higher than fcr. This mix is a well designed.

(3) The moving average strength chart indicates that the
strength of test sets in early stages are more uniform
than that of those in later stages.

(4) Rm = 0.0564 x fcr = 18.1 kg/cmz. R values are irregu-
lar which shows that the mixing or sampling is not so

good.




(5) The chance of falling below the lower limit is calcu-
lated as 1 in 90. We can therefore consider a revision
to the mix proportions decreasing the strength.

6. Foundation, Bridge Pier, Bridge Deck, Railing (2—3—1 t0 2—3—5) (2—15—1 to 2—1 5-2)

(1) The coefficient of variations (V) are near 10%, showing
fair to good field control.

(2) The average strengths (X = 345, 342 kg/cmz) are both
greater than fcr. Under good variation control, the
mix is uneconomical.

(3) The chance of falling below lower limit requirements is
calculated as 1 in 2500. A mix proportion revision is
necessary to obtain a more economical mix.

(4) BRm = 15.5 kg/cmz. In some sections, R values are too
high. This shows poor test control.

7. Cast-in-place Concrete Pile by “Reversed Circulation”
Drilling Method (2=2-1 to 2-2-6 and 2-16-1 .to 2-16-3)
(1) The coefficient of variations (V) are near 10% it shows

the field control is fair to good.

(2) The chance of falling below lower limit requirements is
calculated as 1 in 84. We can consider a revision to
this mix proportion to lower the strength from 314 kg/cm2
to 265 kg/cm2 in order to assure a failure limit of 1
in §,

(3) Rm = 0.0564 x fer = 15.5 kg/cm>. 1In some section R
value is too high which shows that the within batch
test control is poor. Care should be taken in cylinder

fabrication, curing and testing to lower the R value.

8. Miscellaneous (2—4—1,2-5—-1,2-6—1,2—7—1, 2-8-1)
No evaluation.



VI. Conclusions

s

Concrete materials were well selected and controlled.
Sglectiou and control would have been more effective

if the plant had its own finish screening deck in orgder

~to keep significantly gndersize aggregate within the

specified limits.

A better working system was established and implemented.

' Experienéed laborers in well-organized teams worked om

each section of concrete placement.

The coefficients of variation shown in the Q.C. charts
are all very close to 10% with most under 10% and only

a few slightly exceeding 10%.

A new type of admixture (Superplasticizer Mighty 150)
was selected after intensive study and comparison. This
contributed greatly to consolidating the constructiom.
period.

A series of dry shrinkage test results are shown in the
appendixes. These indicate that the concrete is within
the specified limits.

Concrete was designed to meet the required strength for
tensioning after 60 hrs. However, the strength was test-
ed by a field test cylinder prior to tension of tendons.

If the strength (260 kg/cmz) was reached prior to the

designed 60 hrs., then tensioning could be carried out.

During fhe winter season, the strength did not reach the ;
requirement within the 60 hrs. time 1limit and tensioning
was pdstponed until the design value was reached as de-
termined by the test cylinders. The concrete was design-
ed at the standard temp. of 23°C. The cooler tempera-
ture prolonged the time required from placement to speci-

fied strength. The relationship between concrete harden-
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ing time and temperature is very important. Hydration of
concrete is affected by temperature qhange; it accelerates
with higher temperatures and slows colder temperatures
even with the addition of a superplasfiéizer.

"Saul's Formula'" is applied here.

R

At (t + 10)

R Degree of heat of hydration
At = Age of concrete (days)
t = Temperature .of curing
(Example)
If the concrete mix is designed at 23°C, the designed

strength can reach 260 kg/cm2

at 60 hrs. (2% days). If
the temperature falls to 6°C:

R=2.5 (23 + 10) = 82.5

at = 82.3 = 5,15 days (123.6 hrs.)

6+10

Surface crazing was found in some areas of the top layer
concrete of the superstructure on the main bridge although
it was covered with a dampened cloth during concrete cur-
ing. The crazing consisted of many shallow, random cracks
in every direction. This crazing may have been cuased by
the rapid loés of moisture from the fresh concrete due to
wind, excessive finishing or temperature change. Minor

crazing of this nature is sometimes unpreventable and

does not harm to the quality of the concrete.

This is the first project in the Republic of China in
which the contractor had his own laboratory and was able

to perfbrm his own quality control.
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VII. Appendixes
1. Drying Shrinkage Test Results
2. Concrete Quality Control Chart
3. Temperature Record

