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Splice Joint Structure using Ultra-low Shrinkage and High Strength FRCC

L CEs & (Rl il FBE. TADAOMI TAKEYAMA
FEIE TS &l 4 HIROO SHINOZAKI

ERRIER G AT —f# KAZUHIRO NISHIMURA
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VRO BB LT, ¥ v A MR SR U 72 RAR T RRBR & e R AT & 1 e Mk R RE LR T
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F—TI—F: FUFr AN, MF, BEEE, EEfRa s U — N, (RIHE
In recent years, aging of road bridge decks has become apparent, and replacement work from RC deck
slabs to precast PC deck slabs is underway, and the standard connection method of each precast slabs is
loop splice. Since arrangement of the transverse reinforcing bars in the loop splice joint is complicated, the
new method was developed. The method named as "Sustain-Joint ®" uses ultra-low shrinkage and high
strength fiber reinforced concrete for the joint part and can implement to omit the reinforcing bars in the
loop joint. The deck slab bending test and the wheel load running test simulating the precast deck slab were
carried out and those results showed that the proposed joint method has sufficient splice performance and
fatigue durability.
Key Words: Precast deck slab, Splice joint, Ultra-high strength, Fiber reinforced concrete, Low shrinkage
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Performance Evaluation on Ultra-low Shrinkage and Ultra-high Strength Mortar
and its Application to Precast Segment Joints

BN AR # RYO SAKAMOTO
RERR AR 2= ® AKIYOSHI DAI
3 B AT JBER  ZR#  TAISUKE FUJIOKA
R MRS Al #F TAKU MATSUDA
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BRI DWW TR DM R R EE T 36 O A B MBI € L 2 L & B UTe, & OFES, T IR oD 8 vl il o T e I
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Ultra-low shrinkage and ultra—high strength mortar using industrial by-product SCMs and fine
aggregate was developed and its performance was compared with commonly used commercial ultra-high-
strength type and general type non-shrink mortars. It was confirmed that developed mortar’s compressive
strength is higher and both drying and autogenous shrinkage are extremely lower than compared non-shrink
mortars. Also, it’s resistance to carbonation, freezing and thawing, and chloride ions penetration were
equivalent or higher than them. Furthermore, the applicability of developed mortar to precast segment joint
part was confirmed. In particular; there were significant fewer cracks and sufficient filling performance
than compared non-shrink mortar. Through these investigations, developed mortar was applied to precast
segment joint part of actual bridge and successful results could be obtained.

Key Words: Non-shrink mortar, Ultra-low shrinkage, Ultra-high strength, High durability, Segment joints
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Full-scale Construction Experiment on Joint Section of Precast Slabs

PR 4 % AKIYOSHI DAI
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R AT AR % RYO SAKAMOTO
R BN MEN E#L MASANORI HIGUCHI

T xy A MRIBEESE O @A & o ba HEg L LT, 180MPa F2EE 0 £ #5024 A 3 5 BRI
i R R = o 7V — R R W LW S TIEOEY K LR Z £ Lz, O/, ) ME%
FHIFIRLTZ La sy Ny ZWICHA Lo G a7 V=77 Mo Zha&A - M IRE L HIC &
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Full-scale construction experiment of novel joint method for precast slab joint by using ultra-low

shrinkage and high strength fiber reinforced concrete of about 180MPa was carried out for the purpose of
increasing its durability and simplifying its construction process. As a result, the followings were
confirmed; 1) This concrete can be manufactured using a portable simplified plant and its quality is stable,
2) The pumpability of this concrete is applicable up to 120 m in the horizontal direction, 3) This concrete
can be filled successfully using a prone face down formwork even if under 5% gradient condition.
Furthermore, the high performance of this concrete to suppress cracking was clarified as observed that no
cracks were found on the surface even 6 months after casting.

Key Words: Ultra low shrinkage, High strength, Precast slab, Joint, Portable simplified concrete plant
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180MPa Class Ultra-low Shrinkage and High-strength Fiber Reinforced Concrete
Corresponding to On-site Construction
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Ultra-high-strength concrete is generally characterized by extremely large heat of hydration and
autogenous shrinkage due to having a large amount of cement and a small water-binder ratio. The authors are
studying the use of industrial by-products such as ferro-nickel slag sand (FNS) to obtain concrete with ultra-
high-strength and low heat of hydration and shrinkage. In this paper, ultra-low shrinkage and high-strength
fiber reinforced concrete using FNS with drying conditions was investigated to suppress quality fluctuation
during on-site construction. As a result, it was found that ultra-low shrinkage and high-strength fiber
reinforced concrete with ensured high fluidity can be obtained by setting appropriate mixed proportion even
if FNS with drying conditions is used.

Key Words: Fiber-reinforced concrete, High strength concrete, Ultra-low shrinkage, Ferro-nickel slag sand
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Study on Shrinkage Properties and Freeze-thaw Resistance of High-strength Concrete with Low
Environmental Impact using Artificial Lightweight Fine Aggregate

R AMERTE 2% & B RYUICHIRO MINE
HEERHEMERANES 2 % AKIYOSHI DAI
HERR AR TRIE &4 F  AKIKO HIDAKA
R EAR RS B BB/ YOSUKE ONDA
R RANES AAHE $F TAKU MATSUDA

HRKAE A A LE S0 CHADK R Z 05 L0 IR L, MEMIC ATREEH 2 AV, a0l 6 FEl
FEM TR S N RREAWMBRERE 2 7 U — MEXRE LT, TOIUERES X OO AR IR % e
BTz, KEEEHMEZ 18, 20, 25%D 3 KH#EL L, HfiZ/KE 110~140kg/m*D#ifH THoll ok s = AL
REMEMZHEAL, AE AZHHA LAV SITENRBREZER LZ, TORME, BT % & 7RI

FOFT T EL L b RKETLIRNEER L 225 7273,

S TR R O 5 RATITIH A SRAFIT X 2O HERR

Nico BERFERND, BHEERMEGIED? KO DN DB AR S DM E ROz R LT,
F—TU—F:mRE=a7 Y — b, NTEEMEHM, KEREAMN, HEAKE, O A, iR

Shrinkage and freeze-thaw resistance properties were investigated on high-strength concrete with ultra-

low water binder ratio of which unit water content was reduced than conventional concrete. In particular,

the studied concrete was with low environmental impact in which about 60% of the binder was composed

of by-products and containing artificial lightweight aggregate. The water-binder condition is an ultra-low

water binder ratio that has a reduced unit water amount than conventional concrete. Laboratory tests using

saturated artificial lightweight fine aggregate were conducted under the condition that the water-binder

ratio was set to three levels: 18, 20 and 25%. Unit water content was set around 110 to 140 kg / m?3, and

no AE agent was used. As a result, although both autogenous and drying shrinkage were small at all levels,

some differences were confirmed from the results of the freeze-thaw test. From the experimental results,

we proposed the range of recommended mix proportion when freeze-thaw resistance is required.

Key Words: High-strength concrete, Artificial lightweight fine aggregate, Low environmental impact,

Unit water content, Shrinkage, Freeze-thaw
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BF B AT TR B 2 2.80g/cn?®, FEER K : 4,630cm?/g,

SF LU HT a— A BERE : 2.25¢/em?, LR EFE 1 200,000cm?/g
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(%0) (m¥m?) NC | HC | BF | SF

1 | 18-W140 0.408 140 | 778 | 296 | 0 | 404 | 78 | 567 | 662
2 | 18-W130 180 0.429 130 | 722 | 274 | 0 | 376 | 72 | 596 | 697
3 |18wi20| 0.450 120 | 667 | 253 | O | 347 | 67 | 626 | 731
4 |18-wi10 3.5£1.5 | 55.0 0.472 110 | 611 [ 232 | o | 318 | 61 | 655 | 766
5 | 20-W140 [ 20.0 0.427 140 | 700 | 266 | 0 | 364 | 70 | 594 | 693
6 |25-W140 550 0.462 140 | 560 | 213 | 0 | 291 | 56 | 644 | 750
7 |25-wi10| 0.515 110 | 440 | 167 | 0 | 229 | 44 | 715 | 836
L] 40-W165 | 40.0 [4.5+1.5| 43.0 0.609 165 | 413 | 0 | 413 | 0 0 | 530 [998*
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[Bx%] | [Bx%] EERF ] 0 S 0 0