4. Cement Test Report



1.Drying Shrinkage Test Results

MIX DESIGH MIX DESIGH
Cemen Wat FIne el Aoreaste | we s [ s x| s | nsstrive L pne Coarse Asditi
t i : p Cement Water te te | WC s | S/AT| Slump tive
ta) | (k) thaf" | “Tha} (o) - B M B il B 5 o
724 796 Might:
673 202 580 905 0 |33 | 1w | ke P g Eh n2| e 12 | Y
181 [ i 199
Date:  July 31, 1 Average Strength _ 502  Kg/oa® . Strength _  449.5 en?
July 31, 1975 at 28 days Date: Aug. 25, 1975 m::wza :;:‘w = Kg/
=728 psi . 6383 psi
Mea-\\ Set Ny [Mea-= set
suri suri
Point 1 2 3 L] 5 & int 1 2 3 4 5 6
)
Age (Da, Age(
1] 6.60- a1 9.49 5.82 7.23 10.82 1| 7.92 514 5.23 7.25 8.66 7.45
In Water S “{In Water
¥ e “n 9.58 5.89 7.32 10.92 T e = .5 7 3 Sia
14 6.5 4.08 9.48 5.78 7.2 10.77 " 1.80 6.05 6.16 7.17 8.57 7.37
In Air In Af
21 6.48 4.00 9.38 5.68 7.10 10.67 et g 17.78 6.01 6.11 7.2 8.53 7.3
8| 5.4 3.98 9.3 5.65 7.07 0 | | B .73 5.97 6.07 7.08 8.48 7.28
Longth b s e 4 i W i '“ﬂ"' %7cm| %8cm | %6cm | WTom | 69cm | 36.7cn
oy 1-7 | +0.04087 | 40.02472 |.0.02439 | +0.01912 |-0.02452 | +0.02710 = 1-7 | +0.02179 | +0.01358 [+0.01366 | +0.01362 | +0.00813 |+0.03542
ﬁ‘:‘.‘i. 1-18| _o.01089 | -0.01648 [-0.00271 | -0.0092 [-0.00544 |-0.01355 :‘;:;_ 1-1a] -0.02452 | -0.02445 |-0.01812 | -0.02179 | -0.02439 |-0.02179
Dif- - -
- [i-a1] 003269 | -0.036e8 [-0.02981 | -o.03825 |-0.03542 |-0.08065 | |8 O [T 10 onere | -0.00532 |-0.03278 | -0.03542 | -0.03823 | -0.03%2z
f 2
9% [1-28] -o.0es32 | -0.009s |-0.0036 | -0.0s6ek [-0.00389 |-0.0433% I Stages o] 0.05177 | -0.08619 |-0.08371 | -0.08632 | -0.04878 | -0.04632
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 cays: 0.0445033 % Mean Value at 28 days: 0.0471816 1
MIX DESIGH HIX DESIGN
Cemen ™ < o 5 Cemen T el rcs | sias| s Additd
t ter te ate | WC 3 | S/A 3| Slump | Additive t Water te | W/ 3 ump tive
) (kg) (B (5 (o) (ka) e A e 4 il e 3 (oh)
789 POLFAINE 74 NL 4000
500 172.5 m 986 s |e2e |13 500 184.9 700 | 967 v |a2a | 12
197 o S =m Cix 1%
Date: puq. Average Strength _ Date: . 28, 1975 Average Strength _ 442  Kg/cm?
o a0 at 28 days “ el New o0 1 at 28 days o
- 6362  psi . 6276  psi
[Rea~_set wal
suri
1 2 3 s 5 6 int \ 1 2 3 4 5 6
Age(Day
1 8.24 7.57 7.87 8.15 8.21 £.99 1 7.41 5.76 5.60 7.20 8.21 6.31
In Water In Water
bida BT IR W 7.61 7.%0 8.19 8.25 7.02 1| rae 5.77 5.62 1.0 »] B2 6.3
| s1s 7.47 .1 8.05 8.1 6.88 w| 1.m 5.62 5.48 7.09 8:08 6.18
In Air In Air —
al sn 7.43 7.72 8.02 8.07 6.85 21 7.23 5.57 5.84 7.02 d.o2 6.14
2| 8.0 7.3 7.67 . | 7.9 8.0 6.80 28 7.3 5.57 5.42 7.02 8.02 6.14
u":hn 36.7cm 36.8 oo ¥ecm | %.6m %.7 %.6 !wl I.‘lht ve 9o 3.6 cm 3.8 om 3.7 o= 36.9 cm 36.7 cm
- 1-7 | *0.01634 +0.01086 | +0.00815 | +0.01092 | +0.01089 | +0.00819 1-7 | *0.00542 | +0.00273 +0.00543 | +0.00272 +0.00542 | +0.00544
Shrink- Shrink-
age Valg 114[-0-02452 | -0.02717 | -0.02717 | -0.02732 |-0.02724 | -0.03005 | |age Vald'-!%| -0.03523 |-0.03825 | -0.03260 |-0.02997 |-0.03523 | -0.03542
at Dif- at Dif-
;.m: -21)-0.03542 -0.03804 | -0.04076 | -0.03551 | -0.03814 | -0.03825 ferent |1-21| -0.04847 | -0.05191 -0.04347 |-0.04%04 |-0.05149 | -0.04632
tages Stages
1-28(-0.04632 | -0.04891 | -0.05434 |-0.05191 |-0.04904 | -0.05191 1-28| .0.04878 | -0.05191 | -0.04891 [-0.04308 |-0.05149 | -0.04632
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 days: 0.050405 % Mean Value at 28 days: 0.0494083 %




MIX DESIGH MIX DESIGH

Fine Coarse Fine
Cement Water te te | W/C S | S/AS| Slump Additive Cement Water regate WCS |S/AZ| Slump Additive
e R I e+ i e % (on | e | M (o
5 Migh i 79
450 166.2 757 1003 , 6.9 | 33| 12 Cxl1s 475 201.1 655 995 4.3 40 13 PC
on 199
20
2 th Date: Average Strength _
Date: puq. 29, 1975 M::"zes:-":‘ « 4375 Kg/cm? Sept. 24, 1975 g R 94 Kg/emd
= 6213 psi = 5595  psi
e set [Pea-~_set n]
suri |suri
Point 1 H 1 . 5 6 Point 1 2 3 [ 5 6
Age(Day Age(Day
1 1 892 7.61 6.56
8.24 8.93 8.76 7.47 5.64 5.89 3
In Water n Water
. 1| ez 8.5 8.80 7.51 5.64 5.9 1| e 7.61 6.56 )
14 8.12 8.4 8.66 7.36 5.49 5.81 4 6.83 1.51 6.46
In Air In Air
21 B8.08 B.80 8.62 71.34 5.44 5.77 21 6.76 1.47 6.40
m 8.07 8.79 8.61 7.1 5.43 5.74 ] 6.77 7.46 6.45
—Titactive [ Effective 7
Length 36.7cm| 36.8cm 3.8 om 35.6 om 36.6 om 36.6 om Length 6.7 cm 3.7 cm %.7cem
oy 1.7 | *0.0054¢ [+0.01358 | +0.01086 |+0.01092 .0 . |+0.00912 oy 1-7 | 0-00000 0.00000 | 0.00000
Shrink- T Shrink-
it 1-10] -0-03269 | -0.02845 | -0.02717 |-0.03005 |[-0.04098 |[-0.cz1es | JICIE iwel g oouse [ -0.02726 |-0.0224
t Dif- 7 = - at Dif-
i | 000 |-0.0%% ~0.03804 |-0.03551 |-0.05464 | -0.03279 | o 21| o059 | -0.0081¢ | -0.0438
Sta Stages
i 1-28| -0.04632 -0.03804 -0.04076 |-0.03825 -0.05737 -0.04098 1-28| -0.04087 -0.0408/ -0.02997
Remarks: All drying shrinkage values- are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 days: 0.04362% Mean Value at 28 days: 0.0372366 &
MIX DESIGH MIX DESIGM
Cement Wa o te |Wics [s/as| Additi £l Nrsho -] 51 Additi
ter te ump tive t Water te regate | M/C 3 Az ump tive
(ka) T i % i e 3 o | T | G Tl | ket (o
i e i 12.2 7 s | -t2l 16 | Migh '
d 500 172, 18 " % gl i
475 : 201.1 655 995 = 23|40 |125 PC 157 oy ,
tung
Date: Average Strength _ 3 : t. 25, 1975 Average S . %5 xg/oe?
Sept. 24, 1975 et . 405 Kg/ea? Lol il ] pric
- 5751  psi . 6603 psi
|Mea-"_ Set na] [Rea-, Set Nol
surd |suri . 3
Point 1 2 3 4 5 [ Point 1 2 3 4 5 6
)
Age(Day’ Age(
1 6.58 7.17 B.89 L 1 7.78 8.79 6.79
In Water
' 1| 657 7.15 8.88 In oty 7.78 8.79 6.79
1| 647 7.08 8.78 1" 7.65 8.70 6.65
In Afr In Air -
21 6.43 7.01 8.74 27 7.60 8.66 6.60
28 6.42 7.01 8.74 28 7.60 B.65 6.59
!I-nsi ""‘:n" 3.8 cm .7cm | 36.7cm Em"“:h‘" %B8cm | %Tom | ¥Iem
1-7 | -0-00271 | -0.00s4¢ | -0.00272 1-7 | 0.00000 0.00000 | 0.00000
Shrink- e
ase vaid 14| -0.02089 | -0.03269 |-0.02997 .‘:'ﬂm 1-14]-0.00532 | -0.02452 |-0.03814
at Dif- _ =
ferent |1-21] -0.04076 | -0.04359 | -0.04087 ] ::'3:: 1-21 [0-04891 -0.03542 |-0.05177
Stages
1-28) -0.08347 | -0.04359 | -0.04087 St 1-28-0.04891 -0.03814  |-0.05449 »
Remarks: All drying shrinkage values are in percentage. E Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 days: 0.0426433 % Mean Value at 28 days: 0.04718 1




MIX DESIGH MIX DESIGH
Fine Coarse - Fine Ac“"“ S/A Additi
Cement Water regate| Aggregate | W/C T | S/A % | 51 Additive Cement Water Aggregate| Aggregate | W/C . A .| 51 dditive
(kg) (Kg) M?mr ?lq? |c:4"5' (xg) (Kg) g ?x;? | e
789 791 Highty
2.2 ns 986 s |aza | 16 Mighty 550 170.9 651 989 gy | 31| %0 1”8 fcxts
Type | 197 % Cx1%
Chutung
Date:  gonp. 25, 1975 lve::g;as:‘r:‘ntn o | 480 Wr-lz Date: Oct. 2, 1975 A\re::qgas;:;:g:h < & Kgreed
= 5816 psi = 6220 psi
Mea-, Set Noj [Mea—<_Set N 3 I
suri . suri g "
Point §—t 2 3 4 5 & Point 1 2 3 a
) \4{?!
Age(Day Age(Dayh-.
1 1.39 5.44 7.15 1 7.10 5.88 6.32 6.59
i s e 5.93 7.15 el 1208 5.89 6.3 6.56
1 14 7.01 5.74 6.19 | 6.47
In Air 130 5.81 709 In Air
21 21 7.00 5.74 6.18 6.45
7.20 5.79 7.0 : .
28 7.20 5.78 7.00 8 6.95 5.75 6.18 6.44
Effective ective
Lenqthv 36.7 cm 3.5cm | I6.Bcm L:m]lh‘f 36.7cm 36.7cm 36. 75¢m 36. Scm.
ory 1-7 | +0.00272 | -0.00273 |0.00000 o 1-7 | -0.00272 |+0.00272 |-0.00542 |-0.00821
- Shrink-
x‘:'_‘u 1-18] _g.02452 |-0.03013 |-0.01630 “:n?;h' 1-14| .0.02452 |-0.03814 |[-0.03537 |-0.03187
it 21| 005177 |-0.08109 |-0.03804 o [1-21] -0.0272¢ [-0.0314 |-0.03809 |.0.03835
Sta Sta
a 1-28| .p.05177 |-0.04383 |-0.04076 oes 1-28| -0.04087 | -0.03542 -0.03809 | -0.04109
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 days: [, 0454533 4 Mean Value at 28 days: 0.0388675.
MIX DESIGH MIX DESIGH
Ceme Mat o % Agmmu WCs |S/Az| S Additi . .S""" A f
nt er rega ump ve Cement Water Aggregate regate | W/C % | S/A 3| Slump Additive
o) o S B %= i e 5 (a0 xa) (ke) (1 R (51 (oh
lem Mighty 15D Tem
5 Mighty 150
500 158.2 19 996 80% | a6 | a22]| 15 500 2.2 718 |oes ®* | y.a |az.a | 95 | Cx1x
Suo : 3& C x 1.5% Type 1 385 :
‘ Chutung H
Date:  Oct. 18, 1975 Average Strength ,  459.5  Kg/cmd Date: 75 Average Strength
at 28 days o Oct. 7l 19 n’zn days
= 6525 psi .
Mea-,_ Set Noj L‘ <, set NoJ
suri . | suri
Point \ 1 2 3 4 5 3 Point 1 2 3 4 5 5
)
Age( Age( ;
. 1 6.21 6.39 6.80 6.31 5.87 7.39 1 5.46 6.78 6.83 5.53 7.66 7.22
In Water In Water T
? 6.20 6.39 6.82 6.33 5.88 1.40 7 5.45 680 | 6.8 5.51 7.64 7.20
18 6.17 6.37 6.78 6.27 5.83 7.38 14 5.41 6.72 6.77 5.50 7.58 7.15
In Air In Air
21 ] 60 6.20 6.68 6.23 517 | 1.8 2| sm 6.66 6.72 5.40 7.53 7.07
28 6.05 6.21 6.63 6.16 5.70 .24 28 5.34 6.66 6.73 5.41 7.54 7.08
ective . ective
51‘ e' ot 367 366 69 366 387 67 Lersih 366 366 368 367 369 368
ok 1-7 | -0.00272 | -0.0000 | +0.00540 | +0.0055 | +0.0027 | +0.0027 5 1-7 | .0.00273 | 000546 | +0.00271 | -0.0054& {--0.00sa2 |-0.00543
Shrrink- -
ace vang 1-14] -0.0109 0.0055 | -0.0054 | :0.0109 | -0.0109 | -0 0027 g‘ﬂ:u 1-14] .0.0:366 | -0.01641 | -0.01630 | -0.00817 | -0,02168 |-0.01902
at Dif- ity i
i | -0.02997 | -0.00278 | -0.03252 | -v.02185 | -0.02724 |-v.0272a | 45200 [0 0 0381 | -0.0e80 | -0.02989 | -0.03862 | -0.03523 |-0.04080
Stages
1-28| -0.04359 | -0.04918 | -0.04607° | -0.04098 | -0 0463z | -0.04087 Stages I o-0.0378 | -0.03280 | -0.02717 | -0.03269 | -0.03252 |-0.03804
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentaye.
Mean Value at 28 days: 0.04450 Mean Value at 28 days:  0.03267