[em] [Sec] | [%] | [kgm®] | [°c] | [°C]

1 2 S| [Sec]
1 | 18-W140 | 0.85 | 0.005 | 66.5 65.8 | 662 | - 7.6 64.0 | 3.8 2158 22.1 | 19.7
2 | 18-W130 | 0.85 | 0.005 | 52.0 49.5 | 508 | - 35.0 60.0 | 4.0 2180 214 | 19.1
3 | 18-W120 | 0.95 | 0.005 | 48.5 47.0 | 478 | - - 58.0 | 2.9 2247 222 | 19.7
4 | 18-WI110 | 1.00 | 0.005 | 47.0 46.5 | 468 | - - 512 | 32 2238 224 | 19.9
5 | 20-W140 | 0.80 | 0.005 | 60.0 57.0 | 585 | - 8.0 61.5 | 4.6 2118 21.6 | 20.2
6 | 25-W140 | 0.75 | 0.005 | 65.5 65.5 | 655 | - 4.2 44.7 | 3.7 2156 214 | 19.7
7 | 25-W110 | 0.75 | 0.005 | 38.0 37.5 | 37.8 |21.0 - 314 | 48 2151 215 | 19.8
e | 40-W165 | 0.40% | 0.004 | 38.0 | - | - - |85 - - |65 - 219 | 204
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BEARING CAPACITY CHARACTERISTICS OF A CAST IN PLACE CONCRETE PILE IN BANGKOK
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Bearing capacity characteristics of a cast-in-place concrete pile in Bangkok were studied by conducting
an instrumented static load test. It was found that 99% of the allowable bearing capacity of the pile was
taken by the skin friction and the settlement of the pile met with the standards. It was understood that the
instrumented static load test as an effective method to verify the bearing capacity. In the second part of this
study, 3D finite element (FEM) analysis was conducted to simulate the load test by modeling Bangkok soil
using Mohr-Coulomb (linear elasto-plastic) model. From the analysis results, it was found that only 95%
of the allowable bearing capacity was taken by the skin friction and that value was smaller than the test

results. In addition to that, the settlement of the pile was higher than the test results. It was understood that

it is difficult to simulate the behavior of Bangkok soils only by using a linear elasto-plastic model.

Key Words: Pile, Instrumented static load test, Skin friction, Bearing capacity, FEM analysis

1. INTRODUCTION

In Bangkok, pile foundation with circular or barrette piles
is mainly adopted for medium and high-rise buildings
because of the thick soft clay layer which is deposited near
the ground surface. The main purpose is to reduce the
settlement induced by the soft clay layer which has high
compressibility and low shear strength. When considering the
bearing capacity characteristic of a bored pile in Bangkok,

they are designed as friction piles since there is no bedrock

even at 80 m depth. To achieve high skin friction, deep large
diameter bored piles with tips extended to 40 to 60m are used
in the case of high-rise buildings?. On the other hand, in
Japan belled piles are widely used and designed as end-
bearing piles where the skin friction is hardly accounted as
most of them are seated under bedrock®. Similarly, a clear
difference in the construction and testing methodologies of
pile foundations also was observed between Japan and
Thailand and there are very limited reports on this topic.

In order to understand the bearing capacity characteristics
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of a friction pile in Bangkok soil, a circular, cast-in-place
concrete pile (hereafter referred to as pile) was constructed
by the wet-process construction method and instrumented
static load test was conducted. The similarity and differences
in the construction and testing methodologies between two
countries were discussed in detail. To simulate the field test
results, numerical analysis was carried out by using a
Japanese FEM software called SoilPlus (ITOCHU Techno-
Solutions, ver. 2019 (1)). In this paper, the obtained FEM
results were discussed and compared with the field test

results.

2. SUBSOIL CONDITION

Bangkok is located on the lower Chao Phraya plain, which

is made of a very thick deposit of marine and alluvial soils.

Generally, Bangkok subsoils can be introduced into two parts.

The upper part is Bangkok soft to medium clay and the lower
parts are alternative layers of hard clay and dense sand. Fig.
1 shows the soil profile at the site. Stiff lean clay crust of 3m
is found as the top layer. Then Bangkok clay layer with
undrained shear strength (Su) less than 40kPa is deposited up
to GL-3~-14m depth. The layer deeper than that is called the
1% hard clay layer. It has N value of 20-40 and Su value of
150-200kPa. Then a sandy clay layer with N value of 20-50
is sandwiched under it, and then a sand layer with N value of
50 or more is deposited up to GL-32~-38m. This sand layer
is called the 1% sand layer and it is the support layer for low-
rise buildings. After this, the 2" hard clay layer with a N
value of about 50 and S.>200kPa is deposited at GL -38~-
45m. From GL -45m to -57m, the 2" sand layer with N value
of 50 or more is deposited and this is used as a support layer
for the high-rise buildings taller than 30 stories?. The pore
water pressure condition in this site is hydrostatic from the
ground surface. Table 1 shows soil properties at the position
of the test pile. In here, cohesion was obtained from the test
results of the unconfined compression test (UC) and the
pocket penetration test (PP). Direct shear tests were

conducted to evaluate the friction angle () of sand layers.

3. ESTIMATION OF PILE BEARING
CAPACITY

The bearing capacity of a single bored pile is calculated

using static formula as shown in equation 1.
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Fig. 1. Soil profile at the site and the location of strain gauges

Table 1. Soil properties

. Depth | Unit weight | Poisson Elastic | Cohesion |Friction
Soil (m) N/ ratio modulus, angle

(kN/nr') EE' (kpa)| ®P) | @)

Stiff lean clay | 0-3 18.6 0.45 14250 56 -

Soft to 3-14 16.7 045 | 13800 28 .

medium clay

Verystiffto 1), 7 19.6 045 | 206900 | 180 ;

hard clay

Stiff lean clay | 27-29 19.6 045 | 350000 | 216 ;

Hard clay 29-32 196 045 | 350000 | 216 -

Verydense | 4, 3¢ 19.6 03 | 131600 - 37

sand

Very stiff to

Hord Clay 38-45 19.6 045 | 380000 | 244 ;

Very dense

Silty Sand 45.51 19.6 03 | 132400 - 44

Very dense

poorly graded | 51-54 19.6 03 | 132400 - 44

sand

Verydense | o) o7 | 19 03 | 132400 - 44

Silty sand
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=(QS+Qb)—W

7S » — NF

Qa (M

where,
Q. : Allowable load capacity
Qs : Ultimate skin friction
Qv : Ultimate end bearing capacity
W, : Weight of pile
NF : Negative skin friction
FS : Factor of safety (2.5 is recommended)

End bearing capacity is
Qp =Ap(cN. + qqu ) 2)
where A, is the area of the pile tip, c is the cohesion of soil
which is supporting to pile tip, q' is the effective vertical

stress at the level of the pile tip, and N¢, Ng are the bearing

capacity factors.

Skin friction is

Q0 =U) Lif

where U is the perimeter of the pile, Li is the thickness of

)

the soil layer, and fs is unit skin friction at relevant depth.

Unit skin friction for clayey layers is evaluated using an
empirical formula, where a is the adhesion factor and Sy is
the undrained shear strength. Unit skin friction for sandy
layers is calculated using the effective stress approach, where
ol is the effective overburden pressure and B (Ks.tand) is the
shaft friction factor. Ks is the coefficient of horizontal earth
pressure and § is the coefficient derived from the internal

friction angle (@) of the sand layer.

fs=a.S,
fs=p.05

for clayey soil @)

for sandy soil %)

The diameter and the length of the test pile which is
reported in this paper were 1.2m and 57m, respectively. From
the design, the allowable bearing capacity (Qa) was obtained
as 7848kN (800tf). In here, 85% of Q. was obtained from skin

friction and the remaining 15% was from the end bearing.
4. INSTRUMENTED STATIC LOAD TEST
4.1 CONSTRUCTION METHODOLOGY OF THE

TEST PILE

After setting up the location for the pile a temporary

—FIELD DATA AND NUMERICAL SIMULATIONS —
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casing with a length of 15m was installed to maintain the hole
stability in the upper soft soil layer. The hole was drilled
using an auger and continued using the bucket method.