MIX DESIGH MIX DESIGM

Cemen [ A A Prclor c S/A s Additi Lo e WECE | S/AS| S Addit1
t ater regate te | W/C 3 A 3 ump tive Cement Water te te ump tive
(Kg) (kg) "?xJ‘ "7:9"?‘ (M) (kg) (kg) ko) Tes! (™)
] lcm 51
o 203.4 645 i 0.7 40 | 115 PC 500 L
Ry oon m 193.2 545 979 gﬁ 8.6 | 40 15 € x0.258
Date: Oct. 30, 1975 Average Strength 48 Date: Average Strength | 43]
g 3 Kg/ow? Nov. 8, 1975 phy v Kg/cal
= 6859  psi - 6120 psi
Mea-, Set No) i [Mea-<_Set Nal
suri suri
Point ) 1 H 3 4 5 6 int ) 1 2 3 4 5 6
Age(Day Age(Day
1 4.03 7.78 6.96 6.60 1.62 5.89 1 7.80 6.74 8.17 8.27 6.37 7.82
e T .7 6.95 6.61 7.51 5.90 i el P T 6.78 8.21 e 6.43 7.84
1" 3.91 7.64 6.82 6.50 1.51 5.78 1 1.67 6.63 8.06 8.19 6.27 7.70
In Afr In Air
21 3.87 1.62 6.79 6.47 7.48 5.75 21 7.65 6.60 8.02 8.15 6.22 7.67
28| 3p 7.60 6.75 6.44 7.44 s 28 7.54 6.49 7.94 8.08 6.14 7.58
m":.."‘ 366 368 367 369 367.5 368 :u,‘l qu'i rec 369 368 387 368 86 %7
ory 1-7 | -0.00273 | -0.00271 | -0.00272 | +0.00271 | -0.00272 | +0.00271 e 1-7 | +0.0108 +0.0109 +0.0109 +0.0163 | +0.0164 +0.0054
Shrink- -
w :m 1-14| -0.03278 | -0.03804 | -0.03814 | -0.02710 | -0.02993 | -0.02989 ﬁ'::“ 1-14 -0.0352 -0.0299 -0.0300 -0.0217 -0.0273 -0.0327
if- "
::m:n 1-21| -0.04371 | -0.04347 | -0.04632 | -0.03523 | -0.03809 | -0.03804 ::r::: 1-21|-0.0407 -0.0380 -0.0409 -0.0326 | -.0410 -0.0409
Stages Stages
1-28| -0.05191 | -0.04891 | -0.05722 | -0.0433 | -0.04897 | -0.04891 1-28 -0.0705 -0.0679 -0.0627 -0.0625 -0.0628 -0.0654
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Value at 28 days:  0.04988 Mean Value at 28 days: 0.0653
MIX DESIGH MIX DESIGH
Fine | Coarse eresate| Apgregete | we 5 | /A3 | stump | Adastive
Cement Water te te | W/CE |S/AT| Slump Aaditive Cement Water te e
B I el e (53 (o0 m | oo | |l )
lem 783 i
500 203.4 645 40.7 w0 13 - v 500 ° 203.4 645 979 40 40.7 13
lodi fied Type| 2m 196 Modified Typel
I Chutung I Chutung
: h : . Average Strength _
Date:  June 21, 1976 m::wnsg:‘net . 2945 Kg/em? Date July 16, 1976 i F s
= 5602 psi . -
L -\ Set Mo Mea- '\, Set Nol
suri suri
Point 1 2 3 4 5 6 Point ) 1 2 3 4 5 6
)
Age(Day Age(Da
1 5.9 6.27 6.56 4.66 6.90 1 5.19 7.69 6.165 4.8 5.96 6.725
In Natery= 5.93 6.25 6.55 4.63 6.87 In Mater|— 5.185 7.68 6.165 4.8 5.945 6.705
14 . 14 5.115 7.625 6.10 4.795 5.86 6.625
I Al 5.86 6.25 6.52 4.64 6.85 In Afr
21 5.86 6.22 6.50 4.59 6.80 21 5.105 7.60 6.10 4.78 5.86 6.62
28 5.795 6.15 6.43 4.54 6.78 o 5.10 7.61 6.105 478 5.86 6.62 -
Elfective Tilective 363.5 365.5 366
Length 368 366.5 366.5 366 369 Lasgth 3-6.6 367 367
ory |17 |-0-008152 | -0.008457 |-0.002729 |-0.008196 | -0.008130 i T R g 1@ Joeme_|-0-904103. | -9-05a0
Shrink- Shrink-
age Yalg 1-1¢]-0.02717 -0.005457 | -0.01091 | -0.005465 |-0.01355 age Valu 1-14] -0.020452 |-0.007711 | -0.017711 |-0.020632 -0.02736 | -0.027322
::re:.: 1-21|-0.02717 -0.01364 | -0.01637 |-0.019126 | -0.0270 ::r:';: 1-21] -0.02322 | -0.024523 | -0.017711 |-0.024759 |-0.027359 | -0.028689
Stages |l G 0aded | -0.03270 | -0.03547 | -0.03279 | -0.03252 Stages 1 0.02459 | -0.021798 | -0.016348 |-0.02a759 |-0.027359 |-0.028689
Remarks: All drying shrinkage values are in percentage. Remirks: All drying shrinkage values are in percentage.
Mean Yalue at 28 days: ©0.035672 Mean Value at 28 days: 0.023923
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MIX DESIGN MIX DESIGN
Vo el i Cement Wat F:M te W:“:n WC X | S/AS| Slump | Additive
Cement Vater te te | WC s [ S/AS]| Slump | Additive er
=R I N et 3 ) i S B i e o
: lem 811 . Mighty 150
s 979 40.7 13 Mi 450 176 696 3.1 41 12
rodt (12 Type| 20 e 0 oo B 2m 203 Cx 1z
I Chutung
Date: July 25, 1976 Average Strength Date: Oct. 28, 1976 Average Strength
A020 days at 28 days
[Mea-_Set Mol [Mea-_Set ol
suri surt .
Point 1 2 3 ] 5 6 Point ) 1 2 3 4 5 6
Age Day Agel(
1 6.315 7.32 7.645 7.07 5.485 5.945 : i 4.43, .13 5.02 2.62 5.35
In Water n Water .
" 7 6.305 7.325 7.635 7.075 5.495 5.945 7 4.41 1.712 5.00 2.585 5.22
14 6.30 7.325 7.63 7.07 5.48 5.94 ! 14 4,40 1.70 4.95 2.54 5.155
In Air In Air
21 6.29 7.30 7.62 7.055 5.46 5.935 21 £.39 7.65 4.92 2.52 5.125
2| g2 7.285 7.61 7.0% | 5.4 =925 BN 7.61 4.90 4 530 -
Length 366 367.5 366 366.5 366 366 Length 366 368 365 364.5 365
ory - 17 | -0-002732 | +0.001361 | -0.002732 | +0.001364 | +0.002732 | 40 e 1.7 | -0.005464 | -0.002717 | -0.005473 | -0.009602" | -0.03565
:"":;“ 1-14] -0.004098 | +0.001361 | -0.004088 | +0 -0.001366 | -0.001366 s:'::;- 1-14| -0.008187 | -0.008152 [ ~0.019178 | -0.021945 | -0.053429
ferent |1-21| 0-006831 | -0.0054az | -0.006831 | -0.00403 | -0.006831 | -0.002732 et [1-21] -0.059230 | -0.021739 | -0.027997 | -0.027a35 | -0.0614e
tages - Stages
¥ 1-28,-0.006831 | -0.009524 | -0.009563 | -0.009550 | -0.012296 | -0.005464 1-28| -0.019126 | -0.032609 | -0.032877 | -0.035665 | -0.068493
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage.
Mean Valve at 28 days: 0.008871 Mean Value at 28 days: 0.037754
MIX DESIGN MIX_DESIGH
e Fine Coarse 3 g Fine Coarse
Cement r te te | W/CS |S/AS| Slump Additive Cement ater regate | te | W/C X | S/A S| Slump Additive
) (xg) Tk} s (on ] S B 4 e (5 )
v 7
p I
as 156 692 |1m ass | 36.7 | 30| 10 | mignty 150 s 17 sl S TR IR T B i |
2em 457 v e 2cm 207 Cxis
Date: Average Strength _ Date: Average Strength _
Oct. 29, 1976 iy Agninng, Oct. 29, 1976 W28 diys
L_ln- Set Mol Ln Set o]
suri suri;
Point 1 2 3 ] L1 [ int ) 1 2 3 [ 5 {1
|Aget Age(
1 7.56 5.94 6.66 7.33 65.96 1 6.295 7.52 6.51 6.00 6.62 6.415
In Water| In Water
? 7.56 5.94 6.65 7.33 6.955 7 6.295 7.525 6.46 5.95 6.62 6.61
14 1.51 5.38 6.62 7.30 6.925 14 6.265 7.48 6.40 5.93 6.59 6.58
In Air In Air
21 7.49 5.88 6.605 1.26 6.91 21 6.24 7.465 6.39 5.90 6.58 6.52
28| 745 5.85 5,66 7.23 .56 2| 62 7.43 6.35 5.85 6.54 6.47
ective 366 366 366 366 flective E
Length 366 Length 366 367 366 365 346 M6
ory 1-7 0 0 +0.002732 0 -0.001366 ory 1-7 0 40.001362 | -0.013661 | -0.013691 0 . [-0.001366
- ink- .
f::'::u 1-14| -0.013661 | -0.016394 | -0.009290 | -0.08197 | -D.009563 as:: Vot 1-14|-0.008197 | -0.010899 | -0.030055 | -0.01978 | -0.008197 |-0.009563
at Dif- at Dif- .
ferent |1-21| -0.019126 | -0.016394 | -0.015017 | -0.019126 | -0,013661 ;mm 1-21{.0.015027 | -0.014986 | -0.032787 | -0.027397 | -0.010929 |-0.029563
Stages tages
1-28| -0.030055 | -0.02459 | -0.027322 |-0.027322 |-0.027322 1-28|.0.02322¢ | -0.024528 | -0.043716 | -0.041096 | -0.021858 |-0.039615
Remarks: All drying shrinkage values are in percentage. Remarks: All drying shrinkage values are in percentage. .
Mean Valuwe at 28 days: 0.027322 Mean Value at 28 days: (.032337