A drilling slurry was used to prevent the borehole
instability as the pile is deep-seated. In Japan, bentonite-
based and polymer-based drilling slurries are used depending
on the soil quality and the groundwater conditions®. On the
other hand, in Bangkok, a drilling slurry containing only
polymer is widely used after the 2000s®. Fig. 2 shows the
drilling method of the pile using polymer. The polymer used
here is polyacrylamide. The quality control values for the
stabilizers were density < 1.02g/ml, viscosity of 40-55
seconds (ASTM D6910/D6910M) and pH of 8-10,
respectively. In Thailand, it has been reported that it is
possible to achieve higher skin friction and end bearing in
sandy layers by using polymer-based drilling slurry than by
pure bentonite slurry due to the reduction in thickness of filter
cake along the pile shaft and the ease of pile base cleaning?®.
Fig. 3 shows the relationship between the shaft friction factor
B, and the internal friction angle ¢ of the sand layer. It can be
seen that B is larger when a polymer is used than when
bentonite is used).

After finishing the boring and the cleaning of the hole,
Koden test was conducted to verify the verticality. Then the
reinforcement cage was installed. In order to calculate the
axial force distribution along with the pile depth, strain
gauges were attached to the reinforcement bar in several
locations to measure the axial strain in each depth. There
were 6 measurement positions from S1 to S6 (GL-2m, GL-
13.5m, GL-26.5m, GL-37.5m, GL-43.5m, and GL-55.8m) as
shown in Fig. 1. Strain gauges were installed at 24 locations
in 4 directions at each depth. Finally, the concreting was done
by using the tremie method. The grade of the concrete was
27.45MPa (280K SC-cubical). After pouring concrete to the

desired level, the temporary casing was removed.

4.2 METHODOLOGY OF THE LOAD TEST

Fig. 4 shows the setup for the instrumented static load test.
The test pile was in the center and there were four reaction
piles. The test was started 92 days after concreting the pile in
accordance with ASTM D1143/D1143M-07 item 8.1.3
procedure B. From the design, the allowable bearing capacity
(Qa) for the test pile was obtained as 7848kN (800tf). As this
pile was a working pile, the maximum test load was set as
15696kN (1600tf), in other words, two times of allowable

load. The time history of the loading and unloading procedure
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Fig. 7. relationship between Ro/Ru and So/D

is shown in Fig. 5. Loading was applied in two cycles using
the step-loading method, where one step was 1962kN (200tf).
The load at the final stage of cycle 1 was 7848kN (800tf), and
the maximum load was given in cycle 2. In each cycle, the
load was held 12 hours before starting unloading. The loading
was applied using six 4905kN (500tf) hydraulic jacks. 4 dial
gauges were installed on the test pile head to measure the
head movement. The readings of the 4 dial gauges and the 24
strain gauges were recorded in each loading and unloading

step.

4.3 TEST RESULTS

Fig. 6 shows the relationship between the pile head load
(Ro) and the obtained settlement (So) for both cycle 1 and
cycle 2. The maximum settlement was 14.3mm and that value
was smaller than the allowable settlement of 25mm. In

addition to that, the residual settlement was 3.69mm, and that
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value also smaller than the allowable value of 6mm following
the Thailand standards. From these results, it was confirmed
that the pile performs well following the standards. From the
shape of the load settlement curve, it was found that the pile
was behaved in elastic range until around 11772kN (1200tf)
load which is equivalent to 1.5 times from the allowable load
of the pile.

Fig. 7 shows the relationship between Ro/Ru and S¢/D for
test results and the Weibull distribution. Here, Ru is the
ultimate bearing capacity and D is the pile diameter. Weibull
distribution was obtained from the statistical analysis on the
many static load test results which were conducted on friction
piles in Japan®. From these results, it is understood that the
amount of settlement of the friction pile constructed in
Bangkok is smaller than the friction piles in Japan.

From the strain gauge measurements, the force
distribution along with the pile depth for each loading was
obtained as shown in Fig. 8. To evaluate the force distribution,
the elastic modulus of the pile at each strain gauge location
was obtained by Fellenius method?. In this method, a linear
relationship between the tangent modulus and the strain is
considered. Every measured strain value was converted into
force via its corresponding strain-dependent secant modulus.
A clear linear relationship was obtained only for S2 and S3.
The same parameters obtained from S3 were used to evaluate
force for S4 to S6. From the test results, it was found that
7750kN (790tf) from the allowable load (Qa.) of 7848kN
(800tf) was taken by the skin friction. In other words, it was
99% of Q. and it was greater than the expected value of
6670kN (85% of Q.) at the design stage. In addition to that,
15254kN (97%) was taken from skin friction at the maximum
loading of 15696kN (1600tf).

By using the obtained force distributions, unit skin friction
for each soil layer was evaluated and plotted against the
displacement for each soil layer as shown in Fig. 9. It should
be noted that the direct measurement of pile toe settlement
was not obtained using an extensometer (Telltale) in this
project. Therefore, negligible negative displacements were
obtained due to the limitations of strain measurements from
the gauges. The skin friction was considered as fully
mobilized when there is no change in the unit skin friction
with respect to the pile displacement or softening of the skin
friction was occurred”. From the test results, it was found
that the soil layers up to 27m depth were fully mobilized and
the soil layers beyond 27m depth were not mobilized even at

2 times of Qa load. In addition to that, the maximum unit skin
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friction which can withstand by layer GL -3~-14 m and GL
-14~-27m were 20.0kN/m? and 73.0kN/m?, respectively.
These values matched with the values which were used at the
design stage as of 24.5kN/m> and 73.5kN/m?,
respecively. Above results show that the bearing capacity
characteristics can be clearly understood and verified using

an instrumented static load test.

5. NUMERICAL SIMULATION

The finite element method (FEM) is reported as a powerful

tool to predict the load settlement relationship in the static
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load test ®. From a survey in Thailand, it is reported that 10%
of'the interviewees used FEM to evaluate single pile capacity.
Although the instrumented static load test is very common in
Bangkok, it is very rare in Japan due to its high cost. In a such
case, FEM analysis can be considered as an effective solution.
However, there are very limited reports regarding this kind of
analysis in the literature. For filling that gap, numerical
analysis on the instrumented static load test was carried out
by using a Japanese FEM software called SoilPlus to simulate

the field test.

5.1 NUMERICAL MODELING AND MATERIAL
PROPERTIES

In this analysis, a 3D model was used as shown in Fig. 10
(a). In here 1/4 of the total system was modeled. The length
and the width of the model were set 60m x 60m which was
approximately equal to the pile length. The height of the
model was set by approximately 3 times the pile length. In
addition to that, an interface between the pile and the soil was
modeled to simulate the relative friction between the pile and
the soil as illustrated in Fig. 10 (b).

The subsoil profile in this analysis was referred to the Fig.
1. The pore water pressure condition was considered as
hydrostatic from the top of the pile. The soil properties used
in FEM analysis are summarized in Table 1. The elastic
modulus of each soil layer was obtained from the designer
where they were calculated using empirical relationships
with undrained shear strength or N values as reported by
several researchers?. All the soil layers were modeled using
a linear elasto-plastic model named Mohr-Coulomb (MC).

The concrete pile was modeled as a linear elastic material.
In here Young's modulus of 36.6GPa and Poisson ratio of
0.15 were used. Young's modulus of the pile was evaluated
based on the strain gauge readings at S1 following the
Japanese method'?. In SoilPlus software, the interface can be
defined as an elastoplastic joint material'V. The normal
stiffness and the shear stiffness of the interface of each soil
layer were set as 100 times of its Young's modulus and shear
modulus, respectively. It was considered that there is no skin
friction from the soil layers up to 14m depth by setting a
cohesion value of 0.1 in the interface for accounting for the
disturbance due to the uninstallation of the casing. The shear
strength parameters of the interface for each layer were
considered equal to the parameters of the respective soil
layers beyond the 14m depth. The load was applied in 8 stages
with an increment of 1962kN (200tf) in each stage until it
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and numerical analysis

reaches 15696kN (1600tf). At each stage, the loading was
applied in 20 steps.