~ 653 ~




CONCRETE QUALITY CONTROL CHARTS
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CONCRETE QUALITY CONTROL CHARTS
PLANT NO.

2B DA . MIX NO. — :
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‘ZONCRETE QUALITY CONTROL CHARTS i

y 3 280aYS MIX NO. T.006~240-40-18
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COMPRESSIVE STRENGTHM (PSI)

CONCRETE QUALITY CONTROL CHARTS
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CONCRETE QUALITY CONTROL CHARTS
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Month: ) Auyg, 1075 Month: Sept. 1975

Date [Tom. C | Mimtidy| Tem. || Date | Temet | emtcidy| Tomo [nemrxd | oate |Teme R.'liﬂ:; Yo, || oate | Temr ?.‘.;21:; Teww. [Remars
1 29 o | 23 17 28 o1 22 1 28 74 22 7 28 82 22 :
2 28 ! 74 23 18 29 91 22 2 28 91 22 18 30 60 24 !
3 28 §2 22 19 23 74 23 3 29 83 22 19 27 82 22 i
4 29 75 23 20 20 75 22 4 28 92 e, 20 29 67 3 :.
[ 28 91 ‘ 22 21 23 74 21 5 o0 % = a9 3 - 2 i
6 | 2% 83 2z 22 0 33 EH T8 29 91 22 ] 29" 75 23 i
7 29 75 2 2 29.5 | 79 23 7 28 o1 £ B b .lsg 83 22 I
L 30 75 22 2 23 56 22 8 28 74 22 2 28 o1 23
9 23 82 22 25 27.5 % o L] 28 91 23 »n | 27 95 22

10 29 91 23 26 28 82 22 10 30 68 24 % 28 78 23

i 8 32 22 7 28 9 - 1 29 75 22 27 29 78 22 :
12 2 82 23 28 29 83 23 12 28 82 23 # 29 78 22

1

13 28 74 22 29 28 74 21 I ”' " o1 29 19 oy dlian l
14 29 91 23 30 29 75 22 14 20 75 23 30 29 79 22 i
15 20 75 22 il 29 g1 22 15 a8 a1 22 3 |
1 29 83 22 16 29 91 22 |

Month: Oet. 1975 Month: Nev. 1975

tate | Tempo e .i'fliﬂ:; Yoo, || vate ?JEH:; gl O QRS o .T.l?!ﬂ;; o | R ?..'.'l'ﬁ:i Tew. |Remart
1 27 87 22 17 28 91 23 1 23 90 21 17 23 86 20