5.2 ANALYSIS RESULTS

From the FEM analysis, the pile head displacement toward
the loading direction was obtained against each loading and
plotted with test results as shown in Fig. 11. In here the
maximum settlement was obtained as 17.69mm at 15696kN
(1600tf) loading and it was larger than the obtained
settlement of 14.30mm from the test. However, that value
was smaller than the allowable settlement of 25mm. In
addition to that, both test and FEM results showed that the
pile was behaved in elastic range until around 11772kN
(1200tf) load which is equivalent to 1.5 times the allowable
load of the pile. When comparing the slope of the elastic
ranges in both curves, a clear difference was observed. This

may be due to the non-linear behavior of the soils in Bangkok.
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Similar observations were reported in several papers *» '? and
it was suggested to use another model called Hardening soil
with small strain stiffness model (HSS model) to simulate the
Bangkok soft clay (0-14m) and 1% hard clay (14-32m) layers?.
However, all the results reported in this paper were analyzed
only using the MC model.

Fig. 12 shows the obtained force distribution along with
the pile depth respective to each loading for both test and
FEM analysis. Compared to test results, it was found that the
end bearing capacity is overestimated in FEM analysis
especially at the maximum load. In addition to that, a clear
underestimation of skin friction could be observed within GL
-14m and GL -38m. When considering the allowable load,
99% of Qa was taken by skin friction in the test and that was
95% of Qa (7475kN) in the case of FEM results. Even though
both test and FEM results did not perfectly match, both of
those values were greater than the expected value of 6670kN
(85% of Qa) at the design stage.

The relationships between displacement and the unit skin
friction obtained from the test and the FEM analysis are
shown in Fig. 13. From the test results, it was found that the
soil layers up to 27m depth were fully mobilized and the soil
layers beyond 27m depth were not mobilized even at 2 times
of Qa load. On the other hand, in the results of FEM analysis,
all the soil layers were fully mobilized and the maximum unit
skin friction values were smaller than the test results except
for the layer GL -14~-27m. The authors believe this
difference is due to the simplification of soil properties for
the MC model as explained in the previous section where the

non-linearity of soil cannot be properly simulated.

6. CONCLUSION

This paper presents the test results of an instrumented
static load test conducted on a cast-in-place concrete pile in
Bangkok and its comparison with numerical simulation. The
main objective of this study was to understand the bearing
capacity characteristics at site. Moreover, the similarity and
the differences in design, construction and testing of pile
foundations between Thailand and Japan were studied and
reported. The findings can be summarized as follows.

In Thailand, cast in place concrete piles are designed as
friction piles and it was reported that the use of polymer-
based drilling slurry helps to increase the skin friction.
Furthermore, from the instrumented static load test results, it

was confirmed that the performance of the test pile is in
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accordance with the standard even it is a friction pile. In
addition to that, 99% of the allowable bearing capacity was
obtained from the skin friction. From the FEM analysis, it
was understood that it is difficult to perfectly simulate the
nonlinear behavior of Bangkok soils only by using Mohr-
Coulomb model and it requires further study for more precise
analysis with different soil models. However, the procedure
of FEM analysis explained in this report may be useful in

Japan to simulate the site condition instead of an expensive
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instrumented static load test.

The type of the pile, whether it is friction or end bearing
is depending on the soil type at the site. However, different
construction practices use in other countries can be used to
improve the quality of the existing methodologies. The
authors tried to exchange the information about the current
practices in Thailand on pile foundations and believe that this

report marked one more step towards globalization.
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Experimental Study on Joint Structure with Multi-story and Cast-in-site Structural Walls and Precast
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This paper presents the experimental study of the multi-story structural wall with precast column using
ultra-high strength concrete (Fe=120N/mm?) for lower floor of super high-rise buildings. The lateral
loading tests of the multi-story structural walls with precast column showed that the seismic performance
and shear behavior of the joint between the precast column and the wall panel (vertical joint) are same as
those of wall and column of simultaneous casting. The shear tests of the vertical joint using shear key and
joint reinforcing bars showed that the shear strength of joint re-bars could be added as 0.6 times of the
standard formula.
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Experimental Study on Practical Application of Vibration Control Method with Seesaw System
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In order to improve the vibration characteristics of structures and make them sustainable, a seesaw

system, which is one of passive vibration control systems, has been developed. So far, small model tests

and seismic response analyses have been conducted to examine the effectiveness of the seesaw system.

This paper reports a full-scale test conducted to reveal the feasibility of the proposed system. The test

results showed that this system raised the damping factor appropriately even in a full-scale structure and

was sufficiently feasible. In addition, the simulation analysis using the 3D frame model of this test showed

the test results properly, and the validity of that analysis method was confirmed.

Key Words: Seesaw system, Passive vibration control system, Damping factor, Vibration Test, Frequency

response
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Study on the Accuracy of Building Cooling and Heating Load Prediction Models
using Machine Learning and Deep Learning

BRIE - =R VX —HER R FEE

BREE - VX —HIE R SHINICHI NISHIO

MOTOHIRO IKEHARA

BREE - = VX —HIFE ALl /§—BF  SHINICHIROU MARUYAMA
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Machine Learning and Deep Learning (ML/DL) are becoming common among the architectural,
engineering, and construction industry in accordance with the improvement of computational calculation
performance. Building cooling/heating load prediction is one of the applicable fields for ML/DL which
brings the reduction of energy consumption in the building operation phase. The purpose of this study is to
predict cooling/heating load by applying ML/DL models, and to verify the accuracy of multiple models.
The results showed that the Gradient Boosting Decision Tree model has high accuracy and future weather
information effects the results.

Key Words: Building cooling/heating load prediction, Machine learning, Deep learning, Gradient boosting

decision tree model
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Experimental Study on Radiated Noise from Drainage Stacks and Fittings
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The noise from drainage stack in a residential building is being investigated for its characteristics and
noise reductions. However, there is not the established standard applicable to measurement and evaluation
of the noise. In this study, measurements of the drainage noise under various conditions have been
conducted using drainage experimental tower that simulated the drainage system of a residential building,
and the characteristics of sound pressure level of them were examined. As a result, it was confirmed that it
is useful to check various indexes according to the length of drainage time when examining the noise.
Furthermore, the level change in a wide range of flow rate is increased linearly with the logarithm.

Key Words: Drainage stack, Drainage noise, Drainage experimental tower, Resin pipe, Noise Reduction
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Y7V — b, AT TEX200mm) ZEELTWD, #
AT, BERkER SR (RBRT0—FE) B3
HInTnd, gokEEOREE, FEHRFU—3 B (M
EEE 69 m) ©RCHERAT T RICERESNZPEKES
HEEIZTIT o 72, MIEEIZEE OEMIZBT /8147
VX 7 hEBELZZER PS) &, AER— KEOR
BEA IR CT PSICHEE L= (LR) &bk T
AV

B-2 [HEKER S E E OFEMAAREZ R, LR OJFAE
HotberlL, BEoPMl ORm & S BEmz2kR<) 12, 77
2y —)v (FE24kg/m’, EE 25mm) AV IZ L H0E
PR fiE LT\ D, PS & LR & &8T5 REEDORRIZ,
BEE9S5mmOAER—RIKDOFEL, EZ 9.5mm+
125mm D2 K EHWZHED2@Y & Lz,
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F-1 WEMG L LIZEREOMtE (Type A-K)

W =Dk
Type
A B C E J K
PVC PVC PVC PVC PVC PVC
+ + + +
ST FPx2 | GW UF UF
+ + +
SI SI SI
PVC+UF+SI PVC+UF+SI
kT R EEE 205 mm R & 0 360 mm
AR 28 AR 348

PVC : AV HAb e =1, FP: A GiiEE L 2 0),
GW: ZF Ay —, UF: U LZ L7 5—h,
SI: 7F /L= LB o — R

®-2 KWEPDOHKRA

e Q (KA EIFHKAR )
0

i
0 [L/s] 1.7 3.0 5. 6.5 7.5 10.0°
9 [ 1.7 2.5 2.5 2.5 2.5 2.5
8 b 0.5 2.5 2.5 2.5 2.5
7 B 1.5 2.5 2.5
6 [ 2.5

tEEERAMETE (Type ], K) O &

(2) REBREH

a) ITELHMFOMLE

R-1 42, WMEICHAWELTE LT oML R~T,
SECEOMARE, R Uk =18 (PVC,/ Type A, )
BHARE LT, ZOINEHEM & LTtk (FP),
77 27— (GW), 7L &7 x—25h (UF), HEEY
— bk (SD) ZHMAHADLETENWEZ 47 (Type A (J), B,
C,E(K) Thd,