2 30 75 22 18 | 29 75, 22 2 24 81 22 18 22 83 21

3 28 82 22 19 28 74 22 : A it | 90 20 1 22 86 20

4 27 86 L 3 20 27 82 22 4 25 81 21 20 21 85 20

5 27 82 23 21 27 86 21 5 24 79 20 21 21 79 20

[ 27 74 22 22 27 87 21 6 24 85 19 22 22 86 21

7 27 82 21 23 26 73 21 7 24 84 20 23 15 88 14

8 28 91 23 2 25 81 21 8 23 85 20 2 15 88 14

9 29 75 22 ] 25 90 21 9 24 81 20 25 16 78 14

10 28 82 22 % 26 73 21 10 23 89 20 26 19 89 14

11 28 74 22 C 27 25 73 21 1 23 86 20 27 22 85 20

12 .47 82 22 L] 24 81 21 12 23 85 20 22 83 20

13 28 91 23 2 23 90 20 13 24 84 20 i 21 a8 20

14 27 74 22 30 23 20 it 23 90 20 30 21 " 88 20

15 28 82 22 3 23 21 15 23 88 21 3

16 29 75 22 16 22 85 20
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Month: Dec. 1975 Month: Jan, 1976
Date %"E ﬂzilz ‘#:r Date :g.c ﬂzgm ?::;r Remarks Date ?::. Iﬂiﬂﬁ m Date ::“E mi::;; #'.:' Remarks(
1 22 89 20 17 17 86 11 1 16 81 14 7 17 88 15
2 21 87 18 18 17 87 11 2 16 84 13 18 17 87 15
3 21 86 19 19 18 87 11 3 18 83 15 19 (18 74 16
4 21 82 19 20 19 79 10 4 16 86 14 2 19 81 16
5§ '] 20 88 17 21 18 87 1 5 17 90 15 21 18 78 15
6 19 88 14 22 17 78 10 6 15 B2 12 22 16 88 15
7 17 76 13 0 16 79 12 7 15 88 13 23 14 82 12
8 15 83 11 2 16 83 = 8 16 91' 14 24 15 90 14
9 15 77 10 2 15 85 13 9 16 88 13 25 17 78 15
10 13 79 1 26 16 84 12 10 15 86 12 2 18 84 16
1u 12 80 1 . 18 81 12 1 13 93 10 17 83 16
12 14 81 1n 28 14 89 12 12 15 88 13 20 86 17
13 12 81 1 29 12 82 9 13 15 83 14 29 19 79 16
14 12 78 10 3 16 87 12 14 17 87 a3 % - = -
15 11 81 9 3 16 86 13 15 15 91 14 1 i o~ o
16 15 86 10 16 16 88 14
Month: Feb. 1976 Month: Mar. 1976
bate  [Tem ot naitiey| Tew. ([ onee | Temt #.‘EE}E Yoo, [nemrkq | ote |Temp.'c t.‘.g:m Tow, || oate |Teape®¢ [ Himtciay| Yom: [Remarks
1 - - - 17 22 B8 14 1 12 74 10 17 23 90 i
2 - - - 18 21 81 17 2 13 67 10 18 20 85 . 18
3| s 3 - 19 15 86 13 3 | a3 67 10 19 19 | 87 17
4 - - - 20 16 83 14 4 .13 67 10 L 21 79 20
5 19 85 17 21 16 80 14 5 15 69 12 2 16 LER 13
1 19 85 17 22 15 88 13 6 16 LE] 15 2 16 83 14
7 “. 83 15 o 15 82 13 7 19 81 16" 2 15 B7 15
8 17 78 14 2 15 88 14 8 21 67 19 15 81 14
9 18 77 15 25 15 82 1 9 21 82 19 16 86 17
10 19 83 16 2 15 88 13 10 21 82’ 20 26 20 84 19
n 18 74 16 27 20 89 17 1 21 . 20 2’ 20 86 18
12 20 85 16 19 92 18 12 18 76 15 19 80 18
13 21 77 17 2 15 83 13 13 18 78 16 29 20 84 | 18
14 22 79 17 30 " 19 85 18 30 21 80 19
15 21 81 18 3 15 20 85 18 3 18. 73 15
16 22 74 18 16 22 86 19

~ QR



Month: Apr. 1276

Month: May 1976

N IV D om0 - (RN S i -
e . ¥ ’ 3 1

1 17 20 15 17 24 88 22 1 27 78 23 17 27 86 4 !

2 15 92 17 18 23 87 22 2 2 84 23 18 27 81 13

3.1 2 T 18 19 23 90 21 3 26 88 23 19 28 80 23

4 10 84 13 20 23 87 1 4 24 84 21 20 27 85 23

S kel 76 14 2 27 89 24 s |8 | s 16 a | 28 79 53
6 a9 87 18 - 89 24 6 23 78 19 22 28 81 24 ]
7 19 89 16 23 19 89 18 7 24 85 20 23 28 81 24 R
8 23 89 21 e 19 89 18 [ 24 85 21 2 29 89 25 |
9 23 83 21 25 23 91 23 9 26 78 23 25 |- 28 87 23 i
0 23 88 21 26 25 91 23 lo - - - 26 29 S4 23 |
1 23 85 23 27 25 93 24 1 - - - 21 29 79 23 ]

]

12 24 87 2 27 g9 | 23 12 15 89 23 ® 27 83 22 l
13 24 87 21 22 27 83 24 13 24 84 21 9 28 82 22 ]
14 22 i3 18 0 26 81 - 22 14 26 71 .23 30 29 79 23 i
15 21 36 19 31 15 26 91 21 n 29 86 22 |
16 23 90 21 16 6 53 23 |F
Month: June 1976 Month: July 1976

Date ;:;.c :ﬂiﬂ; g:‘z;r Date #‘:;"E th'-lﬁm ?-:r Remarks| Date ::“i.: tli::s ‘i’l::p" Date ::;'”: ?."1"33 .Th: Remarks

5

1 29 83 22 17 27 85 24 1 29 87 25 17 3 78 26

2 28 78 | 22 18 29 84 23 2 10 82 " 26 1B 4 30 83 25

3 29 86 23 19 29 80 22 3 30 78 25 S 19 32 8s 26

4 29 84 In. 20 28 86 22 4 31 80 25 20 k1] 87 26

5 28 85 23 2 30 79 22 5 29 79 24 21 3 84 17

6 28 75 23 22 30 81 23 [ 29 86 24 22 32 93 28

7 28 81 23 2 29 90 23 7 30 79 23 2 30 89 28

8 28 76 21 u 30 91 24 8 - - 2y I 1 i 26

9 29 76 22 %5 29 86 23 9 29 86 23 % 1 79 15

10 29 83 23 ] 28 76 25 10 28 81 25 2 3t 85 25

n 27 86 22 27 28 78 25 n 28 76 z; E 27 n 89 26

12 28 86 21 28 27 80 26 12 29 77 28 8 3 89 26

13 28 80 22 L] 30 79 25 1 30 76 28 29 30 83 25

14 29 83 23 30 29 77 24 1 30 80 28 0 30 87 25

15 28 78 22 3l 15 30 79 26 k11 30 89 25

16 27 76 24 16 En 80 25




Month: Aug. 1976

Month: Sept. 1976

Date [Tem.'C |mumitidy| Temp: || oete | Temprdt .'.'}iﬂx' Tew, |remrkd | ate |Temp. ¢ '..'..1‘:513 Tew, || oate 1‘:.‘3::: Yo, |Resari
1 30 84 27 17 n 93 6, 1 30 77 26 17 26 B4 22
2 30 87 26 18 3 87 26 2 30 79 25 18 26 89 22
3 30 87 26 19 k11 89 26 3 30 87 25 19 19 74 23
4 29 84 25 20 30 L1} 25 4 30 84 25 20 29 76 23
5 30 85 25 21 31 89 26 Y 5 3 75 25 2 28 79 23
6 29 1] 25 2 13 91 27 6 77 25 2 26 80 24
7 28 9 26 22 32 26 7 79 23 25 83 23
8 29.5 93 25 29 27 8 29 79 2% 25 83 22
9 28 .1 26 5 H 26 9 28 78 24 % 26 LI 13
10 30 86 25 2% 12 95 27 10 i 27 79 24 2% 26 77 22
1 30 86 25 30 9% 26 1 27 84 24 27 24 86 21
12 29 86 25 ® 10 89 26 12 27 B4 24 2] 26 80 21
13 29 89 24 29 30 84 5 13 27 84 2 26 77 21
RU 30 Bs 23 30 30 81 24 14 26 75 23 30 26 85 21
15 29 87 25 n 30 83 24 15 27 70 23 1
16 31 93 26 - 16 27 80 23
Month: Nev. 1976 Month: Oct. 1976
oote | Tem e :-'-E:m Towr || oute | oot "'u‘;:i: Tow, [nemird ‘| ouee [Homwot "ul;ﬂz e | T e :'ﬂiﬂﬂ' Top. |Remrts
1 25 81 23 17 20 85 19 ! 1 26 82 17 25 80 23
2 27 80 23 18 20 B4 19 2 5 73 18 27 Bs 4
3 26 8o 23 13 s 1 2 21 3 25 83 23 27 85 24
4 24 87 23 20 21 21 4 24 77 23 20 27 87 23
5 24 86 23 21 17 15 5 26 B2 23 21 26 B8 24
6 25 86 23 2 18 69 16 6 25 81 23 2 27 8o 24
7 17 80 23 7 19 74 18 7 26 83 24 n 27 B2 23
8 24 87 = u 38 L A5 8 | 2 79 23 27 o 23
9 25 81 22 18 70 16 9 23 8o 23 25 [} 23
10 u 1] 22 26 20 71 i 10 25 7% 12 26 25 90 23 ]
11 23 82 23 27 20 70 19 11 25 B4 23 27 15 &6 3
12 24 75 23 21 75 2 12 24 79 21 28 24 83 23
13 24 77 22 29 22 73 19 13 28 80 22 2] 25 88 23
14 22 [ 20 30 22 74 19 14 24 8o 22 l 30 25 87 22
15 22 73 20 2 15 25 84 o 31 24 82 22
16 24 74 19 16 5§ 8 35
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Month: Dec. 1976 Month: Jan. 1977