R, BRPERIPEEASLIGESEAO 2
Ha Wz, MEFEOMLERIE, Pk TF & FIERIC PVC
ThHY, WEMIIETOERICILE T TE Type E, K
LAEkD UF + SLZBW ik Th 5, BrREHAOHMT
(Type J, K) 1E, X0 RKREWIEKARTREICHETE D
£oiz, HEEMH (Type A~E) IZHATHE S 155 mm
B, PWBROT A K Okt Z BiE S CEBECH -
TREMI Z AR S5 -0 O S 1 KE<ERE S
TWo, 728, FORATZ 7EH@ERIL, MFELICE
CHBEICELZ NV ERE L THDRE LT,

b) BEKAZEHKETRE

PekriE (B-1) &, EEOPKAwRE (LT
BICH A LIRS SRS HEAK ATRE 22 A B iR
TR DHKFRKE FRRFE 1) Wz, R 7 BEE
DEEEZ T TICHRAERMICDE > T—EDFFED
PEAR M FTRE 72 Bk il (& ¢ 180 L) 12 L DK %M
FekBHE2) D2FRME Lz, Fidk Qo EE, Hek
FH 11 0=1.7~10.0 L/s, HEAKRHE 21X 0=3.0L/s TH
5. HEKBEIZHEAR R 1 OEGAENEKR-2 DX 512 9~6
DEWEND 1 YT OPEKAREN R (0=2.5L/s) 125



FLUTHAKRL, BKEOREILSHMNL & L, 22k,

— XY TR BT AERR AR > D DR EIE, RS 0=1.5 Lis,
WA O=1.0 LIs FEETHY 9, #lxI1E 0=5.0 Lis D5
X 3~5 BOHMENHRIBHEK S & EITHY T 5,

(3) BIKBEDRES LU AHE

PKBRE OREE, ~f 27 uk % PS & LR NZEh
ZROPRMIEOEE 1.2m A (F-1 1 @HID(L{E)
WICREL, T—Z L a—FIZFH L TEk L, ek,
T EESNEOHAKER L LIS DH DB LR T 572012,
HEBEAIC b~ A 7 aRrd 1 EARELE, OFck
T BV T v RERIE, FERFRSHTERIC LD 100 ms
MfEE Uiz, WIEREKE, SEREELHEKRRRK 1 0Bs
233, PAKRFE 2 DGER 2ETH D,

3. HIKBEEDAERR

(1) FELRILOBEZEL

B-3 1%, PEAKRHE 2 (WiE 0=3.0 Lis) XD Type A
BT DHKEE O A FFEEE LV ORI TH
%, WERENIHEAKBRLATE 20~40 s D 20 s BT, A ko
A7 H—=T R REEL-UL (FFLEEE 125 Hz~
8kHz), BILUOE L NV EZZ V¥ —H LT ARES
JELV UL (Lajooms, A —/N—F—/LfE) R L TW5,
2B, 2EOWMERLEEZLEBE L CELELOTH D,
AREMEFEL~L T, BELZ2EE S 20s Hich
F0IRE—H LR RoTWDS, F/2, U/l A2 %
—T R R EDFERND, 250 Hz LLFOKEICE
J D EELAUL ORI ZE(LOMEDS 10 dB FRE A SN D73,
WHEOEFAN TR E 20 L3V 1 kHz UL EOEFE T
FEE LNV OB IR N S W L BEZETE D,
B-4 12, HEKRZRH 1 & 2125 % Type A TDPS & LR
WICIB T 2 AREETE L~V O RFRIZE L % b U 7=t 5
o, B-4(a) 1IZPEKRHE 2 (JEE 0=3.0 Lis), K-
4(0) 1ITHEARERME 1 (Fik 0=3.0~7.5L/s) IZLDFERT
H D, PEACGRH | TiX, HEAKPICHAET 2R TS
DEBEIRL o, FBEDPEKIEIZEZE LIBICR
TEFEIESE, TOEENS 5s MEY 0 H L THRFEZE
{bZERLTWVES,
MK RIS RIS DR 0=3.0 L/s DFER%Z 4 5 &,
PRI 1IZBTF DR TEILEZOEFE L, HE
KFEFE 2 LRRETHD, Dk, HEKBEN DRSS
TR PERS F CTHEE L THRE D 2RIV TEIE
LUV PR AR T T AR AL D, I HITKEW
g (0=5.0~7.5L/s) IZBWTHRERIZ, A7 Eik
BIIEEL~APNETFT LT AR RSN D,

HERSLTHE - HEF2> D3 AT 2 HEKERE O W E S5

Q=3.0 L/s,Tank

AR NAMINMARN PRI AR AR RS AR AP A NN La,100ms
60 & =

oSNNI W ABSABRANAIVPAR I NI LN 8 KHZ
50 & 4

ORI A RSN i 4 kHZ

A-weighted levels
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A0, AR PN AT e 2 kHZ

PARAQ/MANpoted AT Mo O\l 1 kHZ

Sound pressure level [dB]

Time [s]
®-3 PSHICBIT D 147 X =T/ FHEEL~LD
REIZ L (Type A, T—4 %% :2)

L 100ms [dB]

Time [s]
(a) FpAktl (F—&4%:2)

0 W B B

Time [s]
(b) WA ETFKRT (F—2%:3)
-4 PS & LRAICHEIT D ARETIEL LD
REIZE1E (Type A)

LA, 100ms [d B]
B
w

(2) HEKRMDEWNZKDHKEZTDEL
FROMBRIY, HOKEEOMERE L LT, KR
W2 OHA TP 20~40 s IICR T D 20 s D
REIEY)ETE LIV Lpeqoos, HEAKERM 1 OFEIIR T
FIEEEDNG 5 s MOREMFEEE L UL Lsss (90% L
To ki) CEB L, WO SN R A R LT,
K-5 {2, Type A TP PS & LR WIZEIT D Lpegoos &
Lpsss D AR 13427 2 =T R REELULOF (5]
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70 Q=3.0L/s A-weighted levels
L Q .
— gol © Lpeq.20s (Tank) |
Q | e:Lpsss (Pump) J
° 50 |
>
@ 3 J
o 40 -
S5 |o i
@
o 30 —
o r i
o 20 \ .
> i
?
10 AV . J— |
[ Nos N—— Lp95

O.A. 125 250 500 1k

2k 4k 8k

70 Q=3.0L/s A-weighted levels
proesl r Type A A
m
S, 60 /A
T) - 4
3 50 .
o 5 J
S 40 |
a | Type B—E |
®
a 30 _
o L J
5
3 20 —
N L J

125 250 500 1k 2k 4k 8k

Frequency [Hz]
-5 PS & LRWICHEIT DHKEEE DO FEL L
(Type A, 2 HIFEME DB FH))

Type A (B,C,E)

T r 1
S 7 ‘ “,/ ]
T JSdB o/c"/‘ ]
[ =8 -
=2 N —0 I\ﬁ-,l\.ﬁ g
o [ +30B 117 La=1010g(Q/Qo) ]
> | [Qu BERE
o 3.0 50 65 7.5
_g- Type K
S L ‘ \ JE
2 o T 1
5 -
o i — ‘ ‘ 1
> — S —
= L &t i
g r +308 | = La=10.8 log(Q/Qu) 1
& :’? ‘ ‘Qoi Eélﬁi ]
1.7 3.0 50 65 7.5 10.0

Flow rate Q [L/s]
B-6 HEARNGTHR L HIE UL L ORIF
(PS W, &Ml DB EE)

B0=3.0L/s, PKZHL,2 7L ORINFEHME) 2RT,
ZHED, Lpeqaos & Lpsss DMifEIL, PS & LR N E BHIZ
500 Hz UL EOFEFICB W TRIE—H LR L 72
S TEY, 4 kHz Oz F.0 & Lo @Bk £
LR ERLT05D, 7ok, LRANTIL250 HZBLF
DARFIRIZIBUNT Lpeqoos & Lpsss & TEHDDENRIH LI
%7, LR WIZHIT 2R S (R ORERE Lys) DRE
EZFTWDLHEELDHL EEZ LD,