e [0 | Mntti| T || e gttt | A T fremrcy | 008 BTt | Mattiy| Tom. || e e
1 21 8z :9— 17 22 73 13 1 14 83 14 17 20 | 90 Y
% - ? |

2 L 86 13 18 23 72 13 16 73 15 13 18 91 17 _!
3 19 86 18 19 23 78 14 3 16 92 16| 19 18 93 5 L
‘ 20 | 83 18 20 23 79 14 4 135 26 15 20 19 i3 17

5 20 a7 18 21 22 76 13 5 14 81 14 2 18 71 16

& 19 79 18 22 17 69 14 6 -15 87 15 | 2 17 76 16

7 19 33 13 23 22 82 15 1 18 90 16 23 17 62 15

8 19 33 18 2 20 32 14— 8 i 8 Ei 2 19 3 s |
9 15 75 “— 25 19 93 15 9 20 81 17 25 17 72 16 ‘
10 13 69 13 26 14 72 " 10 16 85 17 26 18 72 15

1 16 72 14 27 14 82 14 11 16 86 15 27 16 78 16

12 17 82 14 b 13 87 13 12 17 87 16 2 15 75 17

13 17 79 14 3 14 81 u— 13 14 86 15 il 15 88 14

" 17 48 14 N 14 90 135 5 14 b s )\ e 79 iy
15 24 76 17 3 13 84 14 15 15 S 82 13 ‘a b 28 l!_}
16 23 70 19 1 © | v 72 15 IR IO Y ‘
Month: Feb, 1977 Month: Mar. 1977

me (NEE (RG] TS || o | RSV | Mali] Tl [y | onc P e I | R o e G il i

1

1 15 76 14 7 1 23 80 20 7 23 85 21

2 13 75 13 18 ) . 2 24 78 20 w | s 75 23

E 14 78 13 19 ; 3 15 69 16 19 21 70 20

4 12 87 1 20 4 T u 57 14 20 19 80 19

5 12 86 12 21 5 15 67 16 21 22 75 18

6 3 | & B 14 2 : 6 15 78 14 22 23 75 19

7 16 73 - 15 23 7 16 70 16 ] 227 80 20

2 e 8 21 59 17 1 16 76 16

L 5 37 | 22 75 17 2% 17 67 15

i

10 26 el 20 82 18 26 20 7 16

i 7 n 22 82 19 27 23 79 19

1z 28 12 20 79 18 28 26 72 21

i3 29 B I n 90 19 29 24 76 a1

M L : 14 23 72 19 » 24 81 22

1s i ' 15 23 92 20 3 18 74 18

1t 16 24 75 21 20.7 | 75.4 | 18.5
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Month: Apr. 1977

Month: May 1977

ol o B R S Ee s e N P e e e M R T e
LA 17 85 17 Ly 26 8o 24 1 27 76 23 17 24 89 22
2 21 72 18 18 19 n 18 2 28 75 24 18 22 90 22
E 21 79 19 19 23 68 20 3 29 76 26 19 25 87 23
4 22 83 19 20 21 73 21 i 29 69 25 20 28 80 25
5 26 73 22 21 22 B2 21 5 29 77 25 21 27 83 23
6 6 75 22 2 26 77 21 6 28 73 26 2 26 86 21
’ 26 LA 2 L 26 75 22 7 28 76 26 23 26 75 22
8 26 77 23 27 76 24 ‘8 28 78 2 2 25 69 23
’ 24 80 22 % ;r 74 25 9 28 78 26 2% 27 72 23
10 23 78 21 % 28 70 25 10 28 77 26 % 8 73 24
n 24 74 21 2 29 70 26 | 1 28 73 25 ' 2 28 75 24
12 25” 78 23 L 25 73 ' 23 12 28 80 26 8 27 81 24
1 26 78 24 o 23 82 22 13 28 72 25 2 27 81 23
u 25 81 23 i 26 86 23 1 29 67 26 EY 27 79 23
5 od 70 | 4l L 7 23 3 27 81 24
15, 25 81 23 4.4 76.7 [ 219 16 20 84 20 26.9 | 77.8 | 24
Month: June 1977 Month: July 1977
mte |Tem 't .-'3‘-'2213 Yoo || oate | Temrt 'l;il:“;; Yoaer  (nemarsd | mute . |Tempre &'lit!:: Yoo || te |Tempe% :'::5::;: Tew. |nemarts
1 -.:q 82 25 7 28 76 26 1 29 80 27 17 3 67 27
2 25 87 25 18 30 77 26 2 29 80 27 18 3z 65 28
3 26 87 2 19 28 81 26 3 30 78 27 19 31 27
4 27 86 15 20 28 L1 : 26 4 30 82 27 0 32 28
5 28 82 25 21 28 84 26 5 31 74 27 zl‘ 32 65 28
6 27 90 25 2 29 84 27 (1 10 70 27 2 n 67 27
7 !GI 25 23 29 82 27 . 7 30 75 27 23 30 66 27
8 27 86 25 28 84 26 8 T 7 28 2 30 67 26
9 29 80 6 L 28 88 26 s 2 76 28 2 30 67 27
10 29 73 26 2 27 88 26 10 1 7 27 2 28 89 26
R T 74 26 27 28 81 27 1 31 75 28 28 87 26
12 29 75 27 ® 29 80 2 12 30 69 28 28 93 26
13 29 74 27 2 29 84 28 13 29 74 28 3 29 83 27
18 30 79 26 %o 29 84 28 1 29 74 27 30 29 80 26
15 29 81 27 n 15 31 75 27 3 26 80 26
16 29 80 26 28.2| 82 26.1 16 31 67 28 30.1 | 73.7 | 7.