(3) I KATREIZLDPBELANILOEL

E-6 \ZFE @ (Type A, B, C, E) BXO#EEM
(TypeK) OZNZENOEREIZOWT, imeE AR
JELV~LE Db E AT, 72k, Bl Qidxt#T
#LTWD, TEEAOEMIZOVNTIE, Type A, B, C,
ElCBIT D AFMEIEL LA RED EICRTEY L
WRATLTWD D, WEOHMEIE, T&EEH (TypeA,
B, C, E) X 0=3.0~75 L/s, #&E/BH (Type K) 1%

68

Frequency [Hz]

B-7 PSHICHITHAEROYEAKEEE DEHE L~V
(4% 10 7E 1l D FL AT - 2)
15 Q=§.O—7.§ Lis ‘ ‘
10l Type B (FPx2) |
o | |
S,
Y M |
o
= | |
o Type C (GW+SI
£ o INAL et EWesh
g 10l Type E (UF+8I) |

125 250 500 1k 2k 4k 8k
Frequency [HZ]
-8 AHEALREIC LD HE LR R
(PSWN, T—%% :15)

0=1.7~10.0L/s TH %,

Ik, miF & LBEHEOME > YL FEE, REOX
BB L THEE L AREML, WMED 24507258
HBEL-ULH 3 dB BRERMT 2EmRALND, £,
e A L s OB R CIE M TRENE O E N R D
2%, W OMMIZRE RZETA LR T,

(4) BEBEMICLDHKBEFTORENE

®-7i2, HEEHO 4% (Type A, B, C,E) 12X5
PSNTOARED 11340 2 —T R0 REEL-UL (i
W 3.0L/s, BIERM 1,2 20BN ESE) 2R,
SETCEICHRE Z2 i LTV 220 Type A Tl, BRRD & 5
\Z 4 kHz fHF O #H8 4 dis & U7z @ 3588 5l 5 i )
NAHALND, —KF, STEICHEM %%\ Type B, C,
E TIX, TOEFHEPLICHFELVLMER LTV
B2 HERTE 5,

K-8 12, TypeAlZ*t3 2 Type B, C,E DENEIIZE



70 Q=3.0L/s A-weighted levels
Lo T Bare pipe+fittings b
_, 6or° s —
m L i
=
6 50— N
> L |
K]
o 40 Type J -
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o 301 -
a L |
2 Type K
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3 L |
10— _
0 1 1 1

O.‘A. 1‘25 2é0 560 1k ék 4k 8k
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-9 FEFEOPEILE DOF I L DK S OFE
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Q=3.0L/s A-weighted levels
70 T T T T
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@
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10 o000
S e
0 Il Il Il Il | _1 0
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H-10 MFHEE = L OPKBRSTOETEL~L

(PS N, A HIEME DR F-2))

J 5 EE LNV ORIREAL Z RO R A2 R, X
OB E 0=3.0~7.5L/s IZBIF DAL, KERiTZENH
OREMFEHEEZ T, ZNED, HBRTRLEAL O
RITE o2&, FMEICHIT 2 EBEAL 31T
BE—ELIEBRER-oTND, Fz, EmEkics T 51K
WERALICERT 5L, MA#MEEZ 72 Type B TIFAL
MB5~6 dBREETHLOIZXL, FTAT—1HDH NI
TLE T — AL HEFY— &P L7 Type C, E T
IZAL 78 8~10 dBFRJE &, Type B L ¥ & K& WEIBEN
BoNTnD, 2k, KERICHT 2R EITANE L7z
MEERE OB ESZ TSRS D LB 6D,
SIHIZ, ETCOERICIE L Tt L7Z/MkF ok Est
(UF + SI) DIRB R AR T 2720, EHEEHO%
FEIZDOWT, MFOLIHE AN LT Type J, BL O
TEEMEFICHWBE I L= Type K 2%, STHE &k

HERSLTHE - HEF2> D3 AT 2 HEKERE O W E S5

Q=3.0L/s Z-weighted levels
T T T T T
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m [ N .
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o
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10— |
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B-11 REEO{AR D & OPKERE OFE L ~L
(LR PN, A0 fif o> B gl - 25)

FLHITHBEEME L TS (Bare pipe and fittings)
MR Tz 3 FECTRIBRO EREIT - 72,

-9 1%, PSWITBIT D ARED 1/3 7 2 —T R
REE L~ Lof] (i 3.0Ls, PR 1,2 207
FATEYME) CThDH, MTEELHMFL BICHEELL T
V720 Bare pipe + fittings  (BIH, s#RTRT) IZxL,
SCEEMTFOM G 2 S L7z Type K TiE, #HEfEH
LA, mEBREZPLICEE LA RE RBL T
D0, MFEOLEHE LI Type JITB W TS 2kHz DH;
A L E LB EIIC B W THEE LUV 2~5 dB
R S LT\ D,

(5) MFOBEDEWLSHKBETNOEL

E-10 12, MFANBOMEN L5 EEM (Type
A4 R2K tEERBH (Typel: 4 F 38
ENENOERIZBITH ARED 1340 2 —T R K
FIE L~V & B L7 R oF (& 3.0L/s, HEKRH
1, 2 #OFEHEINERME) 2779, Zhiv, BsEH
@ Type J X & EH D Type A, 500 Hz~2 kHz ®
T 2~5 ABRREF/EL LR REWVEBEAASLNLD
2, MEEBHEEL-VLBREBL TV D 4 kHz (FEDH
BTIHFERCEEL~L &R TWE,

(6) REOHHEDEWNCLZBKBESTOEL

PS & LR & Z[FT D HABEDHARIZOVWT, EE9.5mm
DEER— K 1L LzGE L, JEX9.5mm+12.5 mm
DAFAR— R 2L LIZHED LRADEEL L&
B L7, B-1112, MAEEALARTO TypeE (UF+SI) %
AW LRANICEIT D ZFED 11 0 2 —T R0 K
EL~UL ] (Fik 0=3.0 Lis, PR 1, 2 287
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B 2rd, £, 5L LT, REEfREoE
WZE DB E L~V OELE L FIE L HBEMICE D E
JELV~VOEALBD IR D=, Type A (SLCTEOWHE
L) OFRLHETRT, 2B, AREFTIE, FIT
B BREE D b DR AERRE 1) 2 R N RS ORI 7 15
ELT, BABEEEIN/RLTVD NSO R E
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% N-35% FRIZERE RS TWND,

4. FEH

FRER L OEREOESEER SR S A T
WHBHIEROYK Y 2T L% E LYok ER S U —%
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BBALE, AT v 7 NORBELAR &, e O50F
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OV TEB LU FOEEMCNA T v 7 DS
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B 2 EAMAEWRA 2RI L W55 DEL

Purification Work of Oil Contamination using Complex Microbial Preparations in Cold Regions

BREE - = VX —HIRE (Gt WES TETSURO ITO

it iE S

et (ALViE) (2B AEME L & LG i b THICR W T, BEM DR 215 Lo
AF VAT 42— ay (NAAA—T AT —vary) RN L, —MRICHAEDEANIZ, MEWELE
OBFEN D, FERHICB T 2L RE & SN TEER, A LEHND, A THLMBTEZAS 2
LRy, HENENBTOMLICERTE 2 2 LAER SN, ARTIE, MEIFolEss=4Y 7
FESR, ARER U R 7 [EHER EIZOWTHET 5,

F—T—F: RAFVLAF gm—a, G, 5%, AEN, EAMAEDRA],

In the purification work for oil contamination by heavy fuel oil A in cold regions (Hokkaido), we

YATTEY T4

applied bioremediation (bioaugmentation) technology that utilizes the ability to decomposed by
microorganisms. In general, microbial preparations was considered unsuitable for purification works in
cold regions due to microbial activities, but from the results of this purification work case, it has been
confirmed that bioremediation technology can be applied even in cold regions in a relatively short period
of time by using the auxiliary method. This paper reports the outline of the purification work, monitoring
results, ecosystem risk aversion methods.

Key Words: Bioremediation, Cold regions, Oil contamination, Heavy fuel oil A, Complex microbial
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preparations, Sustainability

1. [FL®HIC

I, Z2RTHREAEHICE D ARKE, HOoTOR
AARKEROBEERETIE, £< OMWRELENREAL
Too TOXDREETIE, HEHBEANIL, HEAIBRZE]
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BE-1 7I7%A L (REOHHE)
x-1 AL LRI H72 0 ORLE

BEEMEYMRR (T IH A L) 2 kg/m?
KER (N A=Za—FYIT VYY) 2kgm’
WATHRKBR: SOmL/m’

B (FRK) 0 20 L/m?
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Ficl & o> il A3 I (K] C HU R i H 2 KI800 ) » RV Th B,
FALRRIE, R—U v 7FEICL B0 IAHRFEDREE,
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TAKEICEMBOTY = —2& (FIRWEED) bR I,
F Tz, SR Ry R 23 HE L 5K R B o0 A 4 A
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725 ONTHUF AR IR EE, HoOdtHE, 52 o T
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STRUCTURAL PERFORMANCE EVALUATION OF THE Dura-Bridge® AND MONITORING SYSTEM APPLICATION

STRUCTURAL PERFORMANCE EVALUATION OF THE Dura-
Bridge® AND MONITORING SYSTEM APPLICATION
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A significant decrease in the durability of concrete bridges due to aging and salt damage is a severe
problem recently. To solve this problem, the Dura-Bridge®, that using only non-corrosive materials without
using any reinforcing bars or PC steel materials that are the source of corrosion deterioration, has been
developed. This type of bridge has been first applied as highway bridges in the Bessodani Bridge. To
understand the long-term performance and to validate the design, the bridge was statically tested by
verifying strain and displacement under the static loading of a total weight of 40-ton vehicle loaded
immediately after construction. In addition, the bridge vibration characteristics and external cable tension
measured from vibration were recorded to form foundation data for long-term monitoring by a dynamic
test of dropping the vehicle. The automated real-time monitoring system which was installed and put in
operation at the bridge was explained in this paper.

Key Words: Ultra-durable bridge, Nonmetallic, Static testing, Dynamic testing, Monitoring

1. INTRODUCTION Dura-Bridge®, was developedV. This non-metallic PC bridge

is invented as a result of the development of fiber-reinforced

The first prestressed concrete bridges date back to almost concrete and butterfly web structures?, together with

a hundred years ago, and innovation in PC bridge technology
is still accelerating. PC bridges are supposed to require less
maintenance work than steel bridges, but their steel strands,
rebar are susceptible to be corroded. Beginning with the non-
metallic concept of using only non-corrosive materials,
avoiding the use of rebars or PC steel strands that cause

corrosion deterioration, the ultra-high durability bridge, the

applying the outcomes of research into aramid fiber
reinforced polymer, AFRP tendons® conducted since the
1990s. With ultra-high durability, this type of bridge is
expected as a solution for not only solving the demand of
reducing maintenance issues in Japan but also forming
sustainable infrastructures.

The world’s first expressway bridge constructed as an

7
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(c) Aramid fiber reinforced polymer, AFRP

Fig. 1. The Bessodani Bridge
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Loading information:

Crane: KATO SL-650R; Gross Weight: 39595kg;
Front wheel: 19710kg; Rear wheel: 19885kg

11550

Case 9
Front wheel position

(c) Load position on deck slab

Fig. 2. Loadings for static test

ultra-high durability bridge is the Bessodani Bridge in the
Tokushima Expressway ¥. This bridge was opened to traffic
in December 2020. It is a 25.5 m long single-span bridge with
the butterfly web box girder as shown in Fig. 1. This report

presents the static and dynamic vehicle load testing using a

78

40-ton gross weight crane which was conducted to verify
design consideration and evaluation of bridge structural
performance. The validity of the design and the load-bearing
performance of the structure were confirmed from the strain

and displacement measured in the static load testing.
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Table 1. Measuring parameters in static load testing

No | Components Parameters Instruments
1 | Slab concrete Strain KM strain transducer
2 | Web concrete Strain Foil strain gauge
3 | Web AFRP Strain Metal backing strain gauge
4 | Deviator GFRP | Strain Metal backing strain gauge
5 | Segmental joint | Displacement | Crack disp. transducer

I Slab concrete-KM strain transducer [ Web AFRP-Metal backing strain gauge
B Web concrete-Foil strain gauge [  Deviators GFRP-Metal backing strain gauge
D1
v T T e ) ) 7

0

Mg AvH [[HT H3d W?’;‘H i i U'\ﬂ'ﬁ
1

A0 00100 010 07 Ol

o
7 P I T = ¢ L { {
D3 G1,G3 C2-L E-L

(a) Concrete, AFRP, GFRP strain gauge

G3 Gl
(b) GFRP strain gauge

Fig. 3. Measuring instrument in static load testing

25500
BaT5 BaT5 B35 B35
LS =C
LIl i 2 ] ] 'ru1' ] L} :H: L1 4 L1 L1 1]
AJ_J.‘ Rear wheel excited Front wheel excited Front wheel excitedd
(a) Impact load position
= =
Eccentrically loading Concentrically loading
11550 11550
(b) Load position on deck slab
Fig. 4. Loadings for dynamic test
Furthermore, vibration load testing was also conducted by 2. LOAD TESTING
dropping the vehicle on the slab to identify the dynamic
characteristics of the bridge as well as estimate the tension in 2.1 STATIC LOAD TESTING
AFRP external cables. The automated real-time monitoring The static load testing was conducted by a rough terrain
system which is operating to monitor the long-term crane with a total weight of 40 tons. To confirm the design in
performance of the Bessodani Bridge was also explained in the longitudinal direction, the center of gravity of the vehicle
this paper. was loaded at one-fourth, half, and three-fourth of the span
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Fig. 5. Measuring instrument in dynamic load testing

Table 2. Static load test strain result

(x10)
No Loading Upper slab | Lower slab Butterfly web Web AFRP rod GFRP rod
D1 D3 C2-U(/) | C2-L(\) | E-U() | E-L()) Gl G3

Casel L/4, center -6 +10 +8 -17 -6 +19 +191 +750
Case2 L/2, center -9 +17 +19 -28 -16 +28 +188 +709
Case3 3L/4, center -7 +11 +14 -30 -19 +33 +190 +719
Case4 L/4, cantilever -3 +8 +0 -6 +5 +6 +196 +763
Cases L/2, cantilever -5 +14 +6 -14 +1 +14 +204 +748
Case6 3L/4, cantilever -3 +10 +7 -14 -4 +17 +204 +750
Case7 L/4, joint -5 +9 +9 -12 -7 +10 +192 +750
Case8 L/2, joint -3 +16 +26 -31 -18 +28 +187 +724
Case9 3L/4, joint -5 +9 +14 -20 -12 +19 +190 +733
Case 0 L/2, center -7.9 +22.9 +31.8 -31.8 -31.8 | +31.8 | =+42098 | =+2098
(Design)

Note: + sign means tensile, - sign means compression.

of the bridge as shown in Fig. 2(a). The loading was
introduced both concentrically and eccentrically by loading
the crane at deck central and deck cantilever as in Fig. 2(c)
in the test of longitudinal direction, making 6 loading test
cases from Case 1 to Case 6. In addition, the rear wheel in
Case 7, 8 or front-wheel in Case 9 was set right above the
segment joint to confirm the segment joint, as shown in Fig.
2(b). The loading was introduced in central of upper deck to
form 3 studied cases, Case 7 to Case 9, for the joint test.
Hence, there are the total of 9 loading cases in the static load
testing. Deck slab concrete strain, web AFRP rod strain, and
web concrete strain were measured by instruments as shown

in Table 1. The strain in glass fiber reinforced polymer GFRP
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which reinforced external cable deviator was also recorded.
The segment joint is checked by measuring the relative
displacement between segments. The measuring instrument

layout is shown in Fig. 3.

2.2 DYNAMIC LOAD TESTING

The purpose of the dynamic load test is to identify the
dynamic vibration characteristics of the bridge and external
AFPR tendons. The main dynamic parameters of the bridge
are natural frequencies, modal shapes. The main dynamic
characteristics of external AFRP cables are natural
frequencies that allow estimating residual tension prestress in

the cables. The dynamic load testing is performed by
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Fig. 6. Estimation of tension stress of FRP external cables
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Fig. 7. Bridge natural frequency identification
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(a) Measurement results (b) Calculation results

Fig. 8. Vibration modal shapes

dropping the crane on upper slab to make the impacted repetition with the excitation location at one-fourth, half, and
vibration of the bridge. The same crane with the static load three-fourth of girder span. The front wheels were stepped on
testing, which has a 40-ton gross weight, was employed. Total

slope which is approximately 20 cm in height installed at half,
cighteen excited cases were conducted in three-time and three-fourth of the girder span. Then the crane was
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dropped down from top of the slope to slab to excite the
vibration of the bridge. The same process was conducted to
excite the bridge at one-fourth of the girder span with rear
wheel stepping on the slope. Both concentric and eccentric
excitation on the deck slab was performed as Fig. 4. The
acceleration of abutment, girder, deck and external cables
was measured by a set of accelerometers as shown in Fig. 5

with a sampling of 800Hz.