Month: aug. 1977 Month: Sep. 1977

W oty A'?.iiilz ater H pave | Femane |t Yaiar . [nmrad - | ovee “f T ﬁ'.liil:} Yo 1| oate | Tempit | Meattiay| Tems. |Semarc
: ] : %

1 28 83 27 17 3 76 28 1 32 07 27 7 29 76 27 |

2 28 35 27 18 31 72 27 2 3 69 27 18 30 69 27

3 29 85 27 19 29 88 29 ; 3 a 70 28 19 3 75 27

4 30 81 27 20 29 87 27 I 32 65 28 20 28 86 26

5 30 79 27 2 y 28 86 27 H 32 64 28 2 27 85 25¢

6 i 30 83 27 22 28 88 26 6 32 &6 28 2 26 83 25 |
7 30 82 27 23 29 88 27 7 32 67 28 2 25 85 24

B .31 76 © | 28 2] 28 85 28 8 31 70 27 2 28 79 26

, 3 77 28 5 z.w 84 27 9 29 78 27 E 27 88 24

o | 4, iy s 2 2% 8 s 10 30 70 27 2% 27 % | 2 !
u 3t 73 28 27 29 78 27 1 k] 67 28 27 27 84 25
12 32 80 29 8 30 80 27 12 30 73 27 28 27 84 .| 27

13 3 79 28 2 10 69 | 27 13 3 a3 2 29 o 6 44 ._
1 32 73 28 w 29 75 27 14 29 83 27 » 29 78 27 1'
15 il 73 28 3 30 72 27 15 30 75 28 3 29.3 76.1 26.7 E
26 | om 74 28 20.8 | 79.5 | 27.4 16 T 2

Month: oct. 1977 Month: Nov. 1977

bate | Temp. ¢ "..:..E:E:;. Yoo, || oate |Temr a:'.;z:;; S [nemrid | oate [Tempee .?liﬂz Moter Il cate | Temer9t | Remitidy| Tems. |Remares
1 28 79 26 17 26 76 25 1 27 79 24 17 20 82 19

2 27 86 26 18 25 72 25 2 24 67 ‘20 18 | 20 77 19

3 28 86 27 19 25 69 24 3 23 65 20 19 20 79 19

4 29 75 27 20 25 68 24 ' 24 81 22 20 20 72 18

5 28 L H 26 21 25 67 23 5 26 . 78 24 21 20 81 18

6 27 83 26 22 25 69 23 6 26 84 25 22 19 64 16

7 27 83 26 23 .27 73 25 . 7 27 79 24 23 19 62 16

8 28 84 26 % 27 72 24 8 25 73 24 u 21 n 19

9 26 H 24 25 27 72 25 9 22 73 21 25 22 74 20 i

0 23 65 23 £ 27 73 25 10 23 7 21 2 22 75 20

n 23 67 2 2 28 64 25 1 2z 68 1 7 ® 78 i

12 24 68 21 28 28 68 25 12 23 60 20 28 18 77 17

13 24 70 22 29 28 60 25 13 23 68 21 29 17 65 16

14 25 73 23 30 28 65 25 1 23 73 20 k| 17 71 16

15 26 78 24 3 29 63 2% - 15 21 86 | 19 3 28| 73.9 19.9

16 25 78 24 26.4 73.4 24.6 16 21 84 19

~ 682 ~
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HATIONAL CHUNG HSNG UNIVERNTY-TAIW, 2 v Telctmng, Talwsn

CONCRETE TEST & RESE Rapaitic of Chlam

TESTING REPOTT OF PCRTI
0ff PUYSIZAL PhOPERRGH
Zample No.r FE-012 Souree o

Type of Camants Type I°
Date of Sampling: Jane 5, 197

Y-S Xt

Date of Testing: Jan. 6 = 17, 1976

Test lesul.:
1. Fineness: Specific surface 3168 cx/gn
2, Tize of setting: Gillsores test
Initial set 150 min.
Final set k.5 hr.
3. Compressive stremyth
3 any 1408  pei.
7 dny 2811 pei.

Test Method: ASTM C150 - Th.

I
s ’ [
Approved by .‘F::h Gwcied by @ Tested w:@.
\SXE/ :

HiPREiF.EGXCNALE
Rliﬁlﬂx?ﬂ

ummm
mm.m“

dFvELRIlIn
A IR

Sample No.: FE-OLB Soures
Type of Coment: Type I

Dafe of Sempling: Mar. 22, 1976 h-dhnh.:ur.n 29, 1976
Test Besult:

1. Pioeness: Specific Surfase 3088 o/ g
2, Time of Setting: Gillmore Test ;
Initial Set 160 min.
Final 3et 5 br.
3. Soundness: Autoclave Expansicn 0133 3
A, Compressive Strength
3 days 30  pet.
7 days 309  pets
Test Method: ASTHN G150 -Th
PR
R W |

~ 683 ~

st¥mcelic
(L RE e ]
40 Keokusng Rd..
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Hapusile of Chlam
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MATIONAL CHUNG HUNG UMIVERSTY-TAIWAN

ON CHEMICAL PrOPERT IS

Bemple Mo, FE-.9112
Type of Comsnt: Type I
Dats of Sempling: Jan. 5, 157

Source uthql.n * .._ﬁ _.4',: %3

Date of Testing: Jan. & - 17, 197%

Test Besult:
(a). Cwaical Analyeis
1. Silicon dixide (3103) a.8 3
2. Ausdoum oxide (A1g04) 6.1 %
3. Perric oxide (Pez03) 3.2 %
&, Caleium oxide (Cad) 62.2 %
5. Magoeeiom oxide (Mg0) L6 $
6. Sulfur trioxide (30y)
Whon Cyl 10 B 5 or lass -
then C3A 1e more thun 8 % PR |
7. loss oo ignitica 0.8 3
8. Insoluble resides 0.19 %
9. Pree lime (Ca0) L2 3%
(B). Compound Composite
1. Tricalsimm silisste (Cys) 3.7 8
2. Boaloium silicste (Cp) 349 8
s.mmn-n-t-u(gj 0.8 3
L™ (egar) 9.7 %
5. Sum of Cy8 & Cya 7.5 8

d*vdasiten

MrPARLAF.ERECHDN ]
EX LT XIS oo mtrnn

MATIONAL CHUNG MSING UMIVERNTY-TAIWAN POWER COMPANT  Tehimmy, Tebess
CONCRETE TEST & RESEARCH CE - Fapubile of Cuben

Senpls Bo,: FPE -0l 8
Upe of Gememt: Type I
Dete of Bample: Mar, 22, 1976
Tost Beeult:

e Ohemical Amalysis

*1, Bilteen Diexide (810p) 03 $
2. Alusdnes Oclde (Alg0y) [N §
3. Perris Oxide (Mog03) 3.4 %
hs Galsimm Oxide (Cad) W2 3
fo Enguesien Oxide (MgD) ¥ N 4
6. Sulfur Tricxide (30y) L8 5
Te kass On Ignition .0 5
8. Insaluble Besidus [ ST |
9. Pree Lims (Cod) B ™ B 3
B. Compound Composite
1. Trisaloium Silisste (58) [T
2. Dicalolum Silisate (G3) Da
3. Trisalcium Alssinate (C34) 84 5 ¥
b Tetracaleium Aluminoferrite (GAF) wJ s
5. Sum of €35 & C3a 5

Test Methods AS TN CL50 -7k