3. LOAD TESTING RESULTS

3.1 STATIC LOAD TESTING RESULTS

Table 2 shows representative measurements of the deck
slab concrete strain, butterfly web concrete strain, web AFRP
rod strain, and GFRP rod strain in static load testing. Under
crane static loading at half-span, deck center position, the
strain in upper deck slab concrete D1 is -9, and lower deck
slab D3 is 17p as shown in Case 2. It is consistent with the
value in design value of -7.9u and 22.9u respectively as
shown in Case 0, designed calculation using simple beam
model with section area of 3.997 m?, second moment of area
of 431 m* and the actual measurement value of Young’s
modulus of 41400 N/mm?. The strain results in butterfly web
concrete, as well as strain of web ARFP rod, are also agreed
with design value. The strain in GFRP which reinforced
external cable deviator concrete is confirmed much lower
than the limit value. The relative displacements between
segments also confirmed the joint is not opened when the
crane load just above the joint. Hence, the bridge’s load-
carried performance is validated, and the design calculation

is confirmed reasonable.

3.2 DYNAMIC LOAD TESTING RESULTS

The effective prestress in AFRP tendons is needed to be
measured but hardly measured by the strain gauge. In this
bridge, the external tendon’s tension is measured by a
vibration-based method which is presented in detail in
reference 5). Fig. 6(a) shows representative acceleration and
estimated prestress in tendons at sensor S10 when crane
impacted at L/4 span, cantilever deck slab. The S10 sensor
measures the vibration of five-tendons L1, L2, L7, L12, L13
which has 9¢7.4 AFRP rods in each tendon. The tension is
estimated for the current effective prestress in a 9¢7.4 AFRP
rods which represents averaged value of five-tendons L1, L2,
L7,L12, L13 as shown in Fig. 6(b). This tension is the result

calculated by equation (1) with uniform weight m in
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1.2237kg/m, cable free vibration length L in 5.750m and the
first natural frequency in 48.773Hz. Relaxation factor a(t)
of tension in AFRP tendons is calculated by equation (2)
where t is relaxation period of the cable in hours. It confirms
that the estimated prestress is well agreed with the calculation
which accounted for relaxation of the AFPR rods. Similarly,
Fig. 7 shows an example of acceleration and the spectrum of
the girder. Such dynamic properties of the bridge as natural
frequencies and modal shapes, including first longitudinal
bending mode, first transverse bending modes, and second
longitudinal mode are identified as shown in Fig. 8. The
identified natural frequencies and modal shapes are
consistent with FEM analysis. The effective cable stressing,
as well as dynamic properties, achieved from dynamic testing

is foundation data for this bridge health monitoring.
£\2
T = 4mL? (—) 6
n

a(t) = 0.95 — 0.031lo g(t) )
4. BRIDGE CONDITION MONITORING

4.1 MONITORING SYSTEM

To monitor the long-term performance of the Bessodani
Bridge, a real-time automated monitoring system was
installed and operated in the bridge. The system includes
three sub-systems as shown in Fig. 9. The first sub-system is
gauge and transducer system to monitor the strain of concrete
components such as deck slab and web concrete, the strain of
AFRP rods in web, and GFRP strain cable deviators. The
segment joint is checked by measuring the relative
displacement between segments in the first sub-system. The
second sub-system is accelerometer system including several
accelerometers are installed in girder, external cable, and
abutment to monitor girder dynamic characteristics, cable
tension, and detecting seismic and impact events in real-time.
The third sub-system includes cameras which provide a
remote observation ability for inspectors at any time. All the
data is collecting in the cloud by mobile circuit. Data is
visualized on the cloud which can be accessed from mobiles,
tablets or desktops. If any seismic event, impacted event on
the bridge, or any anomalies in cable tension or relative
displacement between segment joints would be detected, the
alert notification will be mailed to the bridge administration

and inspectors in real-time.
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Fig. 9. Automated real-time monitoring system in the Bessodani Bridge

Table 3. Indicators for bridge condition monitoring

No Indicators Instruments Threshold
1 Earthquake detection Accelerometers Earthquake intensity
2 AFRP cable tension Accelerometers Cable tension
3 Segmental joint Crack displacement transducer Crack width

4.2 EXTREME EVENT DETECTION

Detecting earthquake and intensity estimation was
designed as a key function of the monitoring presented in this
paper. The trigger nodes setting at abutment track the
occurrence of the earthquake. Earthquakes are detecting by
tracking RMS acceleration in the trigger node. If RMS
acceleration becomes larger than a predefined threshold, an
earthquake will be defined to occur, and the alert email will

be sent the bridge administration and inspectors.

4.3 CONDITION MONITORING

Anomaly detection and bridge condition monitoring are
critical key functions of the monitoring system in the
Bessodani Bridge. The strain and displacement are collecting
every hour and acceleration is measuring continuously. Based
on these data, the condition of the bridge is automatedly
monitoring in real-time through three indicators as shown in

Table 3. Detail of anomaly detection algorithm can be found

in reference 6). If measured values of any indicators excess
their threshold, the system will mail an alert to bridge

admission and inspectors in real-time.

5. CONCLUSION

This report presents the static and dynamic load testing of
the Bessodani Bridge, the first ultra-high durability highway
bridge, using a 40-ton gross weight crane. The consistency of
strain and displacement measured in static test with
calculated values confirms the design and the bridge
performance. Prestress in AFRP external tendons, which are
estimated by dynamic load testing, confirms an agreement
with stress relaxation loss in design. The dynamic properties
of the bridge such as natural frequencies and modal shapes
are also identified. An automated real-time monitoring
system integrated with strain gauges, displacement

transducers, accelerometers, and web cameras were operated
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to monitor the performance of the bridge in real-time. Based
on foundation data achieved from bridge testing, the
condition of the bridge is monitored through several
indicators in real-time. The system also integrated cloud
technology to give a data access and visualize data at any
time from mobiles, tablets or desktops. Alert notation will be
mailed to bridge administration and inspectors when any
abnormal condition of the bridge is detected in real-time.
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Development of Interlayer Displacement Monitoring System for Seismic Isolation Layer

- Outline of Displacement Sensor using a Joystick -

SflERAE BA)I & TAKESHI HASEGAWA
GHIERNE IS % MANABU KAWASHIMA
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S EBATES Ml EfF KEISUKE KAMIYAMA
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The authors devised the displacement sensor using a joystick in order to grasp the displacement of the
seismic isolation layer during an earthquake. This sensor can measure displacements in two orthogonal
directions at the same time, and supports displacements up to = 800mm. To confirm the utility of this sensor,
we made the prototype and conducted vibration tests. As a result, it was confirmed that this sensor can
measure the displacement by sufficiently following the irregular movement of the seismic isolation layer
during an earthquake.

Key Words: Scismic isolated building, Seismic response observation, Monitoring, Displacement sensor,
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Development of an Al-based Safety Alert System to Prevent Disasters at Construction Sites

FUENAYANT T v a R TR KRS KENTARO TOKURA

FOEN LA NT 7Y g UHEEES AL H
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FERC B HEDOFEERICB W TRAE LGB EORBRE T Ly VL LTEML, WELEENEEZ AT
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The authors have developed a system that displays examples of possible disasters by entering the type
of workers and work details, using the records of actual disasters that have occurred at our construction
sites as knowledge. This system uses natural language processing technology in Al. The main use of this
system is that the site foreman, discuses disaster prevention together with their subcontractors, based on
the extracted examples during the risk prediction activities that are conducted every day at construction
sites. The goal is to use this system to enhance risk prediction activities and reduce the number of accidents.

Key Words: Safety management, Work accident prevention, Natural language processing, AI, Risk

prediction activities, Cloud system
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